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Open Access

Trends in Cancer Screening Rates among Korean Men and Women:
Results of the Korean National Cancer Screening Survey, 2004-2013

Original Article

Purpose
The Korean National Cancer Screening Survey (KNCSS), a nationwide cross-sectional survey,
has been conducted annually since 2004. The current study was conducted to report on
the trends in screening rates among Korean men and women, and to evaluate policies 
regarding cancer screening programs implemented to reduce the burden of cancer.

Materials and Methods
The current study used KNCSS data. The eligible study population included men aged 
40-74 years and women aged 30-74 years with no cancer history. The lifetime screening
rate, screening rate with recommendation, and changes in annual rates were calculated
for five major cancers (i.e., stomach, liver, colorectal, breast, and cervix uteri).

Results
The screening rates with recommendation increased by 4.2% (95% confidence interval [CI],
3.7% to 4.8%) annually for stomach cancer, 1.2% (95% CI, 0.1% to 2.4%) for liver cancer,
3.0% (95% CI, 1.8% to 4.1%) for colorectal cancer, 3.7% (95% CI, 2.7% to 4.8%) for breast
cancer, and 1.3% (95% CI, 0.8% to 1.8%) for cervical cancer. In 2013, the screening rates
with recommendation for stomach, liver, colorectal, breast, and cervical cancers were
73.6%, 33.6%, 55.6%, 59.7%, and 67.0%, respectively.

Conclusion
Both the lifetime screening rates and screening rates with recommendation for the five
above-mentioned cancers increased annually from 2004 to 2013.

Key words
Early detection of cancer, Trends, Health care surveys

Introduction

Cancer is the leading cause of death in Korea, where more
than 73,757 people died of cancer in 2012 [1]. The cancer 
incidence rate for all cancer sites combined increased by 3.4%
per year (1.6% in males, 5.4% in females) from 1999 to 2011
[2]. Cancer screening allows for early cancer detection, before
appearance of symptoms, which usually results in better 
outcomes. Therefore, screening reduces cancer mortality, and

in some cases, cancer incidence. In Korea, both organized
and opportunistic cancer screening are available. The organ-
ized cancer screening program is provided by the govern-
ment. Opportunistic cancer screening programs include a
variety of options in terms of the items screened, intervals
between screenings, and target cancer type depending on 
individual decisions or recommendations from health care
providers.

In 1999, the Korean government established the National
Cancer Screening Program (NCSP) to provide organized can-
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cer screening to reduce the burden of cancer. Since then, the
target population and types of cancer covered by NCSP have
been expanded. The NCSP provided Medical Aid recipients
with free-of-charge screening for stomach, breast, and cervi-
cal cancer until 2001. Since 2002, National Health Insurance
(NHI) beneficiaries in the lower 20% income stratum have
been included in the NCSP. In 2003, NHI beneficiaries in the
lower 30% income stratum and patients with one additional
type of cancer (liver) were included, and patients with 
colorectal cancer were included in the NCSP in 2004. Since
2005, the NCSP has provided Medical Aid recipients and
NHI beneficiaries in the lower half of the income stratum
with screenings for five types of cancer (i.e., stomach, liver,
colorectal, breast, and cervix uteri). NHI beneficiaries in the
upper 50% income stratum receive screening services for the
same five types of cancer from the NHI Corporation; how-
ever, they pay 10% of the screening cost [3-7]. The NCSP 
utilizes nationally implemented protocols that define a target
population, screening interval, and follow-up strategies
(Table 1). Here, we report the trends in overall screening
rates associated with both the organized and opportunistic
cancer screening programs among Korean men and women,
and we evaluate policies on cancer screening programs 
implemented to reduce the burden of cancer.

Materials and Methods

The Korean National Cancer Screening Survey (KNCSS)
data from 2004 to 2013 were used in the current study. The
National Cancer Center has conducted the KNCSS annually
since 2004 [8]. The KNCSS is a nationwide, population-based,
cross-sectional survey. Stratified multistage, random sam-
pling based on resident registration population data are 

collected according to geographical area, age, and sex. In the
current study, the number of enumeration districts was 
designated in proportion to population size by sex, age, and
geographical area, and the final study clusters were ran-
domly selected. A total of 5 to 7 households in an urban area,
and 10 to 12 households in a rural area were randomly 
chosen. The methods used for sampling were described in a
previous study [9]. 

According to the protocols of the NCSP (Table 1), people
older than 40 years of age are eligible to undergo gastric can-
cer screening; those older than 50 years of age are eligible to
undergo colorectal cancer screening; women older than 40
years of age are eligible to undergo breast cancer screening;
and women older than 30 years of age are eligible to undergo
cervical cancer screening. Screening for liver cancer is 
restricted to individuals older than 40 years of age, in high-
risk groups, such as patients who were carriers of hepatitis
B virus or hepatitis C virus, or who have liver cirrhosis.
Therefore, the target population in the current study com-
prised cancer-free men and women older than 40 and 30
years of age, respectively, in each year from 2004 to 2013.

In 2004, the data were collected using computer-assisted
telephone interviews. From 2005 to 2013, the data were 
collected through face-to-face interviews conducted by a 
professional research agency. Subjects were recruited
through door-to-door contact, and at least three attempts to
contact each household were made. One person was selected
from each household; if there was more than one eligible 
person in the household, the person whose date of birth was
closest to the study date was selected. Informed consent was
obtained from all study participants. The response rates
ranged from 34.5% to 69.3% from 2005 to 2013.

Using a structured questionnaire, participants were asked
about their experience with screening for five types of cancer
(i.e., stomach, liver, colorectal, breast, and cervix uteri) and
sociodemographic characteristics, including income level.

Table 1. Cancer screening protocols issued by the National Cancer Screening Program (NCSP) in Korea
Cancer Target population Interval (yr) Test
Stomach Aged  40 years 2 Upper endoscopy or UGIa)

Liver High-risk groupb) aged  40 years 1 Ultrasonography and AFP
Colorectal Aged  50 years 1 FOBTc)

Breast Women aged  40 years 2 Mammography
Cervix uteri Women aged  30 years 2 Pap smear

UGI, upper gastrointestinal series; AFP, alpha-fetoprotein; FOBT, fecal occult blood test. a)In the case of an abnormality on the
UGI, endoscopy is recommended, and a biopsy is performed when an abnormality is found during endoscopy, b)Patients at
high risk for liver cancer include those with chronic hepatitis determined by serological evidence of infection with hepatitis
B or C virus or liver cirrhosis, c)In the case of an abnormality on FOBT, colonoscopy or a double-contrast barium enema is rec-
ommended, and a biopsy is performed when an abnormality is found during colonoscopy.
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The distributions of the sociodemographic characteristics of
the study respondents for each year are shown in Table 2.
The questions included “Have you ever undergone [cancer
type] screening?” and “Which screening method have you
experienced?” For the interval between screenings, the ques-
tion was as follows: “When did you last undergo [cancer
type] screening with this method?” To determine the reasons
for undergoing or not undergoing screening, we asked
“What are your primary reasons for undergoing screening
or not undergoing screening?” Two types of cancer screening
rates were measured in this study. “Lifetime screening” was
defined as having ever undergone each type of screening test

during his or her lifetime. The “screening rate with recom-
mendation” category was assigned to participants who had
undergone screening tests according to the procedure and
interval of the NCSP (Table 1). However, for colorectal
screening, respondents who underwent colonoscopy, dou-
ble-contrast barium enema (DCBE), or fecal occult blood test
(FOBT) within 5, 5, or 1 year, respectively, before 2009, and
within 10, 5, and 1 year, respectively, after 2009 were consid-
ered to have undergone screening with recommendation.

Changes in the annual screening rates for lifetime screen-
ing and screening rates with recommendation were calcu-
lated as the annual percentage change (APC) within a 95%

Table 2. Distribution (%) of sociodemographic characteristics of the study respondents in the Korean National Cancer Screen-
ing Survey (KNCSS), 2004-2013

Survey year
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Total 3,592 2,028 2,030 2,021 2,038 2,000 4,056 4,100 4,140 4,100
Sex
Male 42.4 41.0 40.2 39.4 40.6 41.0 41.4 41.9 42.0 42.3
Female 57.6 59.0 59.8 60.6 59.4 59.1 58.6 58.1 58.0 57.7

Age (yr)
30-39a) 14.1 12.0 17.6 17.8 17.7 17.0 15.9 15.5 15.3 14.4
40-49 35.9 41.1 34.6 34.8 35.5 35.6 34.9 33.7 33.5 33.0
50-59 22.7 28.6 21.8 21.6 24.7 25.2 27.3 28.5 28.7 29.8
60-69 17.3 15.6 19.1 21.9 16.4 16.4 16.8 16.1 16.2 16.8
 70 10.2 2.7 6.9 3.9 5.8 5.9 5.2 6.2 6.4 6.0

Education (yr)
 8 25.8 16.4 20.9 18.2 13.6 15.1 8.1 8.2 9.7 5.2
9-11 15.6 16.1 15.1 14.3 16.6 11.3 10.9 10.6 8.7 7.2
12-15 34.3 47.6 44.7 46.3 46.6 46.8 52.1 52.5 50.6 54.1
 16 22.6 18.5 17.6 19.1 20.7 24.9 28.8 28.7 30.9 33.5

Monthly household incomeb) ($)c)

 999 25.3 11.4 14.1 10.0 9.3 9.4 4.6 4.5 4.6 2.4
1,000-2,999 39.0 57.1 53.1 50.5 48.8 45.0 37.6 37.8 33.3 22.5
 3,000 18.8 29.7 29.9 38.7 40.3 44.5 57.7 57.7 62.0 75.1

Marital status
Married 88.2 92.8 89.6 89.8 90.3 90.2 91.5 91.5 94.2 91.8
Not married 1.6 2.1 2.2 2.8 2.5 3.6 3.0 3.1 2.3 2.5
Otherd) 9.5 5.1 8.3 7.4 7.2 6.3 5.5 5.5 3.6 5.7

Residential area
Metropolitan 46.8 47.4 47.4 47.5 46.5 46.6 44.3 45.2 44.4 44.3
Urban 53.2e) 39.8 40.5 40.3 44.2 44.0 42.2 41.6 36.3 42.0
Rural 12.7 12.1 12.2 9.3 9.4 13.5 13.1 19.4 13.6

Health insurance typeb)

National Health Insurance 90.8 95.8 94.5 96.7 95.9 95.3 96.5 96.7 98.3 96.9
Medical Aid Program 6.0 4.2 4.2 3.2 3.8 4.3 3.5 3.3 1.7 3.1

a)Restricted to women aged 30-39 years, b)Some row sums are not 100% each year because of missing data, c)1 USD=1,000 KRW,
d)Others: divorced or separated, e)The question related to residential area did not distinguish between urban and rural areas
in 2004.
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confidence interval (CI). The screening rates of each of the
four cancers (stomach, colorectal, breast, and cervix uteri)
were also calculated according to sex, age, and income. 
Because of an inadequate number of individuals within the
high-risk group and unstable results that showed a wide 95%
CI, the liver cancer screening rate was excluded from sub-
group analysis. Monthly household income was subgrouped
into three tertiles for each year. This study was approved by
the National Cancer Center Institutional Review Board in
Korea (approval number: NCCNCS-08-129).

Results

The lifetime screening rates and screening rates with 
recommendation increased from 2004 onward. From 2004 to
2013, the lifetime screening rates increased annually by 3.9%
for gastric cancer, 1.8% for liver cancer, 5.0% for colorectal
cancer, 3.4% for breast cancer, and 0.3% for cervical cancer
(Table 3). Significant increasing trends were observed in the
lifetime screening rates for gastric, colorectal, and breast 
cancer, but not for liver or cervical cancer. The screening rates
with recommendation increased annually by 4.2% for gastric
cancer, 1.2% for liver cancer, 3.0% for colorectal cancer, 3.7%
for breast cancer, and 1.3% for cervical cancer from 2004 to
2013. Significant increasing trends were observed in the

Table 3. Cancer screening rates for five major cancers in Korea, 2004-2013
Survey year

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
APC (95% CI)

Lifetime screening rate (%)a)

Stomach 52.0 48.5 53.5 55.3 65.0 65.1 76.7 76.2 77.9 80.0 3.9 (3.0 to 4.7)
Liver 31.8 47.7 58.3 57.6 64.8 81.3 54.2 54.3 69.9 49.3 1.8 (–1.5 to 5.1)
Colon and rectum 25.3 27.9 34.0 40.7 50.4 48.1 57.1 56.1 65.8 70.3 5.0 (4.3 to 5.7)
Breast 55.9 57.4 60.2 66.4 72.7 78.1 79.5 79.0 82.9 83.1 3.4 (2.7 to 4.1)
Cervix uteri 76.8 74.0 68.0 73.6 74.4 76.1 75.0 74.8 77.1 76.2 0.3 (–0.3 to 1.0)

Screening rate with recommendation (%)b)

Stomachc) 39.2 39.4 43.3 45.6 53.5 56.9 65.1 64.6 70.9 73.6 4.2 (3.7 to 4.8)
Upper endoscopy 32.4 32.9 33.5 37.8 44.8 49.3 58.9 58.1 63.3 64.4 4.2 (3.4 to 4.9)
UGI series 13.0 13.1 15.2 20.4 21.1 19.5 24.9 25.3 26.4 24.9 1.7 (1.3 to 2.1)

Liverd) 20.0 16.3 16.5 22.7 19.7 31.3 22.9 22.9 21.5 33.6 1.2 (0.1 to 2.4)
Colon and rectume) 19.9 25.4 29.4 34.1 37.9 36.7 35.5 35.3 44.7 55.6 3.0 (1.8 to 4.1)
Colonoscopy 14.4 12.4 16.8 19.5 19.1 23.4 23.3 23.6 30.1 35.2 2.2 (1.6 to 2.8)
DCBE 2.8 4.1 5.3 8.7 7.0 6.1 6.1 6.0 3.8 7.0 0.2 (–0.3 to 0.6)
FOBT 3.8 7.2 13.6 20.2 20.9 19.0 25.9 25.0 29.6 27.6 2.7 (1.9 to 3.5)

Breastf) 33.2 38.4 40.6 45.8 49.3 55.2 61.6 60.4 70.9 59.7 3.7 (2.7 to 4.8)
Cervix uterig) 58.3 57.0 54.9 57.0 59.9 63.9 62.9 62.4 67.9 67.0 1.3 (0.8 to 1.8)

APC, annual percent change; CI, confidence interval; UGI, upper gastrointestinal; DCBE, double-contrast barium enema;
FOBT, fecal occult blood test. a)Lifetime screening rate was defined as the proportion of respondents who ever underwent the
screening test(s), b)Screening rate with recommendation was defined as the proportion of respondents who fulfilled the screen-
ing recommendation criteria among the respondents in the targeted age group for the relevant cancer, c)Respondents were 
restricted to men and women  40 years of age who had last undergone upper endoscopy or UGI series screening within a
period of 2 years, d)Respondents were restricted to men and women  40 years of age who were at high risk for liver cancer
[hepatitis B virus surface antigen (+), hepatitis C virus antibody (+), or liver cirrhosis] who had last undergone screening with
abdominal ultrasonography and serum alpha-fetoprotein within a period of 6 months, e)Respondents were restricted to men
and women  50 years of age who had last undergone screening with colonoscopy, DCBE, or FOBT within a period of 10, 5,
or 1 year, respectively. However, before 2009, patients who underwent colonoscopy within a period of 5 years were considered
to have undergone screening with recommendation, f)Respondents were restricted to women  40 years of age who had last
undergone screening with mammography within a period of 2 years, g)Respondents were restricted to women  30 years of
age who had last undergone screening with conventional cytology within a period of 2 years.
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screening rates with recommendation for all types of cancer.
The trends and the APC of the screening rate differed accord-
ing to the screening method used. The screening rate using
upper endoscopy increased by more than 2-fold compared
to that using an upper gastrointestinal series (4.2% and 1.7%
per year, respectively). The colorectal cancer screening rate
using FOBT or colonoscopy showed a more rapid increase

than that using DCBE (2.7%, 2.2%, and 0.2% per year, respec-
tively). Only the screening rate with recommendation using
DCBE increased without statistical significance.

The screening rates according to sex, age, and income were
calculated (Table 4, Figs. 1-3). In men, the screening rate with
recommendation for stomach and colorectal cancer showed
a steady increase (Fig. 1). In women, increasing trends were

Table 4. Cancer screening rates with recommendation by sex and age, 2004-2013
Survey year

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Stomach Male 37.4 37.4 40.3 42.7 50.1 52.3 63.5 63.5 69.8 72.4

Female 40.9 41.2 46.2 48.3 56.8 61.5 66.6 65.6 72.0 74.8
40-49 36.8 34.2 37.0 39.3 47.3 47.3 59.6 59.1 65.1 72.6
50-59 43.0 42.8 45.4 48.5 57.5 62.7 69.6 68.8 76.2 74.6
60-69 43.6 47.0 54.5 53.6 59.6 69.5 69.9 69.0 75.0 74.4
 70 31.0 38.9 37.9 40.5 57.6 55.6 62.2 63.6 67.7 72.2

Colon and Male 21.5 28.0 31.2 36.9 39.3 36.5 38.5 37.4 46.7 56.3
rectum Female 18.5 23.0 27.8 31.8 40.1 36.8 32.7 33.3 42.8 54.9

50-59 19.4 23.5 26.0 30.7 40.0 35.5 33.3 32.7 42.9 54.7
60-69 21.9 28.1 37.1 38.5 40.7 38.7 38.4 38.3 48.0 57.4
 70 17.6 29.7 18.6 29.1 35.6 35.9 37.3 39.6 44.4 55.0

Breast 40-49 37.6 35.8 40.7 44.2 42.1 51.0 59.4 57.4 69.0 63.8
50-59 38.0 47.5 45.0 52.0 56.9 58.2 66.7 66.7 77.6 59.2
60-69 30.5 33.0 44.5 46.5 51.1 65.5 59.1 58.1 68.5 56.5
 70 15.6 16.7 20.9 25.5 54.4 38.8 51.9 54.0 59.6 50.8

Cervix uteri 30-39 64.0 56.6 53.2 51.7 55.0 55.6 57.1 56.0 55.4 63.6
40-49 70.5 62.4 64.0 66.7 60.1 70.8 67.2 66.6 75.1 72.6
50-59 61.3 62.3 57.3 61.5 69.8 70.9 70.8 70.2 77.6 66.8
60-69 38.1 39.7 53.1 51.2 57.9 64.9 58.8 58.3 65.2 64.7
 70 27.9 25.0 26.4 38.3 54.4 41.8 45.7 47.9 54.1 62.0
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Fig. 1. Cancer screening rates with recommendation by sex, 2004-2013.



observed for stomach, colorectal, and cervical cancer from
2004 onward. For breast cancer, despite an increase in the
screening rate with recommendation until 2012, the screen-
ing rate decreased rapidly by 11.2% from 2012 to 2013. For
stomach and colorectal cancer, the screening rates with 
recommendation increased in all age groups (Fig. 2). In cases
of breast cancer, an increasing tendency was observed before
2012, and the screening rate decreased from 2012 to 2013 in
all age groups. The most rapid decrease in the screening rate
with recommendation occurred for patients in their fifties
with breast cancer in 2013 (18.3%). Although the screening
rate with recommendation for cervical cancer in 2004 showed
a significant difference according to age (highest rate, 70.5%
vs. lowest rate, 27.9%), the screening rates by age group were
similar in 2013. The screening rates for stomach and colorec-
tal cancer increased steadily at all income levels, and differ-
ences in screening rates were smaller among all income
groups than those in 2004 (Fig. 3). Screening rates for breast

cancer showed an increasing pattern from 2004 to 2012, 
followed by a decreasing pattern in all income groups. The
screening rate for cervical cancer was lower in the low-
income group than in the middle- and high-income groups,
whereas differences between groups showed a decrease.

Discussion

Both the lifetime screening rates and screening rates with
recommendation for the five above-mentioned cancers have
increased since 2004. The lifetime screening rates for all 
cancer types with the exception of liver cancer exceeded 70%
in 2013. The screening rates with recommendation are
smaller than lifetime screening rates for each cancer. 
Repeated screening with the optimal time interval is required
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for early detection of cancer. Therefore, there is a need to 
undergo screening according to the recommended protocol.
The screening rates with recommendation for gastric and
breast cancer exceeded 70% in 2012, but those for breast 
cancer decreased to 59.7% in 2013. For breast cancer, the
screening rate with recommendation increased by approxi-
mately 10% from 2011 to 2012, and declined by more than
10% from 2012 to 2013. In 2013, the screening rate with 
recommendation for breast cancer showed a trend similar to
that in 2010 and 2011. The decreasing screening rates for
breast cancer in all age groups appear to be the effect of
broadcasted negative messages about breast cancer screening
since 2012 in Korea. Also, in case of cervical cancer, the
screening rate with recommendation for patients in their
fifties decreased by 10.8% from 2012 to 2013. Therefore, 
continuous surveys and observations are needed to deter-
mine whether the decrease since 2012 will continue to be
steady or is only a temporary decrease.

The trends of changes in cancer screening rates were ana-
lyzed by socio-demographic factors associated with cancer
screening rate. The gaps of screening rates have recently 
decreased among age groups, and household income status
in most of five cancers in NCSP. These trends suggested the
positive effects in reducing the inequity regarding cancer
screening by NCSP in Korea.

In the United States, the Guide to Community Preventive
Services conducted and updated systematic reviews on the
effectiveness of interventions to increase the screening rates
for breast, cervical, and colorectal cancers [10,11]. This group
recommends interventions involving one-on-one client 
education, providing client reminders, making screening
more accessible and easier, reducing out-of-pocket costs, and
performing provider assessment and feedback. Client 
reminders, increasing community access to screening, reduc-
ing out-of-pocket costs, and performing provider assessment
and feedback have already been implemented in the Korean
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NCSP. However, the introduction of group or one-on-one
education to clients should also be considered in Korea. 
Previous studies conducted in Japan reported a very high
correlation between cancer screening rates and sending 
personal invitation letters regarding the strategies used in
Japan [12]. Sending personal invitation letters has already
been implemented in the NCSP system.

In the United Kingdom, where nationwide organized 
cancer screening has been implemented, the National Health
System (NHS) breast screening program provides mammo-
graphic breast screening every 3 years. The 3-year coverage
for breast cancer screening was 73.4% for women aged 45 to
74 years who underwent mammography in 2010-2011 [13].
In the United States, based on the National Health Interview
Survey, the breast cancer screening rate using mammogra-
phy among women aged  40 years was 51.2%, 53.0%, and
51.0% in 2005, 2008, and 2010, respectively [14]. Before 2005,
the screening rate showed a slight decline of 3.4% from 2000
to 2005 [15]. The screening rates for breast cancer in Korean
women in the same year were lower than those reported. In
Japan, the screening rate for breast cancer was 14.2% in 2007,
trending toward a gradual increase since the early 1990s [16]. 

In the United Kingdom, the 5-year cervical cancer screen-
ing coverage using the Pap smear test was 79.0% for women
aged 25 to 49 in 2011-2012. However, there was a small drop
in the 5-year coverage for women aged 50 to 64 years from
78.0% between 2010 and 2011, to 77.8% between 2011 and
2012 [17]. Based on the National Health Interview Survey
conducted in the United States, the screening rate for cervical
cancer in American women aged  18 years, who reported
having undergone a Pap test within the past 3 years, was
79.6%, 78.3%, and 76.4% in 2005, 2008, and 2010, respectively
[14]. The screening rate increased until 2000 and then fell. No
changes in the absolute differences in the rates of cervical
cancer screening according to education were observed [18].
The rates in the United Kingdom and United States were
higher than those reported in the same year in Korea. In
Japan, the screening rate for cervical cancer was 18.8% in
2007 [16], lower than that reported in Korea.

In Korea, both the lifetime screening rate and the screening
rate with recommendation for colorectal cancer have shown
a steady increase since 2004. In addition, the screening rate
for colorectal cancer using FOBT or colonoscopy showed 
a more rapid increase than that using DCBE. Based on the
National Health Interview Survey conducted in the United
States, the prevalence of recent screening with either FOBT
or endoscopy was 43.1% in 2005, 50.2% in 2008, and 56.4% in
2010 [14,19]. These rates are higher than those reported in the
same year in Korea. In Korea, similar total colorectal cancer
screening rates were reported for FOBT and colonoscopy,
while in the United States a much higher screening rate was
reported for colonoscopy than FOBT. In Japan, the screening

rate for colorectal cancer was 18.8% in 2007, trending toward
a gradual increase (APC, 0.5%) since the early 1990s [16].
These rates are lower than those reported in Korea.

The KNCSS conducted a 10-year nationwide survey in
Korea and reported the screening rates for five types of 
cancer. However, this survey has some limitations. This
study used self-reported data, which might have been 
affected by recall bias. However, many studies have reported
high correlations between the rates derived from chart audits
and patient surveys [20-22]. In addition, the response rate in
this study ranged from 34.5% to 69.3%. Nonetheless, the 
results might have been affected by nonresponse bias. 
However, our response rate can be considered acceptable
compared to other nationwide studies conducted in Korea,
in which the response rates were greater than 50% [23,24]. In
the current study, we used stratified multistage, random
sampling according to geographical area, age, and sex, but
not considering the economic level distribution. Despite
some limitations, this nationwide, annual, population-based
survey has been conducted for 10 years since 2004. Therefore,
the data were sufficiently representative for investigation of
the changes of cancer screening rates. The Korean govern-
ment implemented the 10-Year Plan for Cancer Control; the
first term was conducted from 1996 to 2005, and the second
term from 2006 to 2015 [25]. One of the goals of the second
term of the 10-Year Plan for Cancer Control was achievement
of a 70% cancer screening rate with recommendation. In the
current study, the screening rate with recommendation for
stomach cancer exceeded 70% after 2012, and the screening
rate for cervical cancer was close to reaching that goal. How-
ever, the screening rates for liver, colorectal, and breast can-
cer were lower than that goal in 2013. Therefore, a greater
effort is needed to increase Korean cancer screening rates.

Conclusion

The KNCSS is conducted for systematic collection, analy-
sis, and interpretation of data regarding the planning, imple-
mentation, and evaluation of nationwide cancer screening
policies in Korea. As a result of these efforts, the screening
rates for five types of cancer have shown a steady increase
since 2004, the gaps of cancer screening rates according to
socio-demographic factors have decreased, and those for
some types of cancer have reached the goal of the 10-Year
Plan for Cancer Control.
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Age-Period-Cohort Analysis of Female Breast Cancer Mortality in
Korea

Original Article

Purpose
Despite the low mortality rate of breast cancer among women in Korea, the breast cancer
mortality rate has increased. The aim of this study was to examine trends in breast cancer
mortality from 1983 to 2012 in Korea, assessing the importance of age, period, and birth
cohort as risk factors.

Materials and Methods
Data on the annual number of deaths due to female breast cancer and on female population
statistics from 1983 to 2012 were obtained from Statistics Korea. A log-linear Poisson age-
period-cohort model was used to estimate age, period, and cohort effects.

Results
The increasing breast cancer mortality can be explained predominantly by a birth cohort 
effect: the risk of breast cancer death showed a steady increase until the 1968 birth cohort,
and decreased thereafter. There was a sharp increase in the magnitude of the age effect
up to 60 years old, then a moderate increase in the effect during the sixties, followed by 
another sharp increase from 70 years old. The period effect on breast cancer mortality
seems negligible based on its adjusted relative risk, even though it was statistically signifi-
cant after adjusting for age and cohort effects.

Conclusion
In this study, the mortality pattern of breast cancer in Korea can be explained predominantly
by a birth cohort effect. Hence, the overall mortality rate of breast cancer may increase for
a while, and show a gradual decrease in the future, which will start from the younger age
group.

Key words
Cohort effect, Breast neoplasms, Death, Linear models

Introduction

In Korea, the breast cancer mortality rate among women
is relatively low compared to the high incidence rate of this
cancer. The crude incidence and mortality rates were 63.7
and 8.0 per 100,000 in 2011, respectively [1]. Female breast
cancer is the second most common malignancy, and its inci-
dence has ranked second to thyroid cancer in Korea since

2004, while female breast cancer mortality ranked sixth in
2011 [1].

Nevertheless, the long-term mortality rate of breast cancer
among women in Korea has shown a steady increase, from
2.1 per 100,000 in 1983 to 7.9 per 100,000 in 2012 [2]. This 
increasing trend might be attributed to higher prevalence of
westernized dietary habits, postmenopausal obesity, and 
reproductive risk factors such as lower fertility rate among
Korean women. Several of these changes are likely to 
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continue in parallel with economic growth, thus further 
increases in breast cancer incidence seem inevitable [3,4]. 

Investigations of secular trends in breast cancer incidence
and mortality rates contribute clues regarding the etiology
of the illness. Several studies have examined birth cohort 
effects on breast cancer incidence and mortality rates [5,6].
However, this is the first study to evaluate a birth cohort 
effect on breast cancer mortality in Korea. 

In the current study, age-period-cohort analysis was per-
formed using female breast cancer mortality data in Korea
from 1983 to 2012, with the aim of determining the potential
role of the birth cohort effect on the reported increase in
breast cancer deaths among Korean women.

Materials and Methods

Data on the annual number of deaths due to female breast
cancer and on female population statistics from 1983 to 2012
were obtained from Statistics Korea (Table 1) [2]. Because
breast cancer deaths in individuals under 20 years old are
rare, the analysis was restricted to death at aged between 20
and 79 years, and was grouped according to 5-year intervals.
Age-adjusted mortality rates were calculated using the 
female population in 1997 as a standard. Breast cancer cases
were defined as code C50 (malignant neoplasm of breast) in
accordance with the International Classification of Diseases
10th revision (ICD-10). To compare the trends in the mortal-
ity rate with the incidence rate, the age-specific female breast
cancer incidence in Korea from 1999 to 2011 was obtained
from Statistics Korea [2].

Log-linear models were employed for evaluation of the 
effects of age, period, and birth cohort on female breast can-
cer mortality. Because age, period and cohort are continuous
variables, their impact on the death rate was analyzed in a
continuous-time model. A nonlinear regression model was
estimated with the mortality rate as a dependent variable 
observed for each age, year of death, and birth cohort. The
formulation of the multiplicative age-period-cohort model
for mortality rate r(a,p) at age a in period p for persons in
birth cohort c=p–a is:

ln(r(a,p))=fco(a)+(c-c0)+g(p)+h(c)

, where fco(a) are the age-specific rates in the reference cohort
c0=1948 (mid-point of the cohorts);  is the slope of the log-
linear trend in cohort (drift); h(c) is the cohort function, 
interpretable as log relative risk to cohort c0, and g(p) is the
period function. 

There is a fundamental problem of non-identifiability in

age-period-cohort models. To obtain identifiability, h(c) and
g(p) are de-trended, with a zero slope, and the average period
function is zero. The inclusion of the drift with the cohort 
effect makes the age effect interpretable as a cohort-specific
rate of mortality. The drift was extracted using the weight
method. Using this model the effects of age, period, and birth
cohort are nonlinear through the functions fco(a), h(c), and
g(p). Each of the three functions was parameterized using a
natural spline with five knots. 

Based on the general form, we established five models in
sequence: a one-factor age model, a two-factor age-drift
model, an age-period model, an age-cohort model, and 
finally an age-period-cohort model. The drift term in the age-
drift model represents a temporal change in mortality rate
not identifiable as a period or cohort effect. By comparing
deviances from the models, the statistical significance of each
factor was tested after adjusting for the others. Because age
is a significant predictor of cancer mortality, a goodness 
of fit considering age would be valuable. Therefore, age-
adjusted R2

A was used to evaluate goodness of fit [7], as it
measures how much variability can be explained by factors
other than age. For example, the variability contribution by
period is given by: 

adj–R2A=1–
DA+P/dfA+P

DA/dfA

, where D and df are the model deviance and degree of free-
dom, respectively.

The same data between 1983 and 2012 were applied for
prediction of breast cancer deaths using the method based
on that of Kristensen [8]. It assumed that each estimated 
cohort effect was constant over the past and future years.
This assumption becomes difficult to maintain when the pre-
dicted year is far from actual data. Hence, the ex-post forecast
was limited to 1970 and the ex-ante forecast was limited to
2020. The forecasting model of death rate became 

log(death rate)=1A+2A2+3A3+4A2P2+5A2P3

+6 C1908+…+88C1991

, where A, P, and Ci are age at death, year of death, and
dummy variable for cohort i.

The analyses were performed using the R programming
language using the apc.fit function from the Epi package
(http://www.r-project.org) and SAS ver. 9.3 (SAS Institute,
Cary, NC) [9].
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Results

Breast cancer deaths increased according to calendar years,
and total number of breast cancer deaths among Korean
women was 31,104 from 1983 to 2012 (Table 1). Female breast
cancer mortality rates in different time periods are depicted
in Fig. 1. Age-specific breast cancer mortality rates were
higher in the more recent periods compared to those in the
older periods (Fig. 1A). Within each period, overall, mortality
rates increased until the ages of 40-50 years and then 
decreased. However, the specific patterns differed by peri-
ods: the age group of the peak mortality shifted to an older
age group in the recent periods, and at the same time, the
mortality in the age group of over 70 years old  decreased in
the older periods (1983-1987 and 1988-1992) but  increased

in recent periods (from 1993-1997 to 2008-2012). Such differ-
ent patterns in cross-sectional age curves by time period may
imply a birth cohort effect. The age-specific mortality trends
by birth cohorts increased in recent birth cohorts (Fig. 1B). In
particular, the increase was more evident in the older age
groups. Within each birth cohort, the mortality rates of breast
cancer increased overall with age. However, mortality rates
in the ‘60-64’ age group (age of 62 in Fig. 1B) and in the 
‘65-69’ age group (age of 67 in Fig. 1B) were similar.

Table 2 shows the goodness of fit (scaled deviance) for the
age-period-cohort models. The age-drift model gave a lower
value of adj–R2A than that for the age-cohort or age-period-
cohort models, thus it was excluded from the possible mod-
els of mortality in breast cancer. After adjusting for age, the
period effect and cohort effect were statistically significant
(p < 0.0001). Based on adj–R2A , the age-cohort model seems

Table 1. Number of deaths from breast cancer and person-years among women in Korea from 1983 to 2012

Year
1983-1987 1988-1992 1993-1997 1998-2002 2003-2007 2008-2012

No. of deaths
Age group (yr)
20-24 23 11 21 9 10 3
25-29 74 74 94 81 45 52
30-34 141 216 284 261 295 212
35-39 218 278 481 525 549 561
40-44 334 382 542 729 901 898
45-49 386 521 597 807 1,200 1,317
50-54 320 506 638 767 1,046 1,573
55-59 241 383 592 751 945 1,219
60-64 195 260 443 594 837 947
65-69 125 174 306 377 611 790
70-74 93 120 242 315 475 662
75-79 52 79 168 253 345 528

Sum 2,202 3,004 4,408 5,469 7,259 8,762
Person-years (per 1,000)
Age group (yr)
20-24 10,479.3 10,517 10,532.1 9,470.13 8,990.03 7,711.77
25-29 9,922.55 10,488.1 10,482.6 10,473.4 9,457.63 9,099.5
30-34 7,523.3 9,972.87 10,450 10,389 10,388.4 9,546.94
35-39 6,042.99 7,424.62 9,892.74 10,462.9 10,386.7 10,346.4
40-44 5,521.24 6,041.55 7,386.44 9,777.6 10,383.3 10,425.8
45-49 5,218.55 5,388.5 5,913.86 7,262.13 9,666.66 10,430.5
50-54 4,369.42 5,090.64 5,248.05 5,808.24 7,198.05 9,608.8
55-59 3,480.23 4,254.34 4,972.47 5,163.09 5,711.55 7,155.71
60-64 2,789.41 3,326.78 4,114.47 4,836.15 5,085.75 5,658.5
65-69 2,062.53 2,588.28 3,129.13 3,931.07 4,646.05 4,990.73
70-74 1,546.64 1,822.71 2,321.21 2,858.07 3,677.33 4,427.16
75-79 1,008.39 1,269.36 1,507.51 1,944.31 2,483.38 3,332.82

Sum 59,964.55 68,184.75 75,950.58 82,376.09 88,074.83 92,734.63 



Cancer Res Treat. 2016;48(1):11-19

14 CANCER  RESEARCH  AND  TREATMENT

to explain the death rates better than the age-period model
and similarly to the full model, which implies that breast can-
cer mortality can be mainly explained by a birth cohort effect
rather than a period effect. The period effect adjusted for age
and birth cohort effect and the cohort effect adjusted for age
and period were also statistically significant (p < 0.0001). 
All factors in the age-period-cohort model were statistically
significant after adjusting for each other. Therefore, the full
model was used to represent breast cancer mortality.

The mortality trends according to age, birth cohort, and
period were adjusted for the other two parameters shown in
Fig. 2. In the graph of mortality trends by age (Fig. 2A), the
rate increased sharply until 60 years old, showed a moderate
increase in the sixties, and a steep increase again from 70
years old. This pattern is consistent with the pattern exam-
ined in Fig. 1B. The cohort effect increased in cohorts born
before 1968 and decreased in cohorts born after 1969 ([a] in
Fig. 2B). 
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The predicted mortality trends by age are shown in Fig. 3.
The mortality rates increase by period until the year 2015 and
then decrease by the year 2020. The mortality trends by age
showed an increasing and decreasing pattern before the year
1995, but an increasing pattern from the year 1995. However,
Clemmensens’ hooks were observed in all curves.   

The age-specific female breast cancer incidence rate in
Korea from 1999 to 2010 is shown in Fig. 4. The highest inci-
dence rate was observed between the ages of 45-49 in all cal-

endar years. The breast cancer incidence in the thirties age
group showed a moderate increase during 1999-2011, which
corresponds to the cohorts after 1969. In addition, the annual
percentage change in breast cancer incidence from 1993-2002
was estimated as 6.0% in the 20-34 age group [10], which 
approximately corresponds to the birth cohort after 1969.
These data imply that the decreasing mortality risk after the
birth cohort of 1969 was not caused by a decrease in breast
cancer incidence.

Table 2. Summary statistics of various age-period-cohort models for female breast cancer mortality in Korea between 1983
and 2012

Terms in model Summary statistics
Deviance (df) △Da) (△df) Effectb) p-valuec) adj–R2A

Age 1,696.36 (66) - - - -
Age+drift 408.95 (65) 1,287.41 (1) |A < 0.0001 0.76
Age+period 353.98 (61) 1,342.38 (5) P|A < 0.0001 0.77
Age+cohort 128.41 (61) 1,567.95 (5) C|A < 0.0001 0.92
Age+period+cohort 103.35 (57) 25.06 (4) P|A,C < 0.0001 0.93

250.63 (4) C|A,P < 0.0001
a)Difference of deviance from age model, b)|A ( effect adjusted by age); P|A (period effect adjusted by age); C|A (cohort
effect adjusted by age); P|A,C (period effect adjusted by age and cohort); C|A,P (cohort effect adjusted by age and period),
c)p-value for each effect.
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Discussion

In our age-period-cohort analysis of breast cancer mortal-
ity among women in Korea from 1983 to 2012, the increasing
rate of breast cancer mortality can be explained predomi-
nantly by a birth cohort effect: the risk of breast cancer death
showed a steady increase until the 1968 birth cohort, and 
decreased among women born after 1969. Between 1983 and
2012, breast cancer death in Korea decreased by 4% (95% con-
fidence interval [CI], 1% to 7%; p=0.0021) among women
younger than 30 years old, while it increased by 2.5% (95%
CI, 2.3% to 2.7%; p < 0.0001) and by 3.5% (95% CI, 3.3% to
3.8%; p < 0.0001) in the age groups of 30-54 and 55-79, respec-
tively. Since the risk of breast cancer mortality is lower in the
recently born generation and the breast cancer mortality is
predominantly explained by the birth cohort effect, it is spec-
ulated that breast cancer death will probably decrease in
Korea (Fig. 3).

The age at the peak of mortality has shifted to older ages
in the more recent period, which is associated with birth 
cohort effect. After adjusting for birth cohort effect, mortality
risk showed a sharp increase up to 60 years old, increased
moderately during in the sixties, and subsequently increased
again after 70 years old. This figure with an inflection in the
sixties is similar to the age effect of breast cancer mortality
reported from Osaka Japan [11] and Andalucia, Spain [12].
This phenomenon has been named Clemmensen’s Hook,
which is the overlapping of two curves corresponding to pre-
and post-menopausal tumors [13]. Some researchers argue
that Clemmensen’s hook has disappeared [14]. A recent pub-
lication reported that Clemmensen’s hook might disappear
in 2022, so that Clemmensen’s hook could be interpreted not
as an overlapping of the two curves corresponding to pre-
and post-menopausal tumors, but as a reflection of a shift in
lifestyle among different generations or cohorts [8]. As
shown Fig. 3, the Clemmensen’s hook in our data still exists
until the year 2020 even though the shape of the hook has
changed. Without a new birth cohort we are not certain that
Clemmensen’s hook would disappear in the future in Korea. 

The increased risk of breast cancer mortality among
women born before 1968 may be mainly derived from the 
increased incidence rate of breast cancer, which is linked to
an increase in prevalence of breast cancer risk factors, espe-
cially in reproductive factors and diet [15]. Epidemiologic
studies conducted among Korean women have identified 
reproductive factors associated with breast cancer risk [4,16].
Early menarche, late menopause, a late full-term delivery,
and never having breast-fed a child associated with the 
cohort effect of breast cancer incidence among Korean
women. According to statistics from the National Statistical
Office in Korea, total fertility rate per fertile Korean woman

fell from 4.53 children in 1968 [17] to 1.30 in 2012 [2]. Age at
first marriage increased from 21.6 years in 1960 to 29.6 years
in 2013 [2], and age at first full-term delivery is increasing
every year. The proportion of women breast-feeding their
child showed a reduction from 59% in 1985 to 24.2% in 2006
[2]. The proportion of calorie intake from animal-based foods
doubled during 1965-1995; on the other hand, the proportion
of calorie intake from plant-based foods decreased from 97%
in 1965 to 79% in 1995 [18]. Higher consumption of a West-
ern-style diet is associated with earlier onset of menarche and
earlier manifestation of hyperinsulinemic insulin resistance
[19,20]. Postmenopausal obesity is also suggested as a risk
factor for breast cancer in Korea [3,4], and the proportion of
postmenopausal obese women is increasing [18]. 

Female breast cancer mortality risk decreased among
women born after 1969 in Korea. Since the breast cancer 
incidence rate has shown a steady increase, the decreasing
risk of mortality might be associated with a prolonged sur-
vival benefit: the 5-year relative survival rate in the 15-29 age
group improved from 67.9% in 1993-1995 to 86.6% in 2006-
2010 among Korean women [21]. Even though the survival
benefit from better treatment in younger women may have
caused that decreasing risk after the 1969 cohort, the wide
confidence intervals due to the small number of breast cancer
deaths shown in (a) of Fig. 2B suggest caution in interpreta-
tion of this result. Furthermore, since the annual increase in
percent changes of incidence (from 1993 to 2002) and mor-
tality (from around 1990 to 2006) are both the largest in Korea
compared with those in other Asian countries/cities includ-
ing Japan, China, Singapore, and Taiwan [9,22], further 
encouragement is needed for augmentation of breast cancer
prevention and improvement of survival of breast cancer in
Korean women.  

In the current study the findings of an increased risk of
breast cancer mortality among women born before 1968 then
a decreased risk among women born after 1969 are consistent
with previous results among Japanese women. In the age-
period-cohort analysis of female breast cancer in Osaka 
between 1968 and 2007, breast cancer mortality risk increased
among women born until the 1950s, and decreased thereafter
[11]. It is considered that the changes in breast cancer risk
factors in Asian countries can be largely attributed to rapid
economic development. Economic development in Korea 
occurred after the end of the Korean War in 1953, which was
more recent and rapid than the development in Japan. These
year gaps in the boost of economic development are linked
to the time gap of changes in risk factors between the two
countries, which might have been reflected in the difference
in birth years at the peak of mortality risk from the age-
period-cohort models. 

Mortality is a parameter resulting from various factors, 
including risks of disease, early detection rate, disease sur-
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vival, and progress of surgical, radiological, and adjuvant
systemic therapies for the disease; therefore, interpretation
of breast cancer mortality trends is challenging [15]. In Korea,
since 1999 the National Cancer Screening Program has rec-
ommended that women older than 40 years undergo a bien-
nial mammographic examination, which in 1999 applied to
generations born before 1959. Free screening services were
expanded to all National Health Insurance beneficiaries in
2002-2003. Breast cancer screening rates were the highest
among women in their fifties and the lowest among women
over 70 years old [23,24]. The breast cancer screening rate,
defined as the proportion of respondents who fulfilled the
screening recommendation criteria, increased from 33.2% in
2004 to 70.9% in 2012, and the annual percent change was
4.5% (95% CI, 3.9% to 5.1%) [24]. Even though the coverage
rate has shown a sharp increase, the short history of breast
cancer screening makes it impossible to observe the impact
of breast cancer screening in the short period of mortality
data.

Conclusion

In summary, in this study the mortality pattern of breast
cancer in Korea can be predominantly explained by a birth
cohort effect, although age, period, and its combined effects
affect the increasing trend of mortality. An increasing risk of
breast cancer mortality was observed among women born
before 1968, and a decreasing risk was observed among
women born after 1969. Hence, the overall mortality of breast
cancer may increase in Korea for a while, and show a gradual
decrease in the future starting from the younger age group.
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Purpose
Cancer clinical trials in Korea have rapidly progressed in terms of quantity and quality during
the last decade. This study evaluates the current status of cancer clinical trials in Korea
and their associated problems.

Materials and Methods
We analyzed the clinical trials approved by the Korea Food and Drug Administration (KFDA)
between 2007 and 2013. A nationwide on-line survey containing 22 questions was also
performed with several cooperative study groups and individual researchers in 56 academic
hospitals.

Results
The number of cancer clinical trials approved by the KFDA increased almost twofold from
2007 to 2013. The number of sponsor-initiated clinical trials (SITs) increased by 50% and
investigator-initiated clinical trials (IITs) increased by almost 640%. Three hundred and forty-
four clinical trials were approved by the KFDA between 2012 and 2013. At the time of the
on-line survey (August 2013), 646 SITs and 519 IITs were ongoing in all hospitals. Six high
volume hospitals were each conducting more than 50 clinical trials, including both SITs and
IITs. Fifty-six investigators (31%) complained of the difficulties in raising funds to conduct
clinical trials. 

Conclusion
The number of cancer clinical trials in Korea rapidly increased from 2007 to 2013, as has
the number of multicenter clinical trials and IITs run by cooperative study groups. Limited
funding for IIT is a serious problem, and more financial support is needed both from 
government agencies and public donations from non-profit organizations.
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Clinical trial, Sponsor-initiated clinical trial, 
Investigator-initiated clinical trial
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Introduction

In 2010, 202,053 cases of cancer were diagnosed, there were
72,046 deaths due to cancer, and one out of four patients died
of cancer in Korea [1]. Even with the development of early
screening and diagnosis technology, more than half of cancer
patients are diagnosed in advanced stages when curative
surgical resection may not be feasible, and additional
chemotherapy is often required. Palliative chemotherapy has
significantly improved the overall survival of cancer patients
[2]. Furthermore, cancer therapeutics have advanced beyond
simply killing or inhibiting cancer cell growth by cytotoxic
anticancer drugs, to targeting intracellular or intercellular
cancer-specific signaling pathways, so called “targeted
agents,” according to molecular genotype. The anticancer
drug market reached 62 billion dollars worldwide in 2012
and is rapidly increasing every year [3]. In this era of 
evidence-based medicine, clinical trials are essential for the
establishment of standardized treatments or treatment
guidelines for cancer therapy. In the United States, clinical
trial cooperative groups for multicenter trials such as the
Cancer and Leukemia Group (CALGB) were launched in
1956 and are mainly supported by the National Cancer Insti-
tute or industry [4]. Large investigator-initiated clinical trials
(IITs) led by these cooperative groups led to rapid improve-
ment in cancer treatment over the last several decades. In
Korea, the anticancer market reached 3 trillion Korean won
in 2010, but most drugs were products of multi-national
pharmaceutical companies and only a few domestic pharma-
ceutical companies in Korea are involved in the early devel-
opmental stages of new anticancer drugs [5]. During the last
few decades, Korean investigators have been participating
in multi-national clinical trials led by multi-national pharma-

ceutical companies, due to relatively low expenses and 
excellent human resources. The number of Korea Food and
Drug Administration (KFDA) registered investigational new
drug clinical studies numbered only 45 cases in 2001, but 
increased to over 670 cases in 2012 [6]. In addition, the Korea
National Enterprise for Clinical Trials was established in
2007 and was assigned to 15 regional clinical trial centers.
The main goal was to expand the clinical trial infrastructure
for new drug development through collaboration with 
government, academic societies, and industry. However, 
national support for IIT remains significantly lower than in
other countries including the United States, Europe, and
Japan. To improve public health through collaborative cancer
studies, several cooperative clinical trial groups including
the Korea Cancer Study Group (KCSG), Korean Radiation
Oncology Group (KROG), and Korean Gynecology Oncol-
ogy Group (KGOG) were established and are actively 
involved in IIT. This study evaluates the status and problems
of cancer clinical trials in Korea.

Materials and Methods

The status of sponsor-initiated cancer and investigator-
initiated cancer clinical studies was evaluated using a ques-
tionnaire in cooperation with oncology study groups such as
the KCSG, KGOG, and KROG. This questionnaire consisted
of sponsor source, researcher behavior, single institute vs.
multi-institute study, study purpose, phase of clinical trial,
intervention model and method, masking, allocation, enroll-
ment target number, direction and timing, type of interven-
tion, difficulties of cancer clinical trials, and clinical trial
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Fig. 1. Clinical trials approved by Korea Food and Drug Administration (KFDA) annually. (A) Total clinical trials. (B) Cancer clinical
trials. SIT, sponsor-initiated clinical trial; IIT, investigator-initiated clinical trial. 
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resources. Investigators were surveyed nationwide in detail
from 56 academic hospitals in Korea on matters regarding
cancer clinical trials in Korea. Questions were asked through
an on-line survey using a cross-sectional study design in 
August 2013. 

We analyzed the characteristics of the clinical trials 
approved by the KFDA between 2007 and 2013 and evalu-
ated the clinical trials approved by the KFDA between 2012
and 2013 using the on-line questionnaire items listed above
[7].

Table 1. Characteristics of clinical trials approved by KFDA between 2012 and 2013

Classifying clinical trial SITs (n=226) IITs (n=118) Total (n= 344) 
Researchers behavior Interventional study 225 117 342 (99.4)

Observational study 1 1 2 (0.6)
Participating Institute Single center study 48 65 113 (32.8)

Multicenter study 178 53 231 (67.2)
Purpose Chemotherapeutic study 214 105 319 (92.7)

Cancer diagnostic study 0 4 4 (1.2)
Supportive study 12 9 21 (6.1)

Phase Phase 1 69 11 80 (23.3)
Phase 2 67 72 139 (40.4)
Phase 3 85 23 108 (31.4)
Phase 4 or PMS 4 3 7 (2.0)
Translational research 0 3 3 (0.9)
Others 1 6 7 (2.0)

Study method Single group study 96 81 177 (51.5)
Parallel study 130 37 167 (48.5)

Masking Open study 157 111 268 (77.9)
Single blind study 2 1 3 (0.9)
Double blind study 67 6 73 (21.2)

Allocation Single arm study 96 82 178 (51.7)
Randomized controlled trial study 129 35 164 (47.7)
Non-randomized trial study 1 1 2 (0.6)

Direction and timing Prospective study 225 118 343 (99.7)
Retrospective study 1 0 1 (0.3)

Characteristics of intervention Drug 218 95 313 (91.0)
Equipment 0 5 5 (1.5)
Biologic agent and vaccine 8 13 21 (6.1)
Radiotherapy 0 3 3 (0.9)
Genetic test 0 2 2 (0.6)

Site of cancer Lung 41 16 57 (16.6)
Breast 31 13 44 (12.8)
Stomach 18 13 31(9.0)
Colorectal 4 4 8 (2.3)
Gynecology 8 10 18 (5.2)
Genitourinary tract 12 7 19 (5.5)
Hematology 19 3 22 (6.4)
Lymphoma 26 15 41 (11.9)
Multiple myeloma 9 4 13 (3.8)
Heptobilliary-pancreas 19 11 30 (8.7)
Esophagus 1 3 4 (1.2)
Head and neck 2 3 5 (1.5)
Others 36 16 52 (15.1)

Values are presented as number (%). KFDA, Korea Food and Drug Administration; SITs, sponsor-initiated clinical trials; IITs,
investigator-initiated clinical trials; PMS, postmarketing survey.
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Results

1. Cancer clinical trials approved by the KFDA 

The number of total and cancer clinical trials approved by
the KFDA increased from 2007 to 2013. During that period,
the number of cancer clinical trials approved by the KFDA
increased by almost 100%. The number of sponsor-initiated

clinical trials (SITs) increased by 50% and IITs increased by
almost 640% between 2007 and 2013. Fig. 1 shows the annual
number of total and cancer clinical trials approved by the
KFDA. In 2012, 679 clinical trials were approved by the
KFDA and 27.5% of trials (187/679) were cancer clinical 
trials. One hundred and twenty-one trials were SITs and 66
were IITs. In 2013, 157 cancer clinical trials were approved
out of a total 607 clinical trials, including 105 SITs numbered
and 52 IITs. The characteristics of clinical trials approved by
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Fig. 2. Types of cancers in sponsor-initiated clinical trials (SITs) (A) and investigator-initiated clinical trials (IITs) (B) approved by
Korea Food and Drug Administration (KFDA) in 2012 and 2013, in order of increasing number. 
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the KFDA between 2012 and 2013 are in Table 1. The types
of cancers investigated by SITs, in order of increasing num-
ber, were lung, breast, lymphoma, hematology, hepatobil-
iary-pancreas, and stomach (Fig. 2A). In contrast, the types
of cancers investigated by IITs, in order of increasing num-
ber, were lung, lymphoma, breast, stomach, hepatobiliary-
pancreas gynecological, and genitourinary tract (Fig. 2B).

2. Cancer clinical trial questionnaire results

Questionnaires were obtained from the oncology depart-
ments of 56 hospitals, the obstetrics and gynecology depart-
ments of five hospitals, the surgery departments of three
hospitals, and the radiation oncology department of one hos-
pital. Multicenter clinical trials were counted multiple times
because we could not avoid an overlapping count of multi-
center trials from individual hospitals. In the 56 hospitals,
646 SITs and 519 IITs were ongoing, including both interven-
tional and observational studies. The number of hospitals 
according to the number of clinical trials is shown in Fig. 3.

Among 519 IITs, there were 393 interventional studies and
126 observational studies. The characteristics of the currently
ongoing clinical trials are in Table 2. One hundred and fifty-
nine trials (18.4%) among 866 were multidisciplinary clinical
trials.

3. Difficulties in conducting cancer clinical trials

Sixty-six investigators (36.7%) complained of difficulties
with human resource management and 56 (31%) complained
of difficulties with fund-raising for clinical trials. Thirty-two
investigators (17.8%) experienced difficulties in collaborating
with other hospital departments and 15 (8.3%) complained
of the difficulties in communication with the Institutional 
Review Board (IRB). Other problems included the complex-
ity and tediousness of administrative procedures. 

4. Cancer clinical trial resources

Among 56 surveyed hospitals, 45 hospitals had a clinical
research center. Only 18 hospitals employed clinical research
coordinators (CRCs) under the name of the institution, so in
the remaining institutions, individual investigators hired
their own CRCs. Thirty-six hospitals had 1-3 CRCs, six 
hospitals had 4-6, and six hospitals had more than 6 CRCs.
In contrast, eight hospitals did not have CRCs. Twenty-two
22 hospitals held regular meetings of IRBs once a month, 21
hospitals held meetings twice a month, and 13 hospitals held
meetings more than twice a month. Thirteen hospitals did
not have IRB internal audits, 24 hospitals had one, and 19
hospitals had two or more. Among 56 hospitals, five hospi-
tals had an independent data manager in their clinical trial
center, and 31 hospitals had a separate facility for sample
storage for clinical trials.

5. Cooperative study groups for multicenter cancer clinical
trials in Korea

Domestic multicenter clinical trial organizations such as
the KCSG, KROG, and KGOG actively conduct clinical trials.
In 2013, there were 27 multicenter clinical trials conducted
by the KCSG, 11 by the KROG, and 17 by the KGOG.

Discussion

Cancer clinical trials are vital to determining treatment
guidelines for cancer patients, to evaluate the safety and 
efficacy of new treatments, and to establish new evidence. 

To conduct clinical trials in the United States, 10 clinical
trial cooperation groups comprised of more than 3,100 insti-
tutions were launched and supported by the National Cancer
Institute [8]. These 10 clinical trial groups include the Cancer
and Leukemia Group, Children’s Oncology Group, Eastern
Cooperative Oncology Group, North Central Cancer Treat-
ment Group, Southwest Oncology Group, American College
of Surgeons Oncology Group, American College of Radiol-
ogy Imaging Network, Gynecologic Oncology Group, 
National Surgical Adjuvant Breast and Bowel Project, and
Radiation Therapy Oncology Group. Both medium-sized
phase 2 clinical trials and large-scale phase 3 clinical trials
are being conducted and 25,000 patients per year participate
in clinical trials [8]. These clinical trials could result in impor-
tant outcomes that could change clinical practice directly 
related to patient treatment guidelines. Conversely, single-
center studies or IITs are small-scale designs such as non-
randomized phase II studies that usually do not result in
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changes in clinical practice.
The number of cancer clinical trials approved by the KFDA

increased almost twofold from 2007 to 2013. In particular,
IITs rapidly increased by almost 640% between 2007 and
2013. The rapid growth of IITs is mostly attributed to 

increased interest in clinical trials by motivated Korean 
investigators and by the efforts of multicenter clinical trial
organizations such as the KCSG, KROG, and KGOG. Both
SITs and IIT are actively involved in studies of lung, breast,
lymphoma, stomach, and hepatobiliary-pancreatic cancer.

Table 2. Characteristics of ongoing clinical trials evaluated from cancer clinical trial questionnaire results

Classifying clinical trial No. of clinical trials (%)
Researchers behavior Interventional study 663 (76.6)

Observational study 203 (23.4)
Participating institute Single center study 138 (15.8)

Multicenter study 738 (84.2)
Purpose Chemotherapeutic study 694 (79.2)

Cancer prevention study 4 (0.5)
Cancer diagnostic study 17 (1.9)
Palliative study 64 (7.3)
Cancer screening study 5 (0.6)
Basic study 36 (4.1)
Others 56 (6.4)

Phase Phase 1 37 (4.3)
Phase 2 363 (42.0)
Phase 3 253 (29.2)
Phase 4 or PMS 150 (17.3)
Translational research 62 (7.2)

Study method Single group study 488 (61.5)
Parallel study 256 (32.3)
Cross-over study 30 (3.8)
Factorial study 19 (2.4)

Masking Open study 540 (72.7)
Single blind study 65 (8.7)
Double blind study 138 (18.6)

Allocation Single arm study 409 (48.5)
Randomized controlled trial study 327 (38.7)
Non-randomized trial study 108 (12.8)

Target number < 50 persons 436 (50.6)
50-100 persons 161 (18.7)
> 100 persons 265 (30.7)

Direction and timing Prospective study 685 (83.4)
Retrospective study 94 (11.4)
Cross-sectional study 26 (3.2)
Others 16 (1.9)

Characteristics of intervention Drug 614 (81.3)
Equipment 6 (0.8)
Biologic agent and vaccine 13 (1.7)
Surgery and management 10 (1.3)
Radiotherapy 17 (2.3)
Genetic test 44 (5.8)
Supportive care and adjuvant 15 (2.0)
Others 36 (4.8)

PMS, postmarketing survey.
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Fig. 3 shows that several large volume hospitals are 
conducting more than 50 clinical trials each. Most investiga-
tors complained of difficulties with human resource manage-
ment and obtaining financial support for clinical trials due
to unequal distribution of clinical trials. Thus, multicenter
clinical trial groups such as the KCSG and governments
should support individual investigators, especially small 
volume hospitals actively participating in clinical trials, to
establish the infrastructure for clinical trials. 

The KFDA approved 226 SITs and 118 IITs between 2012
and 2013. Fifty-six hospitals were conducting 646 SITs and
519 IITs at the time of the on-line survey. SITs are usually
supported by pharmaceutical companies, and contact 
research organizations also conduct a large proportion of
cancer clinical trials. In contrast, some IITs have difficulty
with standard operating procedures for clinical trials because
of limited human resources and are not supported by phar-
maceutical companies or government, quite different from
the situation in western countries where there is government
support. For these reasons, relatively small-sized single-
center clinical trials are common, leading to low academic
value and the high possibility of error. In addition, most clin-
ical trials are phase 2 and 3 clinical trials, but the number of
phase 1 clinical trials is very low due to their high cost and
complexity. 

From a public health standpoint, industry-sponsored 
cancer clinical trials may be unduly influenced by the phar-
maceutical industry. Although many SITs lead to changes in
standard clinical practices, pharmaceutical companies have
less interest in improving standard treatments related to 
conventional cancer diagnosis, treatment, and prevention, or
reducing economic loss due to unnecessary treatments. 
Conversely, investigator-initiated multicenter cancer clinical
trials are more concerned with a scientific approach such as
clinical trials, which can improve or change clinical practice
or reduce national medical costs. One limitation of our study
is the questionnaire. Questionnaires have inherent inaccu-
racy and in our case, an unavoidable overlapping count of
multicenter trials from individual hospitals. Therefore we
also examined status of cancer clinical trials though the eval-
uation of the clinical trials approved form the KFDA for over-
coming these limitations.

In many countries, the standard treatment costs for IITs are
usually covered by health insurance. However, a consensus
on supporting costs for standard of care in IITs has not been
reached in Korea. Additionally, most IITs in Korea require
approval from the KFDA, but investigators and institutions
are responsible for conducting clinical trials from start to 
finish. This process of approval entails expense and time that
is borne by the investigators.

In Korea, multicenter clinical trial groups such as the
KCSG, KROG, and KGOG conduct a variety of clinical trials.

Several lines of evidence have been established through 
multicenter clinical trial groups. For example, phase 3 clinical
trials of gefitinib versus pemetrexed as second-line treat-
ments in non-small cell lung cancer and maintenance
chemotherapy versus observation after achieving disease
control with six cycles of gemcitabine plus paclitaxel in breast
cancer were supported by the KCSG [9,10].

Therefore, it is clear that these types of multicenter clinical
trial organizations are desirable and encourage the develop-
ment and activation of IITs. Moreover, support is urgently
needed from the relevant governments, study groups, and
organizations for the promotion of multicenter IITs. Further-
more, to improve the quality of multicenter clinical trials,
support is needed for the establishment of infrastructure
such as data management, statistics, and data monitoring.
Long-term supported projects such as the “Cancer Overcome
Project” run by the National Cancer Center in Korea, will 
ultimately contribute to public health improvement by 
providing new evidence for the improvement of treatment
outcomes and the establishment of cancer treatment guide-
lines.

Conclusion

The number of cancer clinical trials in Korea rapidly 
increased from 2007 to 2013, as has the number of multicen-
ter clinical trials and IITs run by cooperative study groups.
For more development and more activation of IITs, active
support is urgently needed from the relevant governments,
study groups, and organizations.
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Phase I Study of CKD-516, a Novel Vascular Disrupting Agent, 
in Patients with Advanced Solid Tumors
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Purpose
CKD-516 is a newly developed vascular disrupting agent. This phase I dose-escalation study
of CKD-516 was conducted to determine maximum-tolerated dose (MTD), safety, pharma-
cokinetics, and preliminary antitumor efficacy in patients with advanced solid tumors.

Materials and Methods
Patients received CKD-516 intravenously on D1 and D8 every 3 weeks, in a standard 3+3
design. Safety was evaluated by National Cancer Institute Common Terminology Criteria for
Adverse Events ver. 4.02 and response was assessed by Response Evaluation Criteria in
Solid Tumor ver. 1.1. 

Results
Twenty-three patients were treated with CKD-516 at seven dosing levels: 1 mg/m2/day
(n=3), 2 mg/m2/day (n=3), 3.3 mg/m2/day (n=3), 5 mg/m2/day (n=3), 7 mg/m2/day (n=3),
9 mg/m2/day (n=6), and 12 mg/m2/day (n=2). Mean age was 54  and 56.5% of patients
were male. Two dose-limiting toxicities, which were both grade 3 hypertension, were 
observed in two patients at 12 mg/m2/day. The MTD was determined as 12 mg/m2/day.
Most common adverse events were gastrointestinal adverse events (diarrhea, 34.8%
[30.4% grade 1/2, 13.0% grade 3]; nausea, 21.7% [all grade 1/2]; vomiting, 21.7% [all
grade 1/2]), myalgia (17.4%, all grade 1/2), and abdominal pain (21.7% [21.7% grade 1/2,
4.3% grade 3]). The pharmacokinetic study showed the dose-linearity of all dosing levels.
Among 23 patients, six patients (26.1%) showed stable disease. Median progression-free
survival was 39 days (95% confidence interval, 37 to 41 days).

Conclusion
This study demonstrates feasibility of CKD-516, novel vascular disrupting agent, in patients
with advanced solid tumor. MTD of CKD-516 was defined as 12 mg/m2/day on D1 and D8
every 3 weeks.
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Introduction

Angiogenesis is an essential component of tumorigenesis,
and it has been an important target for development of new
anti-cancer drugs. Antiangiogenic approach has mainly 
focused on preventing neovascularization. In contrast, anti-
vascular approach targets endothelial cells and pericytes of
the already established tumor vasculature. The new class of
tubulin-binding agents, named vascular disrupting agents
(VDAs), has been developed to target microtubules, not only
in cancer cells, but also in the endothelium of tumor vessels
[1]. These VDAs work by acting on the -subunit of endothe-
lial tubulin, resulting in depolarization of microtubules and
disorganization of actin and tubulin, which leads to a major
change in endothelial cell shape, increased vascular perme-
ability, increased interstitial pressure followed by inhibition
of blood flow and vasoconstriction [2]. The result is a rapid
decrease of blood flow into the tumor and necrosis. Several
VDAs are under clinical development including ombrabulin,
ZD6126, etc. [3-5].

CKD-516 is a newly developed VDA. Its active drug 
(S-516) has a potent cytotoxicity against several cancer cells,
including a P-glycoprotein overexpressing cell line (HCT15).
It induces cell cycle arrest at G2/M phase, and strong inhibi-
tion of tubulin polymerization. It has shown marked antitu-
mor efficacy against both murine tumors (CT26 and 3LL) and
human xenografts (HCT116 and HCT15) in mice [6,7]. 
CKD-516 also enhances the antitumor effect of cytotoxic
chemotherapy when administered in combination [8,9].

These promising preclinical data led to this phase I, first-
in-human study of CKD-516 in patients with advanced solid
tumors. The primary objective was to determine the maxi-
mum-tolerated dose (MTD) of CKD-516 when administered
intravenously on day 1 and day 8 every 3 weeks. Assessment
of safety and the pharmacokinetics (PK) were also primary
objectives. Secondary objectives included assessment of 
preliminary antitumor efficacy.

Materials and Methods

This was a phase I, first-in-human, dose-escalation study
of CKD-516 in patients with advanced solid tumors 
conducted at Seoul National University Hospital and Seoul
National University Bundang Hospital. This study was 
approved by the Institutional Review Boards of each hospital
and was registered with the United States National Library
of Medicine (ClinicalTrials.gov) as NCT01028859.

1. Patient eligibility criteria 

The following inclusion criteria were used for patient 
selection: (1) histologically confirmed solid tumors refractory
to standard therapy or for which there is no standard ther-
apy; (2) age, 20 to 75 years; (3) Eastern Cooperative Oncology
Group (ECOG) performance status (PS),  2; (4) life 
expectancy of longer than 12 weeks; (5) adequate organ func-
tion (adequate hematologic function)  1,500/µL, platelet
count  100,000 cells/µL, hemoglobin  9.0 g/dL, serum 
creatinine  1.5upper limit of normal (ULN), serum biliru-
bin  1.5ULN, aspartate transaminase, alanine aminotrans-
ferase  3ULN [5UNL in case of liver metastasis]); and (6)
normal range of prothrombin time, activated partial throm-
boplastin time. Written informed consent was obtained from
all patients. The important exclusion criteria were (1) central
nervous system metastasis; (2) prior chemotherapy, radiation
therapy, or surgery within 4 weeks prior to enrolling in the
study; (3) heart failure, angina pectoris, New York Heart 
Association (NYHA) class III, IV congestive heart failure
within 6 months of study; (4) uncontrolled hypertension 
(systolic blood pressure > 150 mm Hg or diastolic blood pres-
sure > 100 mm Hg despite anti-hypertensive medication);
and (5) under anticoagulation. 

2. Treatment

CKD-516 was administered as a 30-minute intravenous 
infusion on day 1 and day 8 every 3 weeks. The starting dose
was 1 mg/m2/day, and dose was escalated using 3+3 design
and modified Fibonacci method. In each cohort, if a patient
was withdrawn for any reason other than dose limiting 
toxicity (DLT) before completion of the 21-day administra-
tion period, the patient was replaced by another patient. 
Response was evaluated every two cycles. However, when-
ever disease progression was suspected, the response evalu-
ation was allowed at the investigator’s discretion. Patients in
whom antitumor effect was assessed as stable disease (SD),
partial response (PR), or complete response (CR) for overall
response at the end of the second cycle of treatment were 
allowed to receive further treatment. Treatment was to be
continued until the subject experienced disease progression
or unacceptable toxicity, withdrew consent, or required treat-
ment with another therapeutic modality.

3. Definition of dose limiting toxicity 

DLT was defined as follows: (1) grade 4 neutropenia last-
ing for  7 days or with fever; (2) grade 3-4 thrombocytopenia
lasting for  7 days, or with bleeding or required platelets
transfusion; (3) grade 3 or 4 nausea/vomiting or diarrhea 
despite optimal use of antiemetic drugs or antidiarrheal
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drugs; (4) other grade 3 or 4 non-hematological toxicity 
(except alopecia and anorexia); and (5) delay of > 2 weeks in
administration of the next cycle due to inadequate recovery
from toxicity of the first cycle. DLT was evaluated during the
first cycle of treatment. The lowest dose at which DLT was
observed in no more than two out of six patients in the first
cycle of treatment was judged to be the MTD.

4. PK study procedure

Blood was collected on day 1 before and at the end of 
infusion, 10 minutes, 20 minutes, 30 minutes, 1 hour, 2 hours,
4 hours, 8 hours, 12 hours, and 24 hours after dosing. Urine
was collected on day 1, 0-4 hours, 4-8 hours, 8-12 hours, and
12-24 hours after dosing. Plasma and urine concentrations of
CKD-516 and its active metabolite S-516 were determined
using a validated liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) method with mosapride as an inter-
nal standard. Briefly, 200 µL of plasma or urine, methyl
tert-butyl ether 1.5 mL, and mosapride 50 µL at 10 ng/mL
were mixed thoroughly and centrifuged at 5,000 g for 5 
minutes. The organic layer was separated and evaporated;
the residue was reconstituted with 100 µL of 80% methanol,
diluted 2-fold with mobile phase, and injected into the 
LC-MS/MS system. Chromatographic separation was 
performed on a Luna C18 column (502.0 mm, i.d., 5 µm;
Phenomenex, Torrance, CA) under the isocratic condition
using 0.05% formic acid in 10 mM ammonium formate and
acetonitrile (70:30, v/v). The multiple-reaction monitoring
was based on m/z transition of 537 > 270 for CKD-516, 438
> 270 for S-516, and 422 > 198 for mosapride (IS). The cali-
bration ranges were linear with a lower limit of quantifica-
tion of 0.5 ng/mL for CKD-516 and 0.2 ng/mL for S-516 in
both human plasma and urine. The inter-assay precision and
accuracy of the quality control (QC) samples were less than
9.54% and from 91.1% to 107%, respectively. Each analytical
batch had six QC samples of known value, i.e., two for low,
intermediate, and high concentrations, respectively. The 
analytical results were accepted only if the concentrations of
> four out of the six QC samples were determined within
15% of the known values.

5. Assessment of outcomes

Safety and tolerability were measured by adverse events
(AEs), vital sign, body weight, electrocardiogram (ECG), and
laboratory tests. Safety was assessed according to the 
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) ver. 4.02. PK parameters of
CKD-516 and S-516 were calculated using the noncompart-
mental method with Phoenix WinNonlin 6.1 (Pharsight,
Mountain View, CA). The pharmacokinetic linearity was 

assessed by linear regressions between dose and Cmax or 
AUClast and between log-transformed dose and log-trans-
formed Cmax or log-transformed AUClast. Efficacy was meas-
ured using Response Evaluation Criteria in Solid Tumor
(RECIST) ver. 1.1. Tumor responses were assessed after the
first cycle or earlier in patients with suspected progression. 

6. Statistical analysis

All safety analyses were performed on the intention-
to-treat population. The objective response was assessed on
the per-protocol population. The results are expressed as the
mean±standard deviation or as ranges when appropriate.
Follow-up started at the outset of treatment.

Table 1. Patient characteristics (n=23)

Characteristic No. (%)
Median age (range, yr) 56 (33-70)
Sex
Male 13 (56.5)
Female 10 (43.5)

ECOG PS
0 9 (39.1)
1 13 (56.5)
2 1 (4.3)

Tumor
Colorectal cancer 11 (47.8)
Lung cancer 3 (13.0)
Ovary cancer 2 (8.7)
Cervix cancer 2 (8.7)
Renal cell cancer 2 (8.7)
Gastric cancer 1 (4.3)
Hepatocellular carcinoma 1 (4.3)
Esophageal cancer 1 (4.3)
Bone cancer 1 (4.3)
Cardiac cancer 1 (4.3)
Ampulla of Vater cancer 1 (4.3)
Thymic cancer 1 (4.3)

Previous chemotherapy
1 1 (4.3)
2 3 (13.0)
3 8 (34.8)
4 4 (17.4)
 5 6 (26.1)

ECOG PS, Eastern Cooperative Oncology Group perform-
ance status.
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Results

1. Study population

A total of 23 patients received the investigational product.
Baseline characteristics of patients are shown in Table 1. 
Median age was 56 years (range, 33 to 70 years). Thirteen 
patients (56.5 %) were male. Nine patients (39.1%) had ECOG
PS 0, 13 patients (56.5%) had ECOG PS 1, and one patient had
ECOG PS 2. The most common tumors were colorectal 
cancer (n=11) and lung cancer (n=3). Seventy-eight percent
of patients had previously received more than three kinds of
chemotherapies. 

2. Dose escalation and DLTs 

The investigational products were administered at doses
of up 12 mg/m2/day. DLT was reported in two patients in
the 12 mg cohort, which were grade 3 hypertension. One 
patient with DLT had hypertension, and the blood pressure
was increased up to grade 3 at 1 hour (164/96 mm Hg) and
4 hours (155/95 mm Hg) after infusion of CKD-516. 
However, the blood pressure was normalized at 8 hours after
infusion without any intervention. The other patient with
DLT showed elevation of blood pressure up to grade 3
(175/95 mm Hg) at 4 hours after infusion of CKD-516 and
received anti-hypertensive medication (nicardipine), which
led to the normalization of blood pressure 8 hours after 
infusion. There was no abnormality in troponin I, CPK-MB,
and ECG in both DLT cases. The MTD of CKD-516 was 
determined as 12 mg/m2/day. 

3. Adverse events 

A total of 58 cycles of CKD-516 were administered to the
patients. Most commonly reported AEs during all treatment
periods were gastrointestinal AE, that is, diarrhea (34.8%;
30.4% grade 1/2, 13.0% grade 3), nausea (21.7%, all grade
1/2), and vomiting (21.7%, all grade 1/2) (Table 2). Grade
1/2 anorexia and myalgia were 30.4% and 17.4%, respec-
tively. Abdominal pain occurred in 21.7% (grade 1/2, 21.7%;
grade 3, 4.3%). Grade 1/2 neutropenia and thrombocytope-
nia were reported as 4.3% and 4.3%. Anemia occurred in
8.7% (grade 1/2, 8.7%; grade 3, 4.3%). Hypertension was 
observed two patients (two DLT cases [grade 3, 8.7%], one
patient [grade 2, 4.3%] ). One patient (4.3%) had grade 3 acute
coronary syndrome. 

4. Pharmacokinetic analysis 

The plasma concentration-time profiles of CKD-516 and itsTa
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metabolite S-516 showed a similar trend at all dosing levels
(Table 3). Cmax of CKD-516 were 45.88±15.04 µg/L (mean
±standard deviation), 78.89±39.99 µg/L, 129.02±55.50 µg/L,
140.93±17.56 µg/L, 297.33±89.29 µg/L, 273.32±93.37 µg/L,
and 646.75±513.71 µg/L at seven dosing levels, respectively.
Cmax of S-516 were 19.65±2.38 µg/L, 37.52±3.72 µg/L,
59.75±5.83 µg/L, 128.83±7.12 µg/L, 110.43±17.30 µg/L,
141.20±27.74 µg/L, and 222.75±3.04 µg/L at seven dosing 

levels, respectively (Fig. 1). CKD-516 underwent almost 
complete biotransformation to S-516 with only < 1% of 
unchanged CKD-516 excreted in the urine. A good linear 
relationship between dose and PK parameters indicated the
linear pharmacokinetic characteristics of CKD-516 and S-516
over all dose levels (Fig. 2).
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Fig. 1.  Mean plasma concentration-time profiles of CKD-516 (A) and S-516 (B) after a single intravenous dose. The inserts
show the profiles by log-linear scale. Bars represent standard deviations.

Cm
ax

 o
f C

KD
-5

16
 (!

g/
L)

500

400

300

200

100

0
0

Dose (mg)
5 10 15 20 25

A

Cm
ax

 o
f S

-5
16

 (!
g/
L)

250

200

150

100

50

0
0

Dose (mg)
5 10 15 20 25

B

Fig. 2.  Regression analysis of maximum concentration (Cmax) of CKD-516 (A) and S-516 (B) by dose. Solid lines are regression
lines and dotted lines represent 95% confidence intervals.



Cancer Res Treat. 2016;48(1):28-36

34 CANCER  RESEARCH  AND  TREATMENT

5. Antitumor activity

Response evaluation was possible in all 23 patients. None
of the patients had CR or PR response. Six patients were 
assessed as SD (26.1%) and 17 patients showed progressive
disease (73.9%). One patient showed 2.8% tumor reduction.
Median progression-free survival was 39 days (95% confi-
dence interval, 37 to 41 days). Three patients received the
study treatment up to six cycles (1 osteosarcoma at 1 mg, 1
renal cell carcinoma at 3.3 mg, 1 colon cancer at 3.3 mg). The
reasons for termination of treatment were disease progres-
sion (21 patients), no recovery of disease-related condition
within 5 weeks (1 patient), and investigator’s discretion 
(1 patient).

Discussion

This was the phase I, first-in-human study of novel VDA,
CKD-516, administered on D1 and D8 every 3 weeks in 
patients with advanced solid tumors. The result provides 
evidence of the tolerability of a VDA in patients with solid
tumor. The MTD was defined as 12 mg/m2/day. The DLT
was grade 3 hypertension. Up to the MTD, most common
AEs were gastrointestinal AEs. The PK of CKD-516 and its
metabolite (S-516) were demonstrated in this study, which
showed the linear PK. 

We had two DLT patients. One patient had colon cancer
and previously received standard chemotherapies (XELOX,
FOLFIRI, capecitabine). This patient had a history of hyper-
tension without other cardiac disease and had received anti-
hypertensive medication. The baseline blood pressure before
infusion of CKD-516 was 125/82 mm Hg, and was increased
up to grade 3 at 1 hour (164/96 mm Hg) and 4 hours (155/95
mm Hg) after infusion of CKD-516, and normalized at 8
hours without any intervention. The other patient had 
ampulla of Vater cancer with treatment history of gemc-
itabine, cisplatin, and 5-fluorouracil. The baseline blood pres-
sure before infusion of CKD-516 was 119/77 mm Hg. After
1 hour of infusion, blood pressure was 111/75 mm Hg, and
elevated up to grade 3 (175/95 mm Hg) at 4 hours and anti-
hypertensive medication was administered, which led to the
normalization of blood pressure at 8 hours.

The most commonly reported DLTs for other VDAs under
development are cardiac-related events including hyperten-
sion, corrected QT (QTc)  prolongation, myocardial ischemia,
atrial fibrillation, acute chest pain, acute reversible coronary
ischemia, hypotension, troponin elevation or motor neuropa-
thy or tumor pain [10-15]. Other frequently reported AEs are
diarrhea, nausea, vomiting, fatigue, and headache. Therefore,

the findings in our study are consistent with those of other
studies testing VDAs. 

For the toxicity pattern, dose modification or cycle delay
of subsequent treatment after the first cycle, a total of 58 
cycles were delivered to all enrolled patients (10 cycles in 1.0
mg, 5 cycles in 2.0 mg, 16 cycles in 3.3 mg, 4 cycles in 5.0 mg,
6 cycles in 7.0 mg, 10 cycles in 9.0 mg, and 7 cycles in 12.0
mg). Only two patients who showed DLTs were treated with 
a reduced dose in subsequent cycles. No other patient 
required dose reduction or delay in the subsequent treat-
ments. Toxicity pattern in subsequent cycles was similar to
that of the DLT observation cycle. Gastrointestinal AEs (di-
arrhea, nausea, and anorexia) were most common followed
by myalgia and arthralgia. Most were grade 1/2. During all 
subsequent treatment cycles, no further grade of hyperten-
sion was detected.

The vascular disrupting effect of CKD-516 was previously
evaluated with intravoxel incoherent motion diffusion-
weighted magnetic resonance imaging (MRI) or dynamic
contrast-enhanced ultrasonography in a rabbit VX2 liver
tumor model [16,17]. In our study, to observe the vascular
disrupting effect of CKD-516 by dynamic contrast-enhanced
MRI (DCE-MRI), 13 patients were evaluated by DCE-MRIs
taken at screening and 24 hours after the first infusion 
of CKD-516. A trend of decreased Ktrans and initial area under
the curve (iAUC)  was observed [18]. The reason for checking
DCE-MRI at 24 hours after infusion of CKD-561 was based
on previous animal data. The half-life of S-561, the active
metabolite of CKD-561, was 85.1 minutes in dog. In an in vivo
absorption experiment, the half-life of CKD-516 was 8.05
hours in dog. We hypothesized that the change of blood flow
will take place within at least 3 to 4 times of half-life, around
24 hours. Actually, the half-life of S-516 in our study ranged
from 4-6 hours.

We checked 5-hydroxyindoleacetic acid (5-HIAA) plasma
concentration at pretreatment, 4 hours and 8 hours of 
CKD-516 infusion to determine whether the action mecha-
nism of CKD-516 is associated with serotonin release, which
was reported in other VDAs [19]. The levels of 5-HIAA of all
patients were normal and there was no significant change of
5-HIAA levels after infusion of CKD-516, therefore, we 
concluded that the action mechanism of CKD-516 was not
associated with serotonin release. 

In terms of antitumor efficacy, there was no CR/PR 
patient. Three patients received CKD-516 up to six cycles 
(1 osteosarcoma, 1 renal cell carcinoma, 1 colon cancer). In
our study, we used RECIST ver. 1.1 for evaluation of efficacy
in accordance with other previous studies of VDAs. 

Based on limited data, selection of optimal tumor types for
further development of VDAs is challenging. So far, there
have been no biomarkers for prediction of the efficacy of
VDAs. Based on the preclinical combination study of VDAs
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Conclusion

In conclusion, this study confirms the feasibility of a novel
VDA, CKD-516, in patients with advanced solid tumor.
CKD-516, at the MTD of 12 mg/m2/day, administered on D1
and D8 every 3 weeks, is safe and well tolerated.
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Hypofractionated Stereotactic Radiation Therapy in 
Recurrent High-Grade Glioma: A New Challenge

Original Article

Purpose
The aim of this study was to evaluate outcomes of hypofractionated stereotactic radiation
therapy (HSRT) in patients re-treated for recurrent high-grade glioma. 

Materials and Methods
From January 2006 to September 2013, 25 patients were treated. Six patients underwent
radiation therapy alone, while 19 underwent combined treatment with surgery and/or
chemotherapy. Only patients with Karnofsky Performance Status (KPS) > 70 and time from
previous radiotherapy greater than 6 months were re-irradiated. The mean recurrent tumor
volume was 35 cm3 (range, 2.46 to 116.7 cm3), and most of the patients (84%) were treated
with a total dose of 25 Gy in five fractions (range, 20 to 50 Gy in 5-10 fractions).

Results
The median follow-up was 18 months (range, 4 to 36 months). The progression-free survival
(PFS) at 1 and 2 years was 72% and 34% and the overall survival (OS) 76% and 50%, 
respectively. No severe toxicity was recorded. In univariate and multivariate analysis extent
of resection at diagnosis significantly influenced PFS and OS (p < 0.01). Patients with smaller
recurrent tumor volume treated had better local control and survival. Indeed, the 2-year
PFS was 40% ( 50 cm3) versus 11% (p=0.1) and the 2-year OS 56% versus 33% (> 50
cm3), respectively (p=0.26). 

Conclusion
In our experience, HSRT could be a safe and feasible therapeutic option for recurrent high
grade glioma even in patients with larger tumors. We believe that a multidisciplinary evalu-
ation is mandatory to assure the best treatment for selected patients. Local treatment
should also be considered as part of an integrated approach.

Key words
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Introduction

The current standard of care for newly diagnosed glioblas-
toma is maximal safe resection followed by radiation therapy
(RT) in association with concomitant and adjuvant temozolo-
mide (TMZ) [1]. Tumor recurrence, however, affects about
90% of patients. The median overall survival (OS) is 15-18
months and less than 10% of patients are alive at 5 years [2].
Long-term local or regional control is rarely achieved and the

main site of treatment failure is usually included in the high-
dose region [3-5]. Several non-randomized clinical trials on
recurrence are available, with heterogeneous patient cohorts,
differing treatment approaches, and different endpoints
recorded. The tumor location and its size, as well as the 
patients’ performance status, influence the treatment choice.
Several approaches are proposed and included re-resection
[6,7], chemotherapy [8,9] or re-irradiation [10-13]. Particu-
larly, RT has proven useful in recurrent gliomas but is not
widely adopted due to the assumption that the central nerv-
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ous system (CNS) tissues are not able to fully repair earlier
radiation injury. Recent studies on primates and initial lim-
ited clinical series have nevertheless shown a substantial 
recovery of critical CNS structures [14]. In fact, this evidence,
along with the improvement of neuro-imaging, and the
availability of modern high-precision radiotherapy tech-
niques, allowed the introduction of re-irradiation in the 
clinical practice. Stereotactic RT has emerged as a feasible
treatment technique for recurrent brain tumors that have
been exposed to high doses of RT [15]. Compared with 
conventional RT, stereotactic techniques, given as single frac-
tion radio-surgery (SRS), fractionated stereotactic RT (FSRT)
or hypofractionated stereotactic RT (HSRT), allow a more 
accurate dose delivery with a rapid dose falloff towards crit-
ical structures. From a radiobiological standpoint, SRS with
the delivery of single high-dose fractions could be advanta-
geous since it increases the cell killing effect or cell division
capability arrest regardless of the mitotic phase. On the other

hand, only small tumors can be treated with SRS due to the
high risk of symptomatic radio-necrosis. In some reports the
observed radio-necrosis incidence was as great as 31% when
large tumors were treated [16,17]. FSRT exploits the radiobi-
ological advantage of fractionation while reducing severe
side effects, and allows treatment of larger tumors and/or
tumors in eloquent areas. In particular, HSRT has the advan-
tages of reduced treatment time with consequent reduction
of the patient discomfort, the radiobiological advantage of
fractionation allows treatment of even large tumor volumes
with low risk of acute or sub-acute toxicity, and finally 
reduced incidence of symptomatic radio-necrosis [18-21]. No
randomized trials have been performed and no consensus
exists about the optimal total dose and the fractionation
schedule. The aim of this retrospective study was to evaluate
efficacy and toxicity of HSRT in patients re-treated for recur-
rent high-grade glioma (HGG).

Table 1. Patient characteristics and treatments

Characteristic GBM Grade III Total
Sex
Female 7 (70) 3 (30) 10
Male 6 (40) 9 (60) 15

Median age (range, yr) 50 (43-75) 42 (23-81) -
MGMT promoter methylation status
Methylated 3 (42.9) 4 (57.1) 7
Unmethylated 2 (66.7) 1 (33.3) 3
Unknown 8 (53.3) 7 (46.7) 15

IDH mutation
Present 1 (33.3) 2 (66.7) 3
Absent 2 (66.7) 1 (33.3) 3
Unknown 10 (52.6) 9 (47.4) 19

1p19q codeletion status
Codeleted NA 3 ( 3
Non-codeleted NA NA -
Unknown NA NA -

Time to relapse from initial diagnosis (mo)
 12 7 (70) 3 (30) 10
12-24 3 (50) 3 (50) 6
> 24 3 (33.3) 6 (66.7) 9

Treatment at initial diagnosis
Surgery
Complete resection 9 (60) 6 (40) 15
Subtotal resection 1 (100) 0 (0) 1
Partial resection 1 (14.3) 6 (85.7) 7
Biopsy 2 (100) 0 ( 2

Radiotherapy 13 (52) 12 (48) 25
CT concomitant and adjuvant (TMZ) 13 (52) 12 (48) 25

Values are presented as number (%). GBM, glioblastoma; MGMT, methylguanine-DNA methyltransferase; IDH, isocitrate
dehydrogenase;  NA, not acquired; CT, chemotherapy; TMZ, temozolomide.



Pierina Navarria, Stereotactic Radiotherapy of Recurrent Glioma

VOLUME 48  NUMBER 1  JANUARY  2016 39

Materials and Methods

1. Patients and procedures

The present retrospective study includes patients with
magnetic resonance imaging (MRI) evidence of recurrent or
progressive HGG, occurring at least 6 months after RT com-
pletion (to exclude pseudo-progression). Progression was 
defined using the Response Assessment in Neuro-Oncology
(RANO) criteria [22]. At the initial diagnosis, all patients 
underwent open-surgery resection to maximally remove the
tumor (> 95%). The extent of resection (EOR) was deter-
mined by comparing the MRI before surgery with the MRI
acquired within 48-hour postsurgery. Complete resection
(CR) was defined as residual tumor volume lower than 1.5
cm3, subtotal resection (SR) between 1.5 and 15 cm3 and par-
tial resection (PR) greater than 15 cm3 [23]. Within 4 weeks
of surgery all patients underwent adjuvant RT (60 Gy in 30
fractions) and concomitant and sequential TMZ following
the Stupp scheme [1]. At the time of recurrence, they were
evaluated for salvage treatment (including re-resection of the
tumor when indicated, HSRT, chemotherapy, or combined
approaches) based upon patient clinical conditions, tumor
site and volume, and hematologic rescue. To define the 

appropriate therapeutic strategy, a multidisciplinary board
including a medical oncologist, a radiation oncologist and a
neurosurgeon evaluated each patient. For local approaches
(surgery and RT), only patients with Karnofsky Performance
Status (KPS) > 70 and an interval time from previous surgery
or radiotherapy over 6 months were considered appropriate. 

From January 2006 to September 2013, among patients 
referred at our institution for recurrent HGG, 25 patients 
underwent HSRT and were included in the present evalua-
tion. Fifteen (60%) were male and 10 (40%) female, with a
median age of 50 years (range, 23 to 81 years). Thirteen 
patients (52%) had a diagnosis of glioblastoma (GBM), and
12 patients (48%) were affected by grade III glioma (anaplas-
tic astrocytoma/anaplastic oligoastrocytoma). Characteris-
tics and treatments of patients are shown in Table 1. To
precisely define the tumor extension, enhanced T1-MRI,
FLAIR-MRI sequences were acquired and integrated with
[11C]MET positron emission tomography–computed tomog-
raphy (CT)  in some patients. The procedure for target defi-
nition included enhanced contrast CT scans. Patients were
placed in the supine position with arms close to the body. A
personalized thermoplastic mask was used for better patient
immobilization and repositioning. All scans, extending from
the top of the skull to the third cervical vertebrae, were 
acquired with 1-3-mm slice thickness and were transferred

Table 2. Treatments at recurrence

Variable GBM Grade III Total
Treatment at recurrence 
Combined modality 12 (63.2) 7 (36.8) 19
Radiotherapy alone 1 (16.7) 5 (83.3) 6

Radiotherapy
Median volume of recurrent disease 
< 35 cm3 8 (61.5) 5 (38.5) 13
 35 cm3 5 (41.7) 7 (58.3) 12

Dose prescription 
25 Gy/5 fractions 13 (54.1) 11 (45.9) 24
50 Gy/10 fractions 0 ( 1 (100) 1 

Chemotherapy 
Temozolomide rechallenge 5 (83) 1 (17) 6 
Bevacizumab 1 (100) 0 ( 1 
ACNU 0 ( 1 (100) 1 
Fotemustine 7 (70) 3 (30) 10 
PC scheme 0 ( 1 (100) 1 

Surgery 
Subtotal resection 3 (50) 3 (50) 6 
Complete resection 2 (40) 3 (60) 5 

Values are presented as number (%). GBM, glioblastoma; ACNU, adjuvant chemotherapy with nimustine; PC, paclitaxel and
carboplatin.
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to the iPlan-net Brainlab stereotactic treatment planning sys-
tem (Brainlab Ag, Feldkirchen, Germany) Automatic rigid
co-registration, eventually manually corrected, was per-
formed. The gross tumor volume (GTV) was defined as the
tumor visible on enhanced T1-MRI, the clinical target volume
(CTV) was generated by adding an isotropic margin of 5 mm

to GTV, and finally the planning target volume was obtained
by expanding CTV of 3 mm. Critical structures delineated
were brainstem, optic nerves and chiasm. The dose prescrip-
tion was 25 Gy in daily five fractions in almost all patients
(with the exception of one patient that will be detailed in the 
results). Plans were processed using the RapidArc volumet-

Fig. 1.  Three views of the computed tomography scan showing the recurrence site (A-C) and dose distribution from the
volumetric modulated arc therapy plan (D-F) for one patient. 
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Fig. 2.  Overall survival in high-grade glioma patients. 
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patients.



ric modulated arc therapy (RA, Varian Medical System, Palo
Alto, CA) to ensure maximal dose conformity and rapid dose
fall-off towards critical structures as shown in Fig. 1. Exac-
Trac X-Ray 6D system and 3D cone-beam CT images were
used for daily patient set-up and isocenter positioning.

2. Outcome evaluation and statistical analysis

Clinical outcome was evaluated by clinical neurological 
examination and brain MRI 1 month after treatment and then
every 3 months. Response was recorded using the RANO 
criteria [22]. Hematologic and non-hematologic toxicities
were graded according to Common Terminology Criteria for
Adverse Events ver. 4.0.

Standard descriptive statistics (mean, standard deviation,
and cross tabulation analysis) were used to describe the
data’s general behavior. Survival and recurrence time obser-
vations were plotted using Kaplan-Meier methods, starting
from the date of recurrence. Univariate analysis was 
performed with the log-rank test to investigate the prognos-
tic role of individual variables. A backward stepwise (prob-
ability to remove at 0.25) multivariate Cox regression model
was used to estimate the independent associations of a vari-
able set with overall/progression free survival. All analyses
were sex and age adjusted.

Results

At diagnosis, all patients underwent surgery, radiotherapy
with concomitant and adjuvant TMZ following the Stupp
scheme. CR was obtained in 15 patients (60%), SR in one 
patient (4%), PR in seven patients (28%), and biopsy in two
patients (8%). The median interval time from the initial 
diagnosis to the recurrence was 19.27 months (range, 7 to 76
months) and 25 patients were re-irradiated. 

Six patients underwent RT alone, while 19 patients under-
went combined treatment with surgery and/or chemother-
apy as shown in Table 2. The mean recurrence tumor volume
was 35 cm3 (range, 2.46 to 116.7 cm3). Twenty-four patients
(96%) received 25 Gy in five fractions except one patient who
underwent a 50 Gy schedule due to young age and the small
volume of the recurrence (well separated and distant from
other structures at risk). No severe hematologic or neurologic
toxicity was recorded during treatment and neurological 
examination scores remained stable. During follow-up 
increased antiepileptic drugs (AEDs) and corticosteroids
were needed due to disease progression. At the last observa-
tion time, eight patients (32%) were alive and 17 (68%) were
dead. 

One-year OS was 76% and 2-year 50%, while 1-year 
progression-free survival (PFS) for the entire cohort of 
patients was 72% and at 2 years, 34% (Figs. 2 and 3). The 
median PFS from recurrence was 16 months (range, 1 to 36
months) and OS was 18 months (range, 4 to 36 months). 
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Table 3. Overall survival and progression-free survival stratified by histology and parameters

Variable 1-Year OS 2-Year OS p-value 1-Year PFS 2-Year PFS p-value
Diagnosis
GBM 61 35 0.29 62 35 0.32
Grade III 89 66 83 18

Results by EOR at diagnosis
Complete resection 73 59 < 0.01 73 39 < 0.01
Partial resection 86 43 71 0

Results by MGMT
Methylated 100 83 0.05 100 83 0.08
Un-methylated 67 67 67 33

Results by recurrent tumor volume
 50 cm3 - 56 0.26 - 42 0.1
> 50 cm3 - 33 - 11

Results by treatment approach
Combined 83 51 0.89 74 32 0.94
RT alone 73 0 67 0

Values are presented as percentage. GBM, glioblastoma; EOR, extent of resection; MGMT, methylguanine-DNA methyltrans-
ferase; RT, radiotherapy. 



The results stratified by histology are summarized in Table 3.
On univariate and multivariate analysis neither gender, age,
recursive partitioning analysis class, nor time of relapse were
predictive of survival. In our series, the only factor influenc-
ing survival (in univariate analysis) was the EOR at initial
diagnosis. The methylguanine-DNA methyltransferase pro-
moter status showed a tendency to significance (0.01 < p 
< 0.05) as shown in Tables 4 and 5. 

Given the different prognosis of GBM patients compared
to grade III gliomas, survival was also analyzed by histology.
When GBM and grade III were studied separately, the only
factors significantly impacting survival were, again, the use
of combined treatment at recurrence compared to single
modality of treatment (p < 0.04) and the EOR at initial diag-
nosis (p < 0.04). 

Concerning toxicity, an increase of administration of
steroids or AEDs was never required. No symptomatic
radio-necrosis were observed. No other relevant symptoms
of toxicity were observed.

Discussion

Available treatments for recurrent HGG include systemic
therapy with CT, local treatment such as re-irradiation and
maximal safe resection, and of course, best supportive care.
For recurrent tumors, the best treatment option is broadly
debated, and the role of local treatment is an open question.
The utility of RT in HGG glioma recurrence has recently been
revisited, evaluating the effect of different modalities of dose
delivery such as SRS, FSRT, or HSRT. Most authors recom-
mend an interval of at least 6 months between the first and
the second irradiation [15,18,19] to allow repair of radiation
damage [14]. The effects of re-irradiation alone are interest-
ing and comparable to those of other single treatment modal-
ities, with a median survival of 9 months and acceptable
toxicity rates [15,24,25]. Recent studies show a satisfactory
benefit with minimum toxicity of HSRT. The largest trial to
date was performed by Fokas et al. [18] on 53 GBM patients
who were re-irradiated using HSRT. Re-irradiation was well
tolerated (no acute or late toxicity > grade 2). Despite the 
relatively large median tumor volumes (35.01 mL), the 
median survival was nine months, and the 1-year PFS was
22%. Ernst-Stecken et al. [19] evaluated efficacy, side effects
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Table 4. Progression free survival: univariate and backward stepwise Cox multivariate regression

Variable
Univariate analysis Multivariate analysis

Chi-square p-value HR (95% CI) p-value
Histology 0.97 0.32 1.39 (0.39-4.98) 0.61
Treatment 0.01 0.94 0.88 (0.18-4.19) 0.87
EOR at diagnosis 25.21 < 0.001 1.19 (0.72-1.97) 0.50
MGMT 3.78 0.05 - -
Volume 2.03 0.15 0.98 (0.95-1.01) 0.23

MGMT was not included in the multivariate analysis because of the limited number of available observations. HR, hazard
ratio; CI, confidence interval; EOR, extension of resection; MGMT, methylguanine-DNA methyltransferase.

Table 5. Overall survival: univariate and backward stepwise Cox multivariate regression

Variable
Univariate analysis Multivariate analysis

Chi-square p-value HR (95% CI) p-value
Histology 1.10 0.29 1.47 (0.42-5.11) 0.54
Treatment 0.02 0.89 0.94 (0.20-4.49) 0.94
EOR at diagnosis 24.65 < 0.001 1.12 (0.68-1.83) 0.66
MGMT 3.01 0.08 - -
Volume 1.28 0.26 0.99 (0.96-1.01) 0.32

MGMT was not included in the multivariate analysis because of the limited number of available observations. HR, hazard
ratio; CI, confidence interval; EOR, extension of resection; MGMT, methylguanine-DNA methyltransferase.
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and quality of life in patients who underwent HSRT with
fractionation regiments of 7 Gy in five fractions. In this study
the median tumor volume was 22.4 cm3 (range, 0.77 to 21.94
cm3), no severe toxicity was recorded, the PFS rate at one
year was 53%, and in two thirds of patients, quality of life
measured by the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire scores 
remained stable for a median time of nine months. Henke et
al. [20] reported results of re-irradiation of two grade III and
29 grade IV tumors with hypo-fractionated radiotherapy up
to 20 Gy (4 or 5 Gy per fraction). The median overall survival
after re-irradiation was 10.2 months, and the median overall
survival time after primary diagnosis was 30.9 months. No
severe toxicity was observed. 

In our series all patients underwent HSRT, in most cases
combined with surgery and/or chemotherapy. Only six 
patients who were considered unfit for CT or refused CT 
received RT alone. The median time between the first and
the second radiation treatment was 23 months (range, 9 to 93
months). The use of an hypo-fractionated scheme instead of
a standard fractionation or radio-surgery was preferred for
the following reasons (1) to reduce the treatment time with
subsequent reduction of the patient discomfort; (2) to achieve
the radiobiological advantage of fractionation; (3) to treat
even large tumor volumes with low risk of acute or sub-acute
toxicity; and (4) to reduce the incidence of symptomatic
radio-necrosis. It is of note that in our series the median
tumor volume was 35 cm3 (range, 2.46 to 116.7 cm3) and no
relevant toxicity profiles were observed. Conversely, in cases
treated with SRS, there is an increased risk of radio-necrosis
and re-operation, up to 31% [17,20]. Hall et al. [16], using an
SRS based approach in relapsing HGG, documented high
toxicity related to this approach. Thirty-five patients with
large (median treatment volume, 28 cm3) recurrent tumors
(74% GBM, 26% anaplastic astrocytoma) were treated. Seven
patients required surgical resection for increasing mass, 
indicative of radiation necrosis after radio-surgery (mean, 4.0
months). Thus an actuarial re-operation rate of 31% was seen
in this series. However, at present, a clear volume cutoff can-
not be deduced from the literature. Thus, based on the 
reported toxicity, patient selection has to be performed very
cautiously. No clear consensus is available on the optimal
total dose to deliver or kind of fractionation to use. The avail-
able published data on normal brain radio-necrosis suggest
defining the cumulative normalized total doses (cNTD) to
evaluate the risk of healthy brain structures damage. 

In our series, all patients received 25 Gy in five fractions
except one patient who underwent 50 Gy in 10 fractions. We
choose to utilize this schedule in most patients based upon
the cNTD (103.75), the large recurrent volume treated 
(median volume, 35 cm3), and in some cases the close prox-
imity of critical structures. We noted no experience of symp-

tomatic radio-necrosis.
The main limitations of the present study are the retrospec-

tive nature, the heterogeneity of clinical characteristics, 
including both GBM and grade III gliomas, treatment varia-
tions, and the lack in some cases of bio-molecular features.
Nevertheless, we feel that some interesting suggestions can
be drawn. As expected, histology affected survival, with
GBM patients having a worse outcome compared to grade
III glioma. Unfortunately, 1p19 q codeletion, IDH1 mutation,
age, and KPS did not affect survival. This is probably due to
the small sample and low statistical power. With small and
heterogeneous series, however, usually no statistically 
significant conclusion can be drawn. Despite that, patients
who received greater advantage from re-irradiation were
those who underwent CR at initial diagnosis. Particularly,
no patients who underwent SR, PR, or biopsy at diagnosis
were alive at 2 years after re-irradiation, nor were patients
who underwent re-irradiation alone. The advantage of a
combined treatment approach has already emerged but no
prospective comparative study has been published yet.

Conclusion

This study suggests that HSRT could be a safe and feasible
therapeutic option for recurrent HGG even in patients with
larger tumors. A multidisciplinary evaluation should be
mandatory to assure the best treatment for selected patients
and local treatment should be considered as part of an inte-
grated approach. The time is ripe to organize prospective co-
operative studies.
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Definitive Chemoradiotherapy Versus Surgery Followed by Adjuvant
Radiotherapy in Resectable Stage III/IV Hypopharyngeal Cancer

Original Article

Purpose
The purpose of this study is to compare the treatment outcomes for locally advanced 
resectable hypopharyngeal cancer between organ-preserving chemoradiotherapy (CRT) and
surgery followed by radiotherapy (SRT).

Materials and Methods
We reviewed 91 patients with stage III/IV hypopharyngeal squamous cell carcinoma treated
with radiotherapy (RT). In the CRT group (n=34), 18 patients were treated with concurrent
CRT and 16 patients with induction chemotherapy plus concurrent CRT. In the SRT group
(n=57), six patients were treated with total laryngopharyngectomy, 34 patients with total 
laryngectomy (TL) and partial pharyngectomy (PP), and 17 patients with PP, which were 
followed by adjuvant radiotherapy (n=41) or CRT (n=16). The median RT dose was 70 Gy
for CRT and 59.4 Gy for SRT.

Results
Five-year local control (84.1% vs. 90.9%), and disease-free survival (DFS, 51.0% vs. 52.7%)
and overall survival (OS, 58.6% vs. 56.6%) showed no significant difference between the
CRT and SRT groups. The functional larynx-preservation rate was higher in the CRT group
(88.2% vs. 29.8%). Treatment-related toxicity, requiring surgical intervention, occurred more
frequently in the SRT group (37% vs. 12%). In the SRT group, TL resulted in a significantly
higher DFS than larynx-sparing surgery (63.9% vs. 26.5%, p=0.027). Treatment outcome
of the SRT group improved when only patients with TL were considered (n=40); however, 
5-year OS (67.1% vs. 58.6%, p=0.830) and DFS (63.9% vs. 51.0%, p=0.490) did not 
improve significantly when compared to the CRT group.

Conclusion
Organ preserving CRT provided a treatment outcome that is comparable to SRT for locally
advanced hypopharyngeal cancer, while offering an opportunity for functional larynx-preser-
vation and reduced treatment-related toxicity.

Key words
Hypopharyngeal neoplasms, Chemoradiotherapy, 
Adjuvant radiotherapy, Treatment outcome, Organ preservation

Introduction

Squamous cell carcinoma (SCC) of the hypopharynx is
rare, consisting of 3%-5% of all head and neck SCC cases [1].
Hypopharynx is characterized with thin mucosal lining 

(< 1 cm) providing minimal barrier with propensity to sub-
mucosal spread. A rich lymphatic network of hypopharynx 
results in frequent lymph node metastases: ipsilateral nodal
metastasis in 60%-80% and contralateral occult nodal metas-
tasis in up to 40% [2] of patients at the time of diagnosis.
Stage III or IV in 70%-85% patients are reported in large 
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series, and 5-year survival is only 15%-45% [3].
The preservation of speech and swallowing function in the

treatment of laryngeal and hypopharyngeal cancer is impor-
tant. In early-stage disease, both surgery and radiotherapy
(RT) are treatment options that preserve the organ and func-
tion [3,4]. For locally advanced hypopharyngeal cancer, 
traditional approach was laryngopharyngectomy and pha-
ryngeal reconstruction with or without adjuvant RT, result-
ing in a loss of natural voice production. Addition of chem-
otherapy to RT alone in advanced cancer improved the out-
come compared to surgery plus RT, while allowing larynx
preservation [5]. However, no clear guidelines specific to 
hypopharyngeal cancer are available. Most evidences on 
laryngeal preservation are from laryngeal cancer or mixed
head and neck cancer studies. A few studies reported treat-
ment results dedicated to hypopharyngeal cancer, albeit of
mixed population, including early stage cancers and 
advanced unresectable cancers [6].

We reviewed the treatment outcome of locally advanced
resectable SCC of the hypopharynx, with comparative analy-
sis between organ-preserving chemoradiotherapy (CRT) and
radical surgery followed by adjuvant RT.

Materials and Methods

1. Patients

A total of 136 consecutive patients, who received definitive
or adjuvant RT for stage III or IV SCC of the hypopharynx
between January 2002 and June 2012, were reviewed. All 
patients underwent pretreatment evaluation, including a
complete history and physical examination, head and neck
examination with laryngoscopy, and computed tomography
(CT) and magnetic resonance imaging of the head and neck
region. All patients were staged in accordance to the 2010
American Joint Committee on Cancer (AJCC) TNM staging
system (seventh edition). Patients treated with definitive RT
were staged clinically, while both clinical and pathologic
stages were reported in postoperative cases. Patients having
T1N1 disease (n=3), distant metastasis (n=3), double primary
tumor (n=11), unresectable disease or compromised speech
or swallowing functions at presentation (n=4), treated with
RT alone (n=2), incomplete RT (n=3), re-irradiation (n=2),
and treated with trans-oral robotic surgery (n=17) were 
excluded, leaving 91 patients for analysis. The study protocol
conforms to the Declaration of Helsinki of 1975 as revised in
1983 and was approved by our Institutional Review Board.

2. Treatment

Among 91 patients, 57 patients were treated with upfront
surgery followed by adjuvant RT (SRT group), and 34 
patients were treated with definitive chemoradiotherapy
(CRT group). Decisions to undergo CRT were based upon
age, medical co-morbidities, and patients’ preferences. The
SRT group included radical surgery followed by RT (n=41)
or concurrent CRT (n=16). Types of surgery included total
laryngopharyngectomy (n=6), total laryngectomy (TL) and
partial pharyngectomy (PP) (n=34), and partial laryngectomy
with PP (n=17). The CRT group included patients treated
with concurrent CRT (n=18) and induction chemotherapy,
followed by concurrent CRT (n=16). Concurrent chemother-
apy regimens included weekly DDP (cisplatin 40 mg/m2),
weekly FP (5-fluorouracil [5-FU] 750 mg/m2, cisplatin 20
mg/m2), and TPF (5-FU 750 mg/m2, taxotere 70 mg/m2, 
cisplatin 75 mg/m2) every 3 weeks. Induction chemotherapy
regimen consisted of FP every 3 weeks for 3 cycles, or TPF
every 3 weeks for 2 cycles. All patients underwent CT-based
RT planning with either 3-dimensional conformal RT or 
intensity-modulated radiotherapy (IMRT). The median RT
dose was 59.4 Gy (range, 50.4 to 70.2 Gy) for the SRT group
and 70 Gy (range, 59.4 to 72 Gy) for the CRT group. For the
SRT group, neck dissection was performed for both sides of
the neck. Radical neck dissection or modified neck dissection
was performed for the involved neck and lateral neck dissec-
tion (selective neck dissection in 2 patients) for the clinically
uninvolved neck. For the CRT group, both sides of the neck
were included in the RT field. Grossly involved lymph nodes
were treated with 66-70 Gy, involved cervical nodal stations
with 60-63 Gy, and uninvolved nodal stations with 50-54 Gy.
Treatment-related toxicities were reported in accordance to
the Common Terminology Criteria for Adverse Events
(CTCAE) ver. 3.0. CTCAE grade 4 voice alterations or dys-
phagia after treatment was considered loss of laryngeal func-
tion.

3. Statistical analysis

The two groups were compared by a chi-square test to 
detect the differences in proportion. Survival was calculated
from the start of treatment until death or to the most recent
follow-up date. Survival curves were plotted using a Kaplan-
Meier method. Survival curves were compared using a log-
rank test for a univariate analysis. The Cox proportional
hazards model was used to assess independent predictors
for survival. A p-value of less than 0.05 was regarded as sta-
tistically significant.
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Results

1. Patient characteristics

Table 1 shows patient and tumor characteristics. The 
median age was 64 years (range, 36 to 80 years), and male
were predominant (94.5%). Pyriform sinus (80.2%) was the
most common subsite of the hypopharyngeal cancer, 
followed by pharyngeal wall (14.3%) and post-cricoid area
(5.5%). Fifty-seven patients (62.7%) had T3-T4a tumors and
65 patients (71.4%) had N2-3 nodal disease. Early disease not
requiring total laryngectomy (T1-2N0, T1N1) and unre-
sectable primary tumor (T4b) were excluded in this study.

2. Survival and prognostic factors

With the median follow-up of 50 months (range, 5 to 141
months), 5-year estimated local failure-free survival (LFFS),
locoregional failure-free survival (LRFFS), distant metasta-
sis-free survival (DMFS), disease-free survival (DFS), and
overall survival (OS) of all patients (n=91) were 88.3%, 76.9%,
83.3%, 52.1%, and 57.4%, respectively. In a univariate analy-
sis, age  60 years (vs. > 60) showed a significant correlation
with improved OS (p=0.049) while sex, subsite, stage, treat-

ment group, and RT modality showed no significant corre-
lation. Age  60 also showed a trend towards improved DFS
(p=0.076) (Table 2). 

3. Outcome comparison by treatment groups

Clinical features, including subsite, T stage, N stage, and
overall stage, were well balanced between the two treatment
groups, except for the proportion of female patients (1.8% vs.
11.8%, p=0.043) and use of IMRT (10.5% vs. 35.3%, p=0.004)
(Table 1). Five-year DFS (52.7% vs. 51.0%, p=0.991) and OS
(56.6% vs. 58.6%, p=0.713) showed no significant difference
between the SRT and CRT groups (Fig. 1A and B). LFFS
(90.9% vs. 84.1%, p=0.677), LRFFS (78.8% vs. 73.7%, p=0.893),
and DMFS (80.5% vs. 88.0%, p=0.507) also showed no signif-
icant differences.

During the follow-up, treatment failure occurred in 21 
patients (36.8%) in the SRT group and 12 patients in the CRT
group (35.3%). The first sites of failure were three local, five
regional, three locoregional, eight distant, one local and 
distant, and one regional and distant in the SRT group, and
five local, three regional, and four distant in the CRT group.
Within the SRT group, one local, two locoregional, four 
regional, and four distant failures occurred among the 40 
patients who received total laryngectomy (27.5% failure),

Table 1. Patient characteristics

Characteristic Total (n=91) SRT (n=57) CRT (n=34) p-value
Median age (range, yr) 64 (36-80) 64 (39-81) 65.5 (37-81)
Sex Male 86 (94.5) 56 (98.2) 30 (88.2) 0.043

Female 5 (5.5) 1 (1.8) 4 (11.8)
Subsite PS 73 (80.2) 48 (84.2) 25 (73.5) 0.401

PW 13 (14.3) 6 (10.5) 7 (20.6)
PC 5 (5.5) 3 (5.3) 2 (5.9)

cT stage cT1 8 (8.8) 6 (10.5) 2 (5.9) 0.342
cT2 26 (28.6) 17 (29.8) 9 (26.5)
cT3 27 (29.7) 19 (33.3) 8 (23.5)
cT4a 30 (33.0) 15 (26.3) 15 (44.1)

cN stage cN0 12 (13.2) 6 (10.5) 6 (17.6) 0.618
cN1 14 (15.4) 8 (14.0) 6 (17.6)
cN2 60 (65.9) 39 (68.4) 21 (61.8)
cN3 5 (5.5) 4 (7.0) 1 (2.9)

Stage III 17 (18.7) 11 (19.3) 6 (17.6) 0.629
IV a 68 (74.7) 42 (73.7) 27 (79.4)
IV b 6 (6.6) 4 (7.0) 1 (2.9)

RT 3DCRT 73 (80.2) 51 (89.5) 22 (64.7) 0.004
IMRT 18 (19.8) 6 (10.5) 12 (35.3)

Values are presented as number (%) unless otherwise indicated. SRT, surgery plus radiotherapy; CRT, chemoradiotherapy;
PS, pyriform sinus; PW, pharyngeal wall; PC, postcricoid; cT, clinical T stage; 3DCRT, 3D conformal radiotherapy; IMRT, 
intensity-modulated radiotherapy.



Cancer Res Treat. 2016;48(1):45-53

48 CANCER  RESEARCH  AND  TREATMENT

and two local, one locoregional, one regional, one local and
distant, one regional and distant, four distant failures 
occurred among the 17 patients who received larynx-sparing
surgery (58.8% failure). Five-year DFS was significantly
higher after total laryngectomy than after larynx-sparing 
surgery (63.9% vs. 26.5%, p=0.027), while total laryngectomy
showed a trend towards improved OS compared with 
larynx-preservation surgery (67.1% vs. 31.8%, p=0.094) 
(Fig. 1C and D).

For a subgroup analysis, patients who received total laryn-
gectomy were selected from the SRT group (the SRT/TL
group, n=40) and their treatment outcome was compared
with the outcome of the CRT group (n=34). Survival param-
eters for the SRT/TL group improved when patients who 
received larynx-sparing surgery were excluded from the sub-
group analysis. However, no significant difference was seen
in 5-year DFS (63.9% vs. 51.0%, p=0.490), OS (67.1% vs.
58.6%, p=0.830), LFFS (90.9% vs. 84.1%, p=0.677), LRFFS
(83.1% vs. 73.7%, p=0.467), and DMFS (89.7% vs. 88.0%,
p=0.732) between the SRT/TL and CRT groups. 

4. Outcome of salvage treatment

Table 3 shows the outcome of salvage treatment among 
patients who had experienced local and/or regional failures.
Among the 13 patients in the SRT group, only two patients
received surgical resection of the recurrent primary tumor or
neck nodes, and eight patients were salvaged with chemo-
therapy or re-irradiation. All patients died of disease pro-
gression (survival after recurrence, 1 to 10 months) except for
the two patients who were salvaged successfully through 
re-irradiation with chemotherapy and neck dissection (sur-
vival after recurrence, 7 to 24 months). Among eight failures
in the CRT group, seven patients were salvaged with dissec-
tion of the primary tumor or recurrent cervical lymph nodes.
Among the seven patients treated with surgery, three were
alive without disease at the time of analysis (survival after
recurrence, 5 to 48 months) and three died of intercurrent
death without evidence of recurrence (survival after recur-
rence, 4 to 23 months). 

DFS, disease-free survival; OS, overall survival; CI, confidence interval; PS, pyriform sinus; PW, pharyngeal wall; PC, post-
cricoid; SRT, surgery plus radiotherapy; CRT, chemoradiotherapy; RT, radiotherapy; IMRT, intensity modulated radiotherapy;
3DCRT, 3 dimensional conformal radiotherapy.

Table 2. Univariate analysis for DFS and OS

Variable No. of patients (%) DFS OS
5-Yr DFS (%) 95% CI p-value 5-Yr OS (%) 95% CI p-value

Age (yr)
 60 36 (40) 56.9 40.2-73.6 0.076 62.7 46.4-79.0 0.049
> 60 55 (60) 49.1 35.4-62.8 54.2 40.5-67.9

Sex
Female 5 (6) 80.0 44.9-115.1 0.396 75.0 32.5-117.5 0.260
Male 86 (94) 50.3 39.3-61.3 55.0 44.0-66.0

Subsite
PS 73 (80) 54.5 42.7-66.3 0.606 60.2 48.6-71.8 0.887
PW/PC 18 (20) 42.9 19.2-66.6 46.2 21.5-70.9

T stage
T1-2 34 (37) 57.8 40.7-74.9 0.539 60.0 42.9-77.1 0.641
T3-4 57 (63) 48.8 35.3-62.3 56.2 42.7-69.7

N stage
N0-1 26 (29) 52.6 33.0-72.2 0.652 59.3 39.5-79.1 0.517
N2-3 65 (71) 51.9 39.2-64.6 56.6 44.1-69.1

Treatment
SRT 57 (63) 52.7 39.4-66.0 0.991 56.6 43.5-69.7 0.713  
CRT 34 (37) 51.0 33.4-68.6 58.6 41.0-76.2

RT
IMRT 18 (20) 35.7 12.2-59.2 0.116 53.6 27.1-80.0 0.873
3DCRT 73 (80) 56.3 44.5-68.1 57.9 46.3-69.5
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5. Toxicity and laryngeal-function preservation rate

Treatment-related toxicities requiring surgical intervention
are listed in Table 4. Wound infection and flap failure are 
immediate surgical complications, while esophagopharyn-
geal stenosis, mucocutaneous fistula, and stoma stenosis are
late complications. Treatment-related toxicities were more
common in the SRT group (37% vs. 12%). Table 5 shows 
toxicities in accordance to CTCAE ver. 3.0 after combined
treatment, and grade 4 in voice alteration or dysphagia was 
considered loss of laryngeal function. Among the 57 patients
in the SRT group, 17 retained functional larynx by avoiding
total laryngectomy, allowing laryngeal function preservation
rate of 29.8%. Among the 34 patients in the CRT group, 30

patients retained a functional larynx (88.2%). Loss of laryn-
geal function in four patients in the CRT group was due to
local recurrence: three patients after total laryngectomy and
one patient from wound infection after salvage partial laryn-
gectomy.

Discussion

Selecting the optimal treatment strategy for locally 
advanced hypopharyngeal cancer needs to take into account
the extent of the tumor, status of laryngeal function, and 
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Fig. 1. Comparison of 5-year disease-free survival (A) and 5-year overall survival (B) between the surgery followed by 
radiotherapy (SRT) and chemoradiotherapy (CRT) groups; comparison of 5-year disease-free survival (C) and 5-year overall
survival (D) between total laryngectomy and larynx-sparing surgery in the SRT group.



patients’ desire for voice preservation. Early stage hypopha-
ryngeal cancer amenable to larynx preservation (most T1N0
and selected T2N0 tumors) may be treated by definitive RT
alone or partial laryngopharyngectomy [3,4]. Concurrent
CRT or induction chemotherapy, followed by CRT, is recom-
mended for T4b or unresectable tumors [7]. It is the spectrum
of disease that fall between these early and very advanced
disease groups, namely locally advanced resectable hypo-
pharyngeal cancer, that have several treatment options with
no clear advantage of one treatment modality over another. 

The current study makes a comparison between larynx
preserving CRT and radical surgery followed by adjuvant
RT, which are both feasible options for locally advanced 
resectable hypopharyngeal cancer. The 5-year DFS and OS
of 52.1% and 57.4% for all patients were higher than or at
least comparable to the results from previous studies [1,5,8].
In this study, the two treatment groups showed comparable
DFS and OS. All patients in SRT group underwent adjuvant

RT of median 60 Gy with or without concurrent chemother-
apy. It is a well-known fact that postoperative RT or CRT 
improves tumor control in head and neck cancer patients
with high risk features [9]. However, the cost of using adju-
vant RT or CRT to improve disease control and survival may
be substantial, namely increased treatment-related toxicities
and prolongation of the total treatment time. Both treatment
groups in the current study were subjected to RT; however,
it is difficult to compare treatment-related complications 
attributable exclusively to RT, since all of the patients 
received multi-modality treatment. On the other hand, the
SRT group experienced higher incidence of surgery-related
complications, including wound infection, flap failure, steno-
sis, and fistula, while patients in the CRT group experienced
such complications only when patients were subjected to 
salvage surgery after a local/regional failure (Table 4).

Another treatment-related complication, which is often
overlooked, is a reduced rate of successful salvage treatment
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Table 3. Failure pattern and outcome of salvage treatment

Survival 
Patient Age (yr) Subsite Stage Treatment Failure Stage at Salvage Salvage Current after
No. /Sex pattern failure treatment response status recurrence 

(mo)
1 70/M PS pT1N2c P/P+RT R & D N2cM1 CTx PD DOD 1
2 63/M PW pT2N2c P/P+RT R N1 (CA invas) None n/a DOD 9
3 50/M PS pT4aN0 P/P+RT L T4aN0 Excision PD DOD 10
4 65/M PW pT2N2b P/P+RT L & R T3N1 None (conservative) n/a DOD 2
5 73/M PW pT3N1 P/P+RT L & D T4aN0M1 CTx PD DOD 4
6 54/M PW pT2N2b P/P+RT L T3N0 CCRT CR AWOD 24
7 55/M PS pT4aN2c T/L+CCRT R N1 None (refused) n/a DOD 4
8 47/M PS pT4aN2c T/L+RT R N2b CCRT PD DOD 10
9 65/M PS pT4aN3 T/L+CCRT L & R T4aN2b CTx PD DOD 4

10 63/M PS pT4aN2b T/L+RT R N2c CTx PD DOD 7
11 72/M PS pT2N1 T/L+CCRT L & R T4aN2c CCRT PD DOD 4
12 54/M PS pT4aN1 T/L+RT R N2c Neck dissection NED AWOD 7
13 57/M PS pT4aN2b T/L+CCRT L T4aN0 CTx PD DOD 5
14 66/M PS cT3N0 Induction+CCRT L T4a None n/a DOD 0
15 66/M PS cT4aN2b Induction+CCRT R N2b Neck dissection PD DOD 9
16 77/M PS cT4aN2b Induction+CCRT L T4N0 Transoral P/P NED DOOC 4
17 63/M PS cT1N2b Induction+CCRT R N1 (CA invas) Neck dissection NED DOOC 17
18 40/M PC cT4aN0 CCRT L T4a TLP NED DOOC 23
19 68/M PS cT3N1 CCRT L T4aN0 TL/PP NED AWOD 48
20 66/M PS cT4aN0 CCRT L T4aN0 TL/PP NED AWOD 45
21 57/F PC cT2N2c CCRT R N2b Neck dissection NED AWOD 5

PS, pyriform sinus; P/P, partial pharyngectomy; RT, radiotherpy; R, regional; D, distant; CTx, chemotherapy; PD, progression
of disease; DOD, died of disease; PW, pharyngeal wall; CA, carotid artery; n/a, not available; L, local; CCRT, concurrent
chemoradiotherapy; CR, complete remission; AWOD, alive without disease; T/L, total laryngectomy; NED, no evidence of
disease; TLP, total laryngopharyngectomy; DOOC, died of other cause; PC, postcricoid; TL/PP, total laryngectomy & partial
pharyngectomy.
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in case of treatment failure. In Fig. 1A and B, DFS curve for
SRT is slightly higher than that of CRT, while OS curve for
CRT is higher than that of SRT, especially through the later
period of follow-up. Such reversal may have been caused by
increased number of treatment-related toxicities, higher rate
of unsuccessful salvage, or higher incidence of deaths unre-
lated to disease progression or toxicity during follow-up in
the SRT group. Analysis of treatment outcome after 
local and/or regional failure suggests that CRT allowed
more effective salvage treatment in comparison with SRT
(Table 3). In the CRT group, six out of eight patients were
salvaged through dissection of the primary tumor or recur-
rent cervical lymph nodes: salvage efforts were successful
with three of these patients still alive without disease and
three patients died of intercurrent death without evidence of
recurrence. Outcome of salvage treatment in the SRT group
was less than favorable. Eight of the 13 patients were treated
with chemotherapy or re-irradiation, three patients did not
receive any treatment, and only two patients received surgi-
cal resection of the recurrent tumor. All patients died of dis-
ease progression, except for the two patients who were
salvaged successfully with re-irradiation and neck dissection.
In a clinical setting, most patients who are treated with sur-

gery for stage III/IV hypopharyngeal cancer also receive 
adjuvant RT or CRT. Options for salvage treatment after such
intensive combined treatment are limited. These patients
have already received radical resection of the primary tumor
and/or ipsilateral or bilateral neck dissection, followed by
radiation of 60 Gy or higher, which delivers maximum tol-
erable dose to the critical organs, such as pharyngeal swal-
lowing muscles, spinal cord, and parotid glands. Salvage
surgery or re-irradiation is extremely difficult, and chemo-
therapy alone, a remaining option, is often ineffective against
gross recurrent tumor. On the other hand, definitive chem-
oradiotherapy showed disease control and survival that are
comparable to the outcome of surgery plus adjuvant RT or
CRT, and in the case of a treatment failure, salvage surgery
often results in sustained disease control [5]. In a retrospec-
tive series, salvage surgery for failure after chemoradiother-
apy has shown acceptable oncologic outcome with no local
recurrence after salvage surgery [10].

There are concerns for increased toxicity from intensive
chemoradiotherapy, such as impairment of pharyngeal swal-
lowing muscles. Radiation dose to hypopharynx was associ-
ated with severe late toxicity in accordance to Radiation
Therapy Oncology Group (RTOG) analysis [11], and func-
tional outcome of CRT for head and neck cancer was not so
promising, despite improved locoregional control [12]. In 
unsuccessful organ preservation attempts, failures in func-
tion preservation may result from either toxicity from aggres-
sive CRT, extensive tumor infiltration into the organ at the
time of diagnosis, or from progression of disease. Patients
with functional impairment due to tumor infiltration should
be excluded from organ preservation candidates. In this
study, patients who had resectable tumor (< T4b) and intact
laryngeal function were included for analysis, and outcome
of larynx preserving CRT was compared to the outcome of
radical surgery followed by adjuvant RT/CRT. The function
preservation rate of 88.2% in the CRT group with loss of 
laryngeal function only due to local recurrence or complica-
tion of salvage surgery may lead to decisions favoring larynx
preserving treatment options.

Previous studies on treatment outcome of head and neck
cancer fail to take into account recent advances in treatment
modalities and discovery of new prognostic factors. The use
of IMRT allowed for a reduction of radiation-induced toxic-
ity, improved local and regional control, and potential for
improved survival in hypopharyngeal and other head and
neck cancer patients [13]. The most important factors that
contribute to morbidity in head and neck cancer patients 
undergoing intensive CRT are increased risk of dysphagia
and aspiration. By more accurate delineation of target 
volumes and sparing of pharyngeal constrictors and supra-
glottic larynx, patients treated with IMRT experienced fewer
swallowing problems than those treated with conventional

Table 4. Complications requiring surgical intervention

Values are presented as number (%). SRT, surgery plus 
radiotherapy; CRT, chemoradiotherapy.

Variable SRT (n=57) CRT (n=34)
Wound infection 4 (7) 1 (3)
Flap failure 4 (7) 0 (
Esophageal/pharyngeal stenosis 8 (14) 2 (6)
Pharyngocutaneous fistula 1 (2) 0 (
Stoma stenosis 4 (7) 1 (3)

Table 5. Laryngeal function after treatment

CTCAE, Common Terminology Criteria for Adverse
Events; SRT, surgery plus radiotherapy; CRT, chemoradio-
therapy. a)Numbers in parenthesis are due to total laryn-
gectomy or salvage surgery.

Variable CTCAE grade SRT (n=57) CRT (n=34)
Voice alteration 2 3 ( 1 (

3 1 ( 1 (
4 40 (40)a) 3 (3)a)

Dysphagia 2 35 (33)a) 7 (
3 9 (7) 4 (
4 0 ( 1 (1)a)
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RT [14]. Treatment deintensification in patients with human
papillomavirus (HPV) positive oropharyngeal cancer is gain-
ing interests [15]. A number of studies reported implication
of HPV-positive hypopharyngeal cancer in organ preserva-
tion therapy [16,17]. Further investigations may allow dein-
tensification in HPV-positive hypopharyngeal cancer and
reduction of treatment-related toxicities while maintaining
treatment outcome.

Efforts have been made to employ less than radical surgery
for hypopharyngeal cancer. Partial pharyngectomy and even
trans-oral resection of the tumor have been attempted with
the purpose of organ preservation [3,18]. However, these
limited surgery options should be explored with caution, 
especially in locally advanced cancer of the hypopharynx. In
this study, the outcome of patients treated with partial laryn-
gectomy and pharyngectomy was poor compared to the out-
come of total laryngectomy. Close and positive resection
margin was reported in six (35.3%) and five (29.4%) of the 17
patients who received larynx-sparing surgery and 11 (27.5%)
and six (15%) of 40 patients who received total laryngectomy.
Local failure occurred in three patients among the 40 who 
received total laryngectomy (7.5%) and in four among the 17
patients who received less than total laryngectomy (23.5%)
(Table 3). Larynx preservation through avoidance of total 
laryngectomy does not seem to be effective due to its high
rate of local failure. The incidence of submucosal extension
is up to 58% [19], and pathological studies showed that 
extent of submucosal involvement measured from the edge
of the tumor ranged 10-20 mm superiorly and 10-30 mm 
inferiorly [20,21], requiring resections margins of 3 cm infe-
riorly and 2 cm both superiorly and laterally. In locally 
advanced hypopharyngeal cancer, it is difficult to perform
laryngeal preservation surgery while achieving adequate 
resection margins.

One of the limitations in the current study is the inclusion
of a heterogeneous group of patients in the CRT group. The
CRT group consists of patients treated with concurrent CRT
as well as sequential CRT (induction chemotherapy plus RT
or CRT). Recent reports on the induction chemotherapy for
laryngeal preservation have shown equivalent outcome 
between sequential CRT and concurrent CRT [22,23]. The
number of cases reviewed in the current study is relatively
small, albeit only locally advanced resectable hypopharyn-
geal cancer cases are included for analysis. Disease charac-
teristics of SCC of the hypopharynx are unique, and
optimizing combined modality treatment needs to be 
explored further with a larger cohort of patients. In the 
current study, patient characteristics were well balanced 
between the SRT and CRT groups except for the proportion
of female patients, and the use of IMRT were higher in the
CRT group. In a univariate analysis, female sex and use of
IMRT did not result in significant improvement in DFS and

OS (Table 1). Although women have been found to achieve
somewhat improved outcomes compared to men, this may
in part be due to earlier-stage disease at diagnosis [24]. More-
over, the proportion of female patients (5.5%) was too small
to cause a significant difference in the treatment outcome in
this study. IMRT is superior over conventional RT in reduc-
ing radiation induced toxicities; however, its advantage in
patient survival is unclear. In a randomized trial comparing
IMRT and conventional RT for the treatment of oropharyn-
geal and hypopharyngeal SCC, IMRT was superior in 
preventing xerostomia; however, no significant differences
were observed in non-xerostomia late toxicities, locoregional
control or overall survival between IMRT and conventional
RT [25].

Conclusion

Organ preservation is not to be confused with function
preservation. For hypopharyngeal cancer, functions include
voice and swallowing, as well as quality of life. In hypopha-
ryngeal cancer with impaired laryngeal function at presen-
tation, laryngopharyngectomy with pharyngeal reconstruc-
tion is a preferred option permeating aspiration-free deglu-
tition and prosthetic voice instead of leaving intact but func-
tionless larynx. However, definitive CRT may be preferred
in locally advanced resectable hypopharyngeal cancer with
intact laryngeal function, providing treatment outcome com-
parable to surgery plus RT or CRT, while shortening total
treatment time and proving a salvage chance in the case of
local/regional failure.
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Purpose
Lymph node metastasis (LNM) is a strong prognostic factor in many solid cancers, including
head and neck squamous cell carcinomas (HNSCC), and LNM can be dependent upon 
primary tumor biology, as well as tumor dimension. Here, we investigate the relative risk of
LNM in accordance to tumor dimension and biology in HNSCC subsites. 

Materials and Methods
Medical data of 295 HNSCC patients who had undergone the initial curative surgery (oral
tongue 174, oropharynx 75, hypopharynx 46) were analyzed to identify the significant 
predictive factor for LNM. Tumor volume and thickness were set as tumor dimensional vari-
ables, and biological variables included lymphovascular, perineural invasion, and tumor 
differentiation. Statistical analyses were conducted to assess the predictability of LNM from
variables, and subgroup analyses according to the tumor subsites. In addition, we evaluated
the impacts of tumor dimension and biological variables on the treatment outcomes and
survival in HNSCC subsites.  

Results
The overall tumor dimension and biological variables had a similar impact on the prediction
of LNM in HNSCC (area under the curve, 0.7682 and 0.7717). The prediction sensitivity of
LNM in oral tongue cancer was mainly dependent on tumor dimension, while LNM in oro-
and hypo-pharynx cancers was more influenced by biological factors. Survival analyses also 
confirmed that biological factor was more powerful in estimating disease-free survival of
hypopharyngeal cancer patients, while tumor dimension was more significant in that of oral
cancer patients.

Conclusion
Tumor dimension and biology have a significant, tumor subsite-dependent impact on the
occurrence of LNM and disease-free survival in HNSCC. 

Key words
Lymphatic metastasis, Head and neck neoplasms, Tumor burden, 
Tumor biological markers, Neoplasm metastasis

Introduction

Regional lymph node metastasis (LNM) is a well-known
prognostic indicator in many types of solid cancer, including
head and neck squamous cell carcinomas (HNSCC) [1]. LNM
negatively influences the overall survival and increases the

likelihood of distant metastases [2]. In HNSCC, the correla-
tion between LNM and distant metastases is quite strong, 
especially with the presence of LNM in the neck being one
of the strongest prognostic factors [2,3]. Moreover, the pres-
ence of LNM, number and size of involved lymph nodes, and
nodal characteristics, including extra-capsular spread, signif-
icantly influence regional recurrence, distant metastases, and
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even overall survival [4,5]. Accurate diagnosis and therapeu-
tic control of LNM is pivotal in the management of HNSCC
[6]. 

The accepted treatment protocols for patients with HNSCC
with clinical LNM are surgical ablation or chemoradiation
therapy [6]. However, even in a clinically negative neck, 
surgical data from prophylactic neck dissection have demon-
strated high rates of occult LNM for up to 34% of the patients
in the majority of HNSCC [7]. Recently, several clinical and
pathological features of primary tumors have been claimed
to be predictive for occult metastases [8]. As the primary 
determinant of T classification, the maximum tumor diame-
ter and invasion depth of primary tumors have been consid-
ered an important risk factor for regional LNM [9,10]. These
data reflect the concept that regional LNM can be induced
by time-dependent tumor burden or chronological age of 
primary tumors [11]. 

However, LNM from undetected or small primary lesions
definitely exist in some cases, indicating that LNM is not 
always dependent upon the physical dimension of the 
primary tumors. Furthermore, a series of data presenting the
significant correlation between lymphovascular invasion
(LVI) and perineural invasion (PNI) with concomitant LNM
suggest that the tumors with aggressive biological character-
istics have higher risks of regional LNM [12,13]. 

A recent report has confirmed that tumor dimension and
biology have a similar impact on the presence of LNM in
breast cancer [11]. Despite this body of knowledge, a few 
reports have linked these two phenotypes on LNM occur-
rence in HNSCC. Thus, this study was designed to identify
the relative impact of tumor dimension and tumor biology
on regional LNM in patients with HNSCC, particularly 
focusing on the subsites of the head and neck.

Materials and Methods

1. Subject selection

Medical information was extracted from a prospectively
collected data in accordance to the standardized protocols in
our institute for HNSCC, which included tumor size, thick-
ness, and pathology details. Participants provided written
informed consents. Among various subgroups of HNSCC,
oral tongue, oropharynx (tonsil or base of tongue), and 
hypopharynx (pyriform sinus) cancers were included for
analyses. Patients who had undergone surgery as the initial
treatment between 2003 and 2012 were included. All pathol-
ogy diagnoses were squamous cell carcinomas. Among
them, the subjects were excluded from the analyses because

of incomplete pathological information (n=48) and follow-
up duration of less than 2 years in case of no events (n=55);
the final number of study subjects was 295. The baseline sub-
ject characteristics are summarized in Table 1. Of 295
HNSCC, oral tongue cancer was predominated (n=174), 
followed by oropharynx and hypopharynx cancer. LNM was
more prevalent in oropharynx and hypopharynx cancer 
compared to tongue cancer (p < 0.0001 and p=0.0028, respec-
tively). There was a significant correlation between T classi-
fication and LNM (p < 0.0001). In patients with LNM (n=153),
distribution of N stage was N1 (n=43), N2 (n=104), and N3
(n=6), respectively. 

2. Dimensional and biological variables of primary tumors

The five major variables were selected as determinants of
tumor dimension and biology. As tumor dimensional vari-
ables, we evaluated the tumor thickness and estimated tumor
volume calculated from pathology specimen. The estimated
tumor volume was calculated by the equation: 1/2maximal
diameterminimal diametertumor thickness. As biological
variables, we evaluated the presence of LVI, PNI, and differ-
entiation status of primary tumors (=tumor grade). Patients
with all available data for the five major variables were only
included in the analyses. 

To investigate the impact of tumor dimension and biology
on disease recurrence/ systemic metastasis and survival, the
survival analyses were conducted. The events of interest
were defined as progression to recurrence or distant metas-
tasis. Follow-up durations were defined as time gap between
the completion of initial treatment, including adjuvant ther-
apy, and the occurrence of events of interest. The mean 
follow-up duration was 32.5 months (range, 0 to 154
months). The events of interest within 1 month after comple-
tion of treatment were defined as a follow-up duration of 0. 

3. Statistical analyses

The baseline characteristics were analyzed for association
of LNM, using a chi-square test for categorical variables and
Wilcoxon rank sum tests for continuous variables. Post-hoc
comparison of the association with primary tumor subsites
and LNM was assessed by Fisher exact test using permuta-
tion method for multiple testing. The association between the
selected variables and the presence of LNM with adjustment
of primary tumor subsite was determined by a logistic 
regression analysis. To evaluate the predictive ability for five
variables of tumor dimension and biology on the presence
of LNM, the area under the curves (AUC) was calculated
from receiver operating characteristics (ROC) curve analysis.
The combined measures for tumor dimension and tumor 
biology were defined by a logistic regression model for two
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and three variables. In order to assess the significance for the
added predictive ability of the combined measure from the
single variable, the integrated discrimination improvement
(IDI) method was used. Subgroups analyses of LNM 
predictability, in accordance to the primary tumor subsites,
were used. Univariate survival analyses of the possible clin-
ical factors, tumor dimensional, and biological variables were
conducted, using log-rank tests, and then Cox proportional
hazards model was used to assess the association of the 
selected variables on disease-free and overall survival. All
statistical analyses were executed using SAS ver. 9.3 (SAS 
Institute, Cary, NC). A p < 0.05 was considered statistically
significant. If needed, Bonferroni’s correction was used for
multiple testing, such as subgroup analysis. 

Results

1. Impact of variables of tumor dimension and biology on
the occurrence of LNM 

Univariate analyses of five major variables regarding
tumor dimension and biology revealed significant associa-
tion with the presence of LNM, except PNI (Table 1). Because
tumor subsite was significantly associated with the presence
of LNM, we performed multivariate analyses for the vari-
ables of tumor dimension and biology adjusting to tumor
subsite, which also showed a significant correlation of all
these five variables with the occurrence of LNM (Table 2). 

Next, to evaluate the predictability of LNM by variables of
tumor dimension and biology, we performed ROC curve
analysis. Both tumor volume and thickness could predict the
presence of LNM with an AUC of 0.7546 and 0.7570, respec-
tively (Fig. 1A). A combined measure of tumor dimension

Table 1. Baseline characteristics of subjects and univariate analysis for lymph node metastasis

Characteristic Total (n=295) Node-negative (n=142) Node-positive (n=153) p-value
Age (yr) 57 (50-66) 55 (48-64) 59 (51-69) 0.007
Sex (male:female) 222:73 (75:25) 95:47 (67:33) 127:26 (83:17) 0.001
Tumor subsite 
Oral cavity (tongue) 174 (59) 108 (37) 66 (22) < 0.001
Oropharynx 75 (25) 18 (6) 57 (19)
Hypopharynx 46 (16) 16 (5) 30 (10)

T-classification
T1 111 (38) 84 (59) 27 (18) < 0.001
T2 111 (38) 32 (23) 79 (52)
T3 33 (11) 13 (9) 20 (13)
T4 40 (14) 13 (9) 27 (18)

Tumor dimension variables
Tumor volume (cm3) 1.386 (0.325-5.760) 0.453 (0.150-1.430) 3.500 (1.280-8.400) < 0.001
Tumor thickness (cm) 0.8 (0.4-1.6) 0.5 (0.3-1.0) 1.2 (0.7-1.8) < 0.001

Tumor biology variables
Lymphovascular invasion 
Absent 217 (74) 129 (91) 88 (58) < 0.001
Present 78 (26) 13 (9) 65 (42)

Perineural invasion 
Absent 243 (82) 122 (86) 121 (79) 0.124
Present 52 (18) 20 (14) 32 (21)

Tumor grade 
Well-differentiated 143 (48) 91 (64) 52 (34) < 0.001
Moderately-differentiated 130 (44) 44 (31) 86 (56)
Poorly-differentiated 22 (7) 7 (5) 15 (10)

Values are presented as median (25th-75th percentile) or number (%). p-values are derived from Wilcoxon rank sum tests or
chi-square tests depending on the type of variables. 
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had increased AUC of 0.7682 and significantly increased the
sensitivity without sacrificing specificity. Variables of LVI,
PNI, and tumor grade could also predict LNM with AUC of
0.6666, 0.5342 and 0.6518, respectively (Fig. 1B). The com-
bined measure of tumor biology increased AUC of 0.7717,
and significantly increased the sensitivity. 

Combined measure of all five variables representing tumor
dimension and biology strikingly increased the predictability
of LNM with AUC of 0.8315 (Fig. 1C). Comparisons of pre-
dictive sensitivity between combined measures of tumor 
dimension and biology indicated no significant difference
(IDI, 0.0223; 95% confidence interval, –0.0607 to 0.0954; p >
0.999), suggesting that each combined measure of tumor 
dimension and biology had a similarly equivalent impact on
the occurrence of LNM in HNSCC. 

2. Subsite difference in predictability for LNM from tumor
dimension and biology variables

These results led us to investigate the roles of tumor 
dimension and biology on each subsite of HNSCC. Interest-
ingly, in oral tongue cancers, the predictive ability of tumor
dimensional factors (AUC, 0.8403) was higher than biological
factors (AUC, 0.7515) (Fig. 2A). A combined measure of all
variables did not significantly increase the predictive sensi-
tivity for LNM compared to tumor dimension (p=0.076), but
was statistically significant in comparison with tumor biol-
ogy (p < 0.001), indicating that the predictive sensitivity of
LNM in oral tongue cancer is mainly dependent on tumor
dimensional factors.

On the other hand, in oropharynx cancers, the predictive

ability for LNM was rather low in tumor dimensional factors
(AUC, 0.7125) in comparison to tumor biological factors
(AUC, 0.8070) (Fig. 2B). A combined measure of all variables
significantly increased the predictive sensitivity for LNM
compared to tumor dimension (p=0.006), but had no statis-
tical significance with respect to tumor biology (p=0.789),
suggesting that the predictive sensitivity of LNM in oropha-
ryngeal cancer is highly dependent on tumor biological 
factors. Similarly, in hypopharynx cancers, tumor dimen-
sional factors had almost no predictive ability for LNM
(AUC, 0.4354) and only biological factors had predictive abil-
ity for LNM (AUC, 0.7094) (Fig. 2C). A combined measure of
all variables significantly increased the predictive sensitivity
for LNM compared to tumor dimension (IDI=0.1391,
p=0.040), but had no statistical significance in comparison to
tumor biology (IDI=0.0040, p > 0.999). Thus, the impact of
tumor dimension and biology was context-dependent in
terms of tumor subsites in HNSCC; particularly in oro- and
hypo-pharyngeal cancers, tumor progression to regional
lymph nodes was influenced more by biological factors of
primary tumor, rather than tumor dimension.

3. Impact of tumor dimension and biology on disease out-
comes and survival

Previous studies have indicated a strong correlation 
between LNM in HNSCC and distant metastasis [2,3]. To
evaluate whether the dimension or biology of the primary
tumor affects the occurrence of distant metastasis or recur-
rence of loco-regional sites, 281 study patients were analyzed
for disease-free survival. We excluded 14 patients from sur-
vival analyses due to incomplete medical and follow-up data
among 295 initial subjects. Estimated disease-free survival
rate of the total subjects was 74.9% at 2 years and 70.4% at 5
years. 

First, we divided the study subjects into three subsite
groups to identify the difference of relative impact of tumor
dimensional or biological factors. Univariate analyses 
included age, sex, nodal status (N), treatment modalities, and
tumor dimensional or biological factors. T classification was
significantly correlated with tumor dimensional variables;
thus T classification was excluded from the subsequent
analyses. Using potential factors significant in univariate
analyses (p < 0.2), we conducted multivariate analyses, via a
stepwise-selection method (Table 3). 

In concordance to the previous findings, analyses using
Cox proportional hazards model also confirmed the subsite
differences of relative tumor dimensional or biological 
impacts. In oral cavity cancer, one of the tumor dimensional
variables, tumor thickness, remained significant in a multi-
variate analysis (hazard ratio [HR], 4.518; p=0.016); mean-
while, one of the biological variables, PNI, had a significant

Table 2. Tumor dimension and biology for the occurrence
of lymph node metastasis adjusting for tumor subsites

The odds ratios (ORs) and p-values are derived from 
logistic regression model adjusted to the tumor subsites.
CI, confidence interval; MD, moderately differentiated; PD,
poorly-differentiated; WD, well-differentiated. 

Variable Lymph node metastasis
OR 95% CI p-value

Tumor dimension variables
Tumor volume 1.048 1.007-1.091 0.022
Tumor thickness 3.328 2.207-5.017 < 0.001

Tumor biology variables
Lymphovascular invasion 7.530 3.797-14.932 < 0.001
Peri-neural invasion 2.975 1.523-5.811 0.001

Tumor grade
MD/PD vs. WD 2.191 1.286-3.735 0.004
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impact on disease-free survival in hypopharyngeal cancer
(HR, 20.314; p=0.007) (Table 3). 

We further analyzed the impact of tumor dimension and
biology on overall survival. Estimated overall survival rate

was 78.5% at 2 years and 67.6% at 5 years. However, the 
results indicated that each variable of tumor dimension and
tumor biology had no significant association with overall
survival in our study patients (data not shown).
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Discussion

LNM acts as a very strong prognostic indicator in many
solid cancers, as well as HNSCC, which led to investigations

of the determinants of nodal metastatic cascade. In this
study, a prediction of LNM in HNSCC based on primary
tumor characteristics was analyzed using variables that 
represent tumor dimension and biology. The overall impact
of tumor dimension and biology on LNM was similarly 
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significant, with AUC of 0.7682 and 0.7717, respectively. 
Interestingly, the combined measure of the variables strik-
ingly increased the predictive value for LNM with AUC of
0.8315. These results are comparable with recent data per-
formed in breast cancer, which indicated the impact of tumor
dimension and biology on LNM, with an AUC 0.6700 and
0.6852, respectively [11]. However, the overall predictive
value was significantly high in this study in a comparison
between HNSCC and those in breast cancer (AUC, 0.8315 vs.
0.7462). These results reflect important characteristics of
HNSCC, in which there exist a strong association between
primary tumor and metastatic lymph node. 

Generally, the dimension of a tumor has been considered
to be a product of tumor size. However, the maximal tumor
dimension, which is currently used in TNM staging, repre-
sents just one-dimensional information. Recently, the total

tumor volume as a three-dimensional parameter has been
proposed as an important prognostic factor in HNSCC
[14,15]. Therefore, we adopted an estimated tumor volume
based on the pathological reports for three-dimensional
analyses. Moreover, tumor thickness is a particularly strong
independent predictive factor for LNM in the majority of
HNSCC cases [10,16]. Hence, we performed a combined
measure of estimated tumor volume and tumor thickness as
the dimensional variables, which showed a significant and
context-dependent impact on LNM in HNSCC. 

Tumor biological factors also significantly affect LNM in
HNSCC. In this study, the impact of primary tumor biologi-
cal factors on LNM was determined by a combined measure
of LVI, PNI, and tumor grade, which showed a significant
correlation with LNM in HNSCC [12]. As expected, LVI, PNI,
and tumor grade had significant and synergistic roles on the

Table 3. Cox proportional hazard models for survival outcome of HNSCC patients: subsite analyses

Variable Multivariate survival analyses (n=281a))
HR 95% CI p-value

Oral cavity (tongue) (n=166)
Age 0.989 0.948-1.031 0.593
Sex (male/female) 1.698 0.545-5.2891 0.361
Tumor volume 0.875 0.737-1.039 0.129
Tumor thickness 4.518 1.321-15.447 0.016
LVI (yes/no) 2.079 0.649-6.653 0.218
PNI (yes/no) 0.572 0.160-2.053 0.392
Nodal status (N2+3/N1/N0) 16.566 2.412-113.772 0.002
Treatments (OP+CCRT/OP+RT/OP) 13.527 1.126-162.455 0.008

Oropharynx (n=71)
Age 1.104 1.009-1.207 0.031
Tumor volume 0.992 0.860-1.144 0.911
Tumor thickness 1.783 0.529-6.002 0.351
LVI (yes/no) 1.622 0.461-5.710 0.452
PNI (yes/no) 3.714 0.291-47.476 0.313
Tumor grade (PD+MD/WD) 2.190 0.113-42.486 0.646
Nodal status (N2+3/N1/N0) 1.997 0.232-17.203 0.248

Hypopharynx (n=44)
Age 0.933 0.861-1.010 0.088
Tumor volume 1.047 0.967-1.133 0.256
Tumor thickness 1.275 0.319-5.085 0.731
LVI (yes/no) 1.585 0.372-6.759 0.534
PNI (yes/no) 20.314 2.324-177.564 0.007
Tumor grade (PD+MD/WD) 2.451 0.122-49.385 0.775
Treatments (OP+CCRT/OP+RT) 0.554 0.089-3.438 0.526

HNSCC, head and neck squamous cell carcinomas; HR, hazards ratio; CI, confidence interval; LVI, lympho-vascular invasion;
PNI, perineural invasion; OP, surgery; CCRT, concurrent chemoradiation; RT, radiotherapy; PD, poorly-differentiated; MD,
moderately differentiated; WD, well-differentiated. a)n=14: excluded from survival analyses due to the incomplete medical
records.
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prediction of LNM with AUC of 0.6666, 0.5342, and 0.6518,
respectively. In addition, a recent investigation also sug-
gested that several molecular markers, including epidermal
growth factor receptor (EGFR) expression, TP53 mutation,
and human papillomavirus (HPV) infection status, are
emerging prognostic factors and therapeutic targets in
HNSCC [17,18]. HPV-positive tumors have a relatively 
favorable prognosis, while tumors with TP53 mutations or
EGFR over-expression have a relatively poor prognosis
[19,20]. Thus, further analyses for these markers as biological
factors might give rise to an increase of the predictive value
for LNM. 

One may argue that our statistical models oversimplified
the primary tumor characteristics, just divided into two 
arbitrary categories: tumor dimension and biology. Indeed,
the tumor dimension, such as tumor volume and thickness,
are possibly affected by tumor infiltrative activity or tumor-
doubling time as biological phenomena. Tumor biological
factors are also partly reflected by dimensional progression
of primary tumor. Thus, we cautiously selected and divided
the indicated variables into a more probable side of the 
categories based on a previous report [11]. Despite the 
concerns, our simplified model has benefits, providing an 
acceptable understanding of nodal metastatic cascade and
translating easily into the clinics for a more accurate predic-
tion of LNM in different subsites of HNSCC. 

One of the intriguing aspects of this study is the tumor sub-
site-specific analyses of HNSCC, which showed subsite-
dependent different predictive value of the indicated vari-
ables. In fact, each primary tumor site of HNSCC, such as
oral tongue cancer and hypopharynx cancer, have been
known to have different clinical characteristics, treatment
protocols, and prognosis [6]. Concomitantly, we tried to 
analyze the impact of tumor dimension and biology on LNM
in each subsite of HNSCC and showed the context-depen-
dent impact of these variables by different subsites. In oral
tongue cancers, a surprisingly high predictability of tumor
dimension on LNM with AUC of 0.8403 indicated why local
control, through either surgery or radiation therapy, is 
important [16,21]. Meanwhile, in oropharynx and hypophar-
ynx cancers, a more dominant impact of tumor biological 
factors and relatively low predictability of tumor dimen-
sional factors on LNM suggest that understanding and ther-
apeutic control of the tumor biology is necessary [18]. 

Considering LNM in HNSCC as a strong prognostic factor
that influences distant metastasis and survival, we tried to
confirm our findings through the survival analyses. When
we analyzed disease-free (recurrence or distant metastasis)
survivals, we could observe a similar trend in survival analy-
ses; tumor dimension (thickness) had a significant prognostic
impact on disease-free survival in oral tongue cancer, as 
biological factor (PNI) did in hypopharynx cancer. However,

it is interesting that the variables of primary tumor dimen-
sion or biology did not significantly impact the overall 
survival, despite the impact on LNM in our series. We cau-
tiously interpreted these results to indicate that many host
factors, which were not included in the analysis or biological
factors in metastatic sites, may have a more direct impact on
overall survival. Recently, it has been suggested that the 
biology and phenotype of primary tumors differ from those
of metastatic lymph nodes [22,23], and tumor cells in differ-
ent microenvironments respond differently to therapy
[22,24]. Possibly, metastatic nodal characteristics can be 
independent prognostic factors for distant metastasis and
survival in HNSCC [25]. Thus, these points remain to be clar-
ified through the further studies.

Conclusion

Both dimension and biology of primary tumors have a 
significant, tumor subsite-dependent impact on the occur-
rence of LNM in HNSCC. Particularly in oro- and hypo-pha-
ryngeal cancers, tumor biological properties, which can be
estimated through a biopsy or surgical pathology of primary
tumors, could guide adjuvant treatment for regional lymph
nodes. Meanwhile, the primary tumor dimension should be
considered in decision making of neck management in oral
tongue cancer; as such, an accurate evaluation of tumor 
dimension is important.
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Carotid-Sparing TomoHelical 3-Dimensional Conformal Radiotherapy
for Early Glottic Cancer

Original Article

Purpose
The purpose of this study was to investigate the dosimetric benefits and treatment efficiency
of carotid-sparing TomoHelical 3-dimensional conformal radiotherapy (TH-3DCRT) for early
glottic cancer.

Materials and Methods
Ten early-stage (T1N0M0) glottic squamous cell carcinoma patients were simulated, based
on computed tomography scans. Two-field 3DCRT (2F-3DCRT), 3-field intensity-modulated
radiation therapy (3F-IMRT), TomoHelical-IMRT (TH-IMRT), and TH-3DCRT plans were 
generated with a 67.5-Gy total prescription dose to the planning target volume (PTV) for
each patient. In order to evaluate the plan quality, dosimetric characteristics were compared
in terms of conformity index (CI) and homogeneity index (HI) for PTV, dose to the carotid 
arteries, and maximum dose to the spinal cord. Treatment planning and delivery times were
compared to evaluate treatment efficiency.

Results
The median CI was substantially better for the 3F-IMRT (0.65), TH-IMRT (0.64), and 
TH-3DCRT (0.63) plans, compared to the 2F-3DCRT plan (0.32). PTV HI was slightly better
for TH-3DCRT and TH-IMRT (1.05) compared to 2F-3DCRT (1.06) and 3F-IMRT (1.09). 
TH-3DCRT, 3F-IMRT, and TH-IMRT showed an excellent carotid sparing capability compared
to 2F-3DCRT (p < 0.05). For all plans, the maximum dose to the spinal cord was < 45 Gy.
The median treatment planning times for 2F-3DCRT (5.85 minutes) and TH-3DCRT (7.10 
minutes) were much lower than those for 3F-IMRT (45.48 minutes) and TH-IMRT (35.30
minutes). The delivery times for 2F-3DCRT (2.06 minutes) and 3F-IMRT (2.48 minutes) were
slightly lower than those for TH-IMRT (2.90 minutes) and TH-3DCRT (2.86 minutes).

Conclusion
TH-3DCRT showed excellent carotid-sparing capability, while offering high efficiency and
maintaining good PTV coverage.

Key words
Early glottic cancer, Carotid sparing, 
TomoHelical three-dimensional conformal radiotherapy, 
Intensity-modulated radiotherapy

Introduction

Early glottic cancer (EGC) is a highly curable malignancy.
Radiation therapy (RT) has been established as the primary

treatment option for EGC at most institutions due to its long-
term benefits, such as voice preservation [1,2]. Traditional RT
for EGC uses lateral opposed fields (LOF) with low-energy
photons. However, the carotid arteries (CAs) receive the full
prescription dose with LOF because they are located to the
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left and right of the target volume (TV). As a result, increased
incidences of stroke and other cerebrovascular events have
been reported in patients who have survived over 10 years
since undergoing the treatment for EGC [3-5]. In particular,
the risk of ischemic stroke increases 10-fold in patients 
undergoing traditional RT for EGC if younger than 60 years
of age [5].  

For these reasons, various treatment techniques have been
introduced to decrease the dose administered to CA during
RT for EGC [6-9]. Intensity-modulated radiation therapy
(IMRT) can maintain good coverage while significantly 
reducing the dose administered to the CA, as compared with
traditional LOF and 3-dimensional conformal RT (3DCRT)
[6-8]. Further, Chatterjee et al. [9] have reported that helical
tomotherapy-based IMRT offers significant improvements to
CA sparing. Inverse planning–based IMRT is highly effective
in reducing the dose to adjacent organ at risks (OAR) and
improves target dose conformity by controlling the beam 
intensity. However, as compared with 3DCRT, IMRT 
involves complicated treatment plans that are closely related
to poor treatment efficiency, as well as to long planning and
treatment times. The complicated plans also require addi-
tional pretreatment quality assurance in busy clinics [10].
Furthermore, as compared with 3DCRT, these more compli-
cated plans are associated with higher risks of error. In 
particular, IMRT is associated with higher risk of inaccurate
dose delivery to moving targets, which results from the 
interplay between multi-leaf-collimator (MLC) and organ
motions [11]. Because the TV is relatively small in cases of
EGC, it is more likely to be influenced by movement during
IMRT, and therefore requires careful consideration [12,13]. 

Tomotherapy options can be classified as either IMRT or
3DCRT, as performed using either a helical mode or a direct
mode (fixed beams), depending on the dose planning and
beam delivery technique. TomoHelical 3DCRT (TH-3DCRT)
is a form of helical conformal arc therapy. It has the advan-
tage of offering plan and beam delivery times that are 
generally shorter than those associated with IMRT. 
TH-3DCRT presents these time-advantages because it does
not include an intensity-modulation process that relies upon
inverse planning. Thus, TH-3DCRT can be an effective RT
modality for EGC and other targets that have simple shapes
and do not require complex beam-intensity modulation 
(because the internal beam path length is short).

Recently, researchers have used dosimetric comparison
studies to identify the techniques that minimize the CA dose
in RT for EGC. However, prior studies have not included
clear comparisons of the dosimetric characteristics of helical
tomotherapy (TH-IMRT) and linear-accelerator-based IMRT.
Further, prior comparison studies have not investigated 
TH-3DCRT for EGC. In the present study, we compared
3DCRT, IMRT, TH-IMRT, and TH-3DCRT in terms of their

dosimetric characteristics and treatment time efficiencies for
EGC. By performing this comparison, we aimed to evaluate
the performance of various treatment techniques in clinical
application.

Materials and Methods

1. Patient selection and definition of the TV

Between February 2013 and December 2014, a total of 21
patients with early glottis carcinoma (cT1-2N0M0) were
treated with definitive RT. We selected 10 of these patients
for this study, each of whom had T1N0 glottic squamous cell
carcinoma and underwent curative RT with daily image-
guidance. All patients underwent computed tomography
(CT) (2.5-mm slice thickness; LightSpeed, GE Healthcare,
Milwaukee, WI) after being immobilized in supine position,
using thermoplastic masks. Each patient’s CT image dataset
was transferred to the treatment planning system (TPS) (Pin-
nacle3 ver. 9.2, Philips Medical System, Madison, WI), and
the clinical target volume (CTV), planning target volume
(PTV), spinal cord, and both CAs were delineated. The CTV
was delineated based on the traditional 55 cm2 field size.
The beam isocenter was placed at the level of the true vocal
cords [6]. The CTV was contoured as follows: superiorly, at
the thyroid notch or at the most cranial extent of arytenoid
cartilage; inferiorly, at 1-1.5 cm below the level of the true
vocal cord; posteriorly, the CTV included arytenoid cartilage
and posterior commissure; and anterolaterally, the CTV was
drawn along the inner portion of the thyroid cartilage and
encompassed the anterior commissure. To create the PTV,
the CTV was expanded by 3 mm in the lateral and anterior
directions and by 1 mm in the posterior direction. A lesser
expansion was used in the posterior direction because we
sought to reduce the irradiated dose to the posterior pharyn-
geal wall. With regard to clinical structures, the CAs and the
spinal cord were delineated. Such OAR volumes were delin-
eated up to 2-cm superiorly and inferiorly beyond PTV. 

2. Treatment planning 

For each patient, four sets of treatment plans were created
to analyze the dosimetric characteristics and treatment time 
efficiency: (1) 2-field 3DCRT (2F-3DCRT), (2) 3-field IMRT
(3F-IMRT), (3) TH-IMRT, and (4) TH-3DCRT. 2F-3DCRT and
3F-IMRT were planned using a Pinnacle TPS with a Clinac
6EX (Varian, Palo Alto, CA). TH-IMRT and TH-3DCRT 
were planned using a TomoTherapy TPS with a TomoHD 
(TomoTherapy, Accuray, Sunnyvale, CA). All plans involved
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6-MV X-rays. We employed 2-mm (Pinnacle) and 1.95-mm
(TomoTherapy) dose calculation grid sizes. The prescription
dose was 67.5 Gy in 30 fractions (2.25 Gy per fraction) to the
PTV. All plans were normalized such that 95% of the PTV 
received 100% of the prescription dose. 

Traditional LOF was not included in this study because it
generally results in a high CA dose. Instead, two wedged 
anterior-oblique fields (2F-3DCRT, gantry angles 70° and
290°) were used to provide more effective means of reducing
the CA dose. For the 3F-IMRT, an anterior field was added
to the same right and left anterior oblique fields that were
employed in 2F-3DCRT. The direct machine parameter opti-
mization module, supplied by the TPS manufacturer, was
used for dose optimization, which was performed via inverse
planning. To provide the PTV dose constraint for inverse
planning, PTV was set to meet the prescription dose (Table
1) [6]. The volumes of the CA receiving 35 Gy and 10 Gy were
constrained to be below 20% and 50%, respectively. Finally,
the spinal cord dose was constrained to be below 45 Gy. For
each plan, we used the same number of iterations (250) 
during the dose optimization process. During inverse plan-
ning, the priority was given to PTV. When the PTV dose
reached the constraint early, optimization was continued to
reduce the OAR dose until the iteration limit, while main-
taining the PTV dose. 

For TH-IMRT, we used a field width of 2.5 cm, a modula-
tion factor of 2.0, and a pitch of 0.287 (to avoid the thread 
effect). TH-IMRT inverse planning involved the same num-
ber of iterations, and the same dose constraints that were
specified above for 3F-IMRT. To spare the CA, a directional
blocking was applied to the right and left CA, thus disabling
the primary beam if the blocked structure was proximal to
the target, but not if the beamlets entered the target first. 
TH-3DCRT was performed under the same conditions as
TH-IMRT, with the exception of intensity modulation.

3. Comparison of dosimetric characteristics and treatment
efficiency

To quantitatively evaluate the plan quality under identical
conditions, all calculated plans were transferred to the same
dose evaluation software (MIM Maestro, MIM Software Inc.,
Cleveland, OH), using the DICOMRT protocol. Dose-volume
histograms (DVHs) for PTV, CA, and spinal cord were cal-
culated for all plans, and the mean DVH was evaluated
based on the results. To evaluate the PTV dose coverage, the
conformity index (CI) and homogeneity index (HI) were 
calculated for PTV under each plan [14,15]. CI is defined as
follows:

, where PTVPIV is the PTV encompassed within PIV, which is
the volume covered by the prescription isodose surface. HI
is an indication of dose uniformity within PTV; a value of 
1 indicates a uniform PTV dose distribution, an ideal value.
HI is defined as follows:

, where D2 and D98 are the minimum doses received by 2%
and 98% of PTV, respectively.

We calculated V35, V50, V63 (VD: the percentage of the organ
volume receiving D Gy or more), and maximum dose (Dmax)
for both CAs. The spinal cord dose was compared with the
maximum dose. 

To evaluate the treatment time efficacies of the four treat-
ment methods, the planning and treatment times of each
plan were compared. To provide an objective measurement,
planning time only included the beam generation, optimiza-
tion, and dose-calculation times, as performed by a senior
dosimetrist with 10 years of experience in IMRT planning.
The target and OAR-contouring times were excluded. Four
sets of plan for each patient were generated continuously and
without any interruption in the same manner. The treatment
time only included practical treatment time, excluding the
patient setup time. In other words, after patient setup verifi-
cation was completed, the time between the first beam-on
and the last beam-off was measured. The Wilcoxon signed-
rank test and the Bonferroni correction were used to compare
the following differences: 2F-3DCRT versus TH-3DCRT, 
3F-IMRT versus TH-3DCRT, and TH-IMRT versus TH-
3DCRT. Our statistical analysis was performed using SAS
ver. 9.4 (SAS Institute Inc., Cary, NC). A 2-tailed p-value 
< 0.05 was considered statistically significant.

CI= PTVPIV 2

PTV!PIV

HI= D2

D98

Table 1. Dose constraints for inverse planning

Structure Constraint
PTV D95  67.5 Gy
Spinal cord Dmax  45 Gy
Carotid artery V30  20%

V10  50%

PTV, planning target volume; Dx, dose received by x% of
the volume; Dmax, maximum dose; VD, the percentage of
the organ volume that received D Gy or more.
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Results

1. Plan comparison

The 4 types of plans were associated with significantly 
different dose distributions for the same patients with EGC
(Fig. 1). As viewed from the axial plane at the target center,
unnecessary irradiation was observed on the left and right
sides of the target under the 2F-3DCRT plan, as a conse-
quence of the broad distribution of the regions receiving the
prescribed dose, which was wider than observed under the
other 3 plans. This resulted in a lower CI (median, 0.32; 
interquartile rage, 0.3 to 0.35) than was observed for the other
plans (Table 2). Conformity improved in the following order:
3F-IMRT, TH-IMRT, and TH-3DCRT (Fig. 1). However, we
found no statistically significant differences between the CIs
associated with the plans (p > 0.05) (Table 2). The TH-3DCRT
and TH-IMRT plans did not result in significantly different
HIs. Further, the TH-3DCRT and 2F-3DCRT plans did not 
result in significantly different HIs. However, the 3F-IMRT
plan resulted in a slightly higher HI than did the TH-3DCRT
plan (p < 0.05).

The CA was included within the volume that received the
prescription dose under the 2F-3DCRT plan. Accordingly,

Fig. 1.  An axial view of isodose distributions at the target center for each of the four treatment plans and a single represen-
tative patient. (A) Two-field 3-dimensional conformal radiotherapy (2F-3DCRT). (B) Three-field intensity-modulated radia-
tion therapy. (C) TomoHelical IMRT. (D) TomoHelical 3DCRT. Under 2F-3DCRT, the high-dose region that received the
prescription dose was widely distributed over the carotid artery. Under the other three plans, the high-dose region did not
include the carotid artery.
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Fig. 2.  This figure shows the mean dose-volume histog-
ram (10 patients) for the carotid artery, including results for
each of the four treatment plans that were investigated. In
our treatment-planning simulations, the normalized vol-
ume of the carotid artery that received in excess of 30 Gy
was the lowest using TomoHelical intensity-modulated 
radiation therapy (TH-IMRT), the second-lowest using 
TomoHelical 3-dimensional conformal radiotherapy (TH-
3DCRT), the third-lowest using 3-field IMRT (3F-IMRT),
and the highest using 2-field 3DCRT (2F-3DCRT).
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the 2F-3DCRT plan was associated with a higher CA dose
than the other 3 plans, under which the high-dose region did
not include CA (Fig. 1). These results are reflected by the
mean DVH for each plan (Fig. 2). V35, V50, and V63 were also
observed to be very high under the 2F-3DCRT plan, as com-
pared with the other plans (p < 0.05) (Table 2). Furthermore,
there were no results indicating that the CA exceeded V50 or
V63 in the 3F-IMRT, TH-IMRT, and TH-3DCRT plans. There
were no significant differences in V35 between TH-3DCRT
and TH-IMRT (p > 0.05). However, 3F-IMRT resulted in a
slightly higher V35 than TH-3DCRT (p < 0.05). Under the 
2F-3DCRT plan, the median of the maximum CA doses
(69.82 Gy; range, 69.23 to 70.41) exceeded the prescription
dose. Further, 3F-IMRT resulted in a significant increase in
this median of maximums compared to TH-IMRT and TH-
3DCRT (p < 0.05). Under each of the plans, the maximum
dose to the spinal cord was below 45 Gy.

2. Efficiency

Both 3F-IMRT and TH-IMRT required inverse planning,
and their median planning times were 45.5 and 35.3 minutes,
respectively. In contrast, 2F-3DCRT and TH-3DCRT did not
require inverse planning, and their median planning times
were only 5.8 and 7.1 minutes, respectively (Table 2). The
TH-3DCRT median beam delivery time did not differ signif-
icantly from the TH-IMRT median beam delivery time, but
was slightly longer than the 2F-3DCRT and 3F-IMRT median
beam delivery times (p < 0.05). However, each of the differ-
ences was less than 1 minute.

Table 2. Comparisons of dosimetric characteristics and delivery efficiencies for different treatment techniques

p-value
Parameter 2F-3DCRT 3F-IMRT TH-IMRT TH-3DCRT 2F-3DCRT vs. 3F-IMRT vs. TH-IMRT vs. 

TH-3DCRT TH-3DCRT TH-3DCRT
PTV
CI 0.32 0.65 0.64 0.63 0.01a) 0.83 0.39

(0.3-0.35) (0.62-0.67) (0.60-0.68) (0.60-0.67)
HI 1.06 1.09 1.05 1.05 0.39 0.01a) > 0.99

(1.05-1.07) (1.08-1.10) (1.05-1.06) (1.048-1.063)
Carotid artery
V35 (%) 33.88 0.30 0.00 0.00 0.01a) 0.01a) > 0.99

(20.44-41.36) (0.05-0.30) (0.00-0.00) (0.00-0.00)
V50 (%) 18.48 0.00 0.00 0.00 0.01a) > 0.99 > 0.99

(9.01-25.15) (0.00-0.00) (0.00-0.00) (0.00-0.00)
V63 (%) 7.97 0.00 0.00 0.00 0.01a) > 0.99 > 0.99

(3.97-13.17) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Dmax (%) 69.82 38.71 29.23 30.31 0.01a) 0.01a) 0.09

(69.23-70.41) (35.55-43.52) (26.37-32.28) (27.53-34.15)
Spinal cord
Dmax (%) 2.58 28.05 24.86 26.76 0.01a) 0.97 0.01a)

(2.38-3.55) (27.03-28.77) (23.48-27.52) (24.76-29.42)
Planning time 5.85 45.48 35.30 7.10 0.01a) 0.01a) 0.01a)

(min) (5.50-6.25) (40.65-48.28) (32.91-40.78) (6.35-8.40)
Delivery time 2.06 2.48 2.90 2.86 0.01a) 0.01a) > 0.99
(min) (1.99-2.11) (2.45-2.51) (2.81-2.97) (2.73-3.00)

Pretreatment     - - -dosimetric QA

Values are presented as median (interquartile range). 2F-3DCRT, 2-field 3-dimensional conformal radiotherapy; 3F-IMRT, 
3-field intensity-modulated radiation therapy; TH-IMRT, TomoHelical IMRT; TH-3DCRT, TomoHelical 3DCRT; PTV, planning
target volume; CI, conformity index; HI, homogeneity index; VD, the percentage of the organ volume that received D Gy or
more; Dmax, maximum dose; QA, quality assurance. a)Statistically significant. 



Discussion

RT with LOF has played an important role in the treatment
of EGC for a long time. However, studies have reported that
the excessive radiation dose received by CA can increase the
risk of stroke due to the development of stenosis and thick-
ening of the vessel wall [3,4]. Accordingly, there is growing
interest in using the latest RT techniques to reduce the irra-
diation of the CA. There are several advantages to the 
complicated new treatment techniques; however, these tech-
niques also have disadvantages, such as increased workloads
and high probability of error. Further study is necessary to
clarify the balance of these advantages and disadvantages.
In particular, performing RT for EGC with a very low dose
to CA results in both the deterioration of target coverage and
rapid increase in workload. The exact dose-response relation-
ship for CA irradiation remains unclear. However, studies
have reported statistically significant thickening of the vessel
wall for doses of more than 35-50 Gy [16]. Hence, we did not
consider CA doses of less than 35 Gy, while generating 4 
different plans for this study.

Our study considered 2F-3DCRT, which provides a more
efficient method of lowering the CA dose, as compared with
the traditional LOF technique. When indirectly comparing
our results with previous studies, we found that 2F-3DCRT
provides better target dose conformity and CA sparing than
traditional LOF [17]. In addition, 3-field (right anterior
oblique, left anterior oblique, and an anterior field) 3DCRT
shows a slightly better CA sparing than 2F-3DCRT [6]. In this
study, however, 3DCRT resulted in a lower CI and a higher
CA dose than the other three plans. For this reason, various
forms of IMRT techniques for EGC RT have recently been 
introduced, such as volumetric-modulated arc therapy
(VMAT). VMAT was not included in this study, but has 
recently been the subject of considerable attention [18]. When
comparing previous investigations of various VMAT tech-
niques with the results of this study, only full-arc VMAT 
offered a V35 that was similar to our findings for 3F-IMRT,
TH-IMRT, and TH-3DCRT (a V35 that was close to 0). 

As compared with 3DCRT, IMRT is generally associated
with longer treatment planning times and treatment times
because of its need for inverse planning and complex beam
delivery [19,20]. In the present study, we found that the 
median beam delivery time was the shortest for 2F-3DCRT
(2.06 minutes) and longest for TH-IMRT (2.9 minutes); 
however, the difference was less than 1 minute. The beam
delivery time of full-arc VMAT was generally less than 2
minutes, although the results may vary with the type of
equipment and the dose rate used [21]. Therefore, full-
arc VMAT offers slightly shorter beam delivery times than
the plans studied here. However, the difference is not 

particularly substantial from a clinical perspective. The treat-
ment planning time of IMRT is much longer than that of 
2F-3DCRT. Particularly, the treatment planning time of full-
arc VMAT (which usually requires inverse planning for the
full arc) is much longer than that of 3F-IMRT.

TH-3DCRT is a conformal arc technique that modifies the
beam by opening the MLC in accordance to the shape of the
TV in a helical mode (without beam intensity modulation).
The treatment planning times and treatment times of 
TH-3DCRT are short (total of less than 30 minutes) because
TH-3DCRT does not include intensity modulation and addi-
tional patient-specific pretreatment quality assurance is not
required due to the simple treatment method. At our center,
we perform dose verification of the absolute point dose using
an ionization chamber and the relative dose distributions
using Gafchromic film (EBT, ISP, Wayne, NJ) with a solid
phantom before treatment for all IMRT sessions (Table 2).
These procedures include measurements and analysis, and
take about 2 hours. When TH-3DCRT was initially intro-
duced, the exact same quality assurance procedures were
performed as part of the commissioning process. However,
TH-3DCRT has not been performed as a general 3D-CRT
procedure after the correct delivery dose was confirmed.
Therefore, the same-day treatment with a CT plan may also
be worth considering. 

Setup margin and motion are important factors for a 
successful treatment of EGC. The patient’s larynx is reported
to move 20-25 mm in the caudal-cranial direction and 3-8
mm in the anterior-posterior direction during swallowing
[13,22,23]. However, the incidence and duration of swallow-
ing are reported to be small in most patients. Hence, patients
at our center receive thorough instructions not to swallow
during treatment, and we try to shorten the treatment time
as much as possible. Several previous studies reported that,
when treating EGC with daily image-guided repositioning
using a CTV-PTV margin of 1-2 mm, there is a very small
CTV dose reduction due to geometrical uncertainty, includ-
ing set-up errors, respiratory movements, interfractional 
volumetric changes, and deformations that occur during
treatment. Nonetheless, sparing of OAR remains unchanged
[12,24,25]. The CTV-PTV margin added in this study was 3
mm in all directions, except posteriorly (1 mm). This was
considered to be a safe margin for TH-3DCRT and TH-IMRT,
which involve simultaneous megavoltage CT image-guid-
ance and the use of a thermoplastic mask.
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Conclusion

In this study, we showed that TH-3DCRT provides many
new benefits, excellent target dose coverage, and CA-sparing
similar to that of the other two IMRT techniques. TH-3DCRT
also offers high efficiency, short planning times, and short
beam delivery times (similar to 3DCRT). In addition, 
pretreatment quality assurance is not required due to the
simplicity of the treatment method. This study may serve as
an effective guide for selecting the best-performing method
of treatment for EGC that also requires the lowest workload.
A suitable balance of performance and workload can be 
especially advantageous for busy clinics.
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The Prognostic Significance of FGFR4 Gly388 Polymorphism in
Esophageal Squamous Cell Carcinoma after Concurrent 
Chemoradiotherapy

Original Article

Purpose
The purpose of this study is to investigate the role of fibroblast growth factor receptor 4
(FGFR4) polymorphism in esophageal cancer after chemoradiotherapy (CRT).

Materials and Methods
Peripheral blood samples from 244 patients treated with CRT for esophageal squamous
cell carcinoma were assessed for the role of FGFR4 genotype on treatment response and
survival.

Results
A total of 94 patients were homozygous for the Gly388 allele, and 110 were heterozygous
and 40 homozygous for the Arg388 allele. No significant association was found between
the FGFR4 genotype and clinicopathological parameters. However, patients carrying the
Gly388 allele showed a better overall response rate than Arg388 carriers (p=0.038). In 
addition, Gly388 allele patients at an earlier stage showed better overall survival (OS) and
progression-free survival than Arg388 carriers. Among these, the Gly388 allele showed sig-
nificantly improved OS compared to Arg388 carriers in the lymph node (LN) metastasis
group (p=0.042) compared to the no LN metastasis group (p=0.125). However, similar sur-
vival outcomes were observed for advanced-stage disease regardless of genotype.

Conclusion
This result suggests that the role of FGFR4 Gly388 in treatment outcomes differs according
to esophageal cancer stage. It showed a predictive role in the response of esophageal can-
cer patients to CRT with a better trend for OS in Gly388 than Arg388 carriers in the early
stages. In particular, LN-positive early-stage patients carrying the Gly388 allele showed 
improved OS compared to those carrying Arg388.

Key words
Biological markers, Chemoradiotherapy, 
Esophageal neoplasms, Fibroblast growth factor receptor 4

Introduction

Treatments for esophageal cancer have been studied inten-
sively in recent decades. However, the clinical outcomes 
remain unsatisfactory, with 5-year survival rates of 49.3% for
localized disease and 2.8% for metastatic disease [1]. Until
recently, the standard treatment for early or locally advanced
esophageal cancer was surgery. However, definitive
chemoradiotherapy (CRT) is another possibility in cases

where surgery is not an option due to advanced-stage 
disease or the presence of comorbidities [2]. To enhance the
efficacy of CRT, clinical trials of various drugs have been con-
ducted, including trials for cisplatin and 5-fluorouracil (5-FU),
as well as docetaxel [3], paclitaxel [4], and cetuximab [5]. 

In addition, many recent studies have focused on identifi-
cation of new biomarkers to help in prediction of the out-
come after CRT and to find additional therapeutic targets.
Although the underlying pathogenic mechanisms of lung
cancer, colorectal cancer, and breast cancer have been inves-
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tigated extensively and targeted therapies have since been
developed, relatively little is known about esophageal can-
cer.

Esophageal cancer can metastasize readily, even at early
disease stages, due to the absence of a serosa and a rich lym-
phatic system adjacent to the major organ, resulting in a ten-
dency for metastasis and poor outcomes. Thus, to control the
development of esophageal cancer, it is important to not only
kill the tumor cells but also to inhibit invasion and metasta-
sis. Recently, exploiting the relationship between tumor cells
and the stroma was highlighted as a possible way to prevent
the initiation and progression of tumors.

Fibroblasts play an important role in the tumor microen-
vironment. Carcinoma-associated fibroblasts in the tumor
microenvironment influence tumor cell survival, growth, 
angiogenesis, invasion, inflammation, migration, and metas-
tasis [6]. Fibroblast growth factors (FGFs) are divided into
four groups (FGF1-4), and dysregulation of their receptors
(FGFRs) plays an important role in tumorigenesis. Our 
understanding of the biological properties of FGFRs is 
increasing, and several reports have described their roles 
in cancer progression and drug sensitivity [7,8]. Among
them, FGFR4 is expressed in myofibroblasts during regener-
ation following injury, but not in mature skeletal muscle. 
An FGFR4 Gly388Arg polymorphism (rs351855), which
causes the substitution of arginine for glycine (FGFR4
Arg388) in the transmembrane domain of the receptor, was
reported to increase cancer risk [9], aggressiveness, metasta-
sis [10], and drug resistance [11]. Ansell et al. [12] recently
reported a significantly increased risk of head and neck squa-
mous cell carcinoma (HNSCC) with the FGFR4 Gly388 allele,
whereas Arg388 resulted in cisplatin sensitivity (p=0.141) in
an in vitro assay. In addition, Arg388 carriers showed signif-
icantly poor survival outcome in head and neck or lung can-
cer patients [10,13]. Considering the similar causal factors
such as alcohol or smoking and treatment modality of head
and neck, lung or esophageal cancer, FGFR4 polymorphism
could be a targetable prognostic marker in esophageal can-
cer, for which there has been no reliable biomarker until now.

Thus, we investigated the role of FGFR4 polymorphisms
in esophageal squamous cell carcinoma patients who were
treated with CRT.

Materials and Methods

1. Patients and treatment

This retrospective study was conducted to assess the rela-
tionship between FGFR4 polymorphisms and treatment out-

comes in patients receiving CRT for esophageal squamous
cell carcinoma. The inclusion criteria were (1) a diagnosis of
squamous esophageal carcinoma, (2) treatment with concur-
rent CRT as a preoperative or curative-aim first-line therapy
with at least 4,000 cGy of radiation, (3) evaluation of the 
response after CRT, (4) a Karnofsky performance status  70
at diagnosis, (5) preserved organ function sufficient to 
receive CRT, and (6) a blood sample available for DNA
analysis. Patients were excluded for (1) other confirmed or
suspected malignancies, (2) types of cancer other than squa-
mous cell carcinoma (e.g., adenocarcinoma), (3) gastroe-
sophageal junction carcinoma, and (4) postoperative CRT. 

During radiotherapy, the patients received combination
chemotherapy with 5-FU (1,000 mg/m2 on days 1-4) and 
cisplatin (75 mg/m2 on day 1) every 4 weeks or weekly doc-
etaxel (30 mg/m2 on days 1 and 8) and cisplatin (30 mg/m2

on days 1 and 8) every 3 weeks. Blood samples for genotyp-
ing were drawn before the start of CRT. 

Evaluation of the response was based on the Response
Evaluation Criteria in Solid Tumors (RECIST ver. 1.1), and
was assessed 8 weeks after completion of CRT. After CRT,
surgery was performed for the preoperative CRT cases. 
Additional chemotherapy was performed in cases where any
disease remained without progression, or if surgery was not
possible. Second-line chemotherapy was administered in
cases where the disease had progressed.

Blood samples for polymorphism study were provided 
by the Chonnam National University Hwasun Hospital 
National Biobank of Korea, a member of the National
Biobank of Korea, which is supported by the Ministry of
Health, Welfare and Family Affairs. The study protocol was
approved by the Institutional Review Board of Chonnam 
National University Hwasun Hospital (CNUHH-2014-016).

2. Genotyping

Genomic DNA was extracted from peripheral blood using
a QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA), 
according to the manufacturer’s protocol. FGFR4 Gly388Arg
genotyping was performed using high-resolution melting
(HRM) analysis with a Rotor Gene 6000 (Corbett Research,
Sydney, Australia). The primers were as follows: forward, 
5'-ggagagcttctgcacagtgg-3'; and reverse, 5'-cttggctgtgctcctgct-
3'. The reaction mixture for HRM included 200 nM poly-
merase chain reaction primers, 1 M SYTO 9 fluorescent dye
(Invitrogen, Carlsbad, CA), 0.5 U of f-Taq polymerase, and
40 ng of genomic DNA in 10-L reaction volumes. The 
cycling conditions included an initial 5-minute hold at 95°C,
followed by 40 cycles at 95°C for 5 seconds, 65°C for 30 
seconds, and 72°C for 20 seconds, with an increase in the
melting temperature from 78°C to 92°C at 0.1°C/sec. The
genotyping results were validated using direct sequencing
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(ABI PRISM 3100 Genetic Analyzer, Life Technologies, Carls-
bad, CA) of 16 subjects (6%), and the results showed 100%
concordant. Appropriate positive/negative and internal con-
trols were included.

3. Statistical analyses

The progression-free survival (PFS) time was calculated
from the start of CRT to the appearance of disease progres-
sion or recurrence after surgery. The overall survival (OS)
time was calculated from the start of CRT to death from any
cause; patients who were alive at the last follow-up were
recorded at that time. Chi-square tests were used to evaluate
associations between genotypes and clinicopathological
characteristics and chemotherapy responses. The Cox pro-
portional hazards model was used to evaluate the effect of

variables on OS and PFS, and to produce survival curves.
The proportional hazards assumption was assessed by
graphical evaluation of log-log plots. All statistical analyses
were performed using SPSS ver. 17.0 (SPSS Inc., Chicago, IL).
A p-value of < 0.05 was considered to indicate statistical sig-
nificance.

Results

1. Study population

Between May 2004 and December 2012, 264 patients were
treated for esophageal cancer using CRT, and 244 patients

Table 1. Patient clinicopathologic characteristics

Total G/G     G/A     A/A     p-value G/A or AA  p-value
No. (%) 244 94 (39) 110 (45) 40 (16) 150 (61)
Median age (range, yr) 66 (41-87) 64 (41-79) 66 (47-87) 66 (49-81)
 60 75 (31) 32 (34) 31 (28) 12 (30) 0.66 43 (29) 0.228
> 60 169 (69) 62 (66) 79 (72) 28 (70) 107 (71)

Sex
Male 237 (97) 91 (97) 106 (96) 40 (100) 0.485 146 (97) 0.549
Female 7 (7) 3 (3) 4 (4) 0 ( 4 (3)

Differentiation
Well 102 (42) 37 (39) 46 (42) 19 (47) 0.95 65 (43) 0.75
Moderate 85 (35) 32 (34) 40 (36) 13 (33) 53 (35)
Poorly 32 (13) 15 (16) 13 (12) 4 (10) 17 (12)
Unknown 25 (10) 10 (11) 11 (10) 4 (10) 15 (10)

Tumor location
Upper 63 (26) 27 (29) 21 (19) 15 (38) 0.123 36 (24) 0.712
Mid 133 (54) 49 (52) 68 (62) 16 (40) 84 (56)
Lower 48 (20) 18 (19) 21 (19) 9 (23) 30 (20)

TNM stage
I 11 (5) 3 (3) 7 (6) 1 (3) 0.859 8 (5) 0.839
II 54 (22) 21 (21) 23 (21) 11 (27) 34 (23)
III 101 (41) 39 (42) 45 (41) 17 (43) 62 (41)
IV 78 (32) 32 (34) 35 (32) 1 (27) 46 (31)

Chemotherapy 
FP 204 (84) 76 (81) 93 (85) 36 (87) 0.596 128 (85) 0.228
DP 40 (16) 18 (19) 17 (15) 5 (13) 22 (15)

Operation
Yes 58 (24) 73 (78) 82 (74) 32 (80) 0.661 113 (75) 0.399
No 186 (76) 21 (22) 29 (26) 8 (20) 37 (25)

Second-line chemotherapy
Yes 88 (36) 58 (62) 71 (65) 27 (67) 0.802 98 (65) 0.33
No 156 (64) 36 (38) 39 (35) 13 (33) 52 (35)

Values are presented as number (%) unless otherwise indicated. FP, fluoropyrimidine and cisplatin; DP, docetaxel and cis-
platin.
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suitable for inclusion were analyzed in this study. The 
median dose of radiation was 5,400 cGy (range, 4,000 to 6,600
cGy); 187 patients (77%) received radiation doses  5,000 cGy,
and 57 (23%) received doses < 5,000 cGy due to preoperative
aims or poor general conditions. 

The chemotherapy regimens during radiation treatment
were as follows: 5-FU and cisplatin in 204 (84%) and doc-
etaxel and cisplatin in 40 patients (16%). After CRT, 58 
patients (24%) underwent surgery with a curative aim. In
total, 143 patients (58.6%) showed disease progression after
CRT or surgery, and 88 patients (36%) received second-line
chemotherapy (Table 1).

2. Chemotherapy responses and survival

Fifty-two patients (21%; 95% confidence interval [CI], 16
to 27) showed a complete response, and 158 patients (65%;
95% CI, 58 to 70) showed a partial response after CRT. 

Patients at an earlier stage of disease showed a signifi-
cantly better response. The chemotherapy regimen during
radiation therapy (5-FU+cisplatin vs. docetaxel+cisplatin)
had no effect on the overall response rate (p=0.307). The 
median OS and PFS for stage I disease were not reached in
this analysis. The median OS for stages II, III, and IV were
44.0 months (95% CI, 22.6 to 46.2), 25.6 months (95% CI, 14.0
to 32.6), and 21.9 months (95% CI, 11.3 to 27.3), respectively,
and statistically significant differences were observed among
the stages (p=0.001). The median PFS rates of stages II, III,
and IV were also significantly different at 42.0 months (95%
CI, 0.8 to 54.8), 12.7 months (95% CI, 10.0 to 15.6), and 9.3
months (95% CI, 12.1 to 16.9), respectively (p < 0.001). These
results were similar after grouping as early-stage (stages I
and II) versus advanced-stage (stages III and IV) disease in
PFS (p < 0.001) and OS (p=0.001). Although 58 patients
(23.7%) underwent surgery after CRT, no significant differ-
ence in survival was observed between those who under-
went surgery (PFS, 17.3 months; 95% CI, 5.4 to 29.2 and OS,
30.2 months; 95% CI, 15.5 to 44.9) and those who did not
(PFS, 13.6 months; 95% CI, 10.6 to 16.6; p=0.293 and OS, 24.3
months; 95% CI, 18.5 to 30.1; p=0.434). 

3. FGFR4 genotype and treatment outcome

The frequencies of the FGFR4 Gly388Arg polymorphic
genotypes were as follows: 94 patients (38.5%) had the
Gly388 allele (G/G), 110 (45.4%) were heterozygous for G/A,
and 40 (16.4%) had the Arg388 allele (A/A). Patients with the
G/G allele (91.5%; 95% CI, 82.9 to 95.6) showed significantly
better responses to CRT than Arg carriers (82.7%; 95% CI,
75.4 to 88.0; p=0.038) (Table 2). However, no significant 
association was found between the FGFR4 genotype and any
clinicopathological parameter examined, including tumor
stage, differentiation, and tumor location (Table 1). No 
difference between heterozygous and homozygous Arg388
carriers was observed in this study. 

In survival analyses, no significant difference in OS or PFS
was observed among genotypes. For comprehensive evalu-
ation of the role of genotype in treatment outcome, the 
patients were divided into early (stages I and II; n=65) and
advanced stage groups (stages III and IV; n=179). In the early
stages, patients with the Gly388 allele tended to have some-
what better PFS (unreached median OS [mOS] in G/G, 38
months in Arg388 carriers; 95% CI, 11.9 to 63.9; p=0.506) and
OS rates (unreached mOS in G/G, 45 months; 95% CI, 26.1
to 63.5; p=0.773) (Fig. 1A and C) than the Arg388 carriers.
However, patients with advanced stage disease showed sim-
ilar patterns of PFS (9.6 months in G/G; 95% CI, 6.1 to 13 and
12.6 months in Arg388 carriers; 95% CI, 10.2 to 14.9; p=0.678)
and OS (24.7 months in G/G; 95% CI, 19.5 to 29.90 and 22.4
months in Arg388 carriers, 95% CI, 15.3 to 29.5; p=0.668) 
(Fig. 1B and D) regardless of genotype. In particular, patients
with the Gly388 allele showed a significantly better OS rate
than Arg388 carriers in the lymph node (LN) metastasis
group (p=0.042) compared to the no LN metastasis group
(p=0.125) (Fig. 2) in the early stages. 

4. Univariate and multivariate analyses

To explore the prognostic factors for esophageal cancer 
patients, a univariate analysis was performed with clinico-
pathologic variables and genotypes. A multivariate analysis

Table 2. Response after chemoradiotherapy according to FGFR4 Gly388Arg polymorphism
Genotype Responder (CR+PR, n=210) Non-responder (SD+PD, n=34) p-value
G/G (n=94) 86 (91.5) 8 (8.5) 0.090
G/A (n=110) 89 (80.9) 21 (19.1)
A/A (n=40) 35 (87.5) 5 (12.5)
G/G (n=94) 86 (91.5) 8 (8.5) 0.038
G/A+A/A (n=150) 124 (82.7) 26 (17.3)

Values are presented as number (% of each gene group). FGFR4, fibroblast growth factor receptor 4; CR, complete response;
PR, partial response; SD, stable disease; PD, progressive disease.
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using the Cox proportional hazards model was used for eval-
uation of the statistically significant variables found in the
univariate analysis. As shown in Table 3, age > 60 years,
early-stage disease, and positive responder status (showing
a complete or partial response) were significantly favorable
prognostic factors for PFS, as were female sex, early-stage
disease, and positive responder status for OS in the univari-
ate analysis. Among these factors, stage and responder status
were significant prognostic factors for survival in the multi-
variate analysis.

Discussion

Treatment outcomes for various cancers have improved
over recent decades. This can be attributed largely to the use
of new chemotherapeutic agents, as well as enhanced tech-
nologies for surgery and radiation therapy. However, despite
development of more drugs that target tumor cells, many 
obstacles to successful treatment remain. Accurate control of
tumor cells and the tumor microenvironment is important in
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Fig. 1. Association between genotype and survival outcome. In early stage of esophageal cancer, FGFR4 Gly388 allele (G/G)
patients show better trends of progression-free survival (A) and overall survival (C) than FGFR4 Arg388 carriers (G/A or
A/A) without statistical significance. However, the progression-free survival (B) and overall survival (D) in advanced stage
of esophageal cancer patients show comparable outcomes regardless of genotypes.



eradicating cancer. Based on this rationale, FGFRs have been
identified as potential therapeutic targets known to be asso-
ciated with drug resistance. Although FGFR1-3 has been 
extensively investigated [14-16], the role of FGFR4 and its 
potential as a therapeutic target is less understood. FGFR4 
is overexpressed in human prostate, breast, colon, rhab-
domyosarcoma, gastric, and hepatocellular cancers, where it
may be associated with tumor progression and invasion 
via a variety of pathways, and with a poor prognosis [17,18].
Recent studies found that FGFR4 promotes the epithelial-

mesenchymal transition (EMT) in cancer cells [19,20].
Studies of FGFR polymorphisms have reported association

of Arg388 with increased cancer incidence, tumor size
[17,21], and recurrence after adjuvant treatment [11,12,22]. 
In addition, FGFR affects radiation therapy outcomes. The
current study was conducted in order to assess the role of
FGFR4 Arg388 in patients treated with CRT for esophageal
cancer, which is treated primarily by CRT in inoperable
cases. We found that patients with the Gly388 allele showed
a significantly better response to CRT than Arg388 carriers,
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Fig. 2. Survival according to genotype in early esophageal cancer. In early esophageal cancer, FGFR4 Gly388 allele patients
showed a better trend of progression-free survival (A) (p=0.079) and significantly better overall survival (C) (p=0.042) than
FGFR4 Arg388 carriers in lymph node (LN)-positive patients. However, there was no difference in LN-negative patients 
according to genotypes (B, D).
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regardless of the cancer stage. Interestingly, the PFS and 
OS rates in early esophageal cancer (stages I and II) showed
improved survival trends with the Gly388 versus the 

Arg388 allele. However, comparable patterns of PFS and OS
in advanced esophageal cancer (stages III and IV) were 
observed between the groups. 

Table 3. Univariate analysis for survival

PFS (median, mo) p-value OS (median, mo) p-value
Age (yr)
 60 9.9±2.12 0.003 24.4±3.15 0.139
> 60 21.9±4.03

Sex
Male 8.1±7.10 0.472 16.3±6.10 0.044
Female 15.4±1.69 33.3±6.55

Differentiation
Well 20.9±5.47 0.055 34.5±11.12 0.318
Moderate+poorly 12.8±1.30 23.7±4.26

Tumor location
Upper 18.3±3.64 0.28 38.3±7.94 0.279
Middle 14.3±3.38 34.5±7.03
Lower 12.3±2.55 19.0±1.82

Clinical stage
I-II NR < 0.001 NR 0.001
III-IV 11.6±1.13 23.5±2.29

CRT response
Responder (CR+PR) 20.9±2.93 < 0.001 38.3±4.52 < 0.001
Non responder (SD+PD) 6.8±1.11 11.8±1.56

Operation
Yes 21.7±5.97 0.239 56.7±15.49 0.14
No 14.3±1.43 29.8±4.79

RT dose
Stage I-II
 5,000 cGy 58.9±7.52 0.353 66.3±7.19 0.318
< 5,000 cGy 63.7±13.63 75.8±13.29

Stage III-IV
 5,000 cGy 26.8±2.81 0.426 48.3±6.66 0.415
< 5,000 cGy 38.2±6.38 40.2±3.37

Chemoregimen
FP 15.0±1.66 0.637 32.4±4.57 0.664
DP 18.0±6.86 34.5±9.70

Second-line chemotherapy
Yes 8.8±0.82 0.382 21.6±1.99 0.692
No 9.0±1.14 17.8±2.64

Genotype
Stage I-II
G/G NR 0.506 NR 0.773
G/A+A/A 44.8±9.54 37.9±13.25

Stage III-IV
G/G 9.6±1.75 0.678 24.7±2.65 0.668
G/A+A/A 12.5±1.22 22.4±3.63

PFS, progression-free survival; OS, overall survival; NR, not reached until this analysis; CRT, chemoradiotherapy; CR, complete
response; PR, partial response; SD, stable disease; PD, progressive disease, RT, radiotherapy; FP, 5-fluorouracil+cisplatin; DP,
docetaxel+cisplatin.
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In the study reported by Thussbas et al. [11] in breast can-
cer patients, disease-free survival with the Gly388 allele was
prolonged significantly compared with the Arg388 allele
when patients received adjuvant chemotherapy; however,
no difference was observed among patients who underwent
adjuvant endocrine therapy. Thus, FGFR4 could be involved
in efficacy of chemotherapy, but not endocrine therapy. The
current study suggests that FGFR4 affects the response to
chemotherapy and adjuvant therapy outcomes. A possible
mechanism that would fit this result is the EMT, an impor-
tant step in disease recurrence after surgery [23]. In a previ-
ous report, FGFR4 was shown to participate in a complex
with membrane-type 1 matrix metalloproteinase (MT1-
MMP), decreasing MT1-MMP lysosomal degradation and
leading to increased invasion. In the current study, we 
extended the focus by assessing the functional role of FGFR4
according to stage. Although the difference was not statisti-
cally significant, the pattern of survival differed according to
stage, showing a tendency to be prolonged in Gly388 versus
Arg388 carriers. In addition, in early esophageal cancer 
patients with LN invasion, significantly improved OS was
observed in patients with the Gly388 allele compared to
Arg388 carriers. However, this result was not observed in 
patients receiving palliative care for advanced-stage disease.
Progression in advanced tumors is more complex than in
early stage tumors through the activation of mesenchymal
and epithelial signaling pathways. Thus the function of a 
single gene can be difficult to assess during treatment in 
advanced cancer. Taken together, the current data suggest
that targeted therapy for FGFR4 could be more effective at
earlier rather than more advanced stages of esophageal 
cancer, and that another treatment approach is needed for
patients carrying Arg388 in order to improve the treatment
outcome. Unexpectedly, a better trend of OS was observed
in Gly388 with LN invasion patients compared to Gly388
without LN invasion patients. Further study with a large
number of patients will be needed in order to provide addi-
tional evidence to support this result. 

FGFs play important roles in the tumor microenvironment,
where there is a protective niche for therapeutic escape,
through the secretion of various growth factors [6]. The 
molecular mechanism by which the FGFR4 Arg388 polymor-
phism leads to a more aggressive clinical phenotype is not
yet fully understood. In a colorectal cancer model, Heinzle
et al. [21] showed that the FGFR4 Arg388 polymorphism 
induced overexpression of FGFR and that this could attenu-
ate the response to chemotherapy [22]. A similar result was
reported in a gastric cancer model showing that an FGFR4
inhibitor and 5-FU reduced proliferation and promoted
apoptosis [24]. For HNSCC, the association between CRT
and FGFR4 was evaluated in vitro, showing increased sensi-
tivity of cells containing the Arg388 allele to cisplatin, which

differs from our observations [12].
In contrast to various results primarily from in vitro stud-

ies, there is a lack of clear evidence for any relationship 
between the FGFR4 Arg388 genotype and protein expression
or clinicopathological parameters in cancer patients [11,18]
However, the FGFR4 Gly388 allele has been reported as a
prognostic marker for survival in breast and gastric cancer
patients. The lack of correlation between genotype and phe-
notype for FGFR4 may be explained in part by the lack of 
elevated tyrosine phosphorylation of FGFR4 Arg388 com-
pared with FGFR4 Gly388, the use of different intracellular
signal transduction pathway(s) or interactions with different
cell surface protein(s), or linkage disequilibrium with other
genetic changes that also contribute to a poor prognosis [11].
To the best of our knowledge, this is the first report describ-
ing a predictive role for FGFR4 Arg388 after CRT. The 
biochemical effects of FGFR4 Arg388 with regard to chem-
otherapy should be evaluated in future studies including
other biomarkers.

Based on our results, clinical factors including early-stage
disease and chemotherapy responders were favorable prog-
nostic factors for PFS and OS in a multivariate analysis. 
Interestingly, patients > 60 years of age had longer PFS than
younger patients. The proportions of TNM stages were 
similar between the two groups (p=0.324); thus, understand-
ing the biology during aging may be another approach to 
improving treatment outcomes.

Conclusion

Although the FGFR4 polymorphism examined in this
study is not a significant prognostic factor in esophageal can-
cer treated with CRT, esophageal cancer patients carrying
FGFR4 Gly388 showed a good response after CRT. Especially
in early esophageal cancer, the Gly388 allele resulted in 
increased OS and PFS, and select patients showing LN inva-
sion showed significant prolonged OS compared to Arg388
carriers. These findings support the idea that the effect of
FGFR4 on treatment outcomes after CRT differs according to
stage and further prospective study is needed in order to val-
idate these findings.
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Previously Treated Patients with Advanced Non-small Cell 
Lung Cancer
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Purpose
This study aimed to evaluate the efficacy and safety of pemetrexed versus gefitinib in 
patients with advanced non-small cell lung cancer (NSCLC) previously treated with
chemotherapy.

Materials and Methods
Patients with advanced (stage IIIB or IV) or recurrent NSCLC were randomly assigned to 
receive either 500 mg/m of pemetrexed intravenously every 3 weeks or gefitinib 250
mg/day orally. The primary end point was progression-free survival (PFS) at 6 months.

Results
A total of 95 patients were enrolled (47 for pemetrexed and 48 for gefitinib). Most patients
were male (72%) and current/ex-smokers (69%), and 80% had non-squamous cell carci-
noma. The epidermal growth factor receptor (EGFR) mutation status was determined in 38
patients (40%); one patient per each arm was positive for EGFR mutation. The 6-month PFS
rates were 22% and 15% for pemetrexed and gefitinib, respectively (p=0.35). Both arms
showed an identical median PFS of 2.0 months and a median overall survival (OS) of 8.5
months. In EGFR wild-type patients, higher response rate (RR) and longer PFS as well as
OS were achieved via pemetrexed compared with gefitinib, although there were no signifi-
cant differences (RR: 39% vs. 9%, p=0.07; median PFS: 6.6 months vs. 3.1 months, p=0.45;
median OS: 29.6 months vs. 12.9 months, p=0.62). Toxicities were mild in both treatment
arms. Frequently reported toxicities were anemia and fatigue for pemetrexed, and skin rash
and anorexia for gefitinib.

Conclusion
Both pemetrexed and gefitinib had similar efficacy with good tolerability as second-line treat-
ment in unselected patients with advanced NSCLC. However, pemetrexed is considered
more effective than gefitinib for EGFR wild-type patients.

Key words
Pemetrexed, Gefitinib, Non-small cell lung cancer, 
Epidermal growth factor receptor, Second-line 

Introduction

Lung cancer is the leading cause of cancer death in Korea
[1] and the United States [2]. Non-small cell lung cancer
(NSCLC) accounts for approximately 85% of all lung cancers
[3]. Approximately half of NSCLC patients are initially diag-

nosed with advanced disease. For patients with negative 
or unknown driver mutation status, platinum-based combi-
nation chemotherapy represents the standard of care in 
advanced NSCLC [4]. However, almost all patients eventu-
ally develop progressive disease that requires further treat-
ments after the initial therapy. 

Recently, several therapeutic agents have shown efficacy
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in the second-line setting, and second-line treatment is now
accepted as the standard of care [5]. Two cytotoxic agents,
docetaxel and pemetrexed, and two epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitors (TKIs), erlotinib
and gefitinib, are the standard options for patients whose 
disease has progressed during or after the first-line, plat-
inum-based therapy. Docetaxel was first approved as a sec-
ond-line therapy based on two randomized phase III trials
[6,7]. Docetaxel showed longer survival and better quality of
life compared with best supportive care (BSC) alone and with
vinorebine or ifosfamide. Thereafter, similar median survival
was observed for pemetrexed, but with less toxicity when
compared to docetaxel [8]. Gefitinib also has a benefit for 
second-line treatment. Although the ISEL study [9] failed to
demonstrate a survival benefit of gefitinib over BSC, subse-
quent phase III studies [10,11] reported similar efficacy but
better tolerability for gefitinib compared to docetaxel.

Both pemetrexed and gefitinib appear to have similar effi-
cacies, but have different toxicity profiles and administration
routes. This randomized phase II study was conducted in
order to evaluate the efficacy and safety of pemetrexed and
gefitinib in previously treated patients with advanced
NSCLC.

Materials and Methods

1. Patient eligibility

The criteria for enrollment included the following: histo-
logically- or cytologically-proven advanced (stage IIIB or IV)
or recurrent NSCLC; disease progression after first-line or
second-line chemotherapy; age  18 years; Eastern Coopera-
tive Oncology Group (ECOG) performance status (PS)  2; at
least one measurable lesion; adequate bone marrow 
(absolute neutrophil count  1,500/mL and platelet count 
 100,000/mL), normal hepatic (bilirubin  1.25 upper limit
of normal [ULN] and hepatic transaminase  2.5 ULN), and
renal (serum creatinine < 1.5 mg/dL) functions; and an esti-
mated life expectancy of at least 3 months. Patients with
brain metastasis were eligible if treated with radiation ther-
apy and clinically stable. Patients with chronic diarrhea of
any grade, inflammatory bowel disease, uncontrolled comor-
bid illness, or other malignancies were excluded. During the
study, there were protocol amendments that changed the
entry criteria; patients who had squamous cell histology or
activating EGFR mutations were excluded since August
2009. The protocol was reviewed and approved by the 
Gachon University Gil Medical Center (Incheon, Korea) 
Institutional Review Board. Written informed consent was

obtained from all patients. This study is registered at Clini-
calTrials.gov (NCT01783834).

2. Treatment 

This study was a single-center, randomized, open-label,
phase II trial. Patients were randomized to receive either
pemetrexed or gefitinib, and were stratified according to 
histology (adenocarcinoma vs. others), smoking history 
(current/ex-smoker vs. never-smoker), and PS (0 to 1 vs. 2).
Pemetrexed 500 mg/m2 was administered intravenously
over 10 minutes on day 1 of every 21-day cycle. Gefitinib 
250 mg was administered orally once daily (1 cycle for 21
days). Cycles were repeated until disease progression, unac-
ceptable toxicity, or until the patient declined further treat-
ment. Patients in the pemetrexed arm group were instructed
to take folic acid (1 mg orally daily) from 1 week before the
administration of the first dose of pemetrexed, until 3 weeks
after the last dose. Intramuscular injection of vitamin B12

(1.000 µg) was administered 1 week before the first dose 
administration of pemetrexed and was repeated every three
cycles.

3. Dose modification

Dose adjustments to new cycles were based on the consid-
eration of the worst toxicity observed during the previous
cycle. Treatment interruptions up to 14 days were allowed
for recovery from adverse events. Pemetrexed treatment was
started only when the neutrophil count was  1,000/mL, the
platelet count was  75,000/mL, and non-hematologic toxic-
ities were grade  1. Pemetrexed doses were reduced by 25%
in patients with grade  4 neutropenia, febrile neutropenia,
grade  3 thrombocytopenia, or a grade  3 non-hematologic
toxicity, other than nausea, vomiting, and alopecia. Patients
who experienced grade  3 hypersensitivity reactions or 
required two successive dose reductions were withdrawn
from the study. Gefitinib administration was interrupted
when patients developed grade  3 diarrhea or grade  3 skin
toxicities. Gefitinib was permanently discontinued for 
patients who developed interstitial lung disease.

4. Evaluation

The baseline evaluation included detailed medical history,
physical examination, complete blood counts, blood
chemistries, and imaging for tumor assessment. Patients
were assessed with medical history, physical examination,
complete blood counts, blood chemistries, and X-rays before
each treatment cycle. Tumor responses were classified 
according to the Response Evaluation Criteria in Solid 
Tumors guidelines ver. 1.1. The response was evaluated
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based on the findings from the computed tomography scan
of the chest and upper abdomen. Clinical responses were 
assessed every two cycles or earlier in the case of clinical 
deterioration. The toxic effects were assessed according to
the National Cancer Institute Common Toxicity Criteria ver.
3.0. For EGFR gene analysis, genomic DNA was extracted
from paraffin-embedded tumor tissues and amplified using
polymerase chain reaction. EGFR mutational status was 
examined in exons 18 to 21 via direct sequencing.

5. Statistical analysis

The primary end point of this study was progression-free
survival (PFS) rate at 6 months, and secondary end-points
were PFS, toxicity, response rate (RR), and overall survival
(OS). In order to estimate the activity and safety of the two
arms simultaneously and to minimize patient selection bias,
this study was conducted using a randomized, non-compar-
ative phase II design. We calculated the sample size sepa-
rately for each arm based on Fleming’s single-stage design.
Assuming an expected 6-month PFS rate of 25% and a thresh-
old rate of 10%, 49 patients per arm were required in order
to yield 90% power at the type I error rate of 5%. Time-
to-event data were analyzed using the Kaplan-Meier
method. Estimation of the 6-month PFS rate was based on
the proportion of patients who were alive without docu-
mented disease progression at 6 months after the treatment
start date. Exploratory analyses were planned for compari-
son of clinical outcomes between the two arms. Categorical
variables were compared using Pearson chi-square test or
Fisher exact test. The log-rank test was used for the evalua-
tion of survival differences between the two arms. Cox 
proportional hazard method was used for identification of
independent prognostic factors of survival. Statistical signif-
icance was accepted for p-values of < 0.05. All analyses were
performed using SPSS ver. 19.0 (SPSS Inc., Chicago, IL).

Results

1. Patient characteristics

A total of 95 patients were randomly assigned to the peme-
trexed arm (n=47) or the gefitinib arm (n=48), between 
December 2007 and June 2013. The study was closed early
due to poor accrual after pemetrexed/cisplatin, and gefitinib
were approved as the first-line treatment in Korea. A 
summary of patient baseline characteristics is shown in Table
1. According to patient characteristics, 72% were male, 20%
had squamous cell carcinoma, and 98% had unknown or

wild-type EGFR status. The treatment groups were generally
well balanced for baseline characteristics, except that the gefi-
tinib group included a higher percentage of patients with
pleural metastasis (54% vs. 34%), EGFR wild-type patients
(48% vs. 28%), and patients with no response to previous
chemotherapy (46% vs. 32%) than the pemetrexed group.

2. Efficacy

After a median follow-up period of 60.6 months, 45 
patients in the pemetrexed arm and 48 patients in the gefi-
tinib arm showed progression. The 6-month PFS rates were
22% (95% confidential interval [CI], 10% to 34%) in the peme-
trexed arm and 15% (95% CI, 5% to 25%) in the gefitinib arm.
The median PFS was 2.0 months (95% CI, 1.4 to 2.7 months)
and 2.0 months (95% CI, 1.2 to 2.8 months) in the pemetrexed
arm and the gefitinib arm, respectively (Fig. 1A). Results of 
exploratory analyses showed no significant differences in the
6-month PFS rate (p=0.35) and PFS (p=0.71) between the two
arms.

Salvage treatment was administered to 33 patients (70%)
and 32 patients (67%) in the pemetrexed arm and the gefi-
tinib arm, respectively. Thirty patients (64%) in the peme-
trexed arm received gefitinib or erlotinib for subsequent
therapy, and 23 patients (48%) in the gefitinib arm were
crossed over to pemetrexed. At the time of analysis, 42 
patients (89%) in the pemetrexed arm and 43 patients (90%)
in the gefitinib arm had died. An identical median OS of 8.5
months was achieved for both arms, and 1-year survival
rates were 34% for pemetrexed and 41% for gefitinib 
(Fig. 1B). For all patients, the results of a multivariable analy-
sis showed that ECOG PS 0 to 1 (hazard ratio [HR], 0.43; 95%
CI, 0.26 to 0.71) and adenocarcinoma (HR, 0.59; 95% CI, 0.35
to 0.98) were independent prognostic factors associated with
longer OS.

The response could not be assessed in four patients; two
in the pemetexed arm (patient refusal after the first cycle and
follow-up loss) and two in the gefitinib arm (patient refusal
after the first cycle and treatment-related death). According
to the intent-to-treat principle, the objective RRs were 13% in
the pemetrexed group and 8% in the gefitinib group (p=0.52).
The disease control rates for pemetrexed and gefitinib were
45% and 35%, respectively (p=0.36). 

3. Efficacy analysis according to EGFR mutation status

EGFR mutation status was known in 38 patients (40%).
EGFR mutation was detected in one patient per each group.
The patient in the pemetrexed group had deletion in exon 19
and received subsequent gefitinib, and the OS was 35.4
months. A patient in the gefitinib group with G719X muta-
tion showed an OS of 8.5 months. In 36 patients with wild-
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type EGFR, a trend for better RR was observed in the peme-
trexed group compared to the gefitinib group (39% vs. 9%,
p=0.07); the median PFS and median OS were longer in the

pemetrexed arm than in the gefitinib arm, but the differences
were not statistically significant (median PFS: 6.6 months vs.
3.1 months, p=0.45; median OS: 29.6 months vs. 12.9 months,

Table 1. Baseline patient characteristics

Characteristic Pemetrexed (n=47) Gefitinib (n=48) p-value
Sex
Male 33 (70) 35 (73) 0.77
Female 14 (30) 13 (27)

Age (yr)
Median (range) 64 (31-81) 67 (42-82) 0.26
 65 21 (45) 27 (56)

Performance status
0 5 (11) 5 (10) 0.94
1 27 (57) 26 (54)
2 15 (32) 17 (35)

Smoking status
Current or ex-smoker 33 (70) 33 (69) 0.88
Never-smoker 14 (30) 15 (31)

Pathologic subtype
Adenocarcinoma 29 (62) 31 (65) 0.99
Squamous cell carcinoma 10 (21) 9 (19)
LCNEC 1 (2) 1 (2)
NSCLC not otherwise specified 7 (15) 7 (15)

Stage at treatment
IIIB 3 (6) 2 (4) 0.68a)

IVb) 44 (94) 46 (96)
Metastatic sites
Lung to lung 18 (38) 21 (44) 0.59
Pleura 16 (34) 26 (54) 0.05
Brain 7 (15) 4 (8) 0.32
 2 sites 18 (38) 23 (48) 0.34

Treatment sequence
2nd-line 32 (68) 30 (63) 0.57
3rd-line 15 (32) 18 (38)

Previous chemotherapy
Platinum-based combinations 41 (87) 40 (83) 0.80
Non-platinum combinations 3 (6) 4 (8)
Monotherapy without platinum 3 (6) 4 (8)

Best response, any prior chemotherapy
Complete response 0 ( 1 (2) 0.23
Partial response 32 (68) 25 (52)
Stable disease 12 (26) 13 (29)
Progressive disease 3 (6) 8 (17)

EGFR mutation
Mutant 1 (2) 1 (2) 0.12
Wild-type 13 (28) 23 (48)
Unknown 33 (70) 24 (50)

Values are presented as number (%). LCNEC, large-cell neuroendocrine carcinoma; NSCLC, non-small cell lung cancer; EGFR,
epidermal growth factor receptor. a)Fisher exact test, b)Includes four patients with recurrent disease (one patient for pemetrexed
and three patients for gefitinib).
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p=0.62). In patients with unknown EGFR mutation status,
similar efficacy outcomes were observed between peme-
trexed and gefitinib (median PFS: 2.0 months vs. 1.5 months,
p=0.55; median OS: 7.7 months vs. 6.4 months, p=0.80; RR:
0% vs. 8%, p=0.17).

4. Efficacy analysis according to histologic subtypes

When the analysis was limited to patients with non-squa-
mous carcinoma, the median PFS was 2.1 months (95% CI,
1.6 to 2.5 months) and 2.0 months (95% CI, 0.8 to 3.1 months)
for the pemetrexed and gefitinib arms, respectively (p=0.66),
with the median OS of 9.8 months (95% CI, 5.3 to 14.3
months) and 9.5 months (95% CI, 3.9 to 15.1 months), respec-
tively (p=0.84). The objective RRs were also similar in both
arms (16% vs. 10%, p=0.53). For the subpopulation compris-
ing squamous cell carcinoma, there was no significant differ-
ence between the pemetrexed and gefitinib arms regarding
PFS (median, 1.7 months vs. 2.7 months, p=0.73), OS 
(median, 4.9 months vs. 5.4 months, p=0.84), and RR (0% in
both arms).

5. Toxicity

All patients were assessed for toxicity. The median number
of cycles administered was three for both arms (range, 1 to
23 for the pemetrexed arm and 1 to 35 for the gefitinib arm).
The reasons for treatment discontinuation were disease 
progression (87% for pemetrexed and 88% for gefitinib), 
adverse events (9% and 10%), and follow-up loss (2% and
0%). Treatment delays or interruptions due to adverse events
were required in eight patients (15%) and four patients (8%)
in the pemetrexed arm and the gefitinib arm, respectively.

The dose of pemetrexed was decreased in two patients (4%).
A list of treatment-related hematologic and non-hemato-

logic toxicities is shown in Table 2. The most common 
adverse events were anemia (51%) and fatigue (45%) with
pemetrexed, and skin rash (46%) and anorexia (42%) with
gefitinib. Grade 3 or 4 adverse events occurred in 21% of 
patients in the pemetrexed arm group and 19% in the gefi-
tinib arm group. There was one treatment-related deaths 
resulting from pneumonia in each arm. Interstitial lung dis-
ease was noted in two patients who received gefitinib.

Discussion

This study was a prospective, randomized phase II study
to evaluate the efficacy and safety of pemetrexed or gefitinib
in previously treated advanced NSCLC. Both regimens
demonstrated modest activity as the second-line treatment
with a median PFS of 2.0 months and a median OS of 8.5
months in each arm. Toxicities related to both regimens were
mild and well-tolerated. The results of exploratory analyses
for comparison of clinical outcomes between the two arms
showed no significant difference in efficacy between peme-
trexed and gefitinib in the overall population and in patients
with EGFR wild-type tumors.

For patients with EGFR activating mutations, EGFR TKIs
are the favored second-line therapy if not used in the first-
line setting [12,13]. However, the role of EGFR TKIs as 
the second-line treatment for EGFR wild-type or EGFR
unknown patients remains controversial. Both pemetrexed
and gefitinib are currently used in East Asia as the standard 
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Fig. 1.  Kaplan-Meier curves for progression-free survival (A) and overall survival (B).



Young Saing Kim, Pemetrexed Versus Gefitinib in Advanced NSCLC

VOLUME 48  NUMBER 1  JANUARY  2016 85

second-line treatment for advanced non-squamous NSCLC.
Previously, two randomized trials compared pemetrexed
with gefitinib in a second-line treatment setting. The aim of
the phase III KCSG-LU08-01 study [14] (n=135) was to 
compare gefitinib with pemetrexed in a clinically selected
population (never smoker Korean patients with pulmonary
adenocarcinoma). The results clearly favored gefitinib treat-
ment; the median PFS (9.0 months vs. 3.0 months, p=0.0006)
and objective RR (59% vs. 22%, p=0.001) were significantly
increased with gefitinib, although there was no significant
difference in OS (22.2 months vs. 18.9 months, p=0.37). A 
recent Chinese phase II study (CTONG0806) reported that
pemetrexed was superior to gefitinib in a second-line setting
for EGFR wild-type non-squamous NSCLC [15]. Final 
updated results presented at the World Conference on Lung
Cancer 2013 demonstrated a significant improvement in PFS
(4.9 months vs. 1.6 months, p < 0.001), disease control rate
(60.5% vs. 29.6%, p < 0.001), and a trend of favorable OS (12.4
months vs. 9.6 months, p=0.077) with pemetrexed compared
to gefitinib. In contrast to the previous studies, similar 
efficacy between pemetrexed and gefitinib in our study
might be derived from the enrollment of a clinically unse-
lected population. Our study included a high proportion of
males, current or ex-smokers, and patients with unknown
EGFR status. In addition, 20% of patients had squamous cell
tumors. Likewise, previous phase III trials [10,11,16,17] 
conducted in unselected patients demonstrated equivalent

efficacy between EGFR TKIs, compared to single-agent
chemotherapy, including pemetrexed or docetaxel in the 
second-line setting; EGFR TKI therapy yielded a RR of 
approximately 8% to 9%, a median PFS of 1.5 to 3.6 months,
and a median OS of 5.3 to 11.5 months in EGFR-unselected
advanced NSCLC.

There is growing evidence indicating that, in patients with
EGFR wild-type disease, single agent chemotherapy is supe-
rior to EGFR TKIs for the second-line or subsequent treat-
ment. The TAILOR study [18] was specifically designed for
comparison of erlotinib with docetaxel only in wild-type
EGFR tumors. Significantly better PFS and OS were observed
with docetaxel chemotherapy compared with erlotinib (HR
for PFS: 0.71; 95% CI, 0.53 to 0.95; HR for OS: 0.73; 95% CI,
0.53 to 1.00). Subsequently, the DELTA trial [19] also 
reported longer PFS favoring docetaxel over erlotinib in a
subgroup analysis of 199 EGFR wild-type patients (median
PFS 2.9 months vs. 1.3 months; HR, 0.64; 95% CI, 0.47 to 0.85).
In addition, a recent meta-analysis concluded that EGFR
TKIs was statistically inferior to chemotherapy in delaying
disease progression for EGFR wild-type patients who were
suitable to receive chemotherapy (HR, 1.23; 95% CI, 1.05 to
1.46) [13]. These findings suggest that the exact mutational
status should be determined in order to guide rational deci-
sion making for the second-line treatment. In the current
study, no significant difference of efficacy was observed 
between pemetrexed and gefitinib among EGFR wild-type

Table 2. Adverse events

Variable
Pemtrexed (n=47)      Gefitinib (n=48)

All grades Grade 3 to 4 All grades Grade 3 to 4
Hematologic toxicity
Anemia 24 (51) 5 (11) 10 (21) 1 (2)
Leukocytopenia 2 (4) - - -
Neutropenia 3 (6) - - -
Thrombocytopenia 3 (6) 1 (2) - -

Non-hematologic toxicity
Skin rash 5 (11) - 22 (46) -
Fatigue 21 (45) 2 (4) 10 (21) 1 (2)
Anorexia 19 (40) 2 (4) 20 (42) -
Nausea 10 (21) 1 (2) 12 (25) 1 (2)
Vomiting 4 (9) - 7 (15) 1 (2)
Stomatitis 4 (9) - 9 (19) -
Constipation 10 (21) - 1 (2) -
Diarrhea 4 (9) - 8 (17) 2 (4)
Infection 7 (15) 3 (6) 4 (8) 2 (4)
Edema 2 (4) - 2 (4) -
Interstitial lung disease - - 2 (4) 1 (2)

Values are presented as number (%).
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patients. This observation may be explained by a small 
number of patients in our study who were confirmed to have
EGFR wild-type tumors. In addition, we used direct sequenc-
ing for EGFR mutation analysis. The relative low sensitivity
of direct sequencing tends to cause false-negative results. 
Actually, in the gefitinib arm, three patients found to be
EGFR mutation–negative showed satisfactory clinical 
outcome with gefitinib (PFS of 13.2 to 25.0 months). Improve-
ment of tissue acquisition and the application of more sensi-
tive genotype assays are needed in order to clearly define the
mutational status in patients with advanced NSCLC.

Pemetrexed is more effective than docetaxel or gemc-
itabine as a treatment for patients with non-squamous
NSCLC, with an overall favorable toxicity profile [20,21].
Pemetrexed also has an established role in maintenance ther-
apy for advanced NSCLC [22,23]. Therefore, pemetrexed is
increasingly used whether as part of the first-line platinum-
based doublet or as maintenance therapy, and its availability
in the second-line setting has decreased for patients with
non-squamous histology. In daily clinical practice, docetaxel
and EGFR TKIs are usually the remaining options as the 
second-line treatment. The goal of second-line treatment in
advanced NSCLC is palliation. For the optimal second-line
treatment, patient-related factors should be considered, 
including their priorities, PS, and comorbidities. Based on
this background, EGFR TKIs are still an important option for
patients with unknown EGFR status, or for patients with
wild-type EGFR who are unfit to receive docetaxel chemoth-
erapy, because of equivalent efficacy in unselected patients
and mild toxicity profile.

Our study has some limitations. First, it was conducted at
a single institution, in a small study population using an 
initial non-comparative design, which reduced the accuracies
of comparison between the two treatment arms. Second, our
study was initiated before the interaction between peme-

trexed efficacy and histology was detected; thus, patients
with squamous cell carcinoma (20%) were included in the
analyses, which could have biased the results. However, the
results of a subgroup analysis of non-squamous patients
showed no significant differences in PFS (p=0.66) and OS
(p=0.84) between the two arms. Third, the EGFR mutation
status was not determined in more than half of patients, and
there was an imbalance in the distribution of EGFR mutation
status between the two arms. This finding is explained by the
fact that gefitinib was usually used without EGFR mutation
analysis in clinical practice when this study was initiated,
and EGFR mutation testing was not feasible in some patients
due to insufficient or inadequate tissue samples. However,
our results reflect a daily clinical situation in that the decision
making should be done without knowledge of genotype 
information.

Conclusion

The present study showed that both pemetrexed and gefi-
tinib had similar efficacy with good tolerability as the 
second-line treatment in unselected patients with advanced
NSCLC. However, pemetrexed is considered more effective
than gefitinib for the second-line treatment in patients with
EGFR wild-type disease.
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Purpose
Interstitial lung disease (ILD) is a serious adverse effect of gefitinib. We examined the inci-
dence and clinical characteristics of drug-induced ILD in Korean non-small cell lung carci-
noma patients treated with gefitinib.

Materials and Methods
A retrospective cohort study was performed in non-small cell lung cancer (NSCLC) patients
who started gefitinib treatment at Seoul National University Hospital from January 2002
through December 2011. Patients who developed new abnormal radiologic findings with
respiratory symptoms after gefitinib treatment were defined as having possible adverse 
pulmonary reactions. The patients’ medical records were reviewed independently by inves-
tigators to identify the causes of pulmonary toxicities.

Results
Among the 1,114 patients evaluated, 128 patients (11.5%) developed pulmonary adverse
reactions after taking gefitinib. An infectious complication occurred in 98 patients (8.8%)
and 15 patients (1.3%) developed ILD. Nine of the 15 patients (60.0%) with gefitinib-induced
ILD experienced a fatal clinical course that met either the Common Terminology Criteria for
Adverse Events grade 4 (n=3) or grade 5 (n=6). In the multivariate analysis, a lower serum
albumin level ( 3.0 g/dL) at baseline was significantly associated with the development of
gefitinib-induced ILD (odds ratio, 3.91; 95% confidence interval, 1.20 to 12.71). 

Conclusion
The incidence of gefitinib-induced ILD in Korean NSCLC patients was similar to that reported
worldwide, but lower than values reported for Japanese population. ILD was usually a life-
threatening adverse effect of gefitinib, and the development of ILD was significantly asso-
ciated with a lower baseline serum albumin level.

Key words
Gefitinib, Interstitial lung diseases, Lung injury, 
Drug-related side effects and adverse reactions, Lung neoplasms

Introduction

Epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitors are well-established treatments for advanced non-
small cell lung cancer (NSCLC) in many countries. They are
generally well tolerated and not associated with the side 
effects typical of cytotoxic chemotherapy. 

Gefitinib (Iressa, AstraZeneca, London, UK) is an orally
administered, reversible tyrosine kinase inhibitor of EGFR.

In 2002, it was approved for the treatment of inoperable or
recurrent NSCLC based on the results of two large-scale mul-
ticenter phase II studies that yielded favorable responses and
low toxicities [1]. The Iressa Pan-Asia Study (IPASS) found
that gefitinib produced longer progression-free survival
compared to carboplatin plus paclitaxel in patients with 
advanced pulmonary adenocarcinoma harboring EGFR
mutations [2]. A more recent phase III trial, conducted in
metastatic NSCLC patients with mutated EGFR, confirmed
these findings [3]. 
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Common adverse events associated with gefitinib treat-
ment are diarrhea, skin rashes, and nausea, but most of these
are mild in severity and manageable [2,3]. However, since
the first report of gefitinib-induced interstitial lung disease
(ILD) from Japan [4], ILD associated with molecularly tar-
geted agents has drawn considerable attention. The inci-
dence of ILD during gefitinib treatment was not infrequent
and varied among ethnicities. The incidence of gefitinib-
induced ILD was approximately 1% in worldwide popula-
tions [1], while the frequency of ILD in the Japanese series
was reported to be much higher than that in the rest of the
world [5]. The incidence in other Asian populations, besides
Japanese, remains uncertain. In Korean patients, several
small prospective studies reported a high incidence (1.3%-
3.7%) of ILD during gefitinib treatment [6-8]. 

Gefitinib-induced ILD is often life-threatening; its mortal-
ity is approximately 30%-40% [9]. However, investigation of
predictive and prognostic factors for gefitinib-induced ILD
is limited. Even less is known about the mechanisms of 
developing ILD. 

In this study, we estimate the incidence of gefitinib-
induced ILD in a large Korean population and describe the
major clinical findings. Furthermore, we evaluate possible
risk and prognostic factors for gefitinib-induced ILD.

Materials and Methods

1. Study populations

A retrospective cohort study was performed with histol-
ogy proven NSCLC patients who were treated with gefitinib
at Seoul National University Hospital from January 2002
through December 2011 [10]. Patient clinical data, including
medical records, radiographic findings and laboratory 
results were reviewed. This study protocol was approved by
the Institutional Review Board (IRB) of the Seoul National
University Hospital (IRB protocol number: H 1308-047-511). 

2. Clinical data collection

The following demographic data were abstracted: age, sex,
comorbidities, smoking history, Eastern Cooperative Oncol-
ogy Group (ECOG) performance status, histologic type, 
previous anticancer treatment and concurrent pulmonary
disease (e.g., pulmonary emphysema or interstitial pneu-
monitis). Adverse events from gefitinib treatment were eval-
uated using the Common Terminology Criteria for Adverse
Events (CTCAE) from the National Cancer Institute ver. 4.0

and a fatal adverse event was defined as being CTCAE grade
4 or grade 5. Treatment response to gefitinib was assessed
according to the criteria of the Response Evaluation Criteria
in Solid Tumors (RECIST) ver. 1.1. We classified a patient
who had partial or complete response as a responder. Labo-
ratory results, including complete blood cell and differential
counts, chemistry tests, and oxyhemoglobin saturation meas-
ured by pulse oximetry (SpO2) performed when gefitinib
treatment began and when ILD occurred were collected.
Overall survival was calculated from the initiation of gefi-
tinib treatment to the date of death or last follow-up. 

3. Confirmation of adverse pulmonary reaction and gefi-
tinib-induced ILD

New abnormal radiologic findings with respiratory symp-
toms after gefitinib treatment were defined as possible 
adverse pulmonary reactions. To identify the cause of an 
adverse pulmonary reaction, two of the investigators (S.-H.B
and S.H.S) reviewed the data independently. If their opinions
differed regarding the cause of an adverse pulmonary reac-
tion, another investigator (D.-W.K.) made the decision. Pul-
monary infiltrates identified as lung cancer progression were
excluded from this evaluation. Adverse pulmonary reactions
were classified as non-infectious and infectious complica-
tions; the causes of non-infectious complications were cate-
gorized using published classifications [11,12]. The diagnosis
of gefitinib-induced ILD was based on published, generally
accepted clinical criteria [9,13]. In brief, for the diagnosis of
ILD, four specific findings were required: (1) progressive
dyspnea with or without cough or fever, (2) lack of evidence
of infection, (3) radiologic findings consistent with drug-
induced ILD (i.e., bilateral, diffuse, or patchy interstitial
and/or alveolar opacifications without evidence of marked
progression of underlying lung cancer), and (4) consistent
pathologic findings, if available. 

4. Statistical analysis 

Categorical clinical variables were compared using a chi-
squared test or Fisher exact test. Continuous variables were
compared using an independent unpaired t test or the Mann-
Whitney U test if the variables were not normally distrib-
uted. Univariate analysis was performed to evaluate
associations between the outcomes of gefitinib-induced ILD
and patient characteristics. Predictive factors for gefitinib-
induced ILD were assessed by multivariate logistic regres-
sion models. Variables with a p-value in the univariate analy-
sis of less than 0.2 were selected for the multivariate analysis.
Overall survival was assessed by Kaplan-Meier method after
onset of ILD in different patient groups. Two-sided null 
hypotheses of no difference were rejected if p-values were
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less than 0.05, or, equivalently, if the 95% confidence inter-
vals (CIs) of risk point estimates excluded 1. All statistical
analyses were performed with SPSS ver. 21.0 (IBM SPSS Sta-
tistics, IBM Co., Armonk, NY).

Results

1. Incidence of adverse pulmonary reaction and gefitinib-
induced ILD

The medical records of the 1,114 patients who received
gefitinib from January 2002 through December 2011 were 
reviewed and abstracted (Fig. 1). Among these patients, 128
patients (11.5%) developed symptomatic pulmonary infil-
trates after treatment initiation. All patients were treated
with gefitinib monotherapy. An infectious pulmonary com-
plication occurred in 98 patients (8.8%), and 30 patients
(2.7%) experienced a non-infectious pulmonary complica-
tion. Fifteen patients (1.3%) with gefitinib-induced ILD were
identified. 

2. Risk factors for gefitinib-induced ILD

In multivariate analysis, only a lower serum albumin level
was significantly associated with the development of gefi-

tinib-induced ILD after adjusting for sex, hypertension and
coincidence of ILD (odds ratio, 3.91; 95% CI, 1.20 to 12.71)
(Tables 1 and 2). The association between the coincidence of
ILD before treatment and the development of gefitinib-
induced ILD was not significant statistically. The model fit
was confirmed with the Hosmer-Lemeshow goodness of fit-
ness test (p=0.419). 

3. Clinical characteristics of gefitinib-induced ILD

Clinical and laboratory findings of gefitinib-induced ILD
are summarized in Table 3. The median time interval from
the start of gefitinib administration to onset of ILD was 29.0
days (range, 3 to 1,953 days) (Fig. 2). In 12 patients (80.0%),
ILD occurred during the first 8 weeks of gefitinib treatment.
Gefitinib was used as second or later line treatment. In three
patients (20.0%), the computed tomography (CT) findings at
the time of ILD diagnosis revealed combined lung cancer
progression. ILD developed in one patient (6.7%) who 
responded to gefitinib treatment. The most common clinical
presentation of gefitinib-induced ILD was dyspnea (100%),
followed by cough (60.0%). Two patients (13.3%) presented
with fever at the onset of ILD. Severe hypoxemia was found
and the mean SpO2 was 80.47% on room air. Leukocytosis
and elevated level of C-reactive protein (CRP) were common;
mean leukocytes count was 13.90103/µL and mean CRP
level was 12.01 mg/dL. No patient presented with eosino-
philia at the time of ILD diagnosis. The mean albumin level

Gefitinib treated patients at SNUH
(n=1,114)

Developed adverse pulmonary reaction
(n=128, 11.5%)

Non-infectious complications
(n=30, 2.7%)

Gefitinib-induced
interstitial lung

disease
(n=15, 1.3%)

Radiation
pneumonitis
(n=4, < 0.1%)

Cases of
infectious cause

(n=98, 8.8%)

Did not develop adverse
pulmonary reaction

(n=986, 88.5%)

Non-cardiogenic
pulmonary

edema
(n=1, < 0.1%)

Unknown
cause

(n=10, 0.1%)

Fig. 1. Outline of patient recruitment and distribution of adverse pulmonary reactions. SNUH, Seoul National University Hospital.
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Table 1. Univariate analysis of risk factors for gefitinib-induced interstitial lung disease (ILD)

Variable Total (n=1,114) Gefitinib-induced ILD
No (n=1,099) Yes (n=15) OR (95% CI) p-value

Mean age (yr) 60.34 (25-91) 60.34±11.42 60.69±12.01 1.00 (0.96-1.05) 0.906 
Sex 
Male 514 (46.1) 510 (46.4) 4 (26.7) 1 ( 0.139a)

Female 600 (53.9) 589 (53.6) 11 (73.3) 2.38 (0.75-7.52)
History of smoking 
No 643 (57.7) 632 (57.5) 11 (73.3) 1 ( 0.239
Yes 463 (41.6) 459 (41.7) 4 (26.7) 0.50 (0.16-1.58)
Unknown 8 (0.7) 8 (0.7) 0 (

ECOG PS
0-1 733 (65.8) 723 (65.8) 10 (66.7) 1 ( 0.978
2-4 372 (33.4) 367 (33.4) 5 (33.3) 0.99 (0.33-2.90)
Unknown 9 (0.8) 9 (0.8) 0 (

Comorbidities
Diabetes
No 941 (84.5) 927 (84.3) 14 (93.3) 1 ( 0.409
Yes 157 (14.1) 156 (14.2) 1 (6.7) 0.42 (0.06-3.25)
Unknown 16 (1.4) 16 (1.5) 0 (

Hypertension
No 742 (66.6) 729 (66.3) 13 (86.7) 1 ( 0.133a)

Yes 355 (31.9) 353 (32.1) 2 (13.3) 0.32 (0.07-1.42)
Unknown 17 (1.5) 17 (1.5) 0 (

History of tuberculosis
No 896 (80.4) 884 (80.4) 12 (80.0) 1 ( 0.866
Yes 201 (18.0) 198 (18.0) 3 (20.0) 1.12 (0.31-3.99)
Unknown 17 (1.5) 17 (1.5) 0 (

Interstitial lung disease
No 1,096 (98.4) 1,082 (98.5) 14 (93.3) 1 ( 0.155a)

Yes 18 (1.6) 17 (1.5) 1 (6.7) 4.55 (0.57-36.56)
Emphysema 
No 907 (81.4) 895 (81.4) 12 (80.0) 1 ( 0.887
Yes 207 (18.6) 204 (18.6) 3 (20.0) 1.10 (0.31-3.92)

Histological type 
Adenocarcinoma 797 (71.5) 787 (71.6) 10 (66.7) 1 ( 0.674
Others 317 (28.5) 312 (28.4) 5 (33.3) 1.26 (0.43-3.72)

Previous treatment
Chest surgery
No 905 (81.2) 894 (81.3) 11 (73.3) 1 ( 0.434
Yes 209 (18.8) 205 (18.7) 4 (26.7) 1.58 (0.50-5.03)

Thoracic radiotherapy 
No 894 (80.3) 881 (80.2) 13 (86.7) 1 ( 0.534
Yes 220 (19.7) 218 (19.8) 2 (13.3) 0.62 (0.14-2.78)

Chemotherapy
No 169 (15.2) 169 (15.2) 0 ( 1 ( 0.995
Yes 945 (84.8) 930 (84.6) 15 (100) 0.00 (

Laboratory results at baseline
Hemoglobin (g/dL) 11.84±1.74 11.85±1.74 11.02±1.37
< 10 147 (13.2) 144 (13.1) 3 (20.0) 1 ( 0.438
 10 967 (86.8) 955 (86.9) 12 (80.0) 0.60 (0.17-2.16)
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at the time of ILD development was 3.03 g/dL. In two 
patients (13.3%), nosocomial pneumonia occurred during
treatment of ILD.

4. Treatment and outcomes of gefitinib-induced ILD

Treatment and outcomes of gefitinib-induced ILD are sum-
marized in Table 3. Gefitinib was immediately discontinued
in all patients when ILD was clinically suspected. None of
these patients were rechallenged with gefitinib. Two patients
received chemotherapy after ILD improved. One patient 
underwent pemetrexed treatment and the other received 
erlotinib. The patient treated with erlotinib began medication
3 months after development of gefitinib-induced ILD. She 
received erlotinib treatment for 1 month but had to stop the
medication due to newly appeared multifocal patch ground-
glass opacities in both lungs on chest CT. In microbiologic

examinations, sputum pneumocystis jirovecii polymerase
chain reaction was positive, and the patient was treated with
intravenous sulfamethoxazole, trimethoprim, and steroid.
After pneumocystis pneumonia developed, she was trans-
ferred to another hospital near her hometown for hospice
care because of worsened general condition. 

Twelve patients (80.0%) received systemic corticosteroids
for gefitinib-induced ILD. The mean dose was equivalent to
0.87 mg/kg/day methylprednisolone initially and was grad-
ually tapered. Among the 15 patients with gefitinib-induced
ILD, nine patients (60.0%) had a fatal clinical course and six
patients (40.0%) died directly from ILD. The other three 
patients (20.0%) recovered from the potentially fatal ILD con-
dition after stopping the medication or steroid treatment.
However, nosocomial respiratory superinfection developed
in two patients and uncontrolled infection caused their
death. One patient expired from sudden cardiac arrest of 

Table 1. Continued

Variable Total (n=1,114) Gefitinib-induced ILD
No (n=1,099) Yes (n=15) OR (95% CI) p-value

Leukocytes ( 103/µL) 7.71±3.69 7.70±3.67 8.38±4.94
 10 915 (82.1) 904 (82.3) 11 (73.3) 1 ( 0.375
> 10 199 (17.9) 195 (17.7) 4 (26.7) 1.69 (0.53-5.35)

Creatinine (mg/dL) 0.94±0.35 0.94±0.35 0.78±0.17
 1.3 1,061 (95.2) 1,046 (95.2) 15 (100) 1 ( 0.998
> 1.3 53 (4.8) 53 (4.8) 0 ( 0.00 (

AST (IU/L) 24.77±15.43 24.80±15.51 22.27±6.46
 40 1,029 (92.4) 1,014 (92.3) 15 (100) 1 ( 0.997
> 40 85 (7.6) 85 (7.7) 0 ( 0.00 (

ALT (IU/L) 24.71±31.49 24.84±31.67 15.13±9.07
 40 987 (88.6) 972 (88.4) 15 (100) 1 ( 0.996
> 40 127 (11.4) 127 (11.6) 0 ( 0.00 (

Albumin (g/dL) 3.84±0.52 3.85±0.52 3.51±0.58
> 3.0 1,005 (90.2) 994 (90.4) 11 (73.3) 1 ( 0.037a)

 3.0 109 (9.8) 105 (9.6) 4 (26.7) 3.44 (1.08-11.00)

Values are presented as mean±standard deviation or number (%) unless otherwise stated. OR, odds ratio; CI, confidence 
interval; ECOS PS, Eastern Cooperative Oncology Group performance status; AST, aspartate transaminase; ALT, alanine
transaminase. a)Data used for multivariate analysis of risk factors for gefitinib-induced ILD.  

Table 2. Multivariate analysis of risk factors for gefitinib-induced interstitial lung disease

Variable Adjusted odds ratio 95% Confidence interval p-value
Sex (female vs. male) 2.77 0.85-9.04 0.092
Hypertension (yes vs. no) 0.29 0.06-1.33 0.111
Interstitial lung disease (yes vs. no) 8.33 0.95-73.37 0.056
Albumin ( 3.0 g/dL vs. > 3.0 g/dL) 3.91 1.20-12.71 0.024
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unknown cause when he under observation in a general
ward as gefitinib-induced ILD improving after steroid treat-
ment. The median survival time from onset of ILD was 7.10
weeks. 

We compared the clinical and laboratory variables of the
fatal and non-fatal cases of ILD and found that patients in
the fatal group developed ILD after a shorter median length
of gefitinib administration and had lower mean SpO2 and
lower albumin level at the time of ILD development than did
the non-fatal group (Table 3). However, the fatal and non-
fatal groups did not differ significantly in underlying comor-
bidities, pulmonary disease, types of previous cancer
treatment, time interval from onset of ILD to cessation of
gefitinib or administration of corticosteroids, and methyl-
prednisolone dosage.

Discussion

Gefitinib is recognized as an acceptably safe oral agent,
given that the most common toxicities associated with its
use are mild and self-limiting, such as skin toxicities and 
diarrhea [1]. However, the development of ILD during gefi-
tinib treatment is a drug-related toxicity that sometimes has
serious consequences. In 2003, an Food and Drug Adminis-
tration (FDA) analysis of 50,000 patients who received gefi-
tinib reported a 1% worldwide incidence of ILD [1].
Notably, the incidence of ILD in Japanese populations was
reported to range between 2.4% and 5.4% in clinical trials
[9,13-18]. In other Asian studies, the incidence of ILD also

exceeds the global incidence; in Taiwanese patients, it was
reported at 2.3% [19]. However, the incidence of ILD in our
study was 1.3%, similar to values reported worldwide. This
is much lower than reported in other Asian populations, 
including studies of Japanese and Taiwanese patients (Table 4). 

Risk factors for ILD have been identified in several Japan-
ese studies (Table 4), but the findings from the reported stud-
ies are inconsistent. In the present study, we attempted to
identify risk factors for ILD in gefitinib-treated NSCLC 
patients by collecting all possible risk factors, including 
laboratory results and clinical factors that were evaluated in
previous studies. Unlike the previous results, a lower serum
albumin level at the time of gefitinib treatment initiation was
the only risk factor for developing gefitinib-induced ILD. A
smaller Japanese study evaluated the association between
ILD and several laboratory values including albumin level,
but did not find a significant association [16].

The mechanism by which gefitinib may cause ILD is 
unclear. However, decreased EGFR phosphorylation result-
ing in a decrease in regenerative epithelial proliferation could
augment pulmonary fibrosis [20]. We found that a lower
serum albumin level might be an important surrogate
marker for predicting gefitinib-induced ILD. Notably, the 
albumin level at the time of ILD development decreased
compared to that before gefitinib administration (from a
mean of 3.51 to 3.03 g/dL). A similar phenomenon occurs
with methotrexate therapy. Methotrexate is a commonly 
prescribed antineoplastic agent and an immune modulating
compound. Its pulmonary toxicities are well described. 
Hypoalbuminemia is a predisposing factor for methotrexate-
induced pulmonary toxicity (either before or during therapy)
[21]. It has been hypothesized that a lower degree of protein
binding of methotrexate and higher levels of free methotrex-
ate resulting from hypoalbuminemia could enhance drug-
induced pulmonary toxicity in methotrexate-treated patients
[21]. Gefitinib is also primarily bound to plasma proteins 
including human serum albumin (90%) and alpha-1 acid 
glycoprotein (78%) [22]. Similarly, methotrexate is bound to
plasma protein (~50%). Ter Heine et al. [23] reported a case
of fatal ILD associated with another EGFR tyrosine kinase 
inhibitor erlotinib, with high erlotinib and metabolite plasma
levels, and suggested that high drug and metabolite levels
result in severe adverse pulmonary reactions. With these
drugs, a lower albumin level might lead to higher levels of
free gefitinib and enhance pulmonary toxicity. In a study of
another target agent, monoclonal antibodies, low albumin
level was identified as a risk factor for developing adverse
pulmonary reactions in cancer patients [12]. However, the
cause for gefitinib-associated ILD is multifactorial and it is
difficult to demonstrate causation between hypoalbumine-
mia and the development of gefitinib-induced ILD from the
results in our study. In addition, hypoalbuminemia in itself
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Fig. 2.  Cumulative incidence of gefitinib-induced inter-
stitial lung disease.
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Table 3. Clinical features and outcomes of gefitinib-induced interstitial lung disease (ILD)

Variable Total (n=15) Non-fatal (n=6) Fatal (n=9) p-value
Clinical findings
Mean age (yr) 60.69±12.01 66.93±10.60 56.53±11.55 0.101 
Sex (male:female) 4 (26.7):11 (73.3) 0 (0):6 (100) 4 (44.4):5 (55.6) 0.103 
Current or ex-smoker 4 (26.7) 0 ( 4 (44.4) 0.103 
ECOG PS ( 2) 5 (33.3) 3 (50.0) 2 (22.2) 0.329 
Emphysematous lung 3 (20.0) 0 ( 3 (33.3) 0.229 
Previous treatment
Chest surgery 4 (26.7) 2 (33.3) 2 (22.2) > 0.999  
Thoracic radiotherapy 2 (13.3) 1 (16.7) 1 (11.1) > 0.999 
Chemotherapy 15 (100) 6 (100) 9 (100) > 0.999 

Combined lung cancer progression 3 (20.0) 1 (16.7) 2 (22.2) > 0.999 
Responder to gefitinib 1 (6.7) 1 (16.7) 0 ( 0.400 
Onset of symptoms after gefitinib 29.0 (3-1,953) 54.0 (14-1,953) 10.0 (3-56) 0.024 
therapy, median (range, day)
 8 wk 12 (80.0) 3 (50.0) 9 (100) 0.044
> 8 wk 3 (20.0) 3 (50.0) 0 (

Symptoms
Dyspnea 15 (100) 6 (100) 9 (100) > 0.999
Cough 9 (60.0) 4 (66.7) 5 (55.6) > 0.999 
Chest discomfort 2 (13.3) 0 ( 2 (22.2) 0.486 
Fever  38.0°C 2 (13.3) 0 ( 2 (22.2) 0.486 

SpO2 (%) (n=13) 80.47±20.32 96.75±2.06 73.23±20.65 0.009 
Laboratory findings at the time of ILD onset  

Leukocytes (103/µL) 13.90±8.47 9.08±2.35 17.12±9.68 0.070 
Eosinophil percentage 2.52±2.60 3.05±2.53 2.17±2.74 0.539 
Hemoglobin (g/dL) 10.86±1.97 11.17±2.61 10.66±1.56 0.641 
CRP (mg/dL) (n=13) 12.01±8.78 7.72±10.31 13.92±7.91 0.257 
Albumin (g/dL) 3.03±0.56 3.55±0.45 2.69±0.31 0.001 

Treatment
Cessation of gefitinib treatment 15 (100) 6 (100) 9 (100) > 0.999 
Interval from onset of symptoms to 8.21±8.12 10.80±7.66 6.78±8.44 0.396
cessation of gefitinib (day) 

Administration of corticosteroids 12 (80.0) 4 (66.7) 8 (88.9) 0.525 
Methylprednisolone dose 0.87±0.61 0.52±0.42 1.06±0.63 0.110 
(mg/kg/day) at first

Duration of corticosteroids treatment (day) 34.08±34.24 61.50±45.86 20.38±17.22 0.170 
Interval from symptom onset to start 5.64±4.38 8.20±6.02 4.22±2.59 0.087 
of corticosteroids (day)

Coadministration of antibiotics 12 (80.0) 4 (66.7) 8 (88.9) 0.220 
Clinical course
ILD-related death 6 (40.0) 0 ( 6 (66.7) 0.028 
Median survival time after ILD onset (wk) 7.10±2.93 16.00±2.12 4.10±3.58 < 0.001
Subsequent chemotherapy after ILD 0.177 
Cytotoxic chemotherapy 1 (6.7) 1 (16.7) 0 (
Erlotinib 1 (6.7) 1 (16.7) 0 (

Values are presented as mean±standard deviation or number (%) unless otherwise stated. ECOG PS, Eastern Cooperative 
Oncology Group performance status.
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is a marker for illness severity and malnutrition, and many
confounding clinical factors can influence the development
of hypoalbuminemia. 

Another possible predisposing factor for gefitinib-induced
ILD is ethnic differences in susceptibility to ILD. Notably, the
incidence of gefitinib-induced ILD in Japanese patients was
higher than the incidence found in our study; the incidence
in our study was similar to values reported in worldwide
populations. Forsythe and Faulkner [24] suggest that the rea-
son for the observed difference in susceptibility to ILD is 
related to population or environmental differences or differ-
ences in diagnostic or clinical practice. A higher risk of ILD
has been noted in Japan than elsewhere with other medica-
tions [25]. In fact, the frequency of coincidence with intersti-
tial pneumonitis before gefitinib treatment was much higher
(5.0%-13.6%) [13-17] than that observed in our Korean pop-
ulation (1.6%). Of note, comorbid interstitial pneumonitis
was found to be a major risk factor for gefitinib-induced ILD
in many Japanese studies (Table 4). 

Gefitinib-induced ILD usually occurs during the first 3
months of treatment; the range to onset is 24 to 42 days [1].
In our study, the median time to development of ILD was 29
days, and 80.0% of ILD cases presented within the first 8

weeks of starting gefitinib treatment (Fig. 2). The main man-
ifestations of gefitinib-induced ILD were dyspnea (100.0%)
and cough (60.0%), sequentially, while only two patients
(13.3%) presented with fever, a commonly recognized sign
of infectious pneumonia. 

The prognosis for gefitinib-induced ILD was consistent
with other studies (Table 4). In the present study, among 
patients diagnosed with ILD, six patients had an ILD related
death (mortality, 40.0%). Treatment of gefitinib-induced ILD
is largely supportive, including supplemental oxygen, 
empirical antibiotics and mechanical ventilation. Immediate
discontinuation of the drug is strongly recommended and
systemic corticosteroids are usually prescribed, although 
no controlled trials have been conducted to evaluate their 
efficacy [5].

We investigated the association between clinical factors at
the time of onset and fatality from gefitinib-induced ILD. In
this study, the treatment for gefitinib-induced ILD was not
significantly different between the fatal and non-fatal groups.
When ILD was suspected clinically, gefitinib was discontin-
ued immediately in all patients. The time interval from onset
of symptoms to cessation of gefitinib was similar between
groups. Among the 15 patients who developed ILD, 12 

Table 4. Reported incidence, mortality and risk factors of gefitinib-induced interstitial lung disease (ILD) in Japanese [9,13-
18] and Taiwanese [19] studies

Year Study group No. of No. cases of No. ILD death Risk factorpatients ILD (%) (mortality, %)
2004 National Cancer Center, 112 6 (5.4) 4 (66.7) Preexisting pulmonary fibrosis

Japan [14]
2005 Okayama Lung Cancer Study 330 15 (4.5) 8 (53.3) Preexisting pulmonary fibrosis, poor PS, 

Group [15] prior thoracic irradiation
2006 West Japan Thoracic Oncology 1,976 70 (3.5) 31 (44.3) Preexisting pulmonary fibrosis, male, 

Group [13] smoking
2008 AstraZeneca [9] 1,482 59 (4.0) -  (31.6) Preexisting chronic ILD, poor PS, smoker, 

older age (> 55 years), recent NSCLC 
diagnosis, reduced normal lung on 
computed tomography scan, concurrent 
cardiac disease

2009 Japan-Multinational Trial 526 17 (3.2) 7 (41.2) No risk factors found 
Organization [16]

2010 Okayama Lung Cancer Study 330 8 (2.4) 5 (62.5) Preexisting pulmonary fibrosis, poor PS
Group [17]

2013 NEJ 002 and WJTOG 3405 201 10 (5.0) 2 (20.0) Smoking 
trials [18] (EGFR mutation 

positive)
2013 Chang et al. [19] 1,080 25 (2.3) 10 (40.0) Not evaluated 
2013 This study 1,114 15 (1.3) 6 (40.0) Lower albumin level 

PS, performance status; NSCLC, non-small cell lung cancer.
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Purpose
Involvement of human kallikreins (hKs) in human cancers has been reported and several
hKs are promising biomarkers of various cancers. The aim of this study was to evaluate the
prognostic significance of hK11 expression in patients with non-metastatic non-small cell
lung cancer (NSCLC).

Materials and Methods
The study included 44 patients with NSCLC. hK11 expression was determined by immuno-
histochemical staining.

Results
The estimation of disease-free and overall survival by Kaplan-Meier was 11 months and 17
months, respectively. The estimation of overall survival by Kaplan-Meier was significantly
higher in patients with hK11 strongly positive (2+) than in those with hK11 weakly positive
(1+) (20 months vs. 11 months, p=0.032). Although not statistically different, the estimation
of disease-free survival by Kaplan-Meier was higher in patients with hK11 strongly positive
(2+) than in those with hK11 weakly positive (1+) (12 months vs. 9 months, p=0.113). 
Multivariate Cox regression analysis showed that the overall survival rates were significantly
associated with response to chemoradiotherapy and the degree of staining with hK11. 

Conclusion
The stronger hK11 expression in NSCLC appears to be associated with better survival rates.
hK11 may be a prognostic biomarker of NSCLC.

Key words
Kallikrein-11, Lung neoplasms, Survival

Introduction

Lung cancer is the leading cause of cancer-related deaths.
According to the World Health Organization (WHO), it is 
divided into two categories based on its biology, therapy and
prognosis as small cell lung cancer and non-small cell lung

cancer (NSCLC). NSCLC, accounting for more than 85% of
all lung cancer cases, consists of two major histological 
subtypes; squamous and non-squamous (adeno, large cell
and other cell types). Only about 15.6% of all lung cancer 
patients are alive 5 years or more after diagnosis [1,2]. The
majority of patients with lung cancer are at the advanced
stage at time of diagnosis. Therefore, late diagnosis is still a
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problem in the effort to improve the outcomes and early
stage at diagnosis is an important prognostic factor [3].
Defining the high risk group patients is important for early
diagnosis and chance of cure [2]. 

New biological markers, which can predict patients with
higher risk and poor outcome, can be a new therapeutic 
approach. The potential uses of the markers include aiding
early diagnosis, determining prognosis, prospectively pre-
dicting response or resistance to specific therapies, and mon-
itoring therapy in patients with advanced disease [4,5].
Kallikreins, a subgroup of the serine protease enzyme family,
are expressed in many tissues, including steroid hormone-
producing or hormone-dependent tissues such as the prost-
ate, breast, ovary, and testis. Human tissue kallikreins are a
family of 15 highly conserved serine proteases encoded by
the largest contiguous cluster of protease genes in the human
genome [6,7]. Measurement of kallikrein genes and proteins
in serum and tumor tissue extracts may be useful for the 
purpose of disease diagnosis, monitoring, prognosis, or sub-
classification [4,6]. Borgono et al. [8] showed that human
kallikrein 11 (hK11) positivity is associated with a slower dis-
ease progression and hK11 is an independent marker of 
favorable prognosis in patients with ovarian cancer. In a 
recent study, we observed that hK11 expression in gastric
cancer is associated with a better prognosis [4]. In the current
study, we aimed to evaluate the prognostic value of 
immunohistochemical expression of hK11 in patients with
non-metastatic NSCLC treated with chemoradiotherapy.

Materials and Methods

1. Patient population

A total of 88 eligible patients with non-metastatic NSCLC
were treated with chemoradiotherapy. Patients who were 
< 18 years old, had severe disease such as heart failure, renal
failure, or hepatic failure, a history of any other cancer, or a
metastatic disease were excluded. The diagnosis of lung 
cancer was made by bronchoscopic biopsy in most cases.
Therefore, the majority of patients did not have adequate
biopsy specimens for immunohistochemical evaluation. 
Finally, 44 patients were included in the study. Forty-one of
the patients (93.2%) were male and only three patients (6.8%)
were female. The mean age was 57±6 years. 

We recorded responses to chemoradiotherapy including
complete remission, regression, stable disease, and disease
progression, and overall and disease-free survival. Survival
time was measured from the date of chemoradiotherapy
until death or last clinical evaluation.

Histopathology of NSCLC was squamous cell carcinoma
in 30 (68.2%), adenocarcinoma in eight (18.2%), large cell 
carcinoma in three (6.8%), and unclassified NSCLC in three
(6.8%) patients. 

2. Radiotherapy and chemotherapy

Two-dimensional treatment planning system was used by
conventional X-ray simulator and radiotherapy was deliv-
ered by a linear accelerator device including 6-18 million
volts photons. Total dose of 66 Gy in 2.0 Gy fractions was
given. During radiotherapy weekly docetaxel 20 mg/m2 and
cisplatin 20 mg/m2 infusion were administered concomi-
tantly on the first day of every week for 6.5 weeks. The initial
planning target volume consisted of the primary tumor, the
ipsilateral hilum, and mediastinum with a margin of 2 cm.
Special blocks were employed in order to prevent exposure
of normal tissues to radiation. This initial field was treated
by parallel-opposed anterior and posterior fields to 46 Gy in
23 fractions. Boost dose of radiotherapy was administered
after 46 Gy to the primary tumors and the involved nodes
were included with a margin of 0.5-1.5 cm from oblique par-
allel-opposed fields with protecting the spinal cord.

After chemoradiotherapy, complete remission developed
in 11 patients (25.0%), regression in 16 (36.4%), stable disease
in seven (15.9%), and disease progression in 10 (22.7%). 
Stable disease or disease progression after chemoradiother-
apy was defined as lack of response to chemoradiotherapy.
In contrast, complete response or disease regression after
chemoradiotherapy was defined as response to chemoradio-
therapy. A response to chemoradiotherapy was observed 
in 27 patients (61.4%) whereas 17 patients (38.6) did not 
respond to chemoradiotherapy.

3. Immunohistochemistry

Tissues were fixed in 10% buffered formalin and embed-
ded in paraffin. One paraffin-embedded block tissue was 
selected from each case and cut into 4-m sections. Tissue
sections were deparaffinized with xylene and washed with
ethanol. Commercially available rabbit antihuman poly-
clonal antibody of hK11 (lot No. 82067, Biorbyt, Cambridge,
UK) was used. Immunohistochemical staining was per-
formed using avidin-biotin-peroxidase method. 

Positive and negative immunohistochemical controls were
routinely used. hK11 positivity was defined as the cytoplasm
and cytoplasmic membrane staining in at least 10% of tumor
cells. hK11 negativity was defined as cytoplasmic staining in
less than 10% of tumor cells. The staining density equal to or
less than control specimens was defined as weakly positive
(1+) (Fig. 1A). In contrast, more intense staining of control
specimens was defined as strongly positive (2+) (Fig. 1B). 
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Immunohistochemical staining with hK11 was positive in
all patients. Seventeen patients (38.6%) had weakly positive
(1+) with hK11 whereas 27 patients (61.4%) had strongly pos-
itive (2+) with hK11.

4. Statistical analysis

SPSS ver. 15.0 (SPSS Inc., Chicago, IL) was used for the 
statistical analysis. Continuous variables with normal distri-
bution were presented as mean±standard deviation. Statisti-
cal analysis for the parametric variables was performed

Fig. 1.  Positive staining with human kallikrein 11 in cytoplasm and cytoplasmic membrane in lung cancer cells: (A) weakly
positive (1+), (B) strongly positive (2+).

B

Table 1. Clinical and pathological characteristics of the patients with human kallikrein 11 weakly positive (1+) and strongly
positive (2+)

Characteristic Total (n=44) Weakly positive (1+) Strongly positive (2+) p-value(n=17) (n=27)
Age (yr) 57±6 57.1±6.7 57.6±6.1 0.809
Sex
Female 3 (6.8) 1 (5.9) 2 (7.4) 0.671
Male 41 (93.2) 16 (94.1) 25 (92.6)

Histology
Squamous 30 (68.2) 13 (76.5) 17 (63.0) 0.275
Non-squamous 14 (31.8) 4 (23.5) 10 (37.0)

T status
T1-2 11 (25.0) 4 (23.5) 7 (25.9) 0.576
T3-4 33 (75.0) 13 (76.5) 20 (74.1)

N status
N0 19 (43.2) 7 (41.2) 12 (44.4) 0.541
N1-3 25 (56.8) 10 (58.8) 15 (55.6)

Stage 
II 4 (9.1) - 4 (14.8) 0.229
IIIA 18 (40.9) 7 (41.2) 11 (40.7)
IIIB 22 (50.0) 10 (58.8) 12 (44.4)

Response to chemoradiotherapya)

Presence 27 (61.4) 10 (58.8) 17 (63.0) 0.515
Absence 17 (38.6) 7 (42.2) 10 (37.0)

Values are presented as number (%). a)Presence: complete response or disease regression/absence: stable disease or progres-
sion.
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using the Student’s t test between two groups. Qualitative
variables are given as percent and the correlation between
categorical variables was determined using the chi-square
test and Fisher exact tests. Disease-free survival and overall
survival were estimated using the Kaplan-Meier method and
the log-rank test was used for comparison of outcomes. Mor-
tality risks were analyzed using the multivariate Cox regres-
sion model in which we included (in a backward-wald
manner) all significant variables from the univariate analysis.
A p-value of < 0.05 was considered significant.

Results

Table 1 shows clinical and pathological characteristics of
the patients with hK11 weakly positive (1+) and strongly
positive (2+). There was no significant difference between
two groups in terms of age, sex, cancer histology, T and N
status, stage, and response to chemoradiotherapy (p > 0.05). 

The estimation of disease-free and overall survival by 
Kaplan-Meier was 11 months and 17 months, respectively
(data not shown).

Fig. 2 shows disease-free survival according to the degree
of staining with hK11. Although not statistically different,
the estimation of disease-free survival by Kaplan-Meier was
higher in patients with hK11 strongly positive (2+) than in
those with hK11 weakly positive (1+) (12 months vs. 9
months, p=0.113).

Fig. 3 shows overall survival according to the degree of

staining with hK11. The estimation of overall survival by 
Kaplan-Meier was significantly higher in patients with hK11
strongly positive (2+) than in those with hK11 weakly posi-
tive (1+) (20 months vs. 11 months, p=0.032). 

The overall survival rates according to characteristics of
the patients are shown in Table 2. Histology of cancer, T 
status, response to chemoradiotherapy, and the degree of
staining with hK11 were the characteristics that significantly
influenced the overall survival (p=0.021, p=0.038, p=0.011,
and p=0.032, respectively). 

The overall survival and p-values adjusted for patient
characteristics in patients with hK11 weakly positive (1+) and
strongly positive (2+) are shown in Table 3. A significant dif-
ference in the overall survival adjusted for age groups, sex,
T status, and N status was observed between the two groups
(p=0.043, p=0.026, p=0.041, and p=0.039, respectively). How-
ever, no significant difference in the overall survival adjusted
for histology and response to chemoradiotherapy was 
observed between the two groups (p > 0.05).

Univariate and multivariate analyses were performed 
to determine the risk factor(s) related to overall survival.
Table 4 shows the results regarding eight variables examined
in univariate analysis as potential risk factors for overall 
survival. In univariate analysis four of the eight factors (his-
tology of cancer, T status, response to chemoradiotherapy,
and the degree of staining with hK11) differed significantly
between these groups (p < 0.05). All of these significant vari-
ables in the univariate analysis were included in the multi-
variate Cox regression for analysis of mortality risk.
Multivariate Cox regression analysis determined that the
overall survival rates were significantly associated with 
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Fig. 2.  The disease-free survival according to the degree
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response to chemoradiotherapy and the degree of staining
with hK11. In contrast, the overall survival rates did not
show significant association with histology of cancer and T
status (p > 0.05).

Discussion

Interactions occur between serine proteases and substrates
of serine proteases and many other substrates, including 
extracellular matrix proteins. Serine proteases play a role in
cascade pathways, such as the blood coagulation cascade, the
dissolution of blood clots, the intestinal digestive enzymes,
and the apoptosis pathway [6]. Kallikrein cascade seems to
be valuable in elucidation of the various mechanisms under-
lying cancer invasion and metastasis [9]. There is evidence
of a link between kallikreins and cancer. Prostate-specific
antigen (PSA; hK3) is the most used tumor marker [6]. 
The most successful clinical use of PSA is currently in the 

diagnosis and monitoring of prostate cancer [10]. Similarly,
kallikreins such as hK4, hK6, hK9, hK10, hK11, and hK12 are
emerging new markers for the diagnosis and prognosis of
various tumors.

Previous studies have reported an association between
kallikreins and cancer prognosis. Yu et al. [9] reported that
over-expression of hK11 was associated with poor prognosis
in patients with low rectal carcinoma. Diamandis et al. [11]
found that hk11 is an indicator of favorable prognosis in
ovarian cancer patients. They observed that patients with
hK11-positive tumors had a significantly longer progression-
free survival and overall survival and hK11 was an inde-
pendent prognostic indicator of progression-free survival
[11]. Similarly, in another study conducted by these authors
in patients with ovarian cancer, it was found that hK11-pos-
itive tumors were more frequently associated with early
stage disease, pre-/peri-menopausal status and patients who
exhibited complete or partial response to chemotherapy and
patients with hK11-positive tumors had a significantly 
decreased risk of relapse and death [8]. 

In the literature, there are a limited number of studies on

Table 2. Overall survival and p-value according to characteristics of patients

Characteristic No. of patients (%) Survival (95% CI, mo) p-value
Age (yr)
 65 6 (13.6) 17 (0-36.2) 0.849
< 65 38 (86.4) 15 (5.65-24.35)

Sex
Female 3 (6.8) 10 (8.40-11.60) 0.686
Male 41 (93.2) 18 (10.72-25.28)

Histology
Squamous 30 (68.2) 10 (0.61-19.39) 0.021
Non-squamous 14 (31.8) 25 (12.17-37.83)

T status
T1-2 11 (25.0) 26 (22.76-29.24) 0.038
T3-4 33 (75.0) 13 (5.59-20.42)

N status
N0 19 (43.2) 11 (3.89-18.11) 0.332
N1-3 25 (56.8) 21 (13.23-28.77)

Stage 
II 4 (9.1) 19 (0.07-37.94) 0.892
IIIA 18 (40.9) 17 (10.11-23.90)
IIIB 22 (50.0) 5 (0-10.88)

Response to chemoradiotherapya)

Presence 27 (61.4) 21 (17.36-24.64) 0.011
Absence 17 (38.6) 6 (3.99-8.02)

Human kallikrein 11
Weakly positive (1+) 17 (38.6) 11 (4.28-17.72) 0.032
Strongly positive (2+) 27 (61.4) 20 (14.92-25.09)

CI, confidence interval. a)Presence: complete response or disease regression/absence: stable disease or progression.
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the importance of hK11 in lung cancer. Planque et al. [7] 
examined the clinical value of 11 members of the hK family
as potential biomarkers for the diagnosis of lung cancer.

They obtained serum specimens from 51 patients with
NSCLC and from 50 healthy subjects. They found that 
patients with NSCLC had lower levels of KLK5, KLK7,

Table 3. Overall survival and p-value in patients with human kallikrein 11 weakly positive (1+) and strongly positive (2+)
according to characteristics of patients

95% CI (mo)
Characteristic

Weakly positive (1+) Strongly positive (2+)
p-value

Age (yr)
 65 5 ( 21 (12.41-29.59) 0.043
< 65 11 (3.16-18.84) 19 (2.91-35.09)

Sex
Female 9 ( 10 ( 0.026
Male 11 (1.20-20.80) 20 (15.10-24.90)

Histology
Squamous (%) 13 (4.78-21.22) 10 (0-27.48) 0.113
Non-squamous (%) 7 (2.10-11.90) 29 (24.35-33.65)

T status
T1-2 (%) 6 (0-25.60) 30 (19.74-40.27) 0.041
T3-4 (%) 11 (5.13-16.87) 17 (0-34.53)

N status
N0 (%) 11 (3.30-18.70) 10 (0-32.07) 0.039
N1-3 (%) 9 (0-28.28) 24 (15.16-32.84)

Stage 
II (%) - 24 (6.74-41.26) 
IIIA (%) 11 (0.74-21.26) 20 (14.90-25.09)
IIIB (%) 9 (1.25-16.75) 5 (0-10.88)

Response to chemoradiotherapya)

Presence (%) 15 (3.98-26.02) 21 (14.28-27.72) 0.067
Absence (%) 7 (4.65-9.34) 5 (2.93-7.07)

CI, confidence interval; , no pooled comparison is performed because at least one stratum does not have valid cases for each
factor level. a)Presence: complete response or disease regression/absence: stable disease or progression. 

Table 4. Univariate and multivariate analysis of risk factors for overall survival

Risk factor Univariate analysis                                      Multivariate analysis
OR (95% CI) p-value OR (95% CI) p-value

Age (< 65 yr or  65 yr) 1.09 (0.46-2.60) 0.852 - -
Sex (female or male) 1.27 (0.39-4.17) 0.693 - -
Histology (squamous or non-squamous) 2.19 (1.09-4.40) 0.028 - -
T status (T3-4 or T1-2) 2.17 (1.01-4.64) 0.047 - -
N status (N0 or N1-3) 1.36 (0.72-2.54) 0.345 - -
Stage (II or IIIA or IIIB) - 0.897 - -
Response to chemoradiotherapy 2.30 (1.17-4.25) 0.015 2.35 (1.22-4.51) 0.010
(absence or presence)a)

Human kallikrein 11 2.08 (1.04-4.18) 0.039 2.23 (1.10-4.56) 0.027
(weakly positive [1+] or strongly positive [2+]) 

OR, odds ratio; CI, confidence interval. a)Absence: stable disease or progression/presence: complete response or disease 
regression.
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KLK8, KLK10, and KLK12, and higher levels of KLK11,
KLK13, and KLK14 compared to controls and proposed a
multiparametric panel of kallikrein markers for the diagnosis
of NSCLC with relatively good accuracy [7]. Similarly, Xu et
al. [5] evaluated the diagnostic and prognostic value of
serum human kallikrein–related peptidases 11 level in
NSCLC. They collected serum specimens from 138 patients
with NSCLC and 40 healthy controls. They observed that
serum human kallikrein–related peptidases 11 levels were
significantly higher in NSCLC compared to that in the 
controls and NSCLC patients with serum high human
kallikrein–related peptidases 11 had a longer overall survival
and progression-free survival than those with low human
kallikrein–related peptidases 11 and concluded that serum
human kallikrein–related peptidases 11 might be a useful 
diagnostic and prognostic test for NSCLC patients [5].

In the current study, we observed that the stronger hK11
expression was associated with better survival rates in 
patients with NSCLC. Overall survival rates were signifi-
cantly higher in patients with hK11 strongly positive (2+)
compared to those with hK11 weakly positive (1+). In addi-
tion, although not statistically different, disease-free survival
rates were higher in patients with hK11 strongly positive (2+)
compared to those with hK11 weakly positive (1+). 

Cancer cells and some cells of the immune system produce
substances that induce apoptosis in normal tissues. Apopto-
sis is genetically regulated and may be corrupted in malig-
nant cells. For example, the p53 tumor suppressor gene
stimulates apoptosis, whereas the Bcl-2 oncogene inhibits it
[12]. Apoptosis pathway is an important example of coordi-
nated action of serine protease [6]. hK11 may improve the
prognosis by enhancing chemoradiotherapy-induced apop-
tosis in lung cancer.

In our recent study on the value of hK11 expression in 

gastric cancer, we found that negativity in tumor negatively
affects the prognosis [4]. Similarly, in the current study, we
found that prognosis worsens as staining with hK11 in lung
cancer tissue is decreasing. On the other hand, we found no
negative staining with hK11 in lung cancer tissue.

Conclusion

hK11 may be a prognostic biomarker of NSCLC, which is
usually diagnosed at advanced stage, and new therapeutic
and prognostic indicators are needed. The stronger hK11 
expression in NSCLC appears to be associated with better
survival rates. On the other hand, the mechanisms underly-
ing the regulation of hK11 expression in NSCLC should be
elucidated.
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Purpose
This study was conducted to evaluate clinical outcomes following definitive concurrent
chemoradiotherapy (CCRT) for patients with N3-positive stage IIIB (N3-IIIB) non-small cell
lung cancer (NSCLC), with a focus on radiation therapy (RT) techniques.

Materials and Methods
From May 2010 to November 2012, 77 patients with N3-IIIB NSCLC received definitive
CCRT (median, 66 Gy). RT techniques were selected individually based on estimated lung
toxicity, with 3-dimensional conformal RT (3D-CRT) and intensity-modulated RT (IMRT) 
delivered to 48 (62.3%) and 29 (37.7%) patients, respectively. Weekly docetaxel/paclitaxel
plus cisplatin (67, 87.0%) was the most common concurrent chemotherapy regimen.

Results
The median age and clinical target volume (CTV) were 60 years and 288.0 cm3, respectively.
Patients receiving IMRT had greater disease extent in terms of supraclavicular lymph node
(SCN) involvement and CTV  300 cm3. The median follow-up time was 21.7 months. Forty-
five patients (58.4%) experienced disease progression, most frequently distant metastasis
(39, 50.6%). In-field locoregional control, progression-free survival (PFS), and overall survival
(OS) rates at 2 years were 87.9%, 38.7%, and 75.2%, respectively. Although locoregional
control was similar between RT techniques, patients receiving IMRT had worse PFS and OS,
and SCN metastases from the lower lobe primary tumor and CTV  300 cm3 were associated
with worse OS. The incidence and severity of toxicities did not differ significantly between
RT techniques.

Conclusion
IMRT could lead to similar locoregional control and toxicity, while encompassing a greater
disease extent than 3D-CRT. The decision to apply IMRT should be made carefully after 
considering oncologic outcomes associated with greater disease extent and cost.

Key words
Non-small cell lung carcinoma, Concurrent chemoradiotherapy, 
Stage IIIB-N3, Intensity-modulated radiotherapy

Introduction

Definitive concurrent chemoradiotherapy (CCRT) has 
become the standard treatment for patients with N3-positive
stage IIIB (N3-IIIB) non-small cell lung cancer (NSCLC) 
[1-4]. Delivery of high radiation dose, which is usually 
recommended for improved locoregional control and 
survival [5], is often limited by the risk of lung toxicity, 
which presents as radiation pneumonitis and subsequent

pulmonary fibrosis [6,7]. The extent of metastatic regional
lymph nodes (LN) in patients with N3-IIIB NSCLC is quite
heterogeneous [8], and it often becomes difficult to safely
cover the whole disease extent within the high radiation dose
volume when using conventional 3-dimensional conformal
radiation therapy (3D-CRT) technique. Metastasis to the
supraclavicular lymph node (SCN) from the lower lobe 
primary tumor is a typical problematic example. Introduc-
tion of the intensity-modulated radiation therapy (IMRT)
technique has greatly improved the target coverage at high
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radiation dose while sparing normal lung tissue [9-11]. 
Previous studies that employed IMRT were more or less 
successful at achieving favorable clinical outcomes in terms
of locoregional control and survival and reducing the inci-
dences of pulmonary and esophageal toxicities, among
which the proportion of patients with N3 or IIIB disease 
accounted for 32%-60% [12-14]. Based on these studies, the
use of IMRT for treatment of patients with stage III NSCLC
has become increasingly popular [15]. 

The use of IMRT is still limited in Korea, mainly because
the national health insurance plan covers only the 3D-CRT
technique and does not reimburse the cost of IMRT during
treatment of patients with NSCLC. Given this limitation, few
clinical studies on the use of IMRT for lung cancer patients
have been conducted in Korea [16]. Since May of 2010, the
authors at Samsung Medical Center (SMC) have been using
IMRT to treat patients with extensive NSCLC. Based on their
known disease extent, these patients were believed to be at
excessive risk of pulmonary toxicity if treated with conven-
tional 3D-CRT. This study was conducted to comparatively
evaluate treatment outcomes based on the radiation therapy
(RT) techniques chosen (IMRT vs. 3D-CRT) for evaluation of
N3-IIIB NSCLC patients receiving definitive CCRT.

Materials and Methods

From May 2010 to November 2012, 81 patients with newly
diagnosed, pathologically confirmed N3-IIIB NSCLC were
treated with definitive CCRT at SMC. Since trimodality ther-
apy strategy, which includes surgical resection following
neoadjuvant CCRT, has been the primary treatment option
for N2-IIIA patients at SMC [17], patients with N3-IIIB 
disease constituted the majority of those receiving definitive
CCRT. Among these, two patients received curative surgical
resection following definitive CCRT, and another two 
received a combination of 3D-CRT and IMRT. After exclud-
ing these four patients, we retrospectively reviewed the med-
ical records of 77 patients who were the basis of the current
study. The RT techniques were selected individually based
on the known disease extent, performance and cardio-
pulmonary functional status of the patients, and the subse-
quent estimated risk of pulmonary toxicity. When the esti-
mated V20 exceeded 40%, the mean lung dose exceeded 25
Gy, and/or the maximum spinal cord dose exceeded 50 Gy
if treated with conventional 3D-CRT, they were offered the
IMRT option. It was explained to all the IMRT candidate 
patients that IMRT was not covered by the Korean insurance
policy, and they were offered alternative option of induction
chemotherapy followed by sequential RT in case the IMRT

cost was not affordable. All IMRT candidate patients agreed
to pay the extra-cost, and the current study was approved by
the Institutional Review Board of Samsung Medical Center
(2013-08-027). 

The initial diagnosis of NSCLC was pathologically 
confirmed in all patients based on either bronchoscopy or
percutaneous fine-needle aspiration and biopsy. The diag-
nostic and staging work-ups included complete history 
and physical examination, simple chest radiographs, chest
computed tomography (CT) scan, routine blood tests, and
18fluoro-deoxyglucose positron emission tomography (PET)
or PET/CT scan. For accurate nodal staging, fine-needle 
aspiration from the SCN was performed in 33 patients
(42.9%), endobronchial ultrasound-guided transbronchial
needle aspiration in 29 (37.7%), and mediastinoscopic biopsy
in nine (9.1%). N3 stage assignment was made primarily
based on clinical judgment without histologic confirmation
in 15 patients (19.5%) who showed abnormal findings on
PET/CT scan and were at very high risk to undergo any 
invasive procedures. 

For treatment planning, contrast enhancing simulation CT
scans of all patients were conducted. Simulation CT scans
were typically performed in the supine position at a thick-
ness of 2.5-5 mm. The gross tumor volume (GTV) was 
defined as the volume of the tumor identified based on all
available clinical information, including radiologic imaging,
PET scan, bronchoscopy, and mediastinoscopy. The clinical
target volume (CTV) was delineated by a 5-mm margin 
extending in all directions from the GTV, and the margins
were modified in accordance with the adjacent organs if 
necessary. The internal target volume was delineated by
combining all GTVs and CTVs delineated on each respira-
tory phase based on 4-dimensional computed tomography
(4D-CT), which was acquired in 29 patients (37.7%). Elective
irradiation of the clinically uninvolved lymph node was not
allowed principally. A 5-8 mm margin extension around the
CTV was included to generate the planning target volume.
The Pinnacle3 system (ver. 8.0, Philips Medical Systems,
Madison, WI) was used to calculate the radiation dose. 

During the study period, 48 patients (62.3%) were treated
with 3D-CRT (group I) and 29 (37.7%) with IMRT (group II).
The median RT dose prescribed to the CTV was 66 Gy in 33
fractions over 6.5 weeks. The 3D-CRT plan was typically
composed of three or four beams of 4-, 6-, or 10-MV photons
from a linear accelerator (Varian Medical System, Palo Alto,
CA). The IMRT plan was mainly composed of six median
coplanar beams of 6-MV photons using the step-and-shoot
method. Whenever feasible and indicated, the second CT
simulation and adaptive re-plan was generated to accommo-
date tumor regression and reduce the normal tissue toxicity,
typically at fractions of 20-23. The normal tissue constraints
used were as follows: maximum spinal cord dose < 46 Gy;
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relative lung volumes receiving 20 Gy/5 Gy < 35%/< 65%;
and the mean lung dose < 20 Gy. The most common concur-
rent chemotherapeutic regimen was weekly paclitaxel or 
docetaxel plus cisplatin or carboplatin, which was adminis-
tered to 67 patients (87.0%). Ten of these patients received
additional consolidation chemotherapy following CCRT. 
The remaining ten patients (13.0%) received pemetrexed or
etoposide plus cisplatin, while nine of these patients received
consolidation chemotherapy. 

The first follow-up and response evaluation was scheduled
at 1 month after completion of CCRT and included a chest
CT scan. Subsequent follow-up evaluations were conducted
at 3-4 month intervals thereafter, and included alternating
chest CT and whole-body PET/CT scans. The early toxicities
of treatment-related pneumonitis (TRP) and esophagitis
were graded using the Common Terminology Criteria 
for Adverse Events (CTCAE), ver. 4.0. The primary end-
points were the progression-free survival (PFS) and the over-
all survival (OS), while the secondary endpoints were the
in-field locoregional control (LRC) and patterns of disease
progression. All intervals were calculated from the dates of

the CCRT start until the events or the latest follow-up. 
In-field locoregional progression was defined as disease 
progression within the irradiated volume inside the thorax,
and included the ipsilateral hilum, ipsilateral and/or con-
tralateral mediastinum, and ipsilateral and/or contralateral
SCN, but not hematogenous lung-to-lung metastasis.

A chi-square test was used to compare the patients’ clinical
characteristics and the dose-volume parameters based on the
RT techniques used. A t test was used to compare continuous
variables such as age, forced expiratory volume in 1 second,
and tumor size. The rates of PFS, OS, and LRC were calcu-
lated and compared using the Kaplan-Meier method and the
log-rank test, respectively. Factors having a p-value of < 0.2
upon univariate analysis were entered into Cox proportional
hazards regression analysis. A p-value of  0.05 was consid-
ered statistically significant, and the SAS software (ver. 9.1.3,
SAS Institute Inc., Cary, NC) was used for statistical analy-
ses.

Table 1. Clinical characteristics according to radiotherapy technique

Characteristic 3D-CRT (n=48) IMRT (n=29) p-value
Age (yr) 62 (44-72) 59 (40-80) 0.744
Sex
Male 35 (72.9) 18 (62.1) 0.390
Female 13 (27.1) 11 (37.9)

Smoking history 34 (70.8) 17 (58.6) 0.272
FEV1 (L) 2.49 (1.17-3.90) 2.50 (1.46-3.71) 0.791
ECOG performance
0 10 (20.8) 6 (20.7) 0.988
1 38 (79.2) 23 (79.3)

Primary site
Upper-middle lobes 39 (81.3) 13 (44.8) 0.001
Lower lobes 9 (18.7) 16 (55.2)

Histology
Adenocarcinoma 31 (64.6) 22 (75.9) 0.053
Squamous cell carcinoma 15 (31.2) 3 (10.3)
Others 2 (4.2) 4 (13.8)

Tumor size (cm) 3.8 (1.3-12.2) 3.7 (1.0-9.2) 0.785
Clinical T classification
cT1-2 34 (70.8) 23 (79.3) 0.411
cT3-4 14 (29.2) 6 (20.7)

N3 involvement region
Contralateral mediastinum 29 (60.4) 7 (24.1) 0.002
Supraclavicular 26 (54.2) 24 (82.8) 0.011

Values are presented as median (range) or number (%). 3D-CRT, three-dimensional conformal radiotherapy; IMRT, inten-
sity-modulated radiotherapy; FEV1, forced expiratory volume in 1 second; ECOG, Eastern Cooperative Oncology Group.
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Results

The clinical characteristics based on the RT techniques are
summarized in Table 1. The median age of all patients was
60 years (range, 40 to 80 years). Age, sex, smoking history,
performance status, and clinical T classification did not differ
between groups. Adenocarcinoma was the most common
histology (53 patients, 68.8%), followed by squamous cell 
carcinoma (18 patients, 23.4%). The median tumor size meas-
ured on the initial CT was 3.8 cm (range, 1.0 to 12.2 cm).
Group II (IMRT) patients had significantly more frequent 
primary tumors located in the lower lobes (p=0.001) and
SCN involvement (p=0.011) than group I (3D-CRT). Among
50 patients with SCN involvement, 16 had primary tumors
located in the lower lobes, which was also more frequent in
group II than in group I (13/24 patients, 54.2% vs. 3/26 
patients, 11.5%). The median CTV of all patients was 288.0
cm3 (range, 89.3 to 1,543.3 cm3). Although the median CTV
tended to be larger in group II than group I (3D-CRT), this
difference was not statistically significant according to a t test
(p=0.706) (Table 2). When the CTVs were stratified into
groups (< 300 cm3 vs.  300 cm3), group II was associated
with larger CTV more frequently than group I (p=0.043).
Since patients receiving IMRT generally had a greater extent

Table 2. Dose-volume parameters according to radiotherapy techniques

Variable 3D-CRT (n=48) IMRT (n=29) p-value
CTV (cm3) 279.3 (89.4-1,543.3) 357.5 (89.3-762.7) 0.706
CTV
< 300 cm3 28 (59.3) 10 (34.5) 0.043
 300 cm3 20 (41.7) 19 (65.5)

Total lung
Mean dose (Gy) 18.4 (9.3-28.0) 19.6 (14.6-25.2) 0.031
V5 (%) 57.2 (29.8-72.9) 65.1 (48.4-90.0) < 0.001
V10 (%) 48.6 (24.5-63.5) 51.8 (41.8-62.9) 0.107
V15 (%) 40.6 (18.1-54.5) 42.3 (34.7-53.6) 0.052
V20 (%) 32.8 (14.3-50.0) 35.6 (28.2-45.9) 0.061

Esophagus
Maximum dose (Gy) 67.1 (55.3-74.7) 68.4 (60.0-77.3) 0.007
Mean dose (Gy) 33.2 (12.5-55.8) 35.1 (16.1-52.0) 0.111
V30 (%) 52.1 (15.2-87.7) 55.9 (15.8-79.6) 0.520
V45 (%) 44.2 (3.7-74.9) 48.8 (1.2-76.5) 0.526

Spinal cord
Maximum dose (Gy) 43.9 (10.5-57.4) 43.1 (32.3-48.4) 0.708

Heart
Median dose (Gy) 8.6 (0.5-42.4) 16.4 (1.5-35.0) 0.001

Values are presented as median (range) or number (%). 3D-CRT, three-dimensional conformal radiotherapy; IMRT, inten-
sity-modulated radiotherapy; CTV, clinical target volume; VD, percentage volume of organ receiving  D Gy. 
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Fig. 1.  Dose-volume parameters for lung and esophagus
in patients with supraclavicular lymph node (SCN) orig-
inating from a lower lobe primary tumor. 3D-CRT, 
3-dimensional conformal radiation therapy; IMRT, inten-
sity-modulated radiation therapy; LV5 and LV20, 
volumes of the normal lung received  5 Gy and  20 Gy;
MLD, mean lung dose; EV30 and EV45, volumes of the 
normal esophagus received  30 Gy and  45 Gy; MED,
mean esophagus dose. Data are presented as the mean±
standard error.
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of disease, the mean lung and heart doses were higher in
group II than in group I. However, the normal tissue doses
generally met the constraints described above. Among the
16 patients with SCN metastasis from the lower lobe primary
tumors, dose-volume parameters for the lungs and esopha-
gus were generally similar (Fig. 1).

The median follow-up duration was 21.7 months (range,
2.3 to 43.1 months). During the follow-up period, 45 patients
(58.4%) experienced disease progression (Table 3). The most
common first failure pattern was distant metastasis observed

in 39 patients (50.6%), followed by locoregional progression
in 13 patients (16.9%). Among 13 patients with locoregional
failure, nine showed progression within the RT volume, six
from group I and three from group II. There were seven 
patients (9.1%) who presented with both locoregional and
distant progression. The organs involved via distant metas-
tasis were the lung in 12 patients, the brain in nine, bone in
eight, and the liver in five. The median duration of PFS was
11.1 months, and the 1- and 2-year rates of PFS were 47.9%
and 38.7%, respectively (Fig. 2). The 1- and 2-year rates of 
in-field LRC were 87.9% and 85.0%, respectively. A total of
18 patients (23.4%) died during the follow-up period. 
Pulmonary causes, such as pneumonia, pneumonitis, and
acute respiratory distress syndrome, were responsible for the
deaths of two patients, one from group I and the other from
group II, while TRP was not the direct cause of death for two
patients. In addition, one patient died of myocardial infarc-
tion. The 1- and 2-year rates of OS were 85.5% and 75.2%, 
respectively (Fig. 2). The incidence of CTACE grade 3
esophagitis was 19.5%, which was not different between
groups I and II (14.6% vs. 27.6%, p=0.163). Although 
patients receiving IMRT had significantly larger disease 
extent and received higher lung dose, the incidence of grade
 2 pneumonitis was not higher in group II than group I
(33.3% vs. 24.1%, p=0.393). Among the 16 patients with SCN
metastasis from the lower lobe primary tumor, grade  2
pneumonitis developed in three patients, one from group I
and two from group II. Grade 3 esophagitis occurred in four
patients in group II.

The clinical outcomes based on the probable prognostic
factors are summarized in Tables 4 and 5. According to 
univariate analyses, IMRT technique (p=0.001), age < 60

Table 3. Outcomes according to treatment groups

Variable 3D-CRT (n=48) IMRT (n=29) Overall (n=77)
Disease progression 24 (50.0) 21 (72.4) 45 (58.4)
Time to progression (mo) 9.1 (3.9-35.0) 6.0 (2.5-15.9) 8.2 (2.5-35.0)
Patterns of failures
Locoregional 4 (8.3) 2 (6.9) 6 (7.8)
Distant 17 (35.4) 15 (51.7) 32 (41.6)
Both 3 (6.3) 4 (13.8) 7 (9.1)

Esophagitis
Grade  2 41 (85.4) 21 (72.4) 62 (80.5)
Grade 3 7 (14.6) 8 (27.6) 15 (19.5)

Pneumonitis
Grade 1 32 (66.7) 22 (75.9) 54 (70.1)
Grade  2 16 (33.3) 7 (24.1) 23 (29.9)

Values are presented as number (%) or median (range). 3D-CRT, three-dimensional conformal radiotherapy; IMRT, inten-
sity-modulated radiotherapy.
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Fig. 2.  Progression-free survival (PFS) and overall 
survival (OS) after definitive concurrent chemoradiother-
apy in patients with N3-positive stage IIIB non-small cell
lung cancer.
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years (p=0.019), and non-squamous cell carcinoma histology
(p=0.002) were associated with significantly poor PFS, while
IMRT technique (p=0.007), SCN metastasis from the lower
lobe primary tumor (p=0.019), and CTV  300 cm3 (p=0.001)
were associated with significantly poor OS. Gender, clinical
T stage, and SCN involvement itself were not of prognostic
value to the clinical outcomes. No specific factor was known
to have affected the in-field LRC. Based on multivariate
analyses, IMRT technique (p=0.010) and age < 60 years
(p=0.032) were significant poor prognostic factors affecting
the PFS. Interestingly, the RT technique was not a significant
factor affecting the OS (p=0.197), while a CTV  300 cm3 was
the only factor that had a significant effect on the OS
(p=0.018).

Discussion

Few studies have reported the treatment outcomes follow-
ing IMRT for NSCLC [12-14,16,18]. These previous studies
not only included patients with stage IIIB disease, but also
those with stage IIIA and even stages I/II. Although the 
current study included only N3-IIIB patients, the disease 
extent was still quite heterogeneous because of differences
in the location of metastatic LNs and the CTVs. Despite 
definitive CCRT being the standard treatment option for 
patients with N3-IIIB NSCLC, 3D-CRT cannot safely deliver
high radiation doses cases of large disease extent, especially
in those involving SCN metastasis from lower lobe primary 
tumors, because of the normal tissue toxicity risk. Based on
previously conducted studies, IMRT could result in signifi-
cantly lower levels of grade  3 TRP when compared with
3D-CRT, despite the large GTVs [12]. Furthermore, a subse-

Table 4. Prognostic factors affecting survival outcomes upon univariate analysis in patients with N3-positive stage IIIB 
non-small cell lung cancer

Variable No.
PFS OS In-field LRC

2-Year rate (%) p-value 2-Year rate (%) p-value 2-Year rate (%) p-value
Treatment group
3D-CRT 48 50.10 0.001 83.50 0.007 89.40 0.432
IMRT 29 19.30 61.70 72.40

Sex
Male 53 42.50 0.229 71.00 0.311 83.40 0.740
Female 24 30.10 85.20 87.50

Age (yr)
< 60 35 22.90 0.019 77.00 0.753 92.30 0.635
 60 42 54.00 74.50 80.60

Histology
Adenocarcinoma 53 28.70 0.002 75.60 0.160 83.70 0.636
Squamous cell carcinoma 18 75.00 83.30 86.70
Others 6 16.70 44.40 83.30

Clinical T classification
cT1-2 48 38.70 0.904 76.80 0.722 85.10 0.948
cT3-4 29 39.00 70.00 85.20

SCN involvement
Yes 50 34.20 0.320 75.30 0.894 83.50 0.686
No 27 46.30 74.50 86.60

SCN from lower lobe
Yes 16 23.50 0.160 60.60 0.019 80.00 0.856
No 61 42.20 79.10 85.70

Clinical target volume (cm3)
< 300 38 46.00 0.139 91.20 0.001 88.40 0.834
 300 39 31.00 59.10 80.10

PFS, progression-free survival; OS, overall survival; LRC, locoregional control; 3D-CRT, three-dimensional conformal radio-
therapy; IMRT, intensity-modulated radiotherapy; SCN, supraclavicular lymph node.



Cancer Res Treat. 2016;48(1):106-114

112 CANCER  RESEARCH  AND  TREATMENT

quent study showed that IMRT with 4D-CT was associated
with reduced toxicity and improved OS [13]. Following the
median follow-up of 16.5 months, the 2-year rates of disease-
free survival and OS were 38% and 46%, respectively [14]. 

Patients receiving IMRT in the current study had signifi-
cantly more frequent SCN metastasis from the lower lobe
primary tumor and significantly larger CTVs than those 
receiving 3D-CRT. Even though group II patients had 
a larger disease extent and were therefore subjected to higher
normal tissue doses, the incidences of grade 3 esophagitis
and grade  2 pneumonitis were not increased in this group
based on the current study. Moreover, a comparable in-field
LRC was achieved, while more frequent distant metastases
occurred in patients receiving IMRT. While the 2-year rates
of PFS and OS following definitive CCRT for patients with
N3-IIIB NSCLC were 38.7% and 75.2%, respectively, the 
corresponding rates of patients receiving IMRT were 19.3%
and 61.7%, respectively (Table 4). However, direct compari-
son of the clinical outcomes between groups I and II should
be made with caution because of the evident heterogeneity
of the clinical characteristics. Although patients receiving
IMRT had unfavorable survival outcomes, this might have
occurred because these patients already had more adverse
prognostic factors than those receiving 3D-CRT. The PFS at
2 years reported in this study seems inferior to that of previ-
ous studies (19.3% vs. 38%). This difference might have been
due to the heterogeneous patient population with respect to
stage, tumor location, and extent of nodal involvement. One
retrospective study of IMRT reported a 2-year OS rate of 58%
in stage III patients [18], and the corresponding figure by the
authors appears to be generally favorable when compared
with the previous data. Taken together, IMRT could safely
cover a larger disease extent than 3D-CRT, and yielded 
a favorable in-field LRC with no extra toxicity risk. 

As shown in Table 3, the median time to progression 
following IMRT was only 6 months, and this was mostly due
to early appearance of distant metastases. Interestingly, the
OS was not as poor as the PFS in the current study. It is 

important to note that clinical outcomes following disease
progression might be influenced by the availability of 
systemic treatment regimens, including targeting agents,
which were not presented in detail in the current study. 
Although collection of biomarker data such as mutations in
the epidermal growth factor receptor (EGFR) gene and/or
anaplastic lymphoma kinase (ALK) gene was not the primary
objective of the current study, 13 (24.5%) and five (9.4%) of
53 patients with adenocarcinoma exhibited EGFR gene 
mutations and ALK rearrangements, respectively. Further-
more, 16 of these 18 patients exhibited disease progression,
mostly distant metastases. In patients with N2-positive
NSCLC, EGFR mutation was shown to experience more 
frequent distant relapse and have worse PFS following 
preoperative CCRT and surgery at SMC [19]. CCRT accom-
panied by treatment with cetuximab, a monoclonal antibody
targeting EGFR, has demonstrated promising outcomes in
patients with stage III NSCLC [20,21]. Moreover, favorable
clinical outcomes have been reported in patients treated with
the ALK tyrosine-kinase inhibitor, crizotinib [22]. Therefore,
further improvement of clinical outcomes in the patients 
receiving definitive CCRT for N3-IIIB NSCLC could be 
expected if combining these targeting agents with RT.

As described above, the Surveillance, Epidemiology, and
End Results (SEER) data demonstrated increased use of
IMRT for patients with stage III NSCLC [15]. A radiation 
oncologists’ practice environment can strongly influence 
utilization of the IMRT technique. Similarly, the reimburse-
ment policies and practice settings were shown to have a
great effect on utilization of IMRT for treatment of patients
with breast cancer [23]. IMRT appears to have been utilized
less frequently than necessary in Korea, mainly because the
national health insurance system does not reimburse patients
for this technique. The high cost of IMRT for lung cancer
could be a considerable financial burden, resulting in finan-
cial toxicity [24,25]. Therefore, careful and reasonable deci-
sion making with consideration of the cost effectiveness
should become a crucially important issue for the optimal

Table 5. Cox proportional hazards multivariate model for survival outcomes

Variable
Progression-free survival            Overall survival

HR (95% CI) p-value HR (95% CI) p-value
Treatment group 2.498 (1.246-5.008) 0.010 2.160 (0.670-6.965) 0.197
Age 0.514 (0.280-0.943) 0.032 - -
Histology 0.876 (0.490-1.564) 0.654 1.253 (0.657-2.390) 0.494
SCN from lower lobe 0.872 (0.379-2.003) 0.747 1.554 (0.490-4.927) 0.454
CTV ( 300 cm3) 1.549 (0.834-2.879) 0.166 4.665 (1.298-16.766) 0.018

HR, hazard ratio; CI, confidence interval; SCN, supraclavicular lymph node; CTV, clinical target volume.
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rence of distant metastasis was a major pattern of disease
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Simultaneous Detection of Disseminated and Circulating Tumor Cells
in Primary Breast Cancer Patients

Original Article

Purpose
Disseminated tumor cells (DTCs) from bone marrow (BM) are a surrogate of minimal residual
disease (MRD) in primary breast cancer (PBC) patients and associated with an adverse
prognosis. However, BM sampling is an invasive procedure. Although there is growing 
evidence that circulating tumor cells (CTCs) from the blood are also suitable for monitoring
MRD, data on the simultaneous detection of DTCs and CTCs are limited.

Materials and Methods
We determined the presence of DTCs using immunocytochemistry and the pan-cytokeratin
antibody A45-B/B3. CTCs were determined simultaneously using a reverse transcription-
polymerase chain reaction–based assay (AdnaTest Breast Cancer) and CellSearch (at least
one CTC per 7.5 mL blood). We compared the detection of DTCs and CTCs and evaluated
their impact on disease-free and overall survival.

Results
Of 585 patients, 131 (22%) were positive for DTCs; 19 of 202 (9%) and 18 of 383 (5%) 
patients were positive for CTCs, as shown by AdnaTest and CellSearch, respectively. No 
significant association was observed between DTCs and CTCs (p=0.248 and p=0.146 as
shown by AdnaTest and CellSearch, respectively). The presence of DTCs (p=0.046) and the
presence of CTCs as shown by CellSearch (p=0.007) were predictive of disease-free 
survival.

Conclusion
Our data confirm the prognostic relevance of DTCs and CTCs in patients with PBC. As we
found no significant relationship between DTCs and CTCs, prospective trials should include
their simultaneous detection. Within those trials, the question of whether or not DTCs and
CTCs are independent subpopulations of malignant cell clones should be determined by
molecular characterization.

Key words
Circulating neoplastic cells, Bone marrow, Breast neoplasms, 
Residual neoplasm, Prognosis

Introduction

Approximately 25% of patients with localized breast 
cancer and without axillary lymph node involvement will
suffer from a systemic relapse despite successful treatment
of the primary tumor. Hence, micrometastatic hematogenous

spread appears to be independent from lymphatic involve-
ment and the disease must have the ability to persist in 
secondary sites of the body, a phenomenon referred to as
minimal residual disease (MRD). 

It was hypothesized that disseminated tumor cells (DTCs),
which are found in the bone marrow (BM) of 20%-40% of 
patients with primary breast cancer (PBC), are progenitors
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of subsequent metastasis and a promising marker for MRD
[1]. The prognostic relevance of DTCs in PBC was demon-
strated in various independent studies [2,3]. However, as
DTC detection has the disadvantage of requiring an invasive
procedure for sample collection, recent research has focused
on the use of circulating tumor cells (CTCs) from the periph-
eral blood instead of BM aspiration. 

Various assays, including immunocytochemistry, poly-
merase chain reaction (PCR)–based methods or microfluidic
systems have been described for CTC detection in PBC 
patients with positivity rates ranging from 10% to 60% [4-8].
Currently, the most widespread approach is the CellSearch
system by Veridex (Raritan, NJ), which was developed to
standardize and automate immunomagnetic enrichment, 
immunofluorescence staining and microscopic enumeration
of CTCs. Detection of CTCs using CellSearch is of prognostic
significance in advanced as well as in PBC [4,5,9]. 

In a recent study, Schindlbeck et al. [10] compared 
CTC enumeration using CellSearch with DTC detection in
patients with primary or metastatic breast cancer. The 
authors found a significant congruence between DTCs and
CTCs, which increased in patients with metastases. 
However, in a recent study for analysis of the simultaneous
detection of DTCs and CTCs in metastatic breast cancer, we
were not able to confirm these results [11]. Thus, the primary
goal of the current study was to compare DTCs and CTCs in
patients with PBC. In addition to the enumeration of CTCs
using CellSearch we used a secondary reverse transcription
(RT)-PCR based assay for CTC detection.

Materials and Methods

1. Study population

Patients who underwent primary surgery for PBC (T1-4,
N0-2, M0) at the Department of Gynecology and Obstetrics
at Tuebingen University, Germany, between January 2008
and May 2014 were eligible for inclusion in this retrospective
study. Exclusion criteria were recurrent or metastatic disease,
bilateral breast cancer, neoadjuvant systemic therapy, R1-
resection, or a previous history of secondary malignancy.
While BM aspiration for DTC detection was performed using
a standardized method in all patients, CTC detection was
performed using either AdnaTest Breast Cancer (from Janu-
ary 2008 until December 2009) or CellSearch (from January
2010 until May 2014). Adjuvant therapy (including chemoth-
erapy, endocrine therapy, trastuzumab therapy, and radia-
tion therapy) was based on the current St. Gallen

recommendations and on national treatment guidelines
(http://www.ago-online.de). In addition, a significant 
proportion of patients received treatment with bisphospho-
nates. Those patients have been participating in clinical trials
involving bisphosphonates (GAIN, SUCCESS A/C,
NATAN, or ZOL-MRD 001), or were offered treatment with
zoledronate at 4 mg every 6 months outside of clinical trials.
All specimens were obtained after patients had provided
written informed consent and the analysis was approved by
the Ethics Committee of Tuebingen University (reference
number: 560/2012R).

2. Detection of disseminated tumor cells 

During primary surgery, 10-20 mL of BM aspirates were
collected. Samples were processed within 24 hours. Briefly,
mononuclear cells were separated via density centrifugation
(1.077 g/mL; Ficoll, Biochrom, Germany), spun down onto
a glass slide (Hettich cytocentrifuge, Hettich, Tuttlingen, 
Germany) and fixed in 4% formalin. The presence of DTCs
(DTC status) was evaluated by immunostaining using the
DAKO Autostainer (Dako, Glostrup, Denmark), the mono-
clonal mouse A45-B/B3 antibody directed against pancytok-
eratin (Micromet, Munich, Germany), and the DAKO-APAA
detection kit (Dako). For each patient two slides (2106 cells)
were evaluated, based on consensus recommendations for
standardized tumor cell detection and the criteria of the 
European ISHAGE Working Group [12]. An additional slide
was stained using an unspecific isotype-matched antibody.
In addition, with each batch of samples, leukocytes from
healthy volunteers served as negative control and the cell
lines MCF-7 and SKBR-3 were used as positive control. 

3. Detection of circulating tumor cells using AdnaTest
BreastCancer

From January 2008 until December 2009, CTCs were eval-
uated 1-3 days prior to surgery using AdnaTest BreastCancer
(AdnaGen AG, Langenhagen, Germany). In brief, 25 mL of
peripheral venous EDTA blood were collected using Adna-
Collect tubes (AdnaGen AG). Samples were stored at 4°C
and processed within 4 hours. For labeling of tumor cells, a
ready-to-use mixture (AdnaTest BreastCancerSelect) contain-
ing antibodies against GA 73.3 and MUC1 was used accord-
ing to the manufacturer’s instructions. The labeled cells were
extracted using a magnetic particle concentrator. Subse-
quently, mRNA isolation from lysed, enriched cells was per-
formed according to the manufacturer’s instructions using
the Dynabeads mRNA DIRECT Micro Kit (Dynal Biotech
GmbH, Hamburg, Germany) included in AdnaTest Breast-
CancerDetect. For reverse transcription, Sensiscript Reverse
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Transcriptase (QIAGEN GmbH, Hilden, Germany) was used
in combination with oligo(dT) coupled Dynabeads. Analysis
of tumor-associated mRNA was performed in a multiplex
PCR for human epithelial growth factor receptor 2 (HER2),
MUC1, and GA 733-2. -Actin was used as an internal PCR
positive control. The primers generate fragments of the fol-
lowing sizes: GA 733-2, 395 base pairs (bp); MUC1, 293 bp;
HER2, 270 bp; and actin, 114 bp. The PCR fragments were
visualized using a 2100 Bioanalyzer (Agilent Technologies
Inc., Santa Clara, CA) using DNA 1000 Lab-Chips and the
Expert Software Package (ver. B.02.03.SI307). The test was
considered CTC positive if a PCR fragment of at least one
tumor-associated transcript (MUC-1, GA 733-2, or HER2)
and a fragment of the control gene -actin were clearly 
detected (peak concentration of > 0.15 ng/L) in both blood
samples.

4. Detection of circulating tumor cells using CellSearch

From January 2009 until May 2014, enrichment and 
enumeration of CTCs was performed using the CellSearch
technology (CellSearch Epithelial Cell Kit/CellSpotter 
Analyzer, Veridex LLC). Briefly, 7.5 mL of peripheral venous
blood was collected 1-3 days prior to surgery using CellSave
tubes (Veridex LLC, Warren, NJ). Samples were maintained
at room temperature and proce-ssed within 72 hours. Epithe-
lial cells were immunomagnetically enriched using anti-
EpCAM-coated ferrofluid. EpCAM-positive cells were then
labeled with the nuclear dye 40,6-diamidino-2-phenylindole
(DAPI) and monoclonal antibodies specific for the leukocyte
common antigen CD45. CD45-negative, cytokeratin-positive
cells with an intact nucleus were defined as CTCs and enu-
merated by trained operators. Blood samples containing at
least one CTC per 7.5-mL blood were considered CTC-posi-
tive.

Table 1. Disseminated tumor cell status and patient char-
acteristics

Characteristic Total DTC-positive p-value
All patients 585 131 (22) -
Menopausal status
Premenopausal 189 45 (24) 0.597
Postmenopausal 395 86 (22)
Unknown 1 0 (

Histology
Invasive ductal 437 104 (24) 0.298
Invasive lobular 107 18 (17)
Other 37 8 (22)
Unknown 4 1 (

Grading
G1-2 416 89 (21) 0.382
G3 169 42 (25)

Tumor size
T1 404 81 (20) 0.053
T2-4 181 50 (28)

Nodal status
N0 427 89 (21) 0.144
N1 154 41 (27)
Unknown 4 1 (

Breast cancer subtype
HorR positive/HER2 negative 427 88 (21) 0.072
HER2 positive 89 28 (32)
HorR negative/HER2 negative 58 15 (26)
Unknown 11 0 (

ER status
Negative 103 28 (27) 0.242
Positive 478 103 (22)
Unknown 4 0 (

PR status
Negative 182 52 (29) 0.024
Positive 399 79 (20)
Unknown 4 0 (

HER2 status
Negative 485 103 (21) 0.040
Positive 89 28 (32)
Unknown 11 0 (

Endocrine treatment
No 109 29 (27) -
Yes 476 102 (21)

Chemotherapy
No 395 85 (22) -
Yes 190 46 (24)

Trastuzumab treatment
No 539 115 (21) -
Yes 46 16 (35)

Bisphosphonate therapy
No 201 23 (11) -
Yes 373 106 (28)
Unknown 11 2 (

Table 1. Continued

Characteristic Total DTC-positive p-value
Radiation therapy
No 101 18 (18) -
Yes 482 112 (23)
Unknown 2 1 (

Values are presented as number (%). DTC, disseminated
tumor cells; HorR, hormone receptor; HER2, human 
epithelial growth factor receptor 2; ER, estrogen receptor;
PR, progesterone receptor.
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Table 2. Circulating tumor cell status and patient characteristics

Characteristic AdnaTest p-value CellSearch p-value
All patients 19/202 (9) - 18/383 (5) -
Menopausal status
Premenopausal 11/62 (18) 0.016 6/127 (5) > 0.999
Postmenopausal 8/140 (7) 12/255 (5)
Unknown - 0/1 (

Histology
Invasive ductal 17/146 (12) 0.194 11/291 (4) 0.269
Invasive lobular 2/46 (4) 5/61 (8)
Other 0/10 (0) 2/27 (7)
Unknown - 0/4 (

Grading
G1-2 11/137 (8) 0.439 10/279 (4) 0.105
G3 8/65 (12) 8/104 (8)

Tumor size
pT1 13/141 (9) > 0.999 9/263 (3) 0.115
pT2-4 6/61 (10) 9/120 (8)

Nodal status
pN0 13/154 (9) 0.397 11/273 (4) 0.294
pN1 6/47 (13) 7/107 (7)
Unknown 0/1 ( 0/3 (

Breast cancer subtype
HorR positive/HER2 negative 14/147 (10) 0.882 14/280 (5) 0.938
HER2 positive 3/37 (8) 2/52 (4)
HorR negative/HER2 negative 2/16 (13) 2/42 (5)
Unknown 0/2 ( 0/9 (

ER status
Negative 5/36 (14) 0.344 2/67 (3) 0.751
Positive 14/166 (8) 16/312 (5)
Unknown - 0/4 (

PR status
Negative 6/58 (10) 0.792 5/124 (4) 0.799
Positive 13/144 (9) 13/255 (5)
Unknown - 0/4 (

HER2 status
Negative 16/163 (10) > 0.999 16/322 (5) > 0.999
Positive 3/37 (8) 2/52 (4)
Unknown 0/2 ( 0/9 (

Endocrine treatment
No 1/29 (3) - 2/80 (3) -
Yes 18/173 (10) 16/303 (5)

Chemotherapy
No 17/148 (12) - 10/247 (4) -
Yes 2/54 (4) 8/136 (6)

Trastuzumab treatment
No 19/187 (10) - 17/352 (5) -
Yes 0/15 (0) 1/31 (3)

Bisphosphonate therapy
No 7/90 (8) - 5/111 (5) -
Yes 12/112 (11) 12/261 (5)
Unknown - 1/11 (
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5. Statistical analyses

Associations between categorical variables were analyzed
using chi-square and Fisher exact test. To determine survival,
times from primary surgery to any recurrence of disease 
(disease-free survival, DFS) and death of any cause (overall
survival, OS) were investigated separately. If no event 
occurred, data were censored at last follow-up. Patients 
followed up for less than 6 months were not included in the
survival analysis. The influence of the DTC and CTC status,
respectively, on survival was determined by univariate
analysis and expressed as a hazard ratio (HR) and 95% 
confidence interval (CI). Kaplan-Meier curves were plotted
and compared using the log-rank test. A Cox proportional
regression model was used for multivariate analysis of 
survival. Variables were entered stepwise backward. The 
initial model included menopausal status, histology, tumor
size, nodal status, breast cancer subtype, treatment (chemot-
herapy, endocrine therapy, trastuzumab therapy, and 
bisphosphonate therapy), CTC-status (AdnaTest and Cell-
Search), and DTC-status. The effect of each variable was 
assessed using the Wald test and expressed as an HR and
95% CI. All statistical tests were performed using IBM SPSS 
Statistics ver. 20 (IBM Co., Armonk, NY) and reported 
two-sided with significance levels set to p < 0.05.

Results

1. Patient characteristics

A total of 585 patients were included in the analysis. 
Patient characteristics are shown in detail in Table 1. The 
median age was 60 years (range, 29 to 88 years) and most
women were postmenopausal (68%). The predominant 
histology was invasive ductal carcinoma (75%). Most 
patients had a tumor grade 1-2 (71%) and the tumor size was
mainly less than 20 mm (pT1, 69%). The majority were nodal-
negative (73%), estrogen receptor (ER)–positive (82%), prog-
esterone receptor (PR)–positive (69%), and HER2-negative
(84%). 

2. Detection of DTCs from BM and CTCs from blood

The DTC status was determined in all 585 patients and
positive in 131 of these (22%) (Table 1). DTC detection
showed significant association with PR status (p=0.024) and
HER2 status (p=0.040). AdnaTest Breast Cancer was used for
CTC detection in 202 patients (Table 2) and 19 of these (9%)
were CTC-positive. The CellSearch technology was used in
383 patients. The number of CTCs per 7.5-mL blood ranged

Table 2. Continued

Characteristic AdnaTest p-value CellSearch p-value
Radiation therapy
No 2/37 (5) - 3/64 (5) -
Yes 17/164 (10) 15/318 (5)
Unknown 0/1 ( 0/1 (

Values are presented as number/total number (%). HorR, hormone receptor; HER2, human epithelial growth factor receptor
2; ER, estrogen receptor; PR, progesterone receptor.

Table 3. Comparison of disseminated and circulating tumor cell status

Parameter All patients DTC-negative DTC-positive p-value
AdnaTest
All patients 202 (100) 159 (79) 43 (21) 0.248
CTC-negative 183 (91) 146 (72) 37 (18)
CTC-positive 19 (9) 13 (6) 6 (3)

CellSearch
All patients 383 (100) 295 (77) 88 (23) 0.146
CTC-negative 365 (95) 284 (74) 81 (22)
CTC-positive 18 (5) 11 (3) 7 (2)

Values are presented as number (%). DTC, disseminated tumor cells; CTC, circulating tumor cells.
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Fig. 1. Impact of disseminated tumor cells (DTCs) from bone marrow on disease-free survival (A) and overall survival (B).
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(C, D) on disease-free survival (A, C) and overall survival (B, D).
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from 0 to 42 (mean, 0.3). At least one CTC per 7.5-mL blood
was detected in 18 of these patients (5%). No significant 
association between CTC and DTC detection was observed
by the use of either AdnaTest or CellSearch (Table 3). The 
concordance between DTC status as compared to AdnaTest
and CellSearch was 75% and 76%, respectively.

3. Survival analysis

Median follow-up period (95% CI) was 35 months (range,
31 to 39 months) for all patients. For patients who underwent
CTC analysis using AdnaTest and CellSearch, median 
follow-up period was 52 months (range, 50 to 54 months) and
22 months (range, 20 to 24 months), respectively. As shown
in Fig. 1, risk of relapse was significantly greater for DTC-
positive patients than DTC-negative patients (p=0.046). The
impact of the DTC status on OS only reached borderline-
significance (p=0.052). The HR (95% CI) for relapse and death
was 2.13 (1.02-4.54) and 2.27 (0.97-5.32), respectively. The 
impact of the CTC status on survival is illustrated in Fig. 2.
Use of the AdnaTest for detection of CTCs had no impact on 
DFS (p=0.834) or OS (p=0.270). However, in CTC analysis
using CellSearch, CTC-positive patients had a significantly
greater risk of relapse than CTC-negative patients (p=0.007),
whereas the impact of CTC detection on OS reached border-
line-significance (p=0.051). Using CellSearch, the HR (95%
CI) for relapse was 6.31 (1.36-29.24) and the HR for death was
4.09 (0.88-19.01). In multivariate analysis, tumor size, nodal
status, and the CTC status, as determined by CellSearch,
were significant predictors of reduced DFS, whereas grading
and nodal status were significant predictors of reduced OS
(Table 4).

Discussion

In general, prognostic and predictive biomarkers for breast
cancer therapy, including ER and HER2 as well as new 
molecular tests like the OncoTypeDX 21-gene recurrence
score, characterize tissue from the primary tumor to predict
response to treatment. This approach, however, assumes that
the primary tumor is representative of the entire tumor 
burden (including MRD) and that the initial phenotype will
not change during the course of disease. There is, however,
evidence that tumor cells abandon the primary lesion before
acquisition of fully malignant phenotypes to undergo 
somatic progression at a distant site [13]. This hypothesis of
early dissemination and the divergent development of the
primary tumor and distant tumor cells makes DTCs and
CTCs attractive candidates for monitoring and targeting the
systemic component of breast cancer.

In univariate analysis, the presence of DTCs in BM signif-
icantly affected DFS. For OS only borderline significance was
detected, which is most likely due to the small number of
events. However, in the multivariate analysis, the DTC status
had no significant impact on survival, which is in contrast to
earlier studies reported by us and others [1,3]. On the one
hand, this is also explained by the small sample size. On the
other hand, most of the patients received bisphosphonate
treatment. As described previously, bisphosphonate treat-
ment might also contribute to the improved survival of DTC
positive patients [3]. 

The CellSearch technology is used for detection of CTCs in
translational research programs of various clinical trials. 
Although other, probably more sensitive methods for detec-

Table 4. Multivariate analysis of disease-free survival and overall survival

Parameter DFS OS
HR 95% CI p-value HR 95% CI p-value

Grading
G1-2 - - NS 1.00 1.66-14.66 0.004
G3 - 4.94

Tumor size
T1 1.00 1.66-9.36 0.002 - - NS
T2-4 3.94 -

Nodal status
Negative 1.00 1.41-8.25 0.007 1.00 1.36-9.55 0.010
Positive 3.41 3.60

CTC status
Negative 1.00 1.43-38.58 0.018 - - NS
Positivea) 7.39 -

DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; NS, not significant; CTC, circulating
tumor cells. a)As revealed by CellSearch.
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tion of CTCs exist [14], CellSearch provides the advantages
of high reproducibility and widespread as well as automated
and standardized workflow. To the best of our knowledge,
this is the largest study to date comparing DTC detection in
PBC with CTC detection using CellSearch. The weak corre-
lation between CellSearch and BM sampling is in line with
results from smaller trials [15,16]. However, we found that
only 5% of our patients harbor at least one CTC per 7.5-mL
blood, which is considerably lower than the DTC detection
rate. In the large prospective multicenter SUCCESS trial,
Rack et al. [5] detected at least one CTC in 22% of PBC 
patients; however, 30 mL blood per patient were analyzed.
In addition, patients participating in the SUCCESS study
were about to receive chemotherapy and thus at moderate
or high risk for disease recurrence. Other studies that deter-
mined the prevalence of CTCs in PBC using CellSearch 
reported detection rates ranging from 9% to 24% [4,7,15,17].
These inhomogeneous results are most likely due to different
patient populations, time-points of blood sampling and 
different sample volumes, reflecting the lack of standardiza-
tion for CTC detection in PBC. 

In 2004, the CellSearch system received clearance from the
U.S. Food and Drug Administration as a diagnostic tool for
identifying and counting CTCs of epithelial origin in patients
with metastatic breast cancer. Currently, evidence that CTC
detection using CellSearch is also an indicator of poor prog-
nosis in PBC is increasing [4,5,7,17]. We confirmed that CTCs
detected using CellSearch were associated with reduced DFS,
although we found only borderline significance with respect
to OS, which is most likely due to the short follow-up period
of 22 months and the small sample size. In the SUCCESS
trial, Rack et al. [5] found that the CTC status is not only 
predictive of prognosis at the time-point of surgery, but also
after completion of adjuvant chemotherapy. Likewise, we 
recently demonstrated that DTC detection during or after 
adjuvant systemic therapy also impacts prognosis [18]. 
However, due to the invasiveness of BM sampling, repeated
analyses of CTCs from venous blood would be more feasible
for monitoring the success of adjuvant treatment. 

Using AdnaTest for CTC analysis there was, again, no 
association with the DTC status. In contrast to CellSearch, we
found no impact of the AdnaTest results on survival. In a 
recent study, Molloy et al. [6] compared the DTC-status of
733 PBC patients with the presence of CTCs as determined
using an RT-PCR-based assay. Although the rate of CTC-
positive patients was in line with our results, the authors
found that CTCs were highly associated with the presence
of DTCs and that both DTC- and CTC-detection were 
predictive of survival. However, Molloy et al. [6] used 50 mL
of peripheral blood and an expression score of four marker
genes (CK19, p1B, EGP, and MmG1) for detection of CTC-
positive patients. Similarly, Daskalaki et al. [19] found a high

concordance between BM and blood for cytokeratin-19-
mRNA-positive cells in patients with PBC and both the DTC
and CTC status were predictive of survival. In contrast to the
study by Molloy et al. [6] and to our methodology, Daskalaki
et al. [19] used RT-PCR not only for detection of CTCs but
also for determination of DTCs. The antibody based detec-
tion of DTCs, however, allows for cytomorphological assess-
ment to confirm malignancy and is therefore recommended
by an international expert panel [12].

Other studies using RT-PCR based assays reported CTC-
detection rates between 8% and 55% [6,19-21]. We found that
the percentage of CTC-positive patients was nearly twice as
high when AdnaTest was used as compared to CellSearch.
A head to head comparison study between the two assays
was recently conducted by Fehm et al. [22], who found a
weak concordance of only 53%-64%. However, the study by
Fehm et al. [22] was conducted in metastatic breast cancer
patients.

Because AdnaTest and CellSearch are two completely 
different approaches to detection of CTCs, each method was
analyzed separately. Hence, a main limitation of our study
was the small sample size in each subgroup. Another limita-
tion is the relatively short follow-up period, particularly 
in the subgroup analyzed using CellSearch. In addition, 
improved adjuvant treatment interacts with the survival
analysis of this retrospectively designed analysis. We 
recently found that the DTC status might be predictive of the
efficacy of bisphosphonate therapy [3]. A considerable 
proportion of patients in the current study were treated with
bisphosphonates (28% of all DTC-positive women, data not
shown), which might explain the small differences observed
in DTC-positive versus DTC-negative patients with respect
to DFS and OS. A current pilot study is evaluating the impact
of denosumab on DTCs in patients with PBC (NCT01545648).
In addition, HER2-targeted treatment might improve prog-
nosis of HER2-overexpressing DTCs and CTCs, which is 
currently being evaluated in a phase II randomized trial for
HER2-negative PBC patients with HER2-positive DTCs
(NCT01779050). Hence, next to their mere quantification,
characterization of DTCs and CTCs promises to identify 
targets for individualized breast cancer treatment. The 
German DETECT study group is prospectively evaluating
whether characterization of CTCs in patients with metastatic
breast cancer is useful in tailoring HER2-directed therapy
(NCT01619111). In patients with HER2-negative PBC the 
ongoing TREAT-CTC study will evaluate whether CTC-
positive patients will benefit from additional trastuzumab
treatment (NCT0154867).

In contrast to CTC analysis in metastatic breast cancer,
where CTC detection using the CellSearch technology 
impacts prognosis at the highest level of evidence [23], the
optimal method and clinical implication for CTC analysis in
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PBC remains to be  elucidated. The inhomogeneous preva-
lence of CTCs, the discordant results with respect to their 
correlation with the DTC status and the questionable impact
on prognosis (especially when using RT-PCR based assays
like AdnaTest) is most likely due to different methodologies
and inhomogeneous patient characteristics. Although large
prospective trials like the SUCCESS study highly support the
prognostic validity of CTCs in patients with PBC, further
studies are needed to standardize CTC detection and to 
determine their clinical potential for the personalization of
breast cancer treatment.

Conclusion

It is not yet clear whether DTCs and CTCs represent inde-
pendent compartments of MRD. CTCs have a very short 
estimated half-life, and therefore must be continuously 
replenished [24]. After successful treatment of the primary
lesion, the BM might serve as a source to seed CTCs into the
circulation. Although both the DTC and CTC status are 
predictors of an adverse prognosis, we and others found no
association of CTC detection with the DTC status [15,20,25].
Thus, we do not believe that DTCs and CTCs simply repre-

sent two sides of the same coin. 
To better understand their relationship, their biological

role in tumor progression and their clinical role for treatment
optimization, in future trials analyses of DTCs and CTCs in
breast cancer patients should be performed simultaneously.
Only molecular characterization of DTCs, CTCs, and tumor
tissue from the same patient can ascertain whether these are
independent subpopulations of malignant cell clones or in
continuous cellular exchange with each other.
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The Expression of Carbonic Anhydrase (CA) IX/XII and Lymph Node
Metastasis in Early Breast Cancer

Original Article

Purpose
The aim of study was to test by immunohistochemical (IHC) staining whether carbonic 
anhydrase (CA) 9 and 12 have an effect on sentinel lymph node (SLN) metastasis in early
breast cancer and to find clinicopathologic factors associated with SLN metastasis.

Materials and Methods
Between June 2003 and June 2011, medical records of 470 patients diagnosed with breast
cancer with pT1-2, pN0-2, and M0 were reviewed. Of these 470, 314 patients who under-
went SLN biopsy±axillary dissection were subjects of this study. Using tissue microarray,
IHC staining for CA9 and CA12 was performed. Clinicopathologic factors such as patient
age, tumour size, lymphatic invasion, hormone receptor status, and the Ki-67 labeling index
were analysed together.

Results
The mean age of all patients was 51.7 years. The mean number of harvested SLN was 3.62,
and 212 patients (67.5%) had negative SLN. Lymphatic invasion, the Ki-67 labelling index
of primary tumours, and CA9 staining of stromal cells, were independent risk factors for
SLN metastasis in the multivariate analysis. In 33 patients (10.5%) without the three risk
factors, no patient had SLN metastasis. In 80 patients without lymphatic invasion of primary
tumours or CA9 staining of stromal cells, only four patients (5%) had positive SLN.

Conclusion
CA9 staining of stromal cells is an independent risk factor for SLN metastasis as well as
lymphatic invasion and a low Ki-67 labelling index of primary tumours in patients with early
breast cancer. IHC staining of primary tumours for CA12 was not associated with SLN metas-
tasis.

Key words
Breast neoplasms, Carbonic anhydrase 9, Carbonic anhydrase 12, 
Sentinel lymph node metastases, Stromal cells

Introduction

Lymph node status of breast cancer is the single most 
important prognostic factor for overall survival. The inci-
dence of lymph node metastases in small breast cancer is 
reported to be in the range of 20%-30% [1,2]. Younger age,
negative hormone receptor status, and presence of lympho-
vascular invasion are associated with lymph node metastasis

in patients with breast cancer [3,4]. Among several risk 
factors, tumour hypoxia is key for developing malignancy
and driving tumour metastasis [5]. 

Tumour hypoxia is associated with poor prognosis in sev-
eral cancer types [6,7]. Hypoxia-inducible factor controls
both carbonic anhydrase (CA) 9 and CA12 expression in 
tumour cells and its microenvironment, though the underly-
ing mechanism of induction by hypoxia remains unclear.
CA9 is associated with tumour hypoxia and modulates 
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tumour-associated cell migration and invasion [8]. Expres-
sion of CA9 is a poor prognostic factor for breast cancer [9]. 

The authors hypothesized that hypoxia affects early breast
cancer, specifically in sentinel lymph node (SLN) metastasis.
As the relationship between SLN metastasis and the expres-
sion of CA9 and CA12 in early breast cancer is uncertain, we
investigated whether the expression of CA9 and CA12 of 
tumours and stromal cells is associated with SLN metastasis
in patients with early breast cancer. At the same time, patient
age, tumour size, multiplicity, histologic grade, lymphatic
and venous invasion, hormone receptor status, human 
epidermal growth factor receptor 2 (HER2) status, Ki-67 
labeling index were analysed. The data in this report follows
the reporting recommendations for tumour marker prognos-
tic studies (remark) [10].

Materials and Methods

Patients diagnosed between June 2003 and June 2011 with
breast cancer with pT1-2, pN0-N2 and without distant metas-
tases were enrolled into this retrospective study. Patients
who underwent neoadjuvant chemotherapy were excluded.
Through the institutional database, 475 patients who had
pathologic specimens available for immunohistochemical
(IHC) assay of CA9 and CA12 were found, and of these, the
314 patients receiving SLN biopsy±axillary lymph node 
dissection were the subjects of this study. This study was 
approved by the Institutional Review Board and informed
consent was waived. 

All patients were preoperatively evaluated with physical
examinations, breast ultrasonography, breast magnetic res-
onance imaging, and chest computed tomography. Breast
conserving surgery or mastectomy was performed by two
dedicated breast surgeons, and pathologic examination of
SLN was done using serial section by two specialised pathol-
ogists.

Patient age, tumour size, multiplicity, histologic grade,
presence of ductal carcinoma in situ, necrosis, lymphatic and
venous invasion, hormone receptor status, HER2, epidermal
growth factor receptor, Ki-67, and the number of positive
lymph nodes along with harvested sentinel nodes were col-
lected by reviewing medical records. The baseline character-
istics are summarised in Table 1.

1. Tissue microarray construction

We constructed tissue microarray (TMA) blocks using the
314 cases of invasive breast cancers (IBCs). To reduce sam-
pling errors in TMA evaluation, all hematoxylin and eosin

Table 1. Clinicopathologic characteristics of patients

Characteristic No. (%) (n=314)
Mean age (range, yr) 51.7 (25.6-86.7)
Mean tumour size (range, cm) 2.05 (0.5-4.8)
T stage 
1a 1 (0.3)
1b 19 (6.1)
1c 162 (51.6)
2 130 (42.0)

Histologic type
Invasive duct 274 (87.3)
Invasive lobular 11 (3.5)
Mucinous 10 (3.2)
Others 19 (6.1)

Multiplicity
No 258 (82.2)
Yes 56 (17.8)

Histologic grade
I 56 (17.8)
II 96 (30.6)
III 162 (51.6)

Lymphatic invasion
No 193 (61.5)
Yes 121 (38.5)

Venous invasion
No 303 (96.5)
Yes 11 (3.5)

Estrogen receptor 
Negative 84 (26.8)
Positive 230 (73.2)

Progesterone receptor
Negative 101 (32.2)
Positive 199 (63.4)

HER2
Negative 263 (83.8)
Positive 51 (16.2)

Ki-67
< 20% 182 (58.0)
 20% 132 (42.0)

N stage
0 212 (67.5)
1 89 (28.3)
2 13 (4.1)

Breast surgery
Lumpectomy 213 (67.8)
Mastectomy 101 (32.2)

Axillary surgery
Sentinel Bx 209 (66.6)
Sentinel Bx+ALND 105 (33.4)

Mean sentinel LNs (range) 3.62 (1-10)

Bx, biopsy; ALND, axillary lymph node dissection; LN,
lymph node.
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stained slides were reviewed and the most representative 
tumour section was selected for each case. Three tissue
columns of invasive carcinoma of 2.0 mm in diameter were
taken from different areas of the tumours and arranged in
new TMA blocks using a trephine apparatus (Superbiochips
Laboratories, Seoul, Korea). In each TMA block, two columns
of normal breast tissue were included for negative controls. 

2. IHC staining and scoring

The expression of standard biomarkers including estrogen
receptor (ER), progesterone receptor (PR), HER2, and Ki-67
were evaluated in whole sections at the time of diagnosis or
in in TMA sections for missing data during the study. Tissue
sections 4 m thick were cut, dried, deparaffinised, and 
rehydrated following standard procedures. All of the sec-
tions were subjected to heat-induced antigen retrieval. IHC
staining was carried out using TMAs in a BechMark XT 
autostainer (Ventana Medical Systems, Tucson, AZ), using

an i-View detection kit (Ventana Medical Systems) for ER
(1:100, clone SP1, LabVision, Fremont, CA), PR (1:70, PgR
636, Dako, Glostrup, Denmark), HER2 (1:700, polyclonal,
Dako), Ki-67 (1:250, MIB-1, Dako), CA9 (1:200, ab15086,
Abcam, Cambridge, UK), and CA12 (1:100, ab140385,
Abcam). ER and PR were regarded as positive if there were
at least 1% positive tumour cells. Expression of HER2 was
scored according to the American Society of Clinical Oncol-
ogy/College of American Pathologists guidelines [11,12].
HER2 IHC3+ or amplification in fluorescence in situ hybri-
dization was regarded as HER2 positive. For the Ki-67 pro-
liferation index, cases with 20% or more positive tumour cells
were regarded as having high indices. For CA9, membra-
nous staining of tumour cells was examined in a semi-quan-
titative way. The staining intensity of tumour cells was
scored from 0 to 3 (0, no staining; 1, weak; 2, moderate; and
3, strong) as did the percentage of positive tumour cells from
0 to 100. We also evaluated staining of stromal cells around
the tumour cell nests. For CA12, the cytoplasmic and mem-

Fig. 1.  Representative photos of carbonic anhydrase (CA) 9 and CA12. (A) strong membranous staining of CA9 is observed
in tumour cells (200). (B) Expression of CA9 is frequently observed around the intratumoural necrosis (100). (C) CA9 is
expressed in stromal fibroblast as well as tumour cells (100). (D) Strong membranous staining of CA12 is observed (200).
(E) Diffuse cytoplasmic staining of CA12 is observed with moderate intensity (200). (F) CA12 expression is identified in
normal ductal epithelium especially in luminal cells (100).

A B C

D E F
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branous staining of tumour cells was evaluated separately in
the same way for CA9. Any positive staining in the mem-
brane or cytoplasm was regarded as positive.

3. Statistical analyses

All cases with at least one available TMA for IHC were
used for statistical analyses. If there was any difference in
IHC staining results between three cores, we chose the 
results from the largest one as representative and used them
for analyses. Statistical analysis used SPSS ver. 20 (IBM Co.,
Chicago, IL). Null hypotheses of no difference were rejected
if p-values were less than 0.05, or, equivalently, if the 95%
confidence intervals (CIs) of risk point estimates excluded 1.
Categorical data were compared using Fisher exact test or
Pearson’s chi-square test, while continuous data were com-
pared using t test. To determine a cut-off value for Ki-67, 
receiver operating curve was used. Correlation between vari-
ables was evaluated using Spearman’s correlation coefficient.
Multivariate binary logistic regression model was applied to
determine significant factors for SLN metastasis.

Results

The mean age was 51.7 years, ranging from 25.6 to 
86.7 years, and the mean tumour size was 2.05 cm (Table 1).
Most patients (87.3%) had invasive duct carcinoma, and 56 

patients (17.8%) had multiple disease. About half of the 
patients (51.6%) had high histologic grade with lymphatic 
invasion of tumours in 38.5%. ER positivity was 73.2% and
HER2 was 16.2%. The N stage of patients was N0 in 212 
patients (67.5%), N1 in 89 (28.3%), and N2 in 13 (4.1%). Breast
conserving surgery was performed in 213 patients (67.8%)
and SLN biopsy only in 209 (66.6%). The mean number of
harvested SLN was 3.62, ranging from 1 to 10.

1. IHC expression of CA9 and CA12

CA9 expression was observed both in tumour cells and
stromal cells. CA9 was expressed predominantly around the
tumour cell membrane with various amounts of cytoplasmic
staining. Of 314 IBCs, 191 cases (60.8%) showed CA9 expres-
sion in tumour cells. CA9 expression was strong around the
intratumoural necrosis and its intensity was correlated with
the presence of intratumoural necrosis (p < 0.001). Peritu-
moural stromal cells also expressed membranous and cyto-
plasmic CA9. One hundred and eighty-three cases (58.3%)
expressed CA9 in pertitumoural stromal cells with various
staining intensities. 

CA12 expression was 71.0% (223/314) in tumor cell mem-
brane and 73.9% (232/314) in cytoplasm of tumour cells. As
for stromal cells, only 57 of 312 cases (18.3%) showed stromal
expression of CA12, excluding two patients whose TMA
cores did not contain enough peritumoural stroma. CA12
was frequently expres-sed in normal ductal epithelium with
weak intensity (Fig. 1).

Table 2. Pearson’s correlation and logistic regression analyses of predictive factors for lymph node metastases

Variable Univariate analysis Multivariate analysis
Spearman’s  p-value Adjusted OR 95% CI p-value

Age –0.144 0.010 - - -
Tumour size 0.100 0.078 - - -
T stage 0.107 0.058 - - -
Multiplicity 0.068 0.232 - - -
Histologic grade –0.131 0.021 - - -
Lymphatic invasion 0.331 < 0.001 4.613 2.736-7.778 < 0.001
Venous invasion 0.164 0.004 - - -
Estrogen receptor 0.112 0.047 - - -
Progesterone receptor 0.135 0.019 - - -
Ki-67  20% –0.136 0.016 0.551 0.323-0.938 0.028
MembCA12 0.188 0.001 - - -
CytoCA12 0.165 0.004 - - -
StromaCA9 0.187 0.001 2.601 1.506-4.492 0.001

OR, odds ratio; CI, confidence interval; MembCA12, membrane staining by carbonic anhydrase (CA) 12; CytoCA12, cytoplas-
mic staining by CA12; StromaCA9, staining by CA9 in stromal cells.
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2. Risk factors for SLN metastases

In the univariate analysis, several clinicopathologic condi-
tions were positively related to SLN metastases. Those are
young patient age, presence of lymphatic and venous inva-
sion, ER or PR positivity, a low Ki-67 labeling index, positive
staining of membrane and cytoplasm of tumours for CA12,
and CA9 staining of stromal cells (Table 2).

Among these factors, lymphatic invasion and the Ki-67 
labelling index of primary tumours, and CA9 expression of
stromal cells were significant risk factors in multivariate
analysis. The adjusted odds ratio (OR) of the presence of lym-
phatic invasion was 4.613, with a 95% CI 2.736-7.778 when
compared with the absence of lymphatic invasion. The OR
of CA9 staining in stromal cells was 2.601 (95% CI, 1.506 to

4.492); that of Ki-67  20% of primary tumours, 0.551 (95%
CI, 0.323 to 0.938). 

In 121 patients with lymphatic invasion of primary 
tumours, 63 (52.1%) had SLN metastasis. Lymphatic invasion
of primary tumours was also associated with younger age,
smaller tumour size, and IHC membrane staining of CA12
(p < 0.001, p=0.026, and p < 0.001, respectively). In 189 
patients with CA9 positive stromal cells, 73 (38.6%) had SLN
metastasis. As for Ki-67, 28 of 132 patients (21.2%) with 
Ki-67  20% had SLN metastasis. In 182 patients with Ki-67
< 20%, 69 (37.9%) had SLN metastasis. Ki-67  20% was asso
ciated with a high histologic grade, high mitotic count, and
ER negativity (p < 0.001, p=0.004, and p < 0.001, respec-
tively). 

3. A model predicting SLN metastases

A risk score model (RSM) predicting SLN metastasis was
created using significant predictors in multivariate analysis.
First, four tiered risk groups (RSM1) were generated, count-
ing the three risk factors including lymphatic invasion and a
low Ki-67 labelling index of primary tumours, and CA9 pos-
itivity of stromal cells. Table 3 shows the relationship of
RSM1 and N stage. In 33 patients without risk factors, no 
patient had SLN metastasis, and the percentage of patients
having SLN metastasis increased proportional to the score of
RSM1 (p < 0.001). The mean number of positive lymph nodes
also increased proportional to that of RSM1 (Fig. 2). 

Second, RSM2, including lymphatic invasion of primary
tumours and CA9 positivity of stromal cells as risk factors,
was evaluated. In 80 patients without the two risk factors,
only four patients (5%) had positive SLN. RSM2 was statis-
tically significant as well as RSM1 (p < 0.001).

Table 3. Correlation of risk score 1 with N stage

N stage Risk score 1a)
Total

0 1 2 3
0 33 (10.5) 93 (29.6) 68 (21.7) 18 (5.7) 212 (67.5)
1 0 ( 25 (8.0) 42 (13.4) 22 (7.0) 89 (28.3)
2 0 ( 2 (0.6) 5 (1.6) 6 (1.9) 13 (4.1)
Total 33 (10.5) 120 (38.2) 115 (36.6) 46 (14.6) 314 (100)
a)Risk score 1: number of risk factors (lymphatic invasion and Ki-67 < 20% of primary tumours, and carbonic anhydrase 9 
expression in stromal fibroblasts). 
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Fig. 2.  The mean number of positive lymph nodes accord-
ing to risk score 1. The mean number of positive lymph
nodes increases proportional to risk score, and was differ-
ent between groups with statistical significance (p < 0.05)
except between risk scores 2 and 3. Bar indicates the stan-
dard error.



Discussion

We evaluated the relationship between SLN metastasis
and the expression of CA9 and CA12 in patients with early
breast cancer. In this study, positive CA9 staining of stromal
cells was strongly associated with SLN metastasis as well as
lymphatic invasion of primary tumours, whereas CA12 was
not.

CA9 is related to tumour hypoxia and is a marker for poor
survival of patients with advanced breast cancer [13]. This
implicates tumour hypoxia as one condition that potentiates
metastasis of tumours. Several studies observed that CA9 
expression in tumour cells is relevant to lymph node metas-
tasis. Aomatsu et al. [14] showed that the CA9 expression in
a core needle biopsy specimen of breast cancer was signifi-
cantly associated with lymph node metastasis (70% vs. 30%)
and lymphovascular invasion (69% vs. 31%). Schutze et al.
[15] investigated CA9 mRNA signalling intensity using TMA
and observed that a high CA9 expression was associated
with positive nodal status as well as with shorter disease-free
survival. However, little is known about the relationship 
between CA9 expression in stromal cells around tumour cells
and lymph node metastasis. In this study, CA9 staining of
stromal cells was statistically significantly correlated with
SLN metastases, as well as lymphatic invasion of primary 
tumours. This finding is novel in IBCs, suggesting that CA9
expression of stromal cells is more important for SLN metas-
tasis than for primary tumours. Brockton et al. [16] reported
similar observations in head and neck cancer. They showed
that in head and neck cancer cohorts, stromal CA9 levels are
more strongly associated with both poor survival and lymph
node metastasis than tumour CA9. Fiaschi et al. [17] found
that CA9 from cancer-associated fibroblasts drives epithelial-
mesenchymal transition in prostate cancer, a key event asso-
ciated with increased motility. 

CA12 is an enzyme that catalyses the hydration of carbon
dioxide to bicarbonate and protons. CA12 is up-regulated by
hypoxia via hypoxia-inducible factor-1, although the under-

lying mechanism is not clear. In a study using a breast cancer
cell line, the expression of CA12 was related to the invasion
and migration ability of breast cancer cells [18]. In contrast
to in vitro data, CA12 expression is highly associated with ER
[19] and is an indicator of a good prognosis in patients with
breast cancer [20]. Watson et al. [20] reported that the expres-
sion of CA12 was associated with lower grade, positive ER,
negative epidermal growth factor receptor, and the absence
of necrosis. In this study, a strong association of positive
CA12 staining and a positive ER status of primary tumours
was seen (data not shown), and the membrane or cytoplas-
mic CA12 staining of primary tumours did not have a signif-
icant association with SLN metastasis.

Lymphatic invasion of tumours is a well-recognised risk
factor for lymph node metastasis [3,4,21]. Ugras et al. [3]
showed, in a large retrospective cohort including 11,596 
patients, that when lymphovascular invasion was absent, the
risk of any nodal involvement was 0.28 (95% CI, 0.26 to 0.31)
compared to when it was present. As in other studies, lym-
phatic invasion of primary tumours was one of the strongest
risk factors for SLN metastasis in this study.

The Ki-67 labelling index is a surrogate marker for tumour
proliferation and thus predictive of a poor treatment out-
come in early breast cancer [22]. However, the association
between SLN metastasis and the Ki-67 labelling index in
early breast cancer is controversial. Bader et al. [23] showed
that Ki-67  18% was associated with axillary lymph node
metastases (18.9% vs. 40.9%, p < 0.001) in patients with T1
breast cancer who underwent level I/II axillary dissection.
In contrast, Koyama et al. [24] reported that the Ki-67 
labelling index of the primary tumour was significantly
lower in SLN positive patients, although Terasaki-Fukuzawa
et al. [25] observed no association of Ki-67 labelling index
with lymph node metastasis. In this study, similar to
Koyama’s, SLN metastasis was associated with ER positivity
and a low Ki-67 labelling index. In multivariate analysis, low
Ki-67 was a significant risk factor for SLN metastasis.

In RSM1 using three risk factors, including lymphatic 
invasion, the Ki-67 labelling index of primary tumours, and
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Table 4. Correlation of risk score 2 with N stage

N stage Risk score 2a)
Total

0 1 2
0 76 (35.8) 104 (49.1) 32 (15.1) 212 (67.5)
1 4 (1.3) 54 (17.2) 31 (9.9) 89 (28.3)
2 0 ( 6 (1.9) 7 (2.2) 13 (4.1)
Total 80 (25.5) 164 (52.2) 70 (22.3) 314 (100)
a)Risk score 2: number of risk factors including lymphatic invasion of primary tumours and carbonic anhydrase 9 expression
of stromal fibroblasts. 
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expression of CA9 in stromal fibroblasts, the N stage was 
associated with the risk score (RS), and the mean number of
positive lymph node increased proportional to RS. Of note,
in patients without the three risk factors, none of the patients
had lymph node metastasis. As the relationship of Ki-67 
labelling index with SLN metastasis in other studies is 
ambivalent [23-25], we evaluated RSM2 using two factors,
including lymphatic invasion of primary tumours and CA9
staining of stromal cells (Table 4). In patients without these
risk factors, 95% had negative SLN, suggesting the crucial
role of lymphatic invasion of primary tumours and CA9 
expression of stromal cells in SLN metastasis.

There are some limitations in this study. There may be 
undetected confounding factors that affect the results of this
study because of the retrospective design. This study 
includes only patients with early breast cancer in a single
centre. Thus, to expand and validate the effect of IHC stain-
ing of CA9 and CA12 on SLN metastasis, larger cohorts from
several centres are necessary.

Conclusion

In summary, CA9 staining of stromal cells is a significant
risk factor for SLN metastasis in addition to lymphatic inva-
sion and a low Ki-67 labeling index of primary tumours. 
Patients without these three risk factors did not have SLN
metastasis. In patients with neither lymphatic invasion of 
primary tumours nor CA9 staining of stromal cells, 95% of
patients had negative SLN. IHC staining of CA12 was not a
risk factor for SLN metastasis. To validate these results,
larger cohort studies are warranted.
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Impact of Molecular Subtype Conversion of Breast Cancers after
Neoadjuvant Chemotherapy on Clinical Outcome

Original Article

Purpose
The aim of this study was to examine molecular subtype conversions in patients who 
underwent neoadjuvant chemotherapy (NAC) and analyze their clinical implications.

Materials and Methods
We included consecutive breast cancer patients who received NAC at the National Cancer
Center, Korea, between August 2002 and June 2011, and had available data on estrogen
receptor (ER), progesterone receptor (PR), and human epidermal growth factor 2 (HER2)
receptor status prior to NAC. Molecular subtypes, hormone receptor (HR) status, and ER
and PR Allred scores before and after NAC were compared, and the long-term outcomes
were analyzed.

Results
Of 322 patients, 32 (9.9%) achieved a pathologic complete response after NAC.
HR+/HER2– tumors tended to convert into triple negative (TN) tumors (10.3%), whereas
34.6% of TN tumors gained HR positivity to become HR+/HER2– tumors. Clinical outcomes
of molecular subtype conversion groups were compared against patients who remained as
HR+/HER2– throughout. The HR+/HER2– to TN group had significantly poorer recurrence-
free survival (RFS) (hazard ratio, 3.54; 95% confidence interval [CI], 1.60 to 7.85) and overall
survival (OS) (hazard ratio, 3.73; 95% CI, 1.34 to 10.38). Patients who remained TN through-
out had the worst outcomes (for RFS: hazard ratio, 3.70; 95% CI, 1.86 to 7.36; for OS: haz-
ard ratio, 5.85; 95% CI, 2.53 to 13.51), while those who converted from TN to HR+/HER2–
showed improved comparable survival outcomes.

Conclusion
Molecular subtypes of breast cancers changed frequently after NAC, resulting in different
tumor prognostication. Tumor subtyping should be repeated after NAC in patients with
breast cancer.

Key words
Breast neoplasms, Molecular subtype, Receptor status, 
Neoadjuvant chemotherapy

Introduction

Neoadjuvant chemotherapy (NAC) is widely accepted as
the standard of care for locally advanced breast cancer. Stud-
ies have confirmed that NAC can be used to downsize oper-

able breast tumors, both to increase the rate of breast conser-
vation in patients eligible for mastectomy and to achieve bet-
ter cosmetic results after breast conserving surgery, without
compromising long-term outcomes of breast cancer treat-
ment [1-3]. Accordingly, the rate of NAC use has shown a
considerable increase. However, there is concern that hor-
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mone receptor (HR) and human epidermal growth receptor
2 (HER2) receptor status can be altered by NAC [4,5]. While
some studies reported no change, others have demonstrated
changes in estrogen receptor (ER), progesterone receptor
(PR), and HER2 receptor status, as described in a recent 
review by van de Ven et al. [5]. Switching to a positive HR
status after NAC was also reported to indicate a better prog-
nostic outcome [6,7].

ER, PR, and HER2 status are well-established prognostic
and predictive biomarkers. Patients with a positive HR status
have better long-term outcomes whereas those with a posi-
tive HER2 status have a poorer prognosis. Endocrine therapy
significantly improves the prognosis of patients with HR 
expression, and prolonged duration of endocrine therapy is
now reported to show benefit [8]. Similarly, anti-HER2 
targeted therapy in HER2 positive patients significantly 
improves the long-term outcomes of patients with a HER2
positive status [9]. Tumor responses to chemotherapy also
differ according to the expression of these biomarkers, and
these responses, in turn, are predictive of recurrence-free 
survival (RFS) and overall survival (OS) [10]. Therefore, 
decisions regarding both neoadjuvant and adjuvant therapy
and the regimens employed are heavily dependent on the
HR and HER2 status of the tumor. 

Genomic expression profiling of breast cancers brought
about a new classification for breast cancers, with the most
common subtypes being luminal A and B, HER2 and basal-
like types. This classification enables better prognostication,
and may further refine the choice of therapy for individual
patients [11]. Although genomic profiling is still not per-
formed routinely for each patient, due to its high cost and
the need for technical expertise, immunohistochemical (IHC)
analyses of protein biomarkers can be used to determine the
approximate molecular category [12-14]. Onitilo et al. [14] 
reported that molecular subtype classification according to
ER, PR, and HER2 status provided useful prognostic and
therapeutic information on the four major molecular sub-
types (luminal A, luminal B, HER2, and basal-like/triple neg-
ative [TN]). 

The aim of this study was to examine the changes in IHC-
based molecular subtype in patients who underwent NAC
at our institution. We also analyzed the patients according
to their HR status and changes in their ER and PR Allred
scores, and examined the impact of these changes on long-
term outcomes.

Materials and Methods

1. Patients

We retrospectively reviewed our database for records of
consecutive patients who underwent NAC at National 
Cancer Center, Korea, between August 2002 and June 2011. 

Diagnostic core biopsies were performed before NAC in
all patients. Patients for whom data on HR and HER2 status
were available were included in the analysis. Those with
metastatic disease at diagnosis, bilateral breast cancers, and
those who had received any previous treatment for breast
cancer were excluded. 

2. HR and HER2 status determination and molecular sub-
type grouping

Paraffin sections of the tumors were subjected to IHC
analyses to determine the ER, PR, and HER2 status. ER 
expression was assessed using the antibody clones 6F11 or
SP1, while PR expression was examined using the antibody
clones 1A6 or 1E2 (Ventana Medical Systems, Tucson, AZ).
Reactivity of more than 1% was defined as positive for both
receptors. ER and PR expression were also quantified using
the Allred scoring system. Patients with ER and/or PR 
positivity were classified as HR positive.

The HER2 status was determined using rabbit polyclonal
antibodies (Dako, Glostrup, Denmark). HER2 overexpres-
sion was defined as membrane staining of 3+ (HER2+), while
1+ and 0 were defined as HER2 negative (HER2–). Fluores-
cent in situ hybridization (FISH) was performed when the
HER2 IHC scores were equivocal (2+), and also when the
physician in charge wanted to confirm the IHC results. FISH
was performed using the PathVysion Kit (Abbott/Vysis Lab-
oratories, Abbott Park, IL), and HER2 gene amplification was
defined as HER2:chromosome 17 ratio of  2.2. Whenever
FISH tests results were available, they took precedence over
the IHC results. Tumors without FISH testing despite an
equivocal IHC score were excluded from this study. 

Using the above receptors’ status, patients were divided
into four molecular subtype groups for analyses: (1) HR+ and
HER2–, (2) HR+ and HER2+, (3) HR– and HER2+, and (4)
HR– and HER2– or TN.

3. Treatments

As many of the patients were also participants in various
clinical trials of NAC that were being conducted at the 
National Cancer Centre, Korea, during this period, the NAC
regimens were not uniform for all patients [15,16]. The regi-
mens included four cycles of doxorubicin and cyclophos-
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phamide, four cycles of doxorubicin and cyclophosphamide
followed by four cycles of either docetaxel or paclitaxel, six
cycles of doxorubicin and docetaxel, four cycles of paclitaxel
and gemcitabine, and six cycles of paclitaxel, gemcitabine,
and trastuzumab or lapatinib. Anti-HER2 therapy containing
NAC was not yet approved for use by the national health 
insurance scheme during our study period, and only 29 
patients received anti-HER2 containing NAC therapy,
mostly under the protocols of clinical trials [17,18]. Anti-
HER2 therapy consisted of trastuzumab or lapatinib [19] for
a total duration of 1 year, irrespective of whether it was 
administered as neoadjuvant or adjuvant therapy. All 
patients who underwent conservative breast surgery and 
patients with clinical tumor sizes  5 cm and/or clinical N2
and N3 disease were offered adjuvant radiation therapy. 
Adjuvant endocrine therapy was also offered to all patients
with HR positive tumors at the discretion of the physician in
charge.

4. Statistical analysis

All statistical analyses were performed using STATA ver.
10 (StataCorp LP, College Station, TX). Differences in cate-
gorical variables were analyzed using chi-square test, and
differences in continuous variables were evaluated using
analysis of variance. A pathological complete response (pCR)
was defined as the absence of any invasive or in-situ tumor
on pathological examination, both in the primary breast and
in the lymph nodes. This definition was in accordance with
the international expert panel recommendations published
by Kaufmann et al. [20]. RFS was defined as the time from
the date of diagnosis to the date of local or distant recurrence.
OS was defined as the time from the date of diagnosis to
death from any cause, or to the date of the last follow-up for
living patients. RFS and OS curves were plotted using the
Kaplan-Meier method, and compared using the log-rank test.
Multivariate Cox regression analysis was used to estimate
the hazard ratio, the 95% confidence interval (CI), and the 

Table 1. Patient and tumor characteristics according to molecular subtype at diagnosis
Characteristic HR+/HER2– HR+/HER2+ HR–/HER2+ TN p-value
Histologic type (n=317)a)

Invasive ductal carcinoma 157 (95.2) 64 (100) 35 (100) 53 (100) 0.056
Invasive lobular carcinoma 8 (4.8) 0 ( 0 ( 0 (

Age (yr) (n=322)a)

< 45 79 (47.3) 29 (44.6) 9 (25.7) 23 (41.8) 0.134
 45 88 (52.7) 36 (55.4) 26 (74.3) 32 (58.2)

Clinical stage (n=328)a)

Stage II 44 (27.3) 17 (27.0) 5 (14.3) 10 (19.2) 0.300
Stage III 117 (72.7) 46 (73.0) 30 (85.7) 42 (80.8)

Grade of tumor (n=293)a)

Grade 1 or 2 93 (62.4) 32 (51.6) 9 (27.3) 14 (28.6) < 0.001
Grade 3 56 (37.6) 30 (48.4) 24 (72.7) 35 (71.4)

Ki-67 (%)b) (n=283)a)

< 15 107 (70.4) 35 (62.5) 10 (40.0) 16 (32.0) < 0.001
 15 45 (29.6) 21 (37.5) 15 (60.0) 34 (68.0)

Lymphatic invasionb) (n=279)a)

Yes 132 (86.8) 47 (92.2) 21 (80.8) 46 (92.0) 0.376
No 20 (13.2) 4 (7.8) 5 (19.2) 4 (8.0)

Vascular invasionb) (n=271)a)

Yes 4 (2.7) 2 (4.0) 0 3 (6.4) 0.473
No 144 (97.3) 48 (96.0) 26 (100) 44 (93.6)

Response to NACc) (n=310)a)

Yes 102 (63.4) 44 (71.0) 31 (88.6) 30 (57.7) 0.013
No 59 (36.6) 18 (29.0) 4 (11.4) 22 (42.3)

Values are presented as number (%). HR, hormone receptor; HER2, human epidermal growth factor 2; TN, triple negative;
NAC, neoadjuvant chemotherapy. a)n is the number of patients in each analysis after omission of patients with missing data,
b)Ki-67, lymphatic invasion, and vascular invasion were recorded from the surgical specimen (after NAC), c)Response to NAC:
decrease in pathological stage of surgical specimen (after NAC) compared to clinical stage.
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effects of the clinical and pathological variables. A two-sided
p-value of < 0.05 was considered statistically significant.

5. Ethics

This study was reviewed and approved by the Institu-
tional Review Board of National Cancer Center, Korea.

Results

1. Patient characteristics

Of 4,460 patients who underwent surgery for invasive
breast cancer at our institution during the study period, 449
consecutive patients received NAC. Of these patients, 322
had available data on their HR and HER2 status, both from
diagnostic core biopsy specimen analysis prior to NAC and
the surgical specimen after NAC. The median patient age
was 46.0 years (range, 26.0 to 76.0 years), and the median 
follow-up period was 63.0 months (range, 5.0 to 110.0
months). Clinically, 24.4% of the tumors were stage II and
75.6% were stage III. In IHC analysis before NAC, 61.2% of

the tumors were ER positive (ER+) and 61.8% of the tumors
were PR positive (PR+). In total, 242 tumors (71.2%) were
HR+ at diagnosis. There were 100 HER2+ tumors (31.1%),
and 55 TN tumors (17.1%). 

A pCR was achieved in 32 patients (9.9%); 6.6% in the
HR+/HER2– group, 13.8% in the HR+/HER2+ group, 25.7%
in the HR–/HER2+ group, and 5.5% in the TN group. These
patients were excluded in further analysis.

2. Changes in molecular subtypes after NAC

Of the 332 tumors, 167 (51.9%) were HR+/HER2–, 65
(20.2%) were HR+/HER2+, 35 (10.9%) were HR–/HER2+,
and 55 (17.1%) were TN. The patient and tumor characteris-
tics according to the 4 molecular subtypes are shown in 
Table 1. Subtype changes occurred in 23.1% of tumors treated 
with NAC (Table 2). HR+/HER2– tumors tended to lose
their HR expression (10.3%) to become TN, and TN tumors,
in contrast, frequently gained HR expression to become
HR+/HER2– (34.6%). In addition, HR+/HER2+ tumors
showed a higher tendency to lose their HER2 positivity
(21.4%) than their HR positivity (10.7%). HR–/HER2+ 
tumors gained HR positivity to form HR+/HER2+ tumors
(38.5%) more often than they lost HER2 overexpression to
become TN tumors.

Table 2. Change in the molecular subtypes, hormone receptor and HER2 status after NAC
Before NAC After NAC

p-value  
(n=290) HR+/HER2– HR+/HER2+ HR–/HER2+ TN HR+ HR– HER2+ HER2–

HR+/HER2– 140 (89.7) 0 ( 0 ( 16 (10.3) - - - - < 0.001
HR+/HER2+ 12 (21.4) 37 (66.1) 6 (10.7) 1 (1.8) - - - -
HR–/HER2+ 1 (3.8) 10 (38.5) 12 (46.2) 3 (11.5) - - - -
TN 18 (34.6) 0 ( 0 ( 34 (65.4) - - - -
HR+ - - - - 189 (89.2) 23 (10.8) - - < 0.001
HR– - - - - 29 (37.2) 49 (62.8) - -
HER2+ - - - - - - 65 (79.3) 17 (20.7) < 0.001
HER2– - - - - - - 0 ( 208 (100)

Values are presented as number (%). HER2, human epidermal growth factor 2; NAC, neoadjuvant chemotherapy; HR, hor-
mone receptor;  TN, triple negative.

Table 3. Change in estrogen receptor and progesterone receptor Allred scores after neoadjuvant chemotherapy
Change (n=290) Decrease in score No change Increase in score 
ER Allred score change 69 (23.8) 172 (59.3) 49 (16.9)
PR Allred score change 113 (39.0) 110 (37.9) 67 (23.1)

Values are presented as number (%). ER, estrogen receptor; PR, progesterone receptor.
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3. Changes in the HR status, HER2 status, ER and PR Allred
scores after NAC

In total, 52 tumors (17.9%) underwent HR status conver-
sions, and 17 tumors (5.9%) showed changes in HER2 status.
Regarding the HR status, the change from HR– to HR+ was
significantly more frequent than the change from HR+ to

HR– (37.2% vs. 10.8%; p < 0.001). While no tumors of the
HER2– phenotype changed to HER2+ after NAC, 20.7% of
HER2+ tumors became HER2– tumors (Table 2). ER Allred
scores showed more stability than PR Allred scores, with PR
Allred scores showing a tendency to decrease after NAC
(Table 3).
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Fig. 1. Kaplan-Meier plots of recurrence free survival and overall survival for HR+/HER– tumors which remained 
unchanged vs. those which turned to TN (A) and HR status changes (B). HR, hormone receptor; HER2, human epidermal
growth factor 2; TN, triple negative.



4. Molecular subtype conversions and clinical outcomes

The 5-year RFS rates of the HR+/HER2–, HR+/HER2+,
HR–/HER2+, and TN groups at diagnosis were 76%, 84%,
85%, and 48% respectively, and the 5-year OS rates for these
groups were 86%, 85%, 85%, and 59% respectively. These 
differences were statistically significant (p < 0.001). 

The RFS and OS of patients with the more common molec-
ular subtype conversions were analyzed. Compared to 
patients who maintained a molecular subtype of HR+/
HER2– tumors before and after NAC, those who underwent
conversion from HR+/HER2– to the TN type showed signif-
icantly worse prognosis (Fig. 1). In multivariate analysis with
covariates of tumor grade, clinical stage, Ki-67 after NAC and
response to NAC, this change continued to demonstrate a
significantly worse outcome in terms of both RFS (hazard
ratio, 3.54; 95% CI, 1.60 to 7.85) and OS (hazard ratio, 3.73;

95% CI, 1.34 to 10.38). In contrast to the TN to TN group, 
patients who converted from TN to HR+/HER2– showed
better RFS and OS, which was not significantly different from
that of the HR+/HER2– group (Tables 4 and 5). 

5. HR status conversions, ER and PR Allred score changes
and clinical outcomes

Changes in HR status after NAC were classified as: HR+
to HR+, HR+ to HR–, HR– to HR–, and HR– to HR+. RFS and
OS differed significantly among the four groups (p < 0.001)
(Fig. 1). In multivariate analysis with covariates of tumor
grade, clinical stage, Ki-67 after NAC and response to NAC,
designating the HR+ to HR+ group as reference, patients
who converted from HR+ to HR– status had significantly
worse RFS (hazard ratio, 2.38; 95% CI, 1.17 to 4.84) and OS
(hazard ratio, 2.66; 95% CI, 1.11 to 6.39). Patients who had
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Table 4. Analysis of recurrence-free survival with clinical characteristics and molecular subtype changes

Factor
Univariate Multivariatea)

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value
Age (yr)
< 45 1 ( 0.678 - -
 45 0.92 (0.64-1.34) -

Clinical stage
Stage II 1 ( 0.003 1 ( 0.001
Stage III 2.23 (1.32-3.76) 2.93 (1.54-5.58)

Grade 
Grade 1 or 2 1 ( 0.035 1 ( 0.889
Grade 3 1.52 (1.03-2.25) 1.04 (0.63-1.72)

Ki-67 (%)b)

< 15 1 ( 0.002 1 ( 0.030
 15 1.85 (1.26-2.73) 1.70 (1.05-2.74)

Response to NACc)

Yes 1 ( 0.011 1 ( 0.016
No 1.65 (1.12-2.42) 1.71 (1.11-2.63)

Molecular subtype conversions
HR+/HER2– to HR+/HER2– 1 ( 1 (
HR+/HER2– to TN 3.62 (1.84-7.10) 0.001 3.54 (1.60-7.85) 0.002
HR+/HER2+ to HR+/HER2+ 0.97 (0.52-1.82) 0.924 0.94 (0.49-1.82) 0.862
HR+/HER2+ to HR+/HER2– 0.73 (0.23-2.38) 0.604 0.62 (0.15-2.65) 0.521
HR–/HER2+ to HR–/HER2+ 1.16 (0.45-2.96) 0.758 1.06 (0.35-3.22) 0.921
HR–/HER2+ to HR+/HER2+ 1.24 (0.44-3.48) 0.683 1.06 (0.36-3.11) 0.921
TN to TN 3.28 (1.89-5.70) < 0.001 3.70 (1.86-7.36) 0.001
TN to HR+/HER2– 2.25 (1.09-4.67) 0.029 1.59 (0.63-4.02) 0.324

CI, confidence interval; NAC, neoadjuvant chemotherapy; HR, hormone receptor; HER2, human epidermal growth factor 2;
TN, triple negative. a)Multivariate analysis was performed with covariates of clinical stage, grade, Ki-67 and response to NAC,
b)Ki-67 was recorded from the surgical specimen (after NAC), c)Response to NAC: decrease in pathological stage of surgical
specimen (after NAC) compared to clinical stage.
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HR– to HR+ conversions appeared to have better RFS (haz-
ard ratio, 1.32; 95% CI, 0.64 to 2.74) and OS (hazard ratio,
1.64; 95% CI, 0.23 to 4.30) than those who remained HR– (for
RFS: hazard ratio, 2.01; 95% CI, 1.10 to 3.69; for OS: hazard
ratio, 3.68; 95% CI, 1.80 to 7.49). RFS and OS did not differ
significantly with changes in the HER2 status or ER and PR
Allred score after NAC (data not shown).

Discussion

We found that breast tumors underwent frequent molec-
ular subtype conversions after NAC. The rate of change in
HR status noted in our study (17.9%) is in agreement with
the rates reported by Tacca et al. [6] and Hirata et al. [7] (16%

and 23%, respectively). In addition, HER2 status tended to
change less frequently than the HR status in response to
NAC, as reported in other studies [5,7].

According to our results, changes in the molecular sub-
types of tumors after NAC could alter the patient prognosis.
In our study, HR+/HER2– patients who converted to TN
had a significantly shorter RFS and OS than those who 
remained as HR+/HER2–, and both RFS and OS of those
who converted from TN to HR+/HER2– improved com-
pared to those who remained as TN. Although all patients
with HR+ status were treated with endocrine therapy, the
outcomes of patients who converted from HR+ to HR– status
were also worse than those who remained HR positive. 
In agreement with our findings, Tacca et al. [6] found that
patients with a change from HR– tumors to HR+ tumors after
NAC had better disease-free survival (DFS) and OS than
those in whom the status of HR– tumors did not change. In

Table 5. Analysis of overall survival with clinical characteristics and molecular subtype changes

Factor
Univariate Multivariatea)

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value
Age (yr)
< 45 1 ( 0.543 - -
 45 0.86 (0.54-1.38) -

Clinical stage
Stage II 1 ( 0.001 1 ( 0.004
Stage III 5.45 (1.98-15.02) 5.72 (1.74-18.81)

Grade 
Grade 1 or 2 1 ( 0.012 1 ( 0.702
Grade 3 2.04 (1.17-3.55) 1.13 (0.60-2.13)

Ki-67 (%)b)

< 15 1 ( < 0.001 1 ( 0.066
 15 3.01 (1.78-5.11) 1.86 (0.96-3.60)

Response to NACc)

Yes 1 ( 0.012 1 ( 0.013
No 1.91 (1.15-3.15) 2.06 (1.17-3.65)

Molecular subtype conversions
HR+/HER2– to HR+/HER2– 1 ( 1 (
HR+/HER2– to TN 4.02 (1.65-9.79) 0.002 3.73 (1.34-10.38) 0.012
HR+/HER2+ to HR+/HER2+ 1.07 (0.39-2.92) 0.897 1.20 (0.42-3.38) 0.737
HR+/HER2+ to HR+/HER2– 1.28 (0.29-5.55) 0.746 1.02 (0.13-8.00) 0.984
HR–/HER2+ to HR–/HER2+ 2.75 (0.92-8.22) 0.071 2.50 (0.77-8.18) 0.129
HR–/HER2+ to HR+/HER2+ 0.77 (0.10-5.79) 0.797 0.70 (0.09-5.52) 0.736
TN to TN 6.30 (3.17-12.50) < 0.001 5.85 (2.53-13.51) < 0.001
TN to HR+/HER2– 3.22 (1.26-8.22) 0.015 2.74 (0.92-8.19) 0.071

CI, confidence interval; NAC, neoadjuvant chemotherapy; HR, hormone receptor; HER2, human epidermal growth factor 2;
TN, triple negative. a)Multivariate analysis was performed with covariates of clinical stage, grade, Ki-67 and response to NAC,
b)Ki-67 was recorded from the surgical specimen (after NAC), c)Response to NAC: decrease in pathological stage of surgical
specimen (after NAC) compared to clinical stage.
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addition, Chen et al. [21] reported that patients who switched
from HR+ to HR– status had poorer DFS and OS when com-
pared to those who remained HR+; they also found that 
adjuvant endocrine therapy did not confer a survival benefit
in patients in whom the status of HR+ tumors changed to
HR–. In contrast, Hirata et al. [7], showed that endocrine
therapy significantly improves the DFS and OS in patients
who had HR status conversions. 

To the best of our knowledge, this is the first study explor-
ing the changes in the HR/HER2 subtypes before and after
NAC. This subtype grouping provides more specific infor-
mation regarding the biologic and behavioral characteristics
of tumors than the individual consideration of the ER, PR, or
HER2 status. Although the patient numbers in most of the
molecular subtype conversion groups were small, this study
provides meaningful information on the frequency and
trends in the changes of each subtype, as well as the clinical
impact of the molecular subtype conversions.

We acknowledge that this study had some limitations.
First, it was retrospective in nature, although our breast can-
cer database is prospectively maintained. Therefore, it was
not possible to control for the type of NAC or adjuvant treat-
ment that the patients received, or to exclude selection bias.
There were also some missing data in our study, which is an
inherent problem in retrospective studies. However, as the
amount of missing data is small we do not expect the results
to be significantly affected. Second, we classified the molec-
ular subtype of tumors only according to the HR and HER2
status, and our molecular subtype approximation would
have correlated better with the four major molecular sub-
types (luminal A and B, HER and basal-like), if we had other
available data on the core biopsy specimens such as Ki-67,
cytokeratin 5/6 or HER1 [12,13,22]. However, our method is
a simple and convenient way to estimate a tumor’s subtype
and involves the use of biomarkers that are routinely tested
in clinical practice. In addition, its usefulness was previously
demonstrated in other studies [14,23,24]. Finally, unlike IHC,
FISH was performed only once during the course of treat-

ment, which could have affected HER2 status determination.
We found no statistically significant difference in the long
term outcomes of patients who showed changes in their
HER2 status, likely because most patients did not receive
HER2-targeted treatment during the study period. In the era
of HER2-targeted therapy, long term outcomes of patients
with HER2 status conversions may differ significantly, and
we await further results from future studies on this patient
group.

Conclusion

Molecular subtypes of breast cancers changed frequently
after NAC and these changes showed correlation with long-
term prognosis. Thus, molecular subtypes should be 
reassessed routinely after NAC using surgical specimens.
Understanding the patterns of change in each molecular 
subtype could provide important predictive and prognostic
information, as breast cancer management becomes more 
individualized.
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CD44 Variant 9 Serves as a Poor Prognostic Marker in Early Gastric
Cancer, But Not in Advanced Gastric Cancer

Original Article

Purpose
The present study is to investigate the significance of CD44 variant 9 (CD44v9) expression
as a biomarker in primary gastric cancer.

Materials and Methods
With various gastric tissues, we performed immunohistochemical staining for CD44v9.

Results
The positive expression rates for CD44v9 in tumor, including adenoma, early gastric cancer
(EGC), and advanced gastric cancer (AGC), were higher than those in non-tumor tissues
(p=0.003). In addition, the higher expression for CD44v9 was observed as the tissue 
becomes malignant. In the analysis of 333 gastric cancer tissues, we found that positive
expression rates for CD44v9 were higher in the intestinal type or well differentiated gastric
cancer than in the diffuse type or poorly differentiated gastric cancer. Interestingly, the 
positive expression indicated poor prognosis in EGC (5-year survival rate [5-YSR] in stage I,
81.7% vs. 95.2%; p=0.013), but not in AGC (5-YSR in stage II, 66.9% vs. 62.2%; p=0.821;
5-YSR in stage III, 34.5% vs. 32.0%; p=0.929). Moreover, strong positive expression (3+)
showed a trend suggesting worse prognosis only in EGC, and it appeared to be associated
with lymph node metastasis.

Conclusion
This study suggests that CD44v9 may be a good biomarker for prognosis prediction and for
chemoprevention or biomarker-driven therapies only for EGC.

Key words
CD44 variant, Biological markers, Stomach neoplasms, 
Survival, Prognosis
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Introduction

Gastric cancer is the fourth most prevalent cancer world-
wide, with the highest prevalence in Korea [1]. However, the
treatment outcome, although detection of early gastric cancer
(EGC) has improved cure rates, is still unsatisfactory because
some of the EGCs relapse with loco-regional or distant
metastasis even after radical gastrectomy. Pathologic TNM
stage has been used as one of the best prognostic markers of
gastric cancer, but there are still large variations even at the
same stage. Therefore, it is crucial to find out the molecular
biomarkers that can predict the different prognosis among
patients with the same TNM staged cancer. Moreover, the
identification of biomarkers followed by the development of
biomarker-derived targeted therapies may improve the clin-
ical outcome like trastuzumab for human epidermal growth
factor receptor 2 (HER-2)–positive gastric cancers [2].

CD44, a major adhesion molecule for the extracellular 
matrix, is a cell surface receptor for hyaluronic acid [3], and
implicated various biological processes, such as cell adhesion
[4], cell migration [5], and cancer metastasis [6]. It has been

accepted as one of the cancer stem cells markers [7]. The 
isoforms produced by alternative mRNA splicing are abun-
dantly expressed in epithelial-type carcinomas, although the
standard CD44 isoform (CD44s) is expressed predominantly
in hematopoietic cells and normal epithelial cell subsets.
Among them, CD44 variant 9 (CD44v9) is highly expressed
at the proliferative and stem-like cells in mouse gastric 
tumors [8]. In addition, CD44v9 may contribute to cancer
survival in the worse environment, like high reactive oxygen
species–generated condition from chemotherapy and/or 
radiotherapy, by augmenting reduced glutathione though an
activating cysteine-glutamate exchange transporter [9]. These
findings suggested that CD44v9 might be a good target for
the biomarker-driven cancer treatment. Therefore, we con-
duct this study to determine whether CD44v9 is selectively
expressed in gastric cancer cells, and whether it serves as a
prognostic marker of gastric cancer at the same stage.

Fig. 1.  Representative figures of immunohistochemical staining for CD44 variant 9 (CD44v9) expression on the basis of pos-
itive criteria. Membranous reactions were scored in accordance to the percentage of CD44v9-positive cells as follows: (A)
immunonegativity (0%-4%), (B) 1+ reactivity intensity (5%-19%), (C) 2+ reactivity intensity (20%-49%), (D) 3+ reactivity 
intensity (50%-100%) (A-D, 200).

A B

C D



Cancer Res Treat. 2016;48(1):142-152

144 CANCER  RESEARCH  AND  TREATMENT

Fig. 2.  Representative findings of immunohistochemical staining for CD44 variant 9 (CD44v9) in various gastric tissues. (A)
Foveolar and fundic gland cells in normal tissue. Most of the foveolar and fundic gland cells were negative for CD44v9. (B)
Antral gland cells in normal tissue. Some of the neck cells and antral gland cells were positive for CD44v9. (C) Antral gland
cells in Helicobacter pylori–infected gastritis mucosa. Some of the antral gland cells in this H. pylori–infected gastric mucosa
were positive for CD44v9. (D) Intestinal metaplastic cells. Some of the intestinal metaplastic cells were positive for CD44v9.
(E) Low-grade tubular adenoma. (F) High-grade tubular adenoma. Many tumor cells are positive in a high-grade tubular
adenoma. (G) Early gastric cancer cells. Many tumor cells were positive in an early gastric cancer confined within mucosa.
(H) Advanced gastric cancer cells (A-H, 200).
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Materials and Methods

1. Clinical specimens and patients

We used two kinds of the tissue microarray samples; one
is containing the tissue samples for the evaluation of carcino-
genesis (5 normal tissue, 6 Helicobacter pylori associated 
gastritis, 12 intestinal metaplasia, 12 low-grade adenoma, 12
high-grade adenoma, 24 EGC and 20 advanced gastric cancer
[AGC], and the other is containing 333 gastric cancer tissues
derived from the patients who underwent gastrectomy for
gastric cancer from 1999 to 2007). The non-tumor samples
were obtained from the endoscopic submucosal dissection
or polypectomy for the benign polyps. For the tissue microar-
ray, we obtained 2-mm-diameter core tissue biopsies from
individual formalin-fixed and paraffin-embedded tissues
and arranged them in new recipient paraffin blocks. In the

cases of gastric carcinoma tissues, we obtained one tissue
core from the area near the invasive front. Institutional 
Review Board permission of Gyeongsang National Univer-
sity Hospital was obtained for the use of these samples for
this analysis (GNUHIRB-2009-19).

2. Immunohistochemical staining 

Immunohistochemical staining (IHC) was performed on a
4-µm-thick section. Briefly, the tissue section was deparaf-
finized and rehydrated. Slides were incubated in 3% H2O2

for 10 minutes to reduce nonspecific background staining
due to endogenous peroxidase. For epitope retrieval, speci-
mens were heated for 20 minutes in 10 mmol/L citrate buffer
(pH 6.0) in a microwave oven (700 W). After the treatment
of Ultra V Block (Lab Vision Co., Fremont, CA) for 7 minutes
at room temperature to block background staining, slides
were incubated with a monoclonal antibody specific to
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CD44v9 (kindly provided by Dr. Hideyuki Saya, diluted
1:10,000 to 0.1 µg/mL; Keio University School of Medicine,
Tokyo, Japan), for 1 hour at room temperature. Primary 
antibody binding was detected by the UltraVision LP Detec-
tion System (Lab Vision Co.) in accordance to the manufac-
turer's recommendations. The color development was
performed with 3-3'-diaminobenzidine and counterstained
with hematoxylin. For CD44v9, the degree of the epitope 
expression was scored as 0 when less than 5% of tumor cells
were stained, 1+ when 5%-19% of tumor cells were stained,
2+ when 20%-49% of tumor cells were stained, and 3+ when

50% or more of tumor cells were stained. IHC score of more
than 0 was used as positive criteria in unspecified cases. 
Histological type was described using the World Health 
Organization (WHO) and Lauren classification, and tumor
stage was classified in accordance to the American Joint
Committee on Cancer TNM system.

3. Statistical analysis

Chi-square test was used to identify any correlations 
between the immunohistochemical expressions of CD44v9

Table 1. Baseline characteristics of patients

Characteristic CD44v9 positive (n=164) CD44v9 negative (n=169) p-value
Median age (range, yr) 66 (26-85) 63 (24-81)
Sex
Male 104 (63.4) 114 (67.5) 0.438
Female 60 (36.6) 55 (32.5)

Location
Upper 21 (11.8) 21 (12.4) 0.987
Middle 31 (18.9) 33 (19.5)
Lower 112 (68.3) 115 (68.0)

Operation
Subtotal gastrectomy 115 (70.1) 117 (69.2) 0.921
Total gastrectomy 41 (25.0) 41 (24.3)
Proximal gastrectomy 6 (3.7) 9 (5.3)
Wedge resection 2 (1.2) 2 (1.2)

No. of LN dissections
< 15 28 (17.1) 24 (14.2) 0.470
 15 136 (82.9) 145 (85.8)

TNM stage
I 93 (56.7) 92 (54.4) 0.884
II 32 (19.5) 33 (19.5)
III 39 (23.8) 44 (26.0)

Tumor size (cm)
< 4 85 (50.3) 68 (41.5) 0.106
 4 84 (49.7) 96 (58.5)

WHO classification
Well differentiated 41 (25.0) 28 (16.6) < 0.001
Moderately differentiated 62 (37.8) 44 (26.0)
Poorly differentiated 48 (29.3) 72 (42.6)
Signet-ring cell carcinoma 4 (2.4) 23 (13.6)
Mucinous adenocarcinoma 7 (4.3) 1 (0.6)
Undifferentiated 2 (1.2) 1 (0.6)

Lauren classification
Intestinal 134 (81.7) 108 (63.9) < 0.001
Diffuse 21 (12.8) 55 (32.5)
Mixed 9 (5.5) 6 (3.6)

Values are presented as number (%) unless otherwise indicated. CD44v9, CD44 variant 9; LN, lymph node; WHO, World
Health Organization.
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and clinical parameters, such as histological type, TNM
stage, and location of cancer development.

Overall survival (OS) was defined as the time from opera-
tion to death of any cause or last follow-up. The survival
curve was calculated by the Kaplan-Meier method and the
difference was analyzed by a log-rank test between the 
positive and negative groups on the basis of CD44v9 expres-
sion. For the multivariate Cox regression models, all the vari-
ables with moderate survival association (p < 0.10) were
included. Internal validation with bootstrap (1,000 replica-
tions) was performed to validate the final model. A statistical
analysis was performed using SPSS ver. 21.0 (SPSS Inc.,
Chicago, IL). A two-sided p < 0.05 was considered statisti-
cally significant.

Post-hoc power (1–) calculations were performed to 
determine whether the sample size was adequate to find a
significant difference between the variables, using effect sizes
derived from this study.

Results

1. CD44v9-positve rate increased as the tissue became 
malignant

To determine whether CD44v9 is selectively expressed in
cancer cells, we assessed the expression of CD44v9 in normal

gastric mucosa, H. pylori–infected gastric mucosa, low-grade
adenoma, high-grade adenoma, EGC, and AGC. The repre-
sentative figures of CD44v9 IHC are shown in Figs. 1 and 2.
In normal gastric mucosa, mainly weak staining intensity
and up to 1+ immunoexpression for CD44v9 were found
only on the basolateral membrane of the epithelial cells of
the pyloric glands while foveolar epithelia and fundic glands
were negative for CD44v9 (Fig. 2A). CD44v9-positive rates
by histologic types were depicted in Fig. 3. The positive 
expression rates for CD44v9 in tumor, including adenoma,
EGC, and AGC (66.2%, 45/68), were higher than those in
normal and gastritis tissues (30.4%, 7/23, p=0.003) (Fig. 3A
and B). Post-hoc analysis of power revealed that this study
had 86% power to detect a difference in the proportion of
35.8% between the control and tumor groups in 91 samples,
with a two-sided =0.05. The degree of positive expression
was increased as tissues become malignant (Fig. 3C and D).

2. CD44v9-positive rates differ by WHO and Lauren clas-
sification

To investigate the clinical significance of CD44v9 in gastric
cancer, we used the second tissue microarray that contains
333 gastric cancer patients. The expression patterns of
CD44v9 are outlined by clinical variables (Table 1). The 
median age of patients was 66 years (range, 26 to 85 years)
and 63 years (range, 24 to 81 years) in CD44v9-positive and
CD44v9-negative group, respectively. The median follow-up
duration was 77.7 months (range, 1.2 to 167.7 months) and
77.1 months (range 0.6 to 175.8 months) in CD44v9-positive
and CD44v9-negative group, respectively. There were no 
significant differences in the positive rates for CD44v9 in 
accordance to gender, location, operation, and tumor stages.
However, the positive rates for CD44v9 decreased in poorly
differentiated adenocarcinoma and signet-ring cell carci-
noma (p < 0.001), and were higher in the intestinal type than
in the diffuse type (p < 0.001).

3. Immunoexpression of CD44v9 serves as a prognostic
marker in EGC

OS in the whole patients was not statistically different 
between the CD44v9-positive and CD44v9-negative groups,
although the CD44v9-positive group tended to show a worse
survival outcome than the CD44v9-negative group (5-years
survival rate [5-YSR], 66.8% vs. 73.1%, p=0.219), and the 
survival difference became bigger as time passed (Fig. 4). The
subgroup analysis by TNM stage revealed that the CD44v9-
positive group carried worse survival outcome than the
CD44v9-negative group did in the patients with stage I 
(5-YSR, 81.7% vs. 95.2%, respectively; p=0.013) (Fig. 5A),
whereas there was no survival differences between the
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CD44v9-positive and CD44v9-negative groups in stage II 
(5-YSR, 66.9% vs. 62.2%, respectively; p=0.821) or stage III 
(5-YSR, 34.5% vs. 32.0%, respectively; p=0.929) (Fig. 5B and
C). In a multivariate analysis, old age, male sex, and positive
CD44v9 (hazard ratio, 3.375; 95% confidence interval, 1.413
to 8.063; p=0.006) were independent poor prognostic factors
for OS in patients with stage I disease (Table 2). This finding
was internally validated from the 1,000 bootstrap samples
(Table 2). A post-hoc analysis for power revealed that this
study had 83% power to detect a hazard ratio of 3.375 
between the CD44v9-positive and CD44v9-negative groups
in 185 patients with stage I, with a two-sided =0.05 and an
attrition rate of 0.001 per month.

Next, we also assessed the differences in OS dependent on
the degree of the immunoexpression of CD44v9. The survival
curve showed that patients with 3+ immunoexpression of
CD44v9 appeared to have worse survival rates than those
with 1+ or 2+ immunoexpression in stage I, whereas it was
statistically insignificant in stage II or III (Fig. 5D and E).

4. Higher expression of CD44v9 may be served as criteria
indicating a high risk for lymph node metastasis

Here, we investigated a correlation between CD44v9-
positivity and lymph node metastasis. We applied the three
different positive criteria for CD44v9 in accordance to tumor
staining intensity, in order to determine whether CD44v9-
positive cancer has more chance to lymph node metastasis.
As shown in Table 3, cancers with strong expression (3+)
showed more prevalent lymph node metastases, whereas
moderate (2+) or weak (1+) expression did not show similar
trends of lymph node metastases.

Next, we determined whether CD44v9-positivity is main-
tained in the metastatic lymph node and whether CD44v9-
positivity becomes changed in the metastatic lymph node
from CD44v9-negative primary tumor. Here, we used tissue
block that contains 20 patient primary cancer tissues matched
with the metastatic lymph node. As shown in Table 3, the
concordance in positivity for CD44v9 between primary
tumor and lymph node was bigger when we used higher 
expression of CD44v9 as the positive cutoff value.

Discussion

This study was designed to determine whether CD44v9
can be a target for biomarker-driven gastric cancer treatment.
Hence, we investigated whether CD44v9 is selectively 
expressed in gastric cancer cells, and whether CD44v9 serves
as a prognostic biomarker in the patients with the same TNM

stage. Here, we assessed the CD44v9 expression profile from
normal cells to cancer cells, and then investigated the prog-
nostic capability of CD44v9 in gastric cancer at the same
TNM stage.

First, we found that CD44v9 was more frequently 
expressed in tumorous tissues than non-tumorous tissues,
suggesting that CD44v9 may be associated with gastric 
carcinogenesis, and can be a selective target for the gastric
cancer chemoprevention or therapy. Then, we showed that
positive immunoexpression of CD44v9 serves as a poor
prognostic indicator in EGC (stage I cancer) whereas it did
not serves as a prognostic biomarker in AGC (stage II or III
cancer). In addition, the strong positive expression (3+) for
CD44v9 appeared to be associated with poor prognosis only
in EGC. This result was different from previous data, which
suggested that CD44v9 was associated with lymph node
metastasis, cancer invasion, and final TNM stages [10]. More-
over, CD44 isoforms has been implicated in distant metasta-
sis as well as lymph node metastasis in patients with colon
cancer [11]. However, they showed that the expression of
CD44v9 became weaker or unchanged as cancer invasion 
became advanced and histology became poorly differenti-
ated. These findings cannot be easily explained, because the
expression of CD44 variant would theoretically be stronger
in advanced cancer with poorly differentiated type if the
CD44v9 plays an important role in advanced cancer. To 
support our data, we performed meta-analysis of the previ-
ous data. The summary estimate for the effects of the CD44
variant on survival from the previous data [12-14] showed
that the positive expression of CD44 variants suggested poor
prognosis (Fig. 6), and the hazard ratio of the positive expres-
sion of CD44v9 was highest in the EGC group. These results
favor the finding that CD44v9 expression can be a useful
prognostic biomarker especially for EGC. Although at this
point it is premature to speculate on the reasons, our data
suggest that CD44v9 may play an important role mainly in
early carcinogenesis and early stage cancer progression 
because of the following reason; the positive expression rates
for CD44v9 became lower as the cancer cell became poorly
differentiated, and the positive expression rates were not 
increased between EGC (TNM stage I) and AGC (TNM stage
II and III) (Table 1). Another reason is that previous data
showed that the hazard ratio for death or recurrence was
much greater in the study for EGC [12] than those in other
studies with AGC (Fig. 6). The latter part is also supported
by the previous data [10]. To validate this data, some more
studies are required.

In this paper, we also demonstrated that a strong positive
expression (3+) of CD44v9 appeared to be a more valid indi-
cator for the evaluation of the effects of CD44v9 on the lymph
node metastasis by showing the association of degree of
CD44v9 expression with the presence of lymph node metas-
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Table 2. Cox proportional hazard model and validation from 1,000 bootstrap samples for overall survival in patients with
stage I (n=185)

Univariate Multivariate
Variable HR 95% CI p-value HR 95% CI p-value 95% CI p-value 

(bootstrap) (bootstrap)
Age (yr)a)

< 65 Reference Reference
 65 2.453 1.066-5.646 0.035 2.480 1.076-5.714 0.033 0.137-1.981 0.017

Sexa)

Female Reference Reference
Male 3.688 1.107-12.284 0.034 4.572 1.365-15.316 0.014 0.525-12.839 0.018

Location
Lower Reference -
Upper or middle 1.204 0.536-2.702 0.653 - - - - -

Tumor size (cm)b)

 2.7 Reference -
> 2.7 0.891 0.412-1.927 0.770 - - - - -

WHO classification
W/D or M/D Reference -
Othersc) 0.593 0.249-1.411 0.237 - - - - -

Lauren classification
Intestinal Reference -
Diffuse or mixed 0.985 0.395-2.452 0.973 - - - - -

No. of LN dissections
 15 Reference -
< 15 1.752 0.760-4.039 0.188 - - - - -

CD44v9a)

Negative Reference Reference
Positive 2.860 1.202-6.805 0.017 3.375 1.413-8.063 0.006 0.384-2.420 0.004

HR, hazard ratio; CI, confidence interval; WHO, World Health Organization; W/D, well differentiated; M/D, moderately 
differentiated; LN, lymph node; CD44v9, CD44 variant 9. a)Variables used in multivariate analysis, b)Median tumor size was
2.7 cm in stage I, c)Poorly differentiated adenocarcinoma, signet-ring cell carcinoma, and mucinous adenocarcinoma were 
included in this category.

Table 3. Impact of CD44v9 of primary tumor on lymph node metastasis

Positive CD44v9 Lymph node CD44v9 status in CD44v9 status in

criteria status metastasis p-value primary tumor lymph node p-value
Presence Absence Positive Negative

 1 Positive 65 (39.6) 99 (60.4) 0.659 Positive 8 (72.7) 3 (27.3) 0.175
Negative 63 (37.3) 106 (62.7) Negative 3 (33.3) 6 (66.7)

 2 Positive 31 (44.3) 39 (55.7) 0.258 Positive 5 (62.5) 3 (37.5) 0.018
Negative 97 (36.9) 166 (63.1) Negative 1 (8.3) 11 (91.7)

 3 Positive 12 (60.0) 8 (40.0) 0.041 Positive 4 (100) 0 ( < 0.001
Negative 116 (37.1) 197 (62.9) Negative 0 ( 16 (100)

Values are presented as number (%). CD44v9, CD44 variant 9.
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tasis and the concordance in the positivity of cancer cells 
between the primary cancer and the metastatic lymph node
in the same patients. This finding is consistent with the 
previous results [10]. Although we found that an association
between the 3+ immunoexpression of CD44v9 and lymph
node metastasis, the summary estimate of the effects on
lymph node metastasis from the previous data [10,15-17]
showed that there are controversies regarding the association
between the positive expression of CD44 variants and lymph
node metastasis (Fig. 7).

Conclusion

In summary, CD44v9 was more frequently expressed in

tumorous tissues than non-tumorous tissues, and the posi-
tive immunoexpression of CD44v9 serves as a poor prognos-
tic indicator in EGC (stage I cancer), but not in AGC (stage II
or III cancer). These results suggest that CD44v9 expression
can be a good biomarker for the prognosis of EGC, and may
serve as a target protein for the treatment of EGC or chemo-
prevention. All of these findings need to be validated in a
further study.
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The Role of Plasma Chromogranin A as Assessment of Treatment 
Response in Non-functioning Gastroenteropancreatic Neuroendocrine
Tumors 

Original Article

Purpose
Chromogranin A (CgA) has been considered to be valuable not only in the diagnosis but also
in monitoring the disease response to treatment. However, only a few studies have been
published on this issue. We purposed to evaluate whether biochemical response using
plasma CgA level is reliable in concordance with the clinical response of grade 1-3 nonfunc-
tiong gastroenteropancreatic neuroendocrine tumors (GEP-NETs).

Materials and Methods
Between March 2011 and September 2013, a total of 27 cases in 18 patients were
analysed, clinically and radiologically while serial CgA tests were also conducted during treat-
ment. Tumor responses were defined by both Response Evaluation Criteria in Solid Tumors
(RECIST) criteria ver. 1.1 and biochemical criteria based on the CgA level.

Results
Among the 27 cases analysed, no difference in the basal CgA level was observed with regard
to gender, primary tumor site, tumor grade (World Health Organization classification), liver
metastasis, number of metastatic site, and line of chemotherapy. The overall response rate
(RR) by RECIST criteria ver. 1.1 was six out of the 27 cases (22.2%) and eight out of the 27
cases (29.6%) for biochemical RR. The overall concordance rates of the response based
on RECIST and biochemical criteria were 74%. In grades 1 and 2 GEP-NETs (n=17), the con-
cordance rate of the disease control was 94.1%. There was a significant difference for pro-
gression-free survival (PFS) between responders and non-responder in accordance to
biochemical criteria (35.73 months vs. 5.93 months, p=0.05).

Conclusion
This study revealed that changes of the plasma CgA levels were associated with tumour 
response. Additionally, biochemical response based on serial CgA may be a predictive
marker for PFS in GEP-NETs.

Key words
Chromogranin A, Gastro-enteropancreatic neuroendocrine tumor, 
Predictive 

Introduction

Gastroenteropancreatic neuroendocrine tumors (GEP-
NETs) are rare malignant neoplasm with an incidence rang-
ing from two to five cases/100,000/yr. Because it originates
from the enterochromaffin serotonin-producing cell, it has a
unique feature of hormone secretion and expression of 

distinctive differentiation markers [1-6]. 
Clinical features of GEP-NET are very heterogeneous and

nonspecific. Some patients remain asymptomatic for several
years, or complain of episodic flushing, abdominal pain, 
nausea, vomiting, and diarrhea. In most cases, due to the
vagueness of symptoms, a diagnosis is delayed (3-10 years
on average), with an increased risk of developing metastases.
The ability of the imaging method to localize primary or
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metastatic site of GEP-NET also has some limitations. Most
GEP-NETs are highly vascular, thus could easily be detected
by a contrast enhanced computed tomography (CT); how-
ever, approximately 6% to 20% are hypovascular and often
difficult to be evaluated by a CT scan or other imaging meth-
ods. GEP-NETs originating from jejunum and ileum are also
often difficult to identify on an image due to their small size
[7]. Therefore, non-invasive parameters, indicating GEP-PET,
are needed for diagnosis, following-ups and prognosis. 

Chromogranin A (CgA), a glycoprotein contained in secre-
tion granules of neuroendocrine cells, is the most abundant
granin in GEP-NETs and widely used as a circulating tumor
marker, but only few studies have been published on the role
of CgA in patients with GEP-PET, and the range of sensitiv-
ity were variously reported [8-10]. 

We investigated to evaluate whether biochemical response
using serial plasma CgA is reliable in concordance with the
tumor response based on Response Evaluation Criteria in
Solid Tumors (RECIST) criteria in GEP-NETs irrespective of

chemotherapeutic agents. Simultaneously, we analyzed the
relationships between the CgA level and clinicopathological
characteristics.

Materials and Methods

1. Patient

A total of 27 cases in 18 patients, who were pathologically
diagnosed in GEP-NETs, were analysed between March 2011
and September 2013. For all cases, serial CgA was checked
during the course of treatment. Non-functioning was defined
to the absence of clinical syndromes of hormonal hyper-
secretion, such as hypoglycemia, peptic ulcer, diarrhea, steat-
orrhea, acromegaly, cushing’s syndrome, and gallstone. The
following clinicopathological characteristics of all 18 patients

Table 1. Baseline CgA level according to clinical characteristics in 27 neuroendocrine tumor-cases (18 patients)

Factor No. CgA levels (U/L) p-value
Sex
Male 12 85.25 (42.65-740.00) 0.232
Female 15 201.15 (33.18-895.00)

Primary tumor site
Stomach 2 714.41 (688.83-740.00) 0.187
Duodenum 3 53.62 (51.70-70.87)
Ampulla of Vater 1 142.00 (
Colon 2 100.08 (80.19-119.97)
Rectum 6 105.95 (33.18-253.59)
Pancreas 11 391.86 (42.65-895.00)
Liver 1 244.09 (
Unknown 1 221.86 (

WHO classification
Grade I neuroendocrine tumor 9 221.86 (33.18-548.32) 0.759
Grade II neuroendocrine tumor 8 107.89 (42.65-770.00)
Neuroendocrine carcinoma 10 100.08 (51.70-895.00)

Liver metastasis
Yes 18 134.47 (33.18-895.00) 0.662
No 9 142.00 (80.19-740.00)

No. of metastatic sites
1 17 148.98 (42.65-770.00) 0.581
 2 10 105.95 (33.18-895.00)

Line of chemotherapy with serial CgA monitoring
First-line 15 128.59 (33.18-895.00) 0.725
Second-line 7 83.31 (51.70-770.00)
Third-line 4 400.95 (53.62-740.00)
Fourth-line 1 391.86 (

CgA, chromogranin A; WHO, World Health Organization.
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were collected: age, sex, primary site, tumor grade in accor-
dance to the 2010 World Health Organization (WHO) classi-
fication, liver metastasis, number of metastatic site, site of
metastasis, and information of chemotherapy. Systemic
chemotherapies for GEP-NET included octreotide, VIP 
(vincristine, ifosfamide, cisplatin), XELOX (capecitabine, 
oxaliplatin), EP (etoposide, cisplatin), pazopanib, sunitinib,
everolimus, and XELIRI (capecitabine, irinotecan). 

2. Efficacy assessment

Biochemical efficacy was estimated according to the crite-
ria proposed by the Italian Trials in Medical Oncology
(ITMO) Group [1] for evaluating markers (biochemical 
response). Partial response (PR) was defined as  50% 
decrease in plasma CgA compared to the baseline CgA; sta-
ble disease (SD) was defined as a decrease < 50% or as an 
increase < 25%; and progressive disease (PD) was defined as
an increase  25%. The level of CgA was determined from
venous blood samples drawn into EDTA-containing tube
after overnight fasting and collected before systemic treat-
ment. The plasma CgA level was measured by CgA-RIA
(Chromoa assay, CIS Bio International, Saclay, France) with
a normal range of 27-94 ng/mL. Chromoa is based on sand-
wich enzyme-linked immunosorbent assay, using two mon-
oclonal antibodies (the same antibodies as CGA-RIACT)
directed against the central domain of the molecule (145-245),

which is less sensitive to proteolysis.
The tumor size was measured by using a CT or magnetic

resonance imaging by RECIST criteria ver. 1.1. 

3. Statistical analysis

The CgA level is reported as the median value and the
range. Group comparisons were performed using a nonpara-
metric test of Mann-Whitney or Kruskal-Wallis, followed by
a Dunn multiple comparison test, as appropriate. Compar-
isons of paired values were performed using a nonparamet-
ric test of Wilcoxon. The chi-square test and the Fisher exact
test (for value less than 5) were employed to compare the
sensitivity and rate of concordance in different groups. In all
statistical tests, a 5% level of significance was used.

Progression-free survival (PFS) was measured as the time
from the date of chemotherapy to the date of first docu-
mented disease progression or death. The PFS were esti-
mated using the Kaplan-Meier method with log-rank
analysis. A two-sided p-value of less than 0.05 was consid-
ered significant. All analyses were performed using SPSS ver.
19.0 (SPSS Inc., Chicago, IL).

Results

1. Charateristics of cases

The baseline characteristics of 27 cases of 18 patients are
listed in Table 1. The median age was 56 years (range, 38 to
76 years). Pancreatic NETs account for 40.5% of GEP-NETs.
The rectum was the second most common site of GEP-NET
(22.2%) in this study. According to WHO classification, ten
of the 27 cases (37%) were grade 3 neuroendocrine carci-
noma. Grades 1 and 2 NETs were nine (33.3%) and eight
(29.6%), respectively. Eighteen of the 27 patients had liver
metastasis. Measurable lesions were found on CT images in
18 out of the 27 cases. 

Table 2. The treatment-evaluation by RECIST criteria and
by biochemical (CgA level) response criteria

Values are presented as number (%). RECIST, Response
Evaluation Criteria in Solid Tumors; CgA, chromogranin
A.

Response RECIST criteria Biochemical criteria
Complete - -
Partial 6 (22.2) 8 (29.6)
Stable disease 17 (63.0) 16 (59.3)
Progressive disease 4 (14.8) 3 (11.1)

Table 3. Comparison of response by RECIST criteria and biochemical criteria (CgA level) in 27 cases

Factor RECIST criteria Total
Responder Non-responder

Biochemical criteria Responder 3 5 8
Non-responder 3 16 19

Total 6 21 27

RECIST, Response Evaluation Criteria in Solid Tumors; CgA, chromogranin A.
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2. CgA measurement at baseline

Among the 27 cases included in this study, no difference
in the basal CgA level was observed in terms of gender, 
primary tumor site, tumor grade (WHO classification), liver
metastasis, number of metastatic site, and line of chemother-
apy with serial CgA monitoring. The plasma CgA level
ranged from 33.18 to 895 ng/mL (Table 1).

3. Correlation of treatment response and survival with
changes of CgA levels

Biochemical and tumor responses to systemic therapy are
shown in Tables 2 and 3. The overall response rate (RR) by
RECIST criteria was six out of the 27 cases (22.2%) and eight
out of the 27 cases (29.6%) for biochemical RR. The concor-
dance of response between RECIST criteria and biochemical
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criteria were 74% (Table 3). Compared with the baseline 
values, a decrease of  50% in the CgA level were observed
in three out of six cases (50%) with PR by RECIST criteria
(Figs. 1A, 2). In only grades 1 and 2 GEP-NETs cases (n=17),
the concordance of disease control between RECIST criteria
and biochemical criteria were 94.1% (Fig. 1B). There was a
significant difference for PFS between responders and 

non-responders (35.73 months vs. 5.93 months, p=0.05) based
on the biochemical criteria (Fig. 3). A subgroup analysis of
PFS between responders and non-responders, in accordance
to RECIST response, tumor grade, and primary site, were not
statistically significant, but showed longer PFS in the 
biochemical responder group (Fig. 4).
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Table 4. Comparison of CgA change according to treatment response in other studies
Serum CgA CgA CgA CgA Concordance between
determination increase stable decrease event and CgA-change 

Welin et al. [11] Recurred midgut CgA > 4 nmol/L 28/33 - - -
carcinoid tumors (85)

Sondenaa et al. [12] After surgical CgA > 30 nmol/L 7/7 - - -
resection of midgut (100)
carcinoid tumors

Baudin et al. [13] After disease CgA > 100 U/I 5/6 - - -
progression (85)

Jensen et al. [14] Median F/U: 12 mo SD: within ± 25% 83/97 204/279 39/50 76%
PD > +25% (85) (73) (78)
PR < –25%

Walter et al. [15] Median F/U: 27 mo SD: within ± 50% 28/50 22/47 7/15 51%
PD > +50% (56) (47) (46)
PR < –50%

Nehar et al. [16] Median F/U: 33 mo SD: within ± 25% 89% 78% 79% 80%
PD > +25%
PR < –25%

Chou et al. [17] Asian patients, Responder: 6/6 5/5 100%
median F/U: 12 mo decrease  20% (100) (100)

Non-responder: 
decrease < 20%

Values are presented as number (%) unless otherwise indicated. CgA, chromogranin A; SD, stable disease; PD, progressive
disease; PR, partial response.



Discussion

CgA is the most abundant granin in GEP-NETs and repre-
sents the best general marker in the tissue and blood. CgA
expression generally correlates with the number of dense
core granules in the neuroendocrine cells. The neuroen-
docrine cells secrete CgA and hormones during the secretory
granule exocytosis process. The CgA level has been used to
indicate neuroendocrine cell activity. Thus, CgA monitoring
may be helpful in assessing the response to the different ther-

apeutic options. In some studies, CgA was considered as a
biomarker of response. However, it is still controversial
whether serial CgA changes reflect tumor response for treat-
ment. This study showed that the change of the CgA level
was correlated with tumor response in nonfunctioning GEP-
NETs. Additionally, biochemical response based on serial
CgA may be a predictive marker for PFS in GEP-NETs. 

Changes in circulating CgA have been reported to repre-
sent tumor burden and treatment response. To our knowl-
edge, there were no definite measuring criteria of plasma
CgA for tumor response and conflicting result of sensitivity
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and specificity in accordance to treatment response were 
reported in the literature. Previous studies [2-10,18] showed 
acceptable sensitivity (54%-78%) and specificity (60%-86%)
for regression and SD; Jensen et al. [14] also reported that
plasma CgA concentration is important to disclose tumor
progression with specificity and sensitivity, 86% and 86%,
respectively [16,19,20]. In our study, the concordance of 
response between RECIST criteria and biochemical criteria
was 74%. Compared with the baseline values, a decrease of
 25% in the CgA level was observed in four out of six 
patients (66.7%) with PR based on RECIST criteria and an 

increased CgA levels was shown in all 4 patients with PD
(100%). Our result is similar to the report of Chou et al. [17].
Among 11 patients available for serial CgA levels, all five 
patients with SD or partial remission had a more than 20%
decrease in the CgA levels compared to the baseline value.
All six patients with PD showed a less than 20% decrease or
increase in the CgA levels. Several other studies also showed
the possibility of CgA as a biochemical marker of treatment
response (Table 4). 

High-baseline CgA value has been considered to be an 
independent poor prognostic marker for GEP-NETs in 
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previous studies [21-25]. However, whether changes of the
CgA levels compared to the baseline values could predict the
prognosis has not been established. In this study, there was
a significant difference for PFS between the responders 
and non-responders for biochemical criteria (p=0.05). It sug-
gested that a decrease in the CgA levels from the baseline
levels may be an important predictive marker for survival in
GEP-NETs. 

This study was a retrospective analysis with small sample
size, and heterogeneous patient population. The CgA levels
have been affected from a diverse array of diseases. More-
over, a recognized international standard for CgA assay is
not available and variations in assay types may influence 
results. Nevertheless, this analysis identified the usefulness
of serial CgA monitoring as a biomarker that predicts treat-
ment response and survival.

Conclusion

This study revealed that the changes of the plasma CgA
levels were associated with tumour response. Additionally,
biochemical response based on serial CgA may be a predic-
tive marker for PFS in GEP-NETs.
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Severe Imatinib-Associated Skin Rash in Gastrointestinal Stromal
Tumor Patients: Management and Clinical Implications
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Purpose
This study evaluated the incidence of imatinib-associated skin rash, the interventional out-
comes of severe rash, and impact of severe rash on the outcomes of imatinib treatment in
gastrointestinal stromal tumor (GIST) patients.

Materials and Methods
A total of 620 patients were administered adjuvant or palliative imatinib for GIST at Asan
Medical Center between January 2000 and July 2012. This analysis focused on a group of
42 patients who developed a severe rash requiring major interventions, defined as dose
interruption or reduction of imatinib or systemic steroid use.

Results
Of the 620 patients treated with imatinib, 148 patients (23.9%) developed an imatinib-
associated skin rash; 42 patients (6.8%) developed a severe rash requiring major interven-
tion. Of these, 28 patients (66.8%) successfully continued imatinib with interventions. Serial
blood eosinophil levels during imatinib treatment were associated with skin rash and sever-
ity. A significant association was observed between successful intervention and blood
eosinophil level at the time of intervention initiation. In metastatic settings, patients with
severe rash requiring major interventions tended to show poorer progression-free survival
than patients who did not require major intervention and patients with no rash, although
this finding was not statistically significant (p=0.326). 

Conclusion
By aggressive treatment of severe rash through modification of imatinib dose or use of sys-
temic steroid, the majority of patients can continue on imatinib. In particular, imatinib dose
intensity can be maintained with use of systemic steroid. Measuring the blood eosinophil
levels may be helpful in guiding the management plan for skin rash regarding the intensity
and duration of interventions.

Key words
Imatinib, Gastrointestinal stromal tumors, Exanthema, 
Eosinophils, Treatment outcome

Introduction

The introduction of imatinib mesylate—a small-molecule
tyrosine kinase inhibitor (TKI) active against c-KIT, BCR-
ABL, and platelet-derived growth factor receptor alpha
(PDGFRA)—has led to dramatically improved clinical out-
comes of gastrointestinal stromal tumor (GIST) patients 

[1-5]. Although clinical benefits of other TKIs, such as suni-
tinib and regorafenib, have also been demonstrated, imatinib
remains the cornerstone of treatment for GIST in both adju-
vant and palliative settings [4-8]. Current treatment guide-
lines recommend long-term continuous imatinib therapy in
advanced GIST patients, as long as clinical benefits are main-
tained, because rapid disease progression often occurs 
following treatment interruption [9-11]. Likewise, adjuvant
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imatinib should be administered to high-risk GIST patients
for  36 months [5]. For patients receiving long-term imatinib
treatment, maintaining the continued administration at a 
sufficient dose is critical for maintaining the clinical effective-
ness of imatinib [11,12].  

Imatinib is generally well tolerated and most adverse
events are mild and can be managed without dose reduction
or treatment interruption [2-5]; however, some patients 
experience severe toxicity which may result in reduced 
patient compliance and dose intensity. Considering the 
importance of maintaining sufficient daily imatinib dosing
in order to achieve optimal clinical outcomes, proper man-
agement of imatinib-associated adverse events is crucial
[11,12]. Skin rash commonly presenting as erythematous and
maculopapular lesions is one of the most troublesome toxic-
ities, which may affect imatinib compliance or persistence. 
It affects up to one-third of GIST patients receiving imatinib
with grade 3/4 up to 10% [2-4]. The treatment options for
imatinib-related rash described in the medical literature are
based on case reports, case series, and reported personal 
experiences. However there are few data on the effectiveness
of these treatments or the clinical outcomes of patients with
severe skin rash. 

We thus conducted this retrospective study using data 
retrieved from our database between 2000 and 2012 to eval-
uate (1) the incidence of skin rash in GIST patients adminis-
tered imatinib, (2) therapeutic interventions for severe skin
rash and outcomes, and (3) the impact of skin rash on ima-
tinib treatment outcomes.

Materials and Methods

1. Study population and treatment

A total of 1,392 patients were entered into the GIST
prospective database at the Asan Medical Center in Korea
between January 2000 and July 2012. Of these, 620 adult 
patients were treated with imatinib in adjuvant or palliative
settings for histologically proven GIST (entire cohort). This
analysis focused on a group of 42 patients who developed
severe skin rash requiring major interventions defined as 
interruption or dose reduction of imatinib and/or systemic
steroid use (group 1). Anti-histamine agents and/or topical
steroids were also administered at the discretion of the 
attending physicians. Severity of skin rash was classified as
“mild to moderate,” corresponding to grade 1 to 2 (macular
or popular eruption or erythema without associated symp-
toms and with pruritus covering < 50% of body surface area,
respectively), or “severe,” corresponding to grade 3 (symp-

tomatic generalized erythroderma or macular, papular, or
vesicular eruption or desquamation covering > 50% of body
surface area) to 4 (generalized exfoliative dermatitis or ulcer-
ative dermatitis). The success of each intervention for severe
rash was defined as continuation of imatinib without the per-
sistence or recurrence of severe rash requiring further inter-
vention. The overall success rate of the entire clinical course
was analyzed regardless of the number of interventions, and
patients who had to permanently discontinue imatinib due
to rash at the first occurrence were also considered treatment
failures.

The clinical features and treatment outcomes of the 
patients with severe imatinib-associated skin rash (group 1)
were compared with those of two comparator groups from
the entire cohort. One was composed of 106 GIST patients
who received imatinib during the same time period as group
1 and developed mild to moderate skin rash not requiring
major interventions (group 2), and the other consisted of 100
consecutive patients in the order of being recently diagnosed
who had not developed skin rash and had available clinical
data (group 3). All patients from these three groups were 
included in the analysis for blood eosinophil counts during
imatinib treatment, and only patients treated with imatinib
400 mg/day for unresectable or metastatic GIST were 
included in the analysis for treatment outcomes. Patients 
administered palliative imatinib due to tumor perforation
that occurred before or during surgery for localized disease
were excluded from the progression-free survival (PFS)
analysis.

This study was approved by the Institutional Review
Board of Asan Medical Center. All information was obtained
with the appropriate Institutional Review Board waivers.

2. Statistical analysis

Pearson’s chi-square and Fisher exact tests were used for
comparison of discrete data as required, and the Mann-Whit-
ney U and Kruskal-Wallis one-way analysis of variance tests
were used for comparison of non-parametric variables when
two or three categories were included, respectively. PFS was
calculated from the date imatinib was started for advanced
GIST to the date of disease progression or death due to any
cause, whichever occurred first. Survival was estimated
using the Kaplan-Meier method, and the log-rank test was
used to determine the significance of any differences in the
survival curves. All tests were two-sided, and p-value of 
< 0.05 was considered statistically significant.
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Results

1. Patient characteristics

Of the 620 study patients treated with imatinib, 148 
patients (23.9%) developed skin rash during imatinib treat-
ment with 42 patients (6.8%) having a severe skin rash 
requiring major interventions. The characteristics of these 42
patients are shown in Table 1. Imatinib was administered in
the setting of neoadjuvant, adjuvant, and palliative treatment
in eight patients (19.0%), 11 patients (26.2%), and 23 patients
(54.8%), respectively. The median time to development of 
severe skin rash requiring major interventions was 2.8
months (range, 0.2 to 8.4 months). 

2. Interventions for severe imatinib-associated skin rash

Two patients (4.8%) had to permanently discontinue ima-
tinib due to a grade 3 or 4 skin rash, respectively. Major 
interventions for skin rash were administered in the remain-
ing 40 patients, including systemic steroids only (n=17,
40.5%), imatinib dose modification only (dose reduction only
[n=6, 14.3%], dose interruption only [n=2, 4.8%], dose reduc-
tion+interruption [n=6, 14.3%]), or the combined use of sys-
temic steroids and imatinib dose modification (steroids+dose
reduction [n=2, 4.8%], steroids+interruption [n=3, 7.1%],
steroids+dose reduction+interruption [n=4, 9.5%]). The 
median dose and duration of initial steroid treatment before
tapering were 20 mg/day prednisolone (range, 5 to 60

mg/day) and 7 days (range, 4 to 28 days), respectively, then
the treatment was tapered off with a median total duration
of steroid of 28 days (range, 7 to 204 days). The first interven-
tion was successful in 22 patients (55.0%), but it failed in 14
patients (35.0%). Four patients (10.0%) who had discontinued
imatinib early due to adverse events other than rash (n=2),
disease progression (n=1), or GIST resection (n=1) could not
be evaluated for interventional efficacy. Of 14 patients whose
first intervention failed, three patients (21.4%) discontinued
imatinib due to uncontrolled severe rash and a second inter-
vention was administered in the remaining 11 patients
(78.6%); only systemic steroids (n=6, 42.9%), imatinib dose
modification (n=2, 14.3%; dose reduction and interruption in
each one), and systemic steroids+imatinib dose modification
(steroids+imatinib reduction [n=1, 7.1%], steroids+imatinib
interruption [n=2, 14.3%]). Second interventions were suc-
cessful (n=4, 36.4%), failed (n=6, 54.5%), or not evaluable
(n=1, 9.1%). Of six patients whose second intervention failed,
two patients (33.2%) discontinued imatinib and a third inter-
vention was administered in the remaining four patients:
systemic steroids (n=1, 25.0%), imatinib dose reduction (n=1,
25.0%), or steroids imatinib dose reduction (n=2, 50.0%). The
third intervention was successful in two patients (50.0%) and
failed in the other two patients (50.0%). A summary of the
interventions and results is shown in Fig. 1. 

In summary, one intervention for skin rash was adminis-
tered in 29 patients (69.0%), two interventions in seven 
patients (16.7%), and three interventions in four patients
(9.5%). Interventions were successful over the entire clinical
course in 28 patients (66.8%) who were able to maintain 
imatinib without permanent discontinuation due to skin rash
with a dose of 800 mg/day (n=1), 400 mg/day (n=19), 300
mg/day (n=5), or 200 mg/day (n=3).

Toxicity requiring medical treatment, which was possibly
related to the administration of steroids as an intervention
for skin rash consisted of hyperglycemia aggravation in 
patients with preexisting diabetes mellitus (n=2).

Of note, patients administered systemic steroids for rash
tended to maintain a higher imatinib dose intensity than 
patients who did not (median relative dose intensity at 6
months, 1.00 vs. 0.79, respectively; p=0.122).

3. Factors associated with successful interventions for 
severe skin rash 

No association was observed between the outcomes of the
first intervention and clinical factors (e.g., sex, age), and the
nature of the interventions, including types of intervention
(e.g., imatinib dose modification, systemic steroid use—start-
ing dose, duration of starting or tapering dose) (Table 2).
These factors were also not associated with the interventional
outcomes of the overall clinical course (data not shown). 

Table 1. Patient characteristics (n=42)

Characteristic No. of patients (%)
Sex
Male 20 (47.6)
Female 22 (52.4)

Median age (range, yr) 63 (30-81)
Treatment setting of imatinib
Neoadjuvant 8 (19.0)
Adjuvant 11 (26.2)
Palliative 23 (54.8)

Imatinib dose at the time of skin rash (mg)
800 1 (2.4)
600 1 (2.4)
400 38 (90.5)
300 2 (4.8)

Grade of skin rash
3 40 (95.2)
4 2 (4.8)
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However, a significant association was observed between
successful intervention and the blood eosinophil level at the
time intervention was initiated. Among 34 patients for whom
the blood eosinophil level at the time of intervention was
available, the first intervention was successful in 92.3% (12
of 13) of patients with eosinophils < 500/µL, but was only
successful in 47.6% (10 of 21) of patients with eosinophils 
 500/µL (p=0.011) (Table 2). In addition, the success rate was
93.8% (15 of 16) in patients with eosinophils < 1,000/µL com-
pared with 38.9% (7 of 18) in patients with  1,000/µL
(p=0.001). The final success rates for the overall clinical
course were 92.3% (12 of 13) in patients with eosinophils 
< 500/µL vs. 60.9% (14 of 23) in patients with  500/µL
(p=0.060), and 93.8% (15 of 16) in patients with eosinophils
< 1,000/µL vs. 55.0% (11 of 20) in patients with  1,000/µL
(p=0.022). Lower eosinophil counts were observed in 
patients with successful interventions compared to patients
whose treatments failed; the median eosinophil count was
435/µL vs. 2,095/µL for the first intervention (p=0.020), and
616/µL vs. 2,630/µL for the overall clinical course (p=0.014)
(Fig. 2). In addition, serial blood eosinophil levels during
imatinib treatment showed association with the develop-
ment of skin rash and its severity. Higher eosinophil levels
in peripheral blood were significantly more likely to be
shown in patients who developed imatinib-associated skin
rash, particularly those with higher severity (Fig. 3).

4. Survival outcomes according to skin rash 

To determine the influence of skin rash and interventions
on imatinib treatment outcomes, PFS was compared among
patients with unresectable or metastatic GIST from three
groups (group 1, skin rash requiring major intervention;
group 2, skin rash not requiring major intervention; group 3,
no skin rash). There were no significant differences in the
baseline characteristics between groups, including age, sex,
site of the primary tumor and metastasis, tumor size, tumor
mutational status in c-KIT and PDGFRA, and baseline labo-
ratory values (hemoglobin, granulocyte count, albumin, etc.)
(Table 3). The median follow-up period was 55.9 months
(range, 13.7 to 143.0 months) for group 1, 45.0 months (range,
14.3 to 145.4 months) for group 2, and 52.0 months (range,
14.3 to 80.8 months) for group 3. Group 1 tended to show a
poorer PFS compared with groups 2 and 3 (p=0.326) (Fig. 4).
As expected, actual dose intensity was significantly lower in
group 1 compared with the other two groups: median rela-
tive dose intensity at 6 months was 0.88 (range, 0.61 to 1.00)
for group 1 vs. 1.00 (range, 0.50 to 1.00) for group 2 vs. 1.00
(range, 0.78 to 1.00) for group 3 (p=0.0002).

n=42

1st intervention (n=40)

Fail (n=14)Success (n=22, 55.0%)

Imatinib discontinuation
  due to rash (n=2)

Imatinib discontinuation
  due to rash (n=3)

Imatinib discontinuation
  due to rash (n=2)

Inevaluable (n=4)

Success (n=4, 36.4%)

Success (n=2, 50.0%)

Inevaluable (n=1)Fail (n=6)

2nd intervention (n=11)

Fail (n=2)

3rd intervention (n=4)

Fig. 1. Major interventions for rash and outcomes in patients with imatinib-associated severe skin rash.
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Discussion

Skin rash is a well-recognized side effect of imatinib; how-
ever, insufficient evidence-based data are available for estab-
lishing treatment guidelines. In practice, antihistamines,
topical lotions, and steroids are used in management of mild
to moderate skin rash with imatinib, and for severe skin rash,
the imatinib dose can be interrupted or reduced and short-
term systemic steroids are frequently administered. How-
ever, the effectiveness of these interventions for controlling

severe skin rash is largely unknown, and the predictive 
factors for interventional outcomes remain unknown. In 
addition, given the critical role of imatinib dose intensity in
long-term treatment outcomes and possible adverse impact
of systemic steroid on antitumor immunity in patients with
GIST, further evaluations are needed to determine whether
patients who receive these major interventions for severe
skin rash show unfavorable clinical outcomes of imatinib.

In the current study, the overall incidence of skin rash was
23.9% and 6.8% of patients developed grade 3/4 severe rash
during imatinib treatment, which is consistent with previous

Table 2. Factors associated with success of the first major interventions for severe skin rash (n=36)
Factor No. of patients with success (%) p-value
Sex
Male 11/17 (64.7) 0.676
Female 11/19 (57.9)

Age (yr)
< 65 13/20 (65.0) 0.593
 65 9/16 (56.3)

Type of major intervention
Systemic steroid only 7/15 (46.7) 0.384
Imatinib dose modification 9/13 (69.2)
Systemic steroid+imatinib dose modification 6/8 (75.0)

Starting dose of steroid (mg/day)
< 15 4/7 (57.1) 0.685
15-30 4/9 (44.4)
 30 5/7 (71.4)

Duration of steroid starting dose (wk)
< 1 3/6 (50.0) 0.331
1-2 7/9 (77.8)
2-3 1/4 (25.0)
3-4 2/3 (66.7)
4-8 0/1 (0)

Starting dose and duration of steroid 
< 15 mg/day for less than 1 week 0/1 (0) 0.573
< 15 mg/day for  1 week 4/6 (66.7)
 15 mg/day for less than 1 week 1/3 (33.3)
 15 mg/day for  1 week 8/13 (61.5)

Duration of steroid tapering (wk)
No tapering 6/7 (85.7) 0.173
< 1 0/1 (0)
1-2 3/4 (75.0)
2-3 1/3 (33.3)
3-4 0/1 (0)
4-8 0/2 (0)
 8 3/5 (60.0)

Blood eosinophil counts at initiation of interventions (/µL)
< 500 12/13 (92.3) 0.011
 500 10/21 (47.6)
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studies [2-4]. Major interventions for severe skin rash, includ-
ing dose interruption or reduction of imatinib, or systemic
steroid were successful in 66.7% of patients who were able
to continue imatinib without recurrence of severe skin rash.
Most patients (89.3%, 25 of 28) were able to maintain  300

mg/day imatinib. Although study limitations, including the
small number of patients and its retrospective design, pre-
clude the determination of optimal interventions, we believe
that the proper use of interventions enables the continued
administration of imatinib in most patients who develop 

Bl
oo

d 
eo

sin
op

hi
l c

ou
nt

 (/
µL

)

0

3,000

6,000

9,000

12,000

Success Failure

p=0.020

435 2,095

A B

Bl
oo

d 
eo

sin
op

hi
l c

ou
nt

 (/
µL

)

0

3,000

6,000

9,000

12,000

Success Failure

p=0.014

616 2,630

Fig. 2. Association between blood eosinophil count and therapeutic outcomes of the first major interventions for severe skin
rash (A) and final outcomes for all major interventions (B). Lines indicate median values.
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severe skin rash. The continuation of therapeutic doses of
imatinib has important implications regarding the efficacy
of imatinib. Along with clinical and genetic factors, including
baseline hemoglobin and granulocyte counts, albumin level,
sex, primary tumor site, tumor size, and c-KIT and PDGFRA
mutational status [3,13], systemic exposure to imatinib 
reportedly influences clinical outcomes. In advanced GIST
patients, low plasma exposure (plasma trough concentra-
tions [Cmin] < 1,100 ng/mL) is associated with a worse 
objective benefit rate and time to progression, suggesting
that low steady-state plasma imatinib levels might contribute
to drug failure [12]. Because severe skin rash occurs very
early in the imatinib treatment course, as reported here 
(median, 2.8 months), reduction of imatinib dose due to 
severe rash may considerably decrease the overall dose 
intensity. Indeed, in advanced GIST, patients with severe
skin rash requiring major interventions showed lower ima-
tinib dose intensity, and tended to show a poorer PFS than
patients with rash not requiring major interventions or 
patients without skin rash. Given that patients administered

systemic steroids for rash had higher imatinib dose intensity
than patients who did not, further studies are required to 
determine whether more aggressive systemic steroids with
an optimal dose and duration could minimize dose interrup-
tion or reduction of imatinib due to rash, and improve ima-
tinib treatment outcomes. 

The pathophysiology of imatinib-associated skin reactions
is unclear. The high prevalence and dose relationship suggest
that skin rash may be related to the pharmacological effects
of imatinibblockade of c-KIT, which is normally present in
the skin, rather than hypersensitivity [14]. However, the 
activation of immune mechanisms also seems to be involved
in imatinib-associated skin rash. The predominant infiltra-
tion of CD8+ T-lymphocytes and enhanced interleukin (IL)-
18 and IL-1 was reported in drug eruption caused by
imatinib [15]. Of note, in our current analyses we found an
association of the blood eosinophil level during imatinib
treatment with skin rash, severity, and the outcomes of major
interventions for severe rash. Eosinophils are important 
effector cells which promote tissue inflammation and induce

Table 3. Clinical characteristics of patients treated with imatinib for unresectable or metastatic GIST
Factor Group 1 (n=20) Group 2 (n=58) Group 3 (n=46) p-value
Sex, male 8 (40.0) 33 (56.9) 28 (60.9) 0.282
Age (yr) 64 (42-81) 58 (37-75) 58 (32-80) 0.464
Primary tumor site
Small bowel 9 (45.0) 28 (48.3) 19 (41.3) 0.957
Stomach 8 (40.0) 23 (39.7) 21 (45.7)
Others 3 (15.0) 7 (12.1) 6 (13.0)

Primary tumor size (cm)a)

< 5 9 (45.0) 18 (31.0) 16 (34.8) 0.787
5-10 5 (25.0) 13 (22.4) 12 (26.1)
> 10 2 (10.0) 14 (24.1) 11 (23.9)
Resected 4 (20.0) 13 (22.4) 7 (15.2)

Liver metastasis 13 (65.0) 38 (65.5) 30 (65.3) > 0.999
Peritoneal metastasis 7 (35.0) 28 (48.3) 20 (44.4) 0.581
Kinase mutation
Kit exon 11 14 (70.0) 41 (70.7) 28 (60.9) 0.243
Wild or other mutation 3 (15.0) 12 (20.7) 16 (34.8)
Unknown 3 (15.0) 5 (8.6) 2 (4.3)

Neutrophil (/µL) 3,265 (1,672-7,420) 3,550 (1,512-14,250) 3,790 (1,250-6,480) 0.883
White blood cell (/µL) 6,000 (3,800-19,100) 6,510 (3,200-17,400) 6,150 (2,780-8,900) 0.922
Hemoglobin (g/dL) 12.3 (9.2-17.5) 12.4 (6.6-16.6) 12.0 (8.0-16.1) 0.818
Albumin (g/dL) 3.9 (2.7-4.5) 3.9 (2.8-4.8) 3.9 (2.9-4.7) 0.872
Bilirubin (mg/dL) 0.7 (0.4-1.5) 0.7 (0.4-8.6) 0.8 (0.1-2.3) 0.833
Serum creatinine (mg/dL) 0.9 (0.6-1.3) 0.8 (0.5-1.2) 0.9 (0.5-1.7) 0.299

Values are presented as number (%) or median (range). Group 1, patients with severe skin rash requiring major intervention;
group 2, patients with skin rash not requiring major intervention; group 3, patients without skin rash. a)Primary tumor size
indicates the longest tumor diameter of primary tumor present at the time of imatinib initiation while cases in which primary
tumors were resected are shown as “resected."
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chemokines [16]. The increased number of eosinophils in 
patients with skin rash suggests that these cells may be 
involved in amplifying the underlying inflammatory and/or
immune response in imatinib-induced rash. Because of the
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or systemic steroids can result in good clinical outcomes in
terms of imatinib continuation in most GIST patients. There

is now a need to establish a management strategy for skin
rash including optimal steroid use for maintenance of ima-
tinib dose intensity, and to validate the role of blood
eosinophil levels in order to direct these treatments and ulti-
mately achieve optimal clinical efficacy of imatinib.
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The Impact of Diabetes Mellitus and Metformin Treatment on 
Survival of Patients with Advanced Pancreatic Cancer Undergoing
Chemotherapy
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Purpose
A causal relationship between diabetes mellitus (DM) and pancreatic cancer is well estab-
lished. However, in patients with advanced pancreatic cancer (APC) who receive palliative
chemotherapy, the impact of DM on the prognosis of APC is unclear.

Materials and Methods
We retrospectively enrolled APC patients who received palliative chemotherapy between
2003 and 2010. The patients were stratified according to the status of DM, in accordance
with 2010 DM criteria (American Heart Association/American Diabetes Association). DM
at least 2 years’ duration prior to diagnosis of APC was defined as remote-onset DM (vs. 
recent-onset).

Results
Of the 349 APC patients, 183 (52.4%) had DM. Among the patients with DM, 160 patients
had DM at the time of diagnosis of APC (remote-onset, 87; recent-onset, 73) and the 
remaining 23 patients developed DM during treatment of APC. Ultimately, 73.2% of patients
(134/183) with DM received antidiabetic medication, including metformin (56 patients,
41.8%), sulfonylurea (62, 45.5%), and insulin (43, 32.1%). In multivariate analysis, cancer
extent (hazard ratio [HR], 1.792; 95% confidence interval [CI], 1.313 to 2.445; p < 0.001)
showed association with decreased overall survival (OS), whereas a diagnosis of DM (HR,
0.788; 95% CI, 0.615 to 1.009; p=0.059) conferred positive tendency on the OS. Metformin
treatment itself conferred better OS in comparison within DM patients (HR 0.693; 95% CI,
0.492 to 0.977; p=0.036) and even in all APC patients (adjusted HR, 0.697; 95% CI, 0.491
to 1.990; p=0.044).

Conclusion
For APC patients receiving palliative chemotherapy, metformin treatment is associated with
longer OS. Patients with DM tend to survive longer than those without DM. 

Key words
Pancreatic neoplasms, Prognosis, Antineoplastic agents, 
Diabetes mellitus, Metformin

Introduction

Pancreatic cancer (PC) is the fourth common cause of 
cancer death in both Asian and western countries [1]. At the
time of diagnosis, only 10%-20% of patients are eligible for
curative surgery. PC is an aggressive malignancy with a 
5-year survival rate < 5% [2]. 

Diabetes mellitus (DM) is linked as a risk factor in a num-

ber of cancers [3]. Although the mechanisms of increased 
incidence of cancer with DM are not fully understood, 
insulin resistance, leading to hyperinsulinemia, causes 
up-regulation of insulin-like growth factor-I (IGF-I) signaling
pathway to increase proliferation and invasion of cancer cells
and decrease apoptosis [4,5].

Previous studies have shown that recent-onset DM has 
increased the risk of PC [6,7]. Some studies have even 
suggested that recent-onset DM could be used as a bio-

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

Correspondence: Do-Youn Oh, MD, PhD
Department of Internal Medicine, 
Seoul National University Hospital, 
101 Daehak-ro, Jongno-gu, Seoul 03080, Korea
Tel: 82-2-2072-0701
Fax: 82-2-762-9662
E-mail: ohdoyoun@snu.ac.kr

Received  October 18, 2014
Accepted  February 2, 2015
Published Online  March 13, 2015

Younak Choi, MD1

Tae-Yong Kim, MD1,2

Do-Youn Oh, MD, PhD1,2

Kyung-Hun Lee, MD1,2

Sae-Won Han, MD, PhD1,2

Seock-Ah Im, MD, PhD1,2

Tae-You Kim, MD, PhD1,2

Yung-Jue Bang, MD, PhD1,2

Department of Internal Medicine, 
Seoul National University Hospital, Seoul,
2Cancer Research Institute, 
Seoul National University 
College of Medicine, Seoul, Korea



Cancer Res Treat. 2016;48(1):171-179

172 CANCER  RESEARCH  AND  TREATMENT

marker of asymptomatic early PC [8]. Although there is some
controversy regarding whether DM predisposes to PC or is
simply a consequence thereof, there is increasing evidence
for recent-onset DM as an early manifestation of PC and for
the long standing DM as a risk factor of PC with twice the
incidence [9].

The utility of DM as a prognostic index in PC is a matter
of debate. In two previous studies where patients with 
resectable and unresectable PC were grouped together, the
survival was shortened for those with DM [10,11]. A retro-
spective review, limited to resectable PC, also showed that
survival in patients with DM (especially recent-onset DM)
was shortened [12]. Another retrospective study with 540 
patients with any stage of PC reported that patients with DM
alone without other constitutional symptoms such as pain,
jaundice, and appetite loss had better survival than sympto-
matic patients [13]. However, for patients with unresectable
PC receiving palliative chemotherapy, the prognostic value
of DM has rarely been addressed despite the fact that this
population constitutes the majority (approximately 80%) of
patients with PC.

Recently, metformin, a widely used antidiabetic drug, has
received attention for its anti-neoplastic role. Recent epidemi-
ologic evidence is in favor of its protective role against PC
[14] and of its beneficial roll in non-metastatic disease [15].

Therefore, we investigated whether DM and metformin
have any association with survival of advanced PC (APC)
patients undergoing palliative chemotherapy.

Materials and Methods

Consecutive patients with APC, confirmed by histology
and all recipients of palliative chemotherapy from January
2003 to June 2010, were enrolled in this study. 

1. Data collection and categorization

Precisely defined DM disease status was a requirement,
stipulated as follows: (1) self-reported diabetic history; 
(2) ongoing treatment with antidiabetic medication(s); or 
(3) qualification as DM during the follow-up period, based
on 2010 American Heart Association/American Diabetes 
Association (AHA/ADA) joint criteria.

Each patient’s medical records were reviewed retrospec-
tively. Date of diagnosis was the date that locally advanced
PC (LAPC) or metastatic/recurrent PC (MPC) was con-
firmed. Patient age, performance status, DM status, antidia-
betic treatments, body weight, body mass index (BMI),
smoking history, and initial laboratory data were assessed.  

For our purposes, we subdivided DM by onset and dura-
tion, designating diagnosis within 2 years prior to confirmed
APC as “recent-onset DM,” and diagnosis > 2 years prior to
confirmed APC as “remote-onset DM.” In addition, “preex-
isting DM” indicated diagnosis of DM before or at the time
APC was confirmed (i.e., both “recent-onset” and “remote-
onset” DM subsets) and “subsequent DM” corresponded
with DM diagnosed after confirmation of APC. “Concurrent
DM” incorporated both “preexisting” and “subsequent” sub-
sets of DM. 

Body weight and BMI at the time of initiation of palliative
chemotherapy were cited as “initial weight” and “initial
BMI.” “Initial weight loss” was the weight change experi-
enced at the time of APC diagnosis, using a prior healthy
state as reference. BMI was calculated individually as body
weight divided by square of height (kg/m2). Patients were
then stratified by BMI (< 22.5, 22.5-24.9, and  25.0), given
the known association of BMI with mortality in Asians [16].

2. Statistical analysis

The study endpoint is overall survival (OS) defined as the
period from diagnosis of APC to death from any cause. We
calculated median OS using the Kaplan-Meier method. 
Between-group differences in demographic and clinical data
were evaluated using Fisher exact test for categorical vari-
ables. For the effect of multiple factors on survival, the haz-
ard ratio (HR) and its 95% confidence interval (CI) were
evaluated using Cox proportional hazards model. The sur-
vival of the two groups was compared using the log-rank
test. All tests were 2-sided, and p-values of  0.05 were con-
sidered statistically significant. We performed statistical
analyses using SPSS ver. 19.0 (IBM Co., Armonk, NY).

This study was reviewed and approved by the Institu-
tional Review Board of Seoul National University Hospital
(IRB No. H-1102-023-350). All studies were conducted 
according to guidelines (Declaration of Helsinki) for biomed-
ical research.

Results

1. Patient characteristics

A total of 349 patients were enrolled. By definition, 183 
patients (52.4%) had concurrent DM, whether preexisting
(160 patients) or subsequent (23 patients). Of those with 
preexisting DM, 87 qualified as remote-onset and 73 as 
recent-onset. The majority of patients with concurrent DM
(134/183, 73.2%) were taking antidiabetic medication, 
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including metformin (56/134, 41.8%), sulfonylurea (62/134,
45.5%), and insulin (43/134, 32.1%) (Table 1). Median age of
patients was 59.6 years and 64.2% were male. Sixty-six 
patients (18.9%) were diagnosed as LAPC and 283 patients
(81.1%) as MPC. Four of every five subjects had good Eastern

Cooperative Oncology Group performance status (0-1). 
Distribution of BMI was initially biased towards low (< 22.5
kg/m2, 62.0%; 22.5-24.9 kg/m2, 25.8%;  25.0 kg/m2, 12.2%)
and one of every three patients (33.1%) suffered weight loss
during the first-line chemotherapy. As a first-line chemother-

Table 1. Status of DM and antidiabetic medication

Characteristic Range No. of patients (%)
DM status (n=349) Concurrent DM 183 (52.4)

Preexisting DM 160 (45.8)
Remote-onset DM ( 2 yr) 87 (24.9)
Recent-onset DM (< 2 yr) 73 (20.9)

Subsequent DM 23 (6.6)
Non-DM 166 (47.6) 

Antidiabetic medication (n=183) Yes 134 (73.2)
No 49 (26.8)

DM, diabetes mellitus.

Table 2. Clinical characteristics by DM status in advanced pancreatic cancer

Characteristic Total  (n=349) DM vs. Non-DM p-valuea)

DM (n=183) Non-DM (n=166)
Sex Male 224 (64.2) 114 (62.3) 110 (66.3) 0.503

Female 125 (35.8) 69 (37.7) 56 (33.7)
Age (yr)  60 172 (49.3) 109 (59.6) 63 (38.0) < 0.001

< 60 177 (50.7) 74 (40.4) 103 (62.0)
ECOG PS 0-1 281 (80.5) 36 (19.7) 32 (19.3) 0.926

 2 68 (19.5) 147 (80.3) 134 (80.7)
Cancer extent LAPC 66 (18.9) 37 (20.2) 29 (17.5) 0.585

MPC 283 (81.1) 146 (79.8) 137 (82.5)
Initial BMI (kg/m2) < 22.5 214 (62.0) 111 (61.0) 103 (63.2) 0.26

22.5-24.9 89 (25.8) 44 (24.2) 45 (27.6)
 25.0 42 (12.2) 27 (14.8) 15 (9.2)

Weight loss, initial by BMI  1 kg/m2 Yes 193 (55.3) 110 (60.1) 83 (50.0) 0.067
No 156 (44.7) 73 (39.9) 83 (50.0)

Weight loss, during first-line, Yes 96 (33.1) 51 (33.1) 45 (33.1) 0.996
by BMI  1 kg/m2 No 194 (66.9) 103 (66.9) 91 (66.9)

CA19-9 Elevated 282 (80.8) 149 (81.4) 133 (80.1) 0.787
Normal 67 (19.2) 34 (18.6) 33 (19.9)

Albumin Decreased 82 (23.5) 46 (25.1) 36 (21.7) 0.452
Normal 267 (76.5) 137 (74.9) 130 (78.3)

Response Controlled 197 (56.4) 108 (59.0) 89 (53.6) 0.332
Uncontrolled 152 (43.6) 75 (41.0) 77 (46.4)

Courses of chemotherapy 1 185 (53.0) 90 (49.2) 95 (57.2) 0.132
 2 164 (47.0) 93 (50.8) 71 (42.8)

Values are presented as number (%). DM, diabetes mellitus; ECOG PS, Eastern Cooperative Oncology Group performance
status; LAPC, locally advanced pancreatic cancer; MPC, metastatic pancreatic cancer; BMI, body mass index; CA 19-9, cancer
antigen 19-9. a)Fisher exact test.
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apy, 324 patients (92.8%) received gemcitabine containing
regimens and 53 patients (15.2%) were treated with gemc-
itabine or fluorouracil based concurrent chemoradiotherapy.
Overall, 197 patients (56.4%) achieved favorable responses
(complete response, partial response, and stable disease) to
first-line palliative chemotherapy (Table 2).

Median duration of follow-up for all patients was 10.2
months (95% CI, 9.3 to 11.1 months), and median OS was 7.9
months (95% CI, 7.0 to 8.8 months). One-year and 2-year 
survival rates were 31% and 8%, respectively. 

2. Determinants of prognosis for all patients 

In univariate analysis, Eastern Cooperative Oncology
Group performance status (ECOG PS) (p=0.013), cancer 
extent (p < 0.001), concurrent DM (p=0.041), and weight loss
during chemotherapy (p=0.026) significantly impacted OS
(Table 3). In multivariate analysis, cancer extent/metastasis
(HR, 1.792; 95% CI, 1.313 to 2.445; p < 0.001) conferred a
higher risk of death, whereas concurrent DM (HR, 0.788; 95%
CI, 0.615 to 1.009; p=0.059) showed the tendency of lowering
risk.

Table 3. Factors impacting overall survival (all patients)

Clinical factor mOS (95% CI, mo) Univariate analysis Multivariate analysis
HR 95% CI p-valuea) HR 95% CI p-valueb)

Sex Male 7.2 (6.1-8.3) 1.044 0.826-1.319 0.719 - - -
Female 9.1 (7.5-10.7) 1 -

Age (yr)  60 7.2 (6.3-8.1) 1.137 0.912-1.417 0.255 - - -
< 60 9.1 (7.7-10.5) 1 -

ECOG PS  2 6.6 (5.4-7.8) 1.411 1.075-1.852 0.013 1.230 0.894-1.692 0.203
0-1 8.8 (7.6-10.0) 1 1

Cancer extent MPC 7.2 (6.5-7.9) 1.809 1.352-2.420 < 0.001 1.792 1.313-2.445 < 0.001
LAPC 12.8 (10.5-15.0) 1 1

DM Yes 8.4 (6.8-10.0) 0.793 0.635-0.990 0.041 0.788 0.615-1.009 0.059
No 7.5 (6.3-8.7) 1 1

Initial BMI (kg/m2) < 22.5 7.3 (6.2-8.4) 1.289 0.989-1.679 0.06 - - -
22.5-24.9 9.8 (8.6-11.0) 1 Reference - -
 25.0 6.7 (3.5-9.9) 1.119 0.758-1.651 0.572 - - -

Weight loss, initial Yes 7.9 (6.6-9.1) 1.097 0.877-1.372 0.417 - - -
by BMI  1 kg/m2 No 8.0 (6.5-9.5) 1 -

Weight loss, Yes 8.2 (5.7-10.6) 1.347 1.036-1.752 0.026 1.270 0.970-1.661 0.082
during first-line, No 9.3 (8.1-10.6) 1 1
by BMI  1 kg/m2

mOS, median overall survival; CI, confidence interval; HR, hazard ratio; ECOG PS, Eastern Cooperative Oncology Group
performance status; MPC, metastatic pancreatic cancer; LAPC, locally advanced pancreatic cancer; DM, diabetes mellitus;
BMI, body mass index. a)Cox proportional hazard model, b)Cox proportional hazard model adjusted with performance status,
DM status, cancer extent, and weight loss during first-line therapy.
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Fig. 1.  Overall survival (OS) of all patients by diabetes
mellitus (DM) status. Kaplan-Meier estimates, demon-
strating positive association between DM and OS (hazard
ratio, 0.793; 95% confidence interval, 0.635 to 0.990;
p=0.041, log-rank test). mOS, median OS.
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3. Patient comparisons (DM vs. non-DM)

The OS of the DM group was 8.4 months (95% CI, 6.8 to
10.0 months), compared with 7.5 months (95% CI, 6.3 to 8.7
months) for the non-DM group (p=0.041, log-rank test) 
(Fig. 1). The clinical characteristics of patients with APC were
also compared in order to determine other factors causing
the difference of OS between DM and non-DM subsets (Table
2). In the DM group, more patients were past the age of 60
years than in the non-DM group (59.6% vs. 38.0%, p < 0.001).
ECOG PS, cancer extent, cancer antigen 19-9 level, and 
response to chemotherapy, etc. did not differ significantly
between groups, although patients with DM showed a 

tendency for greater weight loss at diagnosis (change in BMI
 1, p=0.067). 

4. Analysis of OS in DM group

More than half of our cohort had DM. When stratified as
remote- or recent-onset DM, the clinical characteristics by
subset were similar, except for more liberal use of antidia-
betic medication in patients with remote-onset DM (p=0.002)
(Supplementary Table 1). Metformin usage did not differ for
remote-onset DM (32.2%) and recent-onset DM (34.2%), but
insulin was more often used for remote-onset DM (34.5% vs.
17.8%, p=0.001). 

Table 4. Patient survival by DM subsets

Clinical factor No. (n=183) mOS (95% CI, mo) HR (95% CI) p-valuea)

Recent-onset DM Yes 73 9.8 (7.1-12.5) 0.789 (0.574-1.083) 0.142
No 110 7.9 (6.2-9.5) 1 (

Antidiabetic medication Yes 134 9.1 (7.0-11.2) 0.674 (0.472-0.962) 0.203
No 49 8.4 (6.6-10.2) 1 (

Metformin Yes 56 11.0 (7.3-14.8) 0.693 (0.492-0.977) 0.036
No 127 7.9 (6.0-9.7) 1 (

Sulfonylurea Yes 62 9.9 (6.6-13.1) 0.894 (0.643-1.244) 0.507
No 121 7.9 (6.2-9.5) 1 (

Insulin Yes 43 7.4 (3.8-8.3) 0.782 (0.542-1.127) 0.187
No 140 8.8 (7.3-10.4) 1 (

DM, diabetes mellitus; mOS, median overall survival; CI, confidence interval; HR, hazard ratio. a)Cox proportional hazard
model. 
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Fig. 2. Overall survival of diabetes mellitus (DM) patients. (A) Recent-onset DM, not having significantly prolonged overall survival
(OS) (vs. other DM subsets, including remote-onset DM and subsequent DM; hazard ratio [HR], 0.789; 95% confidence interval [CI],
0.574 to 1.083; p=0.142). (B) OS prolongation in metformin recipients vs non-recipients (HR, 0.693; 95% CI, 0.492 to 0.977; p=0.036).
mOS, median OS.



Recent-onset DM did not have significantly prolonged OS,
compared with remote-onset/subsequent DM (7.9 months
vs. 9.8 months; HR, 0.789; 95% CI, 0.574 to 1.083; p=0.142)
(Table 4, Fig. 2A). Neither antidiabetic medication in general
nor sulfonylurea or insulin specifically affected OS in DM
patients. However, recipients of metformin survived longer
than non-recipients (HR, 0.693; 95% CI, 0.492 to 0.977;
p=0.036) (Table 4, Fig. 2B). However, recipients and non-
recipients of metformin had similar clinical characteristics
(Supplementary Table 2).

5. Analysis of OS in all patients, relative to metformin use

Focusing on metformin treatment, we reanalyzed prognos-
tic indices of APC for the entire cohort, including non-DM
patients (Table 5). The OS of metformin-treated patients was
significantly longer than that of all other groups. Relative to
the APC cohort overall, metformin treatment conferred bet-
ter survival as well (11.0 months vs. 7.8 months; adjusted HR,
0.697; 95% CI, 0.491 to 1.990; p=0.044), given similar baseline
clinical characteristics (Fig. 3A, Supplementary Table 3). OS
of metformin-treated DM patients was also significantly
longer than that of all other groups, respectively (non-DM or
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Table 5. Factors impacting overall survival (all patients)

Clinical factor mOS (95% CI, mo)                                     Multivariate analysis
HR (95% CI) p-valuea)

ECOG PS  2 6.6 (5.4-7.8) 1.224 (0.890- 1.683) 0.215
0-1 8.8 (7.6-10.0) 1 (

Cancer extent MPC 7.2 (6.5-7.9) 1.703 (1.249-2.322) 0.001
LAPC 12.8 (10.5-15.0) 1 (

Metformin Yes 11.0 (7.3-14.8) 0.697 (0.491-1.990) 0.044
No 7.8 (6.8-8.8) 1 (

Weight loss, during first-line, Yes 8.2 (5.7-10.6) 1.257 (0.961- 1.644) 0.095
by BMI  1 kg/m2 No 9.3 (8.1-10.6) 1 (

mOS, median overall survival; CI, confidence interval; HR, hazard ratio; ECOG PS, Eastern Cooperative Oncology Group
performance status; MPC, metastatic pancreatic cancer; LAPC, locally advanced pancreatic cancer; BMI, body mass index.
a)Cox proportional hazard model adjusted with performance status, cancer extent, metformin use, and weight loss during
first-line therapy.
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Fig. 3. Overall survival (OS) of all patients by metformin. (A) OS (all patients) by metformin. Prolonged OS in metformin
recipients versus non-recipients (hazard ratio [HR], 0.695; 95% confidence interval [CI], 0.509 to 0.948; p=0.022) (adjusted
HR with performance, cancer extent, and weight loss [change in body mass index  1] during first-line therapy, 0.697; 95%
CI, 0.491 to 0.990; p=0.044). (B) OS of diabetes mellitus (DM) treated with metformin surpassed that of other groups (non-
DM or DM without metformin; p=0.029).
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DM without metformin, p=0.029) (Fig. 3B).

Discussion

In this study, we confirmed the possibility of metformin as
an independent prognostic factor for APC patients undergo-
ing palliative chemotherapy. Although we could not prove
the association of DM with survival, we were able to show
that APC patients with DM tend to survive longer than those
without DM. 

Metformin is an oral biguanide widely used as a single and
combination therapy for DM. Many clinical data have
proven the biological mechanisms of metformin as a glucose-
lowering agent and an anticancer drug at a cellular level.
Growth inhibition through metabolic pathways of metformin
is associated with activation of AMP-activated protein kinase
(AMPK) via the serine-threonine liver kinase B1 (LKB1),
which in turn decreases the phosphorylation of mammalian
target of rapamycin (mTOR) and S6 kinase and then results
in reducing mRNA translation and protein synthesis [17].
More recent studies have reported on the persisting effects
of metformin with several AMPK-independent mechanisms,
such as inhibition of IGF-1 receptor signaling through down-
stream pathways that include extracellular signal-regulated
kinase and mTOR, reduction of cAMP level that suppresses
protein kinase A activity, or induction of p53-dependent
REDD1 expression that leads to mTOR inhibition and cell-
cycle arrest in combination with decrease in cyclin D1 expres-
sion and pRb phosphorylation and increase in p27
expression. In addition to signaling mechanisms, metformin
can also directly scavenge reactive oxygen species (ROS) and
block endogenous ROS production [18].

In one case-controlled study, the risk of developing PC
among DM patients was reduced with metformin use (odds
ratio, 0.38; 95% CI, 0.22 to 0.69; p=0.001), whereas exogenous
insulin or an insulin secretagogue actually increased the risk
of PC [14]. Another retrospective study of patients with PC
(all stages) and DM showed that use of metformin served as
a better prognostic index for OS (HR, 0.64; p=0.003). How-
ever, the benefit of metformin was not apparent in metastatic
PC patients (OS, 8.8 months vs. 7.3 months; p=0.482) [15]. In
a recently released study, exposure to metformin had no 
influence on the prognosis of APC [19].

In our study, 134 patients (73.2% of DM patients) with DM
received antidiabetic medication (metformin, 41.8%; sulfony-
lurea, 45.5%; insulin, 32.1%; other agents, 23.1%). The use of
antidiabetic agents as a whole or each of sulfonylurea and
insulin showed no association with the prognosis of 
APC. However, the use of metformin conferred a prognostic 

benefit on APC patients. The superiority in survival of 
patients taking metformin was translated to all APC patients
as well as within the DM patients (OS, 11.0 months vs. 7.8
months; adjusted HR, 0.697; 95% CI, 0.491 to 1.990; p=0.044)
(Fig. 3A), without differences in baseline clinical character-
istics (Supplementary Table 3). The metformin-treated DM
group had significantly longer survival than the non-DM
group or DM without metformin group (p=0.029) (Fig. 3B).
Therefore, we concluded that the use of metformin was 
favorable for prognosis in APC. 

Given the difference of primary cancer site, especially the
characteristic of pancreas as an organ of insulin secretion, our
results have some similarities with those of the recently 
released analysis of gastric cancer patients who underwent
gastrectomy in terms of the decreased mortality rates 
coupled with increased cumulative use of metformin. In 
particular, the survival of metformin-treated diabetic 
patients was not inferior to the survival of non-DM patients
in the study [20].

We thought that the recent prospective randomized trials
to find the synergism between metformin and chemothera-
peutic agents (NCT01210911, NCT01971034, NCT01167738,
NCT01666730) could provide us with answers regarding 
the role of metformin. However, two of them reported that
metformin was not beneficial as an add-on therapy to pacli-
taxel monotherapy or gemcitabine and erlotinib combination
therapy. Nevertheless, considering the previous experimen-
tal data on the success of metformin with xenograft models,
it is still worth waiting for the results of other ongoing trials
on metformin in combination with other agents [18].

The prognostic value of duration of DM has rarely been
addressed. According to two retrospective studies including
resectable PC, one showed shorter OS in recent-onset DM
[21], and the other reported increased mortality in long-
standing DM (> 5 years) [22]. Recently released meta-analy-
sis from two prospective cohort studies showed decreased
survival in long-standing DM (> 4 years) but no difference
of survival in recent-onset DM ( 4 years), compared with
non-DM [23]. In our study, patients with DM tended to 
survive longer than non-DM patients (HR, 0.788; p=0.059),
despite more advanced age ( 60 years, p < 0.001). Because
there was no difference in survival between the non-DM
group and DM without metformin group, we could not 
exclude the possibility that this advantage of DM patients
came from metformin treatment. However, our results
showed matched results between the lower HR and 
extended OS compared to a prior retrospective study which
enrolled more LAPC patients than MPC patients and only
6.5% were biguanide users [24]. Some recent studies 
attempted to interpret PC-related DM with type 3 DM [21],
the exogeneous pancreatic failure due to PC, or paraneoplas-
tic syndrome [25] so as to explain better prognosis in DM 
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patients. Due to several limitations in previous studies, 
including small sample size and small tumor burden, 
debates regarding the influence of DM on clinical outcomes
of APC still remained. 

The major limitations of our study originated from the 
retrospective design. We could not evaluate the duration of
antidiabetic medication but we could check whether the 
patients were taking diabetic medicine during the chem-
otherapy session. Another drawback is the heterogeneity of
antidiabetic medications used. Dual or triple antidiabetic
agents, including thiazolidinedione, alpha-glucosidase 
inhibitor, dipeptidyl peptidase-4 inhibitor, etc., were used 
simultaneously by more than half the patients. However, 
the homogeneity of the patient population with advanced
disease and good performance status enough for chemother-
apy enhances the benefits of our study. 

Considering the dearth of research directed at DM and
metformin as prognostic factors in APC, we believe that this
work represents a significant step forward providing some
leverage for patients in addition to palliative chemotherapy.

Conclusion

In conclusion, we have shown that metformin use is a 
favorable prognostic factor in APC patients receiving pallia-
tive chemotherapy. We also showed the tendency that 
patients with DM survived longer than those without DM.
Further studies are warranted to validate the prognostic
value of this study, including onset/duration of DM.
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Purpose
High proliferation rate is a hallmark of cancer. The mitotic index is a useful and simple
method for analysis of cell proliferation. However, the practical utility of mitotic index as a
predictor of prognosis in patients with hepatocellular carcinoma (HCC) has not been deter-
mined. Therefore, we examined mitotic index as a prognostic marker in HCC patients.

Materials and Methods
We counted the number of mitotic cells in 10 high-power fields of the tumor area on hema-
toxylin and eosin–stained slides representing 282 surgically resected HCCs. The highest
number of mitotic cells was defined as the mitotic index.

Results
High mitotic index was observed in 127 of 282 HCCs. High mitotic index showed significant
association with younger age, larger tumor size, higher Edmondson grade, microvascular
invasion, major portal vein invasion, intrahepatic metastasis, higher American Joint Com-
mittee on Cancer (AJCC) T-stage, higher Barcelona Clinic Liver Cancer (BCLC) stage, higher
alpha-fetoprotein level, hepatitis B virus etiology, and liver cirrhosis. Patients with high mitotic
index had shorter disease-specific survival (DSS) (p < 0.001) and tended to have shorter
recurrence-free survival (p=0.112). In subgroup analysis among patients with a larger tumor
size, microvascular invasion, intrahepatic metastasis, higher AJCC T-stage, and higher BLCL
stage, high mitotic index showed unfavorable influences on DSS (p=0.001, p=0.008,
p=0.003, p=0.012, and p < 0.001, respectively). In addition, high mitotic index was an 
independent predictor of shorter DSS (p=0.004). 

Conclusion
High mitotic index may be a novel predictor of DSS in patients with HCC and may have utility
as an auxiliary prognostic factor in HCC.   

Key words
Mitotic index, Prognostic factor, Survival, Hepatocellular carcinoma

Introduction

Surgically treated patients with hepatocellular carcinoma
(HCC), which represent a highly selected group, have higher
survival rates compared to those of medically treated 
patients at a comparable stage [1]. However, long-term prog-
nosis remains unsatisfactory because of the high incidence
of tumor recurrence and metastasis after hepatectomy [2,3].

Thus, identification of markers of poor prognosis is impor-
tant in order to provide the opportunity for timely interven-
tion.

High proliferation rate, a classic hallmark of cancer, is due
to the self-sufficiency of growth signals, insensitivity to anti-
growth signals, and limitless replicative potential [4]. A 
variety of methods, including analysis of proliferating cell
nuclear antigen, bromodeoxyuridine, argyrophilic nuclear
organized regions, Ki-67 nuclear antigen, and phosphory-
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lated histone H3, are used in evaluation of proliferative 
activity [5-7]. However, many of these methods cannot be
applied in daily clinical practice [5]. In contrast, the mitotic
index, which is a useful and simple method for analysis of
cell proliferation, can be easily applied to routine clinical
practice [5]. The prognostic role of mitotic index in patient
survival has been confirmed in several cancers. The mitotic
index is used for tumor grading of breast and ovarian cancers
[8,9]. In addition, mitotic index has been incorporated in the
American Joint Committee on Cancer (AJCC) seventh tumor
staging system for malignant melanoma, gastrointestinal
tumor, and neuroendocrine tumors of the gastrointestinal
tract [10]. In HCCs, previous studies indicated a potential
role of high mitotic index as an adverse prognostic indicator
in cohorts of fewer than 200 patients [5,6,11,12]. However,
the practical utility of mitotic index as a predictor of progno-
sis in patients with HCC has not been determined.  

In this study, we evaluated mitotic index as a possible
prognostic marker in a large cohort of 282 patients with pri-
mary HCC who received long-term follow-up for 120
months. We also attempted to determine the cutoff value for
mitotic index that showed the most significant prognostic
role in HCC patients. 

Materials and Methods

1. Patients 

A total of 290 patients who were pathologically confirmed
to have primary HCC and underwent curative resection at
Samsung Medical Center, Seoul, Korea between July 2000
and May 2006 were enrolled in this study. Eight patients who
received preoperative treatments, including transcatheter 
arterial chemoembolization, radiofrequency ablation, and 
radiation therapy, were excluded; therefore, 282 patients
were included in this study. Curative resection was defined
as complete resection of all tumor nodules with clear micro-
scopic resection margins and no residual tumors on com-
puted tomography scans performed 1 month after surgery.
All patients had Child-Pugh A liver function. This study was
approved by the Institutional Review Board of Samsung
Medical Center.

Clinical parameters, including age, gender, date of surgery,
serum -fetoprotein (AFP), and serum albumin, were 
obtained by reviewing the medical records. Paraffin-embed-
ded tissues were sectioned and stained with hematoxylin
and eosin. When the tumor was less than 3 cm in size, all 
tumors were sectioned and embedded. When the tumor was
larger than 3 cm in size, at least four sections were taken for

the pathologic examinations and the mean number of blocks
was one for 1 cm of tumor diameter. Histopathologic features
of HCCs, including histologic differentiation, microvascular
invasion, major portal vein invasion, intrahepatic metastasis,
multicentric occurrence, and non-tumor liver pathology,
were reviewed by two pathologists (S.Y.H. and C.-K.P.).
Tumor differentiation was defined according to the criteria
of Edmondson and Steiner [13]. Intrahepatic metastasis and
multicentric occurrence were determined according to the
criteria of the Liver Cancer Study Group of Japan [14]. 
Multicentric HCCs are classified as either synchronous or
metachronous. HCC recurrence within the first two years 
following surgery is mainly due to intrahepatic metastasis,
whereas late recurrence usually results from multicentric 
occurrence [15]. Using 2 years as a cutoff, tumor recurrence
was classified as either early recurrence or late recurrence
[16]. All patients were staged according to the AJCC staging
system [10] and Barcelona Clinic Liver Cancer (BCLC) stag-
ing classification [17].  

During follow-up, serum AFP levels were monitored and
three phase dynamic computed tomography scan or mag-
netic resonance imaging was performed every 3 months after
surgery. The median follow-up period was 120 months
(range, 14 to 151 months) for survivors. Recurrence-free 
survival (RFS) was measured from the date of surgery until
detection of tumor recurrence. Disease-specific survival
(DSS) was defined as the interval between the date of surgery
and the date of HCC-related death, which was defined as: (1)
the tumor occupying more than 80% of the liver, (2) portal
venous tumor thrombus proximal to the second bifurcation,
(3) obstructive jaundice due to the tumor, (4) distant metas-
tases, and (5) variceal hemorrhage with portal venous tumor
thrombus proximal to the first bifurcation [18]. 

2. Evaluation of mitotic index

Two liver pathologists (S.Y.H. and C.-K.P.) counted the
number of mitotic cells in 10 high-power fields (HPFs) of
hematoxylin and eosin-stained slides, and found areas con-
taining the most mitotic figures, the so-called hot spot. After
counting the mitoses in the hot spot, the count was extended
to adjacent non-overlapping fields. If no hot spot could be
found and mitoses were sparse and randomly scattered
throughout the lesion, a representative mitosis was chosen
and the count began with that field and was extended to 
adjacent fields. According to the criteria of mitotic figures 
defined by Baak [19], mitotic cells were counted only if there
was complete concordance between the two pathologists
using a multi-head microscope. The highest number of 
mitotic cells was defined as the mitotic index. The X-Tile 
statistics package (Yale University, New Haven, CT) was
used to determine the optimal cutoff value with the highest



Cancer Res Treat. 2016;48(1):180-189

182 CANCER  RESEARCH  AND  TREATMENT

level of statistical significance related to patient survival [20];
cases were dichotomized into low and high mitotic index
groups based on the established cutoff value. 

3. Statistical analysis

Analysis of the association between mitotic index and 
clinicopathologic parameters was performed using the 
chi-square test, Fisher exact test, or Cochran Armitage test.
Survival analysis was performed using the Kaplan-Meier
method. Differences in survival rates were assessed using the
log-rank test or Breslow test. The Cox proportional hazard
regression model was used to assess the association between
clinicopathologic factors and survival time. Significant prog-
nostic factors identified by univariate analysis were entered
into multivariate analysis. We examined the proportional
hazard assumption graphically to determine whether vari-
ables in the Cox proportional hazard model were constants
that do not depend on time. All statistical analyses were 
performed using SPSS ver. 18 software (SPSS Inc., Chicago,
IL) or R software (ver. 3.03); p-values less than 0.05 were con-
sidered statistically significant.

Results

1. Clinicopathologic features of patients                                           

The median patient age was 53 years (range, 17 to 76
years); 234 patients were males, and 48 were females. Two
hundred and eighteen patients (77.3%) were infected with
hepatitis B virus, and 26 (9.2%) with hepatitis C virus. No
viral marker was recognized in 38 patients (13.5%). Two hun-

dred and three patients (72.0%) suffered from tumor recur-
rence; 153 patients (54.3%) from early recurrence, and 50 
patients (17.7%) from late recurrence. Ninety-eight patients
(34.8%) died of HCC. Twenty-nine of the 127 deaths were
due to non-HCC–related causes. Seventeen of the 29 deaths
were due to hepatic failure; eight were due to non-hepatic
causes, and four were due to unknown causes.

2. Mitotic index in HCC

The mean mitotic index was 7.75 (95% confidence interval,
6.47 to 9.03) and the median value was 3.00 (range, 0 to 60).
Using the X-tile package, mitotic index was graded as low (4
or less mitoses per 10 HPFs) or high (5 or more mitoses per
10 HPFs) (Fig. 1). High mitotic index was observed in 127 of
the 282 HCCs (45.0%). 

Associations between mitotic index and clinicopathologic
parameters are summarized in Table 1. High mitotic index
showed significant association with younger age (p < 0.001),
larger tumor size (p=0.022), higher Edmondson grade (p <
0.001), microvascular invasion (p < 0.001), major portal vein
invasion (p=0.026), intrahepatic metastasis (p < 0.001), higher
AFP level (p < 0.001), hepatitis B virus etiology (p=0.012),
and liver cirrhosis (p=0.016). As the AJCC T-stage or BCLC
stage increased, the frequency of high mitotic index also
showed a significant increase (p < 0.001 and p < 0.001, 
respectively). High mitotic index did not show correlation
with early or late recurrences.

3. Effect of mitotic index on patient survival

The 3-, 5-, 7-, and 9-year RFS rates for 282 HCC patients
were 43.5%, 37.2%, 31.1%, and 30.0%, respectively. The 3-, 5-,
7-, and 9-year DSS rates were 75.1%, 67.1%, 59.6%, and 53.4%,
respectively. Patients with high mitotic index had shorter

Fig. 1.  Microscopic features of hepatocellular carcinomas. (A) A case of low mitotic index showing no mitotic cells. (B) A
case of high mitotic index showing many mitotic cells (arrows) (A and B, H&E staining, 400).

B
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Table 1. Association between mitotic index and clinicopathologic parameters in 282 hepatocellular carcinomas

Variable No. Low mitotic  index High mitotic index p-value
 4/10  5/10 HPF

Age (yr)
 55 163 75 (46.0) 88 (54.0) < 0.001
> 55 119 80 (67.2) 39 (32.8)

Sex
Female 48 22 (45.8) 26 (54.2) 0.163 
Male 234 133 (56.8) 101 (43.2)

Tumor size (cm)
 5.0 176 106 (60.2) 70 (39.8) 0.022 
> 5.0 106 49 (46.2) 57 (53.8)

Edmondson grade
I 32 28 (87.5) 4 (12.5) < 0.001
II 226 125 (55.3) 101 (44.7)
III 24 2 (8.3) 22 (91.7)

Microvascular invasion
(–) 130 99 (76.2) 31 (23.8) < 0.001
(+) 152 56 (36.8) 96 (63.2)

Major portal vein invasion
(–) 271 153 (56.5) 118 (43.5) 0.026a)

(+) 11 2 (18.2) 9 (81.8)
Intrahepatic metastasis
(–) 218 132 (60.6) 86 (39.4) 0.001 
(+) 64 23 (35.9) 41 (64.1)

Multicentric occurrence
(–) 265 144 (54.3) 121 (45.7) 0.405 
(+) 17 11 (64.7) 6 (35.3)

AJCC T-stage
1 122 93 (76.2) 29 (23.8) < 0.001b)

2 112 45 (40.2) 67 (59.8)
3 42 16 (38.1) 26 (61.9)
4 6 1 (16.7) 5 (83.3)

BCLC stage
0-A 162 101 (62.3) 61 (37.7) < 0.001b)

B 107 51 (47.7) 56 (52.3)
C 13 3 (23.1) 10 (76.9)

Albumin level (g/dL)
> 3.5 261 144 (55.2) 117 (44.8) 0.805 
 3.5 21 11 (52.4) 10 (47.6)

AFP level (ng/mL)
 200 172 109 (63.4) 63 (36.6) < 0.001
> 200 110 46 (41.8) 64 (58.2)

Etiology
Non-viral 38 23 (60.5) 15 (39.5) 0.012 
HBV 218 111 (50.9) 107 (49.1)
HCV 26 21 (80.8) 5 (19.2)

Liver cirrhosis
(–) 140 87 (62.1) 53 (37.9) 0.016 
(+) 142 68 (47.9) 74 (52.1)

Early recurrence ( 2 yr)
(–)         129 75 (58.1) 54 (41.9) 0.325 
(+) 153 80 (52.3) 73 (47.7)
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DSS (p < 0.001) and tended to have shorter RFS (p=0.112)
(Fig. 2). By applying the Breslow test, which attributes
greater weight to earlier events, patients with high mitotic
index had shorter RFS (p=0.003). In subgroup analysis
among patients with a larger tumor size (> 5 cm), microvas-
cular invasion, intrahepatic metastasis, higher AJCC T-stage,
and higher BLCL stage, high mitotic index showed unfavor-
able influences on DSS (p=0.001, p=0.008, p=0.003, p=0.012,
and p < 0.001, respectively) (Fig. 3). 

In univariate analysis, larger tumor size, Edmondson
grade III, microvascular invasion, major portal vein invasion,
intrahepatic metastasis, higher AJCC T-stage, higher BCLC
stage, lower albumin level, and higher AFP level showed 
unfavorable influences on both RFS and DSS. Viral etiology
showed an unfavorable influence on RFS. In addition, we
found that high mitotic index showed an unfavorable influ-

ence on DSS (p < 0.001) (Table 2).
Because AJCC T-stage and BCLC stage were associated

with vascular invasion, to avoid potential bias we did not
perform multiple analyses using these indices. In multivari-
ate analysis, intrahepatic metastasis and lower albumin level
were found to be independent predictors of both shorter RFS
and shorter DSS. Higher AFP level was found to be an inde-
pendent predictor of shorter RFS. Larger tumor size and high
mitotic index (p=0.004) were found to be independent 
predictors of shorter DSS. Patients with high mitotic index
were more likely to suffer from disease-specific death com-
pared to those with low mitotic index (hazard ratio, 1.818)
(Table 3). Multivariate analysis of RFS with mitotic index
could not be performed, because the survival curves accord-
ing to mitotic index were crossed and the proportional haz-
ard assumption was violated.

Table 1. Continued

Variable No. Low mitotic  index High mitotic index p-value
 4/10  5/10 HPF

Late recurrence (> 2 yr)
(–)c) 79 44 (55.7) 35 (44.3) 0.480 
(+) 50 31 (62.0) 19 (38.0)

Values are presented as number (%). AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer; AFP,
-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus. a)By Fisher's exact test, b)By Cochran-Armitage test, otherwise
by chi-square test, c)No early or late recurrence.
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Fig. 2. Kaplan-Meier survival curves by log-rank test showing recurrence-free survival (A) and disease-specific survival (B) according
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Fig. 3. Kaplan-Meier survival curves by log-rank test showing disease-specific survival according to the mitotic index in subgroups
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Discussion

In the current study, we elucidated the prognostic signifi-
cance of mitotic index in a large cohort of patients with 
primary HCC who received long-term follow-up. We 
attempted to establish a cutoff value for mitotic index that
showed the most significant prognostic role in HCC patients.
Low mitotic index was defined as four or fewer mitoses per
10 HPFs, and high mitotic index as five or more. High mitotic
index showed correlation with larger tumor size, higher 
Edmondson grade, microvascular invasion, major portal 
invasion, intrahepatic metastasis, higher AJCC T-stage,

higher BCLC stage, higher AFP level, hepatitis B virus etiol-
ogy, and liver cirrhosis. In addition, patients with high 
mitotic index had shorter DSS and tended to have shorter
RFS. The mean time gap between recurrence and death in
the high mitotic index group was significantly lower than in
the low mitotic index group (30.5 months vs. 43.8 months,
p=0.004). Treatment modality after recurrence did not differ
statistically between low versus high mitotic index group
(p=0.38) (Supplementary Table 1). It is assumed that the high
mitotic index group had poorer response to the salvage treat-
ment after recurrence than the low mitotic index group.

Only a few studies on the prognostic role of mitotic index
in HCC have been reported. Haratake et al. [11], who divided
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Fig. 3. (Continued from the previous page) American Joint Committee on Cancer (AJCC) T-stage (G, H), and Barcelona Clinic Liver
Cancer (BCLC) stage (I, J).
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mitotic index into three groups (0-4/10 HPFs, 5-9/10 HPFs,
10 and more/10 HPFs), observed a better prognosis for 
patients with HCC who exhibited low mitotic activity. They
reported that longer survival periods were observed in some
patients with larger tumors if the mitotic indices were low.
Ouchi et al. [5] showed that mitotic index was an independ-
ent significant variable, influencing the overall survival of 40
patients with HCC following hepatic resection. In addition,
they found that HCC with a high mitotic index ( 5/10 HPFs)
was associated with multiple tumors and advanced tumor
stage. They also reported a highly significant correlation 

between mitotic index and Ki-67 labelling index (r=0.870).
Nanashima et al. [12] also reported correlation of high mitotic
index ( 5/10 HPFs) with overall survival in 81 patients with
HCC by univariate analysis. They also found a significant 
association of high mitotic index with vascular invasion,
poor histologic differentiation, and recurrence rate. Our find-
ings are consistent with those of previous studies. Interest-
ingly, the criteria of mitotic index used in previous studies
are the same as those applied in our study, which were 
determined statistically for the strongest prognostic effect.
To the best of our knowledge, this is the first report to show

HR, hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer;
AFP, -fetoprotein.

Table 2. Univariate analyses of recurrence-free survival and disease-specific survival in 282 hepatocellular carcinomas

Variable Recurrence-free survival Disease-specific survival
HR (95% CI) p-value HR (95% CI) p-value

Age (> 55 yr vs.  55 yr) 0.968 (0.723-1.297) 0.829 0.932 (0.623-1.394) 0.731
Sex (male vs. female) 0.989 (0.822-1.191) 0.910 0.825 (0.483-1.410) 0.481
Tumor size (> 5.0 cm vs.  5.0 cm) 1.663 (1.244-2.223) 0.001 2.981 (1.996-4.453) < 0.001
Edmondson grade (III vs. I, II) 2.242 (1.421-3.538) 0.001 2.662 (1.509-4.697) 0.001
Microvascular invasion (+ vs. –) 2.210 (1.644-2.971) < 0.001 3.241 (2.067-5.080) < 0.001
Major portal vein invasion (+ vs. –) 3.420 (1.801-6.492) < 0.001 5.008 (2.510-9.994) < 0.001
Intrahepatic metastasis (+ vs. –) 4.980 (3.593-6.903) < 0.001 5.820 (3.878-8.734) < 0.001
Multicentric occurrence (+ vs. –) 1.183 (0.625-2.241) 0.606 0.668 (0.245-1.816) 0.429
AJCC T-stage (2, 3, 4 vs. 1) 4.059 (2.866-5.748) < 0.001 5.197 (3.414-7.911) < 0.001
BCLC stage (B, C vs. 0, A) 2.141 (1.605-2.855) < 0.001 3.955 (2.596-6.024) < 0.001
Albumin level ( 3.5 g/dL vs. > 3.5 g/dL) 2.159 (1.289-3.616) 0.003 3.042 (1.687-5.485) < 0.001
AFP level (> 200 ng/mL vs.  200 ng/mL) 1.705 (1.279-2.272) < 0.001 1.769 (1.190-2.630) 0.005
Etiology (viral vs. non-viral) 2.032 (1.233-3.348) 0.005 1.530 (0.795-2.944) 0.203
Liver cirrhosis (+ vs. –) 1.314 (0.986-1.752) 0.062 1.036 (0.697-1.539) 0.862
Mitotic index (high vs. low) 1.261 (0.946-1.680) 0.113 2.131 (1.426-3.185) < 0.001

HR, hazard ratio; CI, confidence interval; AFP, -fetoprotein.

Table 3. Multivariate analyses of recurrence-free survival and disease-specific survival in 282 hepatocellular carcinomas

Variable Recurrence-free survival Disease-specific survival
HR (95% CI) p-value HR (95% CI) p-value

Tumor size (> 5.0 cm vs.  5.0 cm) 0.998 (0.714-1.395) 0.991 1.824 (1.176-2.828) 0.007 
Edmondson grade (III vs. I, II) 1.453 (0.889-2.375) 0.136 1.298 (0.711-2.369) 0.396 
Microvascular invasion (+ vs. –) 1.333 (0.921-1.931) 0.128 1.273 (0.700-2.315) 0.430 
Major portal vein invasion (+ vs. –) 0.719 (0.351-1.473) 0.368 1.040 (0.489-2.212) 0.918 
Intrahepatic metastasis (+ vs. –) 3.615 (2.382-5.487) < 0.001 4.196 (2.696-6.530) < 0.001
Albumin level ( 3.5 g/dL vs. > 3.5 g/dL) 2.095 (1.189-3.693) 0.011 2.369 (1.292-4.344) 0.005 
AFP level (> 200 ng/mL vs.  200 ng/mL) 1.368 (1.003-1.866) 0.048 1.111 (0.715-1.727) 0.640 
Etiology (viral vs. non-viral) 1.644 (0.990-2.731) 0.055 - -
Mitotic index (high  vs. low) - - 1.818 (1.210-2.731) 0.004 
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Clinical Benefit of Hepatic Arterial Infusion Concurrent 
Chemoradiotherapy in Locally Advanced Hepatocellular Carcinoma: 
A Propensity Score Matching Analysis

Original Article

Purpose
The aim of this study was to evaluate whether hepatic arterial infusion concurrent chemora-
diotherapy (CCRT) could improve overall survival (OS) in patients with locally advanced 
hepatocellular carcinoma (LAHCC). 

Materials and Methods
Two databases were reviewed from Yonsei Cancer Center (YCC) and Korean Liver Cancer
Study Group (KLCSG) nationwide multi-center hepatocellular carcinoma (HCC) cohort. The
CCRT group included 106 patients, with stage III-IV, Child-Pugh classification A, Eastern 
Cooperative Oncology Group performance status 0 or 1, who underwent definitive CCRT as
the initial treatment at YCC. We used propensity score matching to adjust for seven clinical
factors, including age, tumor size, TNM stage by the Liver Cancer Study Group of Japan, T
stage, Barcelona Clinic Liver Cancer (BCLC) staging system, etiology of HCC, and portal vein
invasion, which all differed significantly in the two databases. From the KLCSG cohort 
enrolled at 32 institutions, 106 patients for the non-CCRT group were defined. 

Results
After propensity score matching, all patient characteristics were balanced between the two
groups. The CCRT group had better OS (median, 11.4) than the non-CCRT group (6.6
months, p=0.02). In multivariate analyses for all patients, CCRT (hazard ratio [HR], 1.48;
95% confidence interval [CI], 1.11 to 1.97; p=0.007), tumor size (HR, 1.08; 95% CI, 1.04
to 1.12; p < 0.001), and BCLC stage (HR, 0.54; 95% CI, 0.36 to 0.8; p=0.003) were inde-
pendent prognostic factors for OS.

Conclusion
CCRT showed better OS for LAHCC patients. In LAHCC patients with a good performance
and normal liver function, CCRT could be a feasible treatment option. All of these findings
need to be validated in prospective clinical trials.

Key words
Hepatocellular carcinoma, Radiotherapy, Propensity score

Introduction

Hepatocellular carcinoma (HCC) is listed as the sixth most
common cancer type and third most common cause of can-

cer-related deaths [1]. According to the Barcelona Clinic
Liver Cancer (BCLC) staging system, potential curative ther-
apies can be applied to early stages of the disease [2]. How-
ever, the majority of HCC patients, who are not in early stage
at the time of the first diagnosis only receive palliative or con-
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servative treatments. 
In cancer treatment, a multimodality approach by a multi-

disciplinary team has been the key principle, using surgery
and radiotherapy (RT) for local and loco-regional sites and
chemotherapy for systemic diseases [3,4]. This principle has
proved to be effective in most cancers [5,6]. Particularly, in
locally advanced cancers, it can induce down-staging to 
resectable status that can be followed by radical resection.
Unfortunately, a multimodality approach involving RT was
not successful for HCC some decades ago [7]. Whole liver 
irradiation with radiation dose less than the tumoricidal level
could be one of the major reasons for the failure in a multi-
modality approach involving RT. 

A recent development of RT technologies allows the deliv-
ery of high doses safely and effectively to localized tumor
volume and has shown a potential to improve survival with-
out severe radiation-related toxicity [8-10]. In the National
Comprehensive Cancer Network (NCCN) guidelines for
HCC, external beam RT is recommended in patients with 
unresectable disease, who are not transplant candidates and
in patients with inoperable local disease despite the evidence
of being category 2B [11]. In our institution, localized con-
current chemoradiotherapy (CCRT) for HCC consisted of
local RT and hepatic arterial infusion chemotherapy (HAIC)
of 5-fluorouracil (5-FU); CCRT was performed to enhance the
effect of local RT and to reduce the risk of intrahepatic metas-
tasis. In several studies at our institution, CCRT showed 
favorable outcomes [12,13]. Several studies from other insti-
tutions reporting about CCRT with HAIC have previously
demonstrated fine treatment outcomes [8,14]. However, due
to the absence of sufficient evidence from phase III random-
ized control trials, the American Association for the Study of
Liver Diseases and the European Association for the Study
of the Liver guidelines do not recommend RT as a treatment
option [2]. 

In Korea, Korean Liver Cancer Study Group (KLCSG) 
established a randomly enrolled nationwide multi-center
HCC cohort between 2003 and 2005 from 32 hospitals in an
effort to generate an optimal management strategy of HCC
[15]. The cohort provides unbiased information regarding
clinical characteristics, treatment patterns, and overall sur-
vival of HCC patients in Korea. However, most patients who
were enrolled in the KLCSG cohort received other monother-
apies, rather than multimodal therapy, such as CCRT as the
first treatment following the diagnosis of locally advanced
HCC. To generate and verify a hypothesis to help implement
a randomized control trial, we utilized the KLCSG cohort as
the control group for comparisons between CCRT and non-
CCRT groups, using propensity score matching. In this
study, we evaluated whether CCRT could improve survival
for locally advanced HCC compared to other treatments,
using propensity score matching.

Materials and Methods

1. Study design

The study was performed and reported in accordance 
to the recommendations of STROBE statement [16]. We 
reviewed two databases: the Yonsei Cancer Center (YCC)
and KLCSG nationwide multi-center HCC cohort. This study
received approval from the internal review boards of partic-
ipating institutions (IRB No. 4-2013-0897). We identified 829
patients who underwent RT for locally advanced HCC at
YCC between 1992 and 2008. Patients were excluded if any
of the following conditions were met: (1) stage I-II disease,
(2) extrahepatic metastasis (not including regional lymph
node involvement), (3) Child-Pugh classification B or C, (4)
CCRT not the first treatment, (5) initially prescribed with 
insufficient irradiated dose for definitive RT (< 40 Gy), (6)
Eastern Cooperative Oncology Group performance status
(ECOG PS) > 2, (7) a history of RT to the abdominal area, or
(8) RT alone or RT with intravenous chemotherapy. After 
exclusions, a total of 106 patients were diagnosed between
1999 and 2008, and patients who underwent hepatic arterial
infusion CCRT definitively as the initial treatment were 
included in the CCRT group. 

The KLCSG nationwide multi-center cohort included 4,522
patients from 2003 to 2005 at 32 Korean institutions. Among
them, 77 patients were excluded due to false information 
regarding the first treatment. Next, 751 locally advanced
HCC patients who underwent other initial treatments 
(except RT) were identified by excluding patients who 
(1) had stage I-II cancer, (2) were given M1 classification, 
(3) were given Child-Pugh classification B or C, (4) received
RT, (5) had missing information for CP class or treatment
type or date, or (6) had false information regarding the treat-
ment aim or diagnosis date. The KLCSG cohort included 
information regarding age, gender, method of diagnosis,
date of diagnosis, date of death, Child-Pugh classification,
TNM stage by Liver Cancer Study Group of Japan (LCSGJ),
tumor size, growth pattern of tumor, tumor invasion into
major vessels, T stage, N stage, M stage, BCLC staging, the
etiology of HCC, type of initial treatment modality, and date
of initial treatment. Among the 751 patients, we assigned 106
patients receiving other monotherapies into the non-CCRT
group by performing 1 to 1 propensity score matching with
the CCRT group.

Staging was determined according to the TNM staging
system of the LCSGJ [17] and BCLC staging system [2]. HCC
was diagnosed depending on the practice guidelines for 
diagnosis and treatment of HCC in KLCSG [18]. HCC was
defined as pathologic confirmation of HCC or compatible 
radiological findings with serum alpha-fetoprotein (AFP)
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level > 400 IU/mL. If AFP levels were  400 IU/mL, HCC
was diagnosed by radiological findings using at least two 
imaging modalities. 

1) Concurrent chemoradiotherapy

In the CCRT group, the total radiation dose was a median
of 45 Gy (range, 42.4 to 59.4 Gy) in 25 fractions (range, 16 to
33). We defined and delineated the gross tumor volume, clin-
ical target volume (CTV), and planning target volume (PTV)
to determine the prescription dose as described previously
[10]. PTV was defined as CTV surrounded by an additional
5-10 mm margin for setup error and internal organ motion.
We irradiated PTV with a surrounding margin of 1 cm in a
3-dimensional conformal radiotherapy (3D-CRT) in accor-

dance to the dose prescription guidelines [10]. The radiation
dose for a target volume depended on the functional reserve
of the liver and was chosen in a range acceptable to the dose
prescription guideline at each V50% (the normal liver vol-
ume irradiated with more than one-half of the prescription
dose) category. For image-guided intensity-modulated RT
before April 2007, dose prescription was also determined
similar to 3D-CRT. After April 2007, the prescribed radiation
dose was determined according to dose-volume parameters
of the effective irradiated liver volume [10]. Thus, we limited
the mean liver dose to 23 Gy and the maximal dose to 42.24
Gy for the duodenum, stomach, small bowel, and spinal
cord. Concurrent continuous-infusion hepatic arterial 5-FU,
using a percutaneous hepatic arterial catheter inserted via
hepatic arterial angiography, was delivered at a dose of 500

Table 1. Patient characteristics

Variable CCRT KLCSG cohort p-value Non-CCRT p-value
(n=106) (n=751) (n=106)

Median age (range, yr) 52 (11-79) 57 (8-83) < 0.001 52 (8-74) 0.99
Median tumor size (range, cm) 10 (2-17) 6 (1-21) < 0.001 10 (2-21) 0.53
Growth pattern Single 31 (29.2) 269 (35.8) 0.18 31 (29.2) > 0.99

Multiple 75 (70.8) 482 (64.2) 75 (70.8)
Sex Male 90 (84.9) 656 (87.4) 0.48 90 (84.9) > 0.99

Female 16 (15.1) 95 (12.6) 16 (15.1)
Child-Pugh classification A 106 (100) 751 (100) > 0.99 106 (100) > 0.99
TNM stage by LCSGJ III 47 (44.3) 585 (77.9) < 0.001 47 (44.3) > 0.99

IV-A 59 (55.7) 166 (22.1) 59 (55.7)
T stage T1 0 ( 2 (0.3) < 0.001 0 ( 0.89

T2 0 ( 12 (1.6) 0 (
T3 48 (45.3) 606 (80.7) 49 (46.2)
T4 58 (54.7) 131 (17.4) 57 (53.8)

N stage N0 97 (91.5) 706 (94.0) 0.32 98 (92.5) 0.8
N1 9 (8.5) 45 (6.0) 8 (7.5)

Portal vein invasion Yes 85 (80.2) 343 (45.7) < 0.001 85 (80.2) > 0.99
No 21 (19.8) 408 (54.3) 21 (19.8)

Hepatic vein invasion Yes 6 (5.7) 77 (10.3) 0.13 13 (12.3) 0.09
No 100 (94.3) 671 (89.7) 93 (87.7)

BCLC staging system A 0 ( 93 (12.4) < 0.001 0 ( 0.85
B 18 (17.0) 247 (32.9) 17 (16.0)
C 88 (83.0) 411 (54.7) 89 (84.0)

The etiology of HBV 83 (78.3) 487 (64.8) 0.01 84 (79.2) 0.79
hepatocellular carcinoma HCV 6 (5.7) 76 (10.1) 3 (2.8)

NBNC and alcohol 13 (12.2) 77 (10.3) 15 (14.2)
HBV and HCV 0 ( 25 (3.3) 0 (
Unknown 4 (3.8) 86 (11.5) 4 (3.8)

Values are presented as number (%) unless otherwise indicated. CCRT, concurrent chemoradiotherapy; KLCSG, Korean Liver
Cancer Study Group; LCSGJ, Liver Cancer Study Group of Japan; TNM, tumor, node, metastasis; BCLC, Barcelona Clinic
Liver Cancer; HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, non-HBV or non-HCV hepatitis.
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mg/day during the first and last weeks of RT [12]. Most 
patients received HAIC with 5-FU (at a dose of 500 mg/m2

for 5 hours on days 1-3) and cisplatin (at a dose of 60 mg/m2

for 2 hours on day 2) for three to 12 cycles in accordance to
the treatment response after CCRT. In cases of multiple 
tumors, the primary and adjacent tumors were irradiated. In
12 patients (16.0%) among the 75 multiple tumor patients, 
additional tumors outside of the RT field were treated using
a transcatheter arterial chemoembolization (TACE) [13] or
transcatheter arterial chemoinfusion (TACI).

2) Treatment modality in non-CCRT group

In the non-CCRT group, 12 patients were treated with sur-
gical resection (11.3%), one (0.9%) with local ablation ther-
apy, 78 (73.6%) with TACE, 13 patients (12.3%) with local
chemotherapy such as TACI or transcatheter arterial lipi-
odol-chemoinfusion, and two (1.9%) with systemic chemot-
herapy. The KLCSG database only included information of
the treatment type; therefore, detailed treatment methods are
unknown.

3) End points

The overall actuarial survival (OS) was calculated from the
RT start date to the date of death or last follow-up for the
CCRT group and from the treatment date to the date of death
or last contact for non-CCRT group. We compared the OS
rates between the two groups.

4) Subgroup analyses

In additional subgroups according to prognostic factors,
we compared the OS rate between the CCRT and non-CCRT
groups. We considered tumor size  5 cm, treatment period,
BCLC stage C, portal vein invasion (PVI), or major (lobar or
main) PVI as prognostic factors to determine each subgroup. 

5) Statistical considerations

As described in Table 1, the CCRT group and KLCSG 
cohort differed significantly in several clinical factors, includ-
ing age, tumor size, TNM stage by LCSGJ, T stage, PVI,
BCLC stage, and the etiology of HCC. Therefore, we per-
formed propensity score matching to adjust for seven poten-
tially significant patient characteristics that differed
significantly between the CCRT group and the KLCSG 
cohort (age, tumor size, TNM stage by the LCSGJ, T stage,
BCLC stage, the etiology of HCC, and PVI). Using multivari-
ate logistic regression analyses to make weighted probabili-
ties, propensity scores were calculated to determine the effect
of characteristics on the treatment modality. Propensity score
matching determined that the non-CCRT group of 106 
patients who underwent other monotherapies from the
KLCSG database matched with the 106 patients of the CCRT
group from the YCC database. To appraise the degree of bal-
ancing, we compared clinical and prognostic factors between
the two groups using Pearson’s chi-square tests or Fisher
exact tests for nominal variables, and Mann-Whitney U tests
for continuous variables. We calculated OS rates using the
Kaplan-Meier method and log-rank tests to assess the sur-
vival differences. We performed univariate and multivariate
analyses to evaluate all prognostic factors influencing OS
using Cox’s regression model. We performed a multivariate
analysis using backwards elimination to stay in the model.
The hazard ratios (HR) are given with 95% confidence inter-
vals (95% CI). We considered p-values less than 0.05 to be
statistically significant. SPSS ver. 20.0 (IBM Co., Armonk,
NY) was used for all analyses.
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Fig. 1.  Kaplan-Meier curve of overall survival (OS) 
according to the two treatment groups. Kaplan-Meier
curve depicted that concurrent chemoradiotherapy
(CCRT) (median OS, 11.4 months; 2-year OS, 27.3%; 5-year
OS, 10.4%) significantly improved OS compared to the
non-CCRT group (median OS, 6.6 months; 2-year OS,
18.9%; 5-year OS, 8.5%; p=0.02).
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Results

1. Patient characteristics after propensity score matching

The patient characteristics of the two groups after propen-
sity score matching are listed in Table 1. Before propensity
score matching, there were significant differences in patient
characteristics, including age (p < 0.001), tumor size (p < 0.001),
TNM stage (p < 0.001), T stage (p < 0.001), PVI (p < 0.001),
BCLC staging (p < 0.001) and the etiology of HCC (p=0.01)
between the CCRT group and KLCSG cohort. After propen-
sity score matching, Table 1 demonstrates that all clinical and
prognostic factors were balanced between the CCRT and
non-CCRT groups. 

2. Comparison of overall survival rates between the two
treatment groups

The median follow-up period for surviving patients was
63 months for the CCRT group and 90 months for the non-
CCRT group. After propensity score matching analyses, 
Kaplan-Meier curves depicted that the CCRT group (median
OS, 11.4 months; 5-year OS, 10.4%) had significantly better
OS than the non-CCRT group (median OS, 6.6 months; 
5-year OS, 8.5%; p=0.02) (Fig. 1).

3. Prognostic factors analyses

We performed prognostic factor analyses using a Cox 

regression model for 212 patients in both groups (Table 2).
Univariate analyses showed that tumor size (HR, 1.08; 95%
CI, 1.03 to 1.12; p < 0.001), TNM stage by LCSGJ (III vs. 
IV-A; HR, 0.6; 95% CI, 0.45 to 0.8; p=0.001), T stage (T3 vs.
T4; HR, 0.6; 95% CI, 0.45 to 0.8; p=0.001), PVI (no vs. yes; HR,
0.57; 95% CI, 0.39 to 0.82; p=0.003), BCLC staging system (B
vs. C; HR, 0.54; 95% CI, 0.36 to 0.81; p=0.003) and CCRT (no
vs. yes; HR, 1.41; 95% CI, 1.06 to 1.87; p=0.02) were signifi-
cantly associated with OS. The treatment period did not 
affect OS. In multivariate analyses using all prognostic 
factors, CCRT (no vs. yes; HR, 1.48; 95% CI, 1.11 to 1.97;
p=0.007), tumor size (HR, 1.08; 95% CI, 1.04 to 1.12; p < 0.001)
and BCLC staging system (B vs. C; HR, 0.54; 95% CI, 0.36 to
0.8; p=0.003) were independent prognostic factors for OS. 

4. Subgroup analyses

Because CCRT showed statistically significant differences
after prognostic factor analyses, we evaluated the survival
benefit of CCRT in several subgroups. We assessed whether
CCRT influenced OS as a prognostic factor in each subgroup
using a Cox regression model (Fig. 2). CCRT was a statisti-
cally significant factor for OS, and the CCRT group showed
significantly better OS than the non-CCRT group in sub-
groups with a tumor size  5 cm (no vs. yes; HR, 1.75; 95%
CI, 1.3 to 2.37; p < 0.001). In the subgroup of patients who
underwent treatment from 2003 to 2005, CCRT was also a
significant factor for OS (no vs. yes; HR, 1.91; 95% CI, 1.15 to
3.17; p=0.01). CCRT-treated patients showed longer OS with
a statistical significance in the BCLC C subgroup (no vs. yes;

Table 2. Prognostic factors for overall survival based on Cox proportional-hazards model (n=212)

Variable Univariate analyses Multivariate analyses
HR (95% CI) p-value HR (95% CI) p-value

Age (yr) 1 (0.99-1.01) 0.63 - -
Tumor size (cm) 1.08 (1.03-1.12) < 0.001 1.08 (1.04-1.12) < 0.001
Sex (male vs. female) 1.17 (0.8-1.72) 0.42 - -
Growth pattern (single vs. multiple) 0.84 (0.62-1.15) 0.29 - -
Treatment period Reference 0.54 - -
(< 2003, 2003-2005, > 2005) 1.21 (0.77-1.9)

1.23 (0.85-1.76)
TNM stage by LCSGJ (III vs. IV-A) 0.6 (0.45-0.8) 0.001 - -
T stage (T3 vs. T4) 0.6 (0.45-0.8) 0.001 - -
N stage (N0 vs. N1) 1.03 (0.61-1.75) 0.9 - -
Portal vein invasion (no vs. yes) 0.57 (0.39-0.82) 0.003 - -
BCLC staging system (B vs. C) 0.54 (0.36-0.81) 0.003 0.54 (0.36-0.8) 0.003
CCRT (no vs. yes) 1.41 (1.06-1.87) 0.02 1.48 (1.11-1.97) 0.007

HR, hazard ratio; CI, confidence interval; TNM, tumor, node, metastasis; LCSGJ, Liver Cancer Study Group of Japan; BCLC,
Barcelona Clinic Liver Cancer; CCRT, concurrent chemoradiotherapy.
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HR, 0.54; 95% CI, 0.36 to 0.8; p=0.04). In the PVI subgroup,
CCRT-treated patients showed a longer median survival, 
although this was not statistically significant. However,
CCRT was significantly related to OS in the major PVI sub-
group (no vs. yes; HR, 2.07; 95% CI, 1.35 to 3.16; p=0.001).

Discussion

In this study, all clinical and prognostic factors were 
balanced between the two groups after matching. The CCRT
group showed a significantly better OS than the non-CCRT
group. CCRT, tumor size, and BCLC staging system were 
independent prognostic factors for OS on multivariate analy-
ses. CCRT was also a significant factor for OS in each 
subgroup of patients receiving treatment from 2003 to 2005,
having tumor size  5 cm, BCLC stage C, or showing major
PVI.

However, special considerations are required to interpret
the findings of this study due to the following limitations.
First, this was a retrospective study, which was an unavoid-
able weakness. However, it is believed that a propensity
score analytic approach could minimize this limitation. 
Second, we did not include patients receiving sorafenib, as
most patients were treated for HCC before the era of 
sorafenib. Although our results show that the OS of CCRT
group was comparable to that reported for sorafenib [19,20],
we suggest that prospective randomized trials comparing
CCRT to sorafenib are be necessary. Third, two different
databases were utilized for this study. In 2003, for the first
time, the KLCSG and the National Cancer Center (NCC) of
Korea produced a clinical practice guideline in Korea. Since

2003, all Korean institutions, including our own, have com-
plied with the KLCSG guidelines, and most of the research
publications from our institution indicate that we have diag-
nosed HCC based on the KLCSG guidelines [10,13]. Despite
this limitation, we believe that the characteristics of patients
included in the two databases should not be very different.
However, since the treatment period of these two databases
was different, we analyzed the effect of the treatment period
in order to adjust for such differences. The treatment period
used for the KLCSG database was from 2003 to 2005. Thus,
we classified the treatment period as starting from 2003 until
2005. In the analyses of prognostic factors, the treatment 
period was not a significant factor for OS (Table 2). In the
subgroup analysis of patients treated between 2003 and 2005,
the CCRT group showed a significantly higher OS (Fig. 2).
Due to the different databases, it is also possible that those
in the non-CCRT group may have been in more advanced
stages of HCC. However, given that the CCRT group
showed a tumor growth pattern that was similar to the 
non-CCRT group, albeit with more major PVI (CCRT, 80.2%;
non-CCRT, 30.2%; p < 0.001), we do not believe that the 
non-CCRT group patients in this study were of a more 
advanced stage at the time of diagnosis. Based on this, we
believe that the utilization of two databases should not have
affected our findings or conclusions. Fourth, we could not
use AFP levels and performance status of patients for
propensity score matching analysis as the KLCSG databases
did not include information regarding the AFP level and 
performance status. In future studies, AFP levels and per-
formance status need to be considered as they could be 
associated with overall survival. Fifth, at least a certain por-
tion of patients in the CCRT group might have been highly
selected patients, which might have in turn influenced the
treatment outcome, given that all patients in the CCRT group

Tumor size ! 5 cm (187)

Treatment period 2003-2005 (127)

BCLC stage C (177)

Portal vein invasion (170)

Major portal vein invasion (117)

Subgroup
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4.2

CCRT

11.4
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 0.04
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Fig. 2. The difference in overall survival (OS) between the two treatment groups in each subgroup. CCRT, concurrent chemoradio-
therapy; BCLC, Barcelona Clinic Liver Cancer.
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were treated at the tertiary referral hospital only. Thus, fur-
ther prospective randomized clinical trials are necessary to
prove our findings.

A multimodality treatment, such as CCRT, has been repe-
atedly proven to be effective in advanced stages of several
cancers. However, the survival benefit of RT or chemother-
apy alone as well as CCRT for HCC has not been fully eluci-
dated. Nevertheless, several combined treatments, such as
TACE plus RT, or CCRT with HAIC have been utilized in 
attempts to improve the oncologic outcome for HCC. There-
fore, several studies regarding a combination of RT and
TACE have reported favorable response rates and overall
survival for HCC with PVI [21,22]. Furthermore, some stud-
ies investigating the combination of RT with concurrent 
hepatic artery chemotherapy have also demonstrated a 
favorable effect on overall survival, with a median survival
of 11-15.2 months for unresectable primary hepatobiliary
cancer [14,23]. These results are comparable to the results of
this study. The purpose of using CCRT with HAIC was to
enhance the local radio-therapeutic effect and to reduce 
intrahepatic HCC spread. As such, although every treatment
for HCC is controversial, we anticipated that concurrently
combining HAIC with RT would produce a synergistic ther-
apeutic effect. Based on these concepts of a multimodality
approach, our group previously reported that CCRT 
improved response rates and survival for locally advanced
HCC with PVI [12]. In a more recent study, it was reported
that CCRT or a combination of RT and TACE produced an
excellent intrahepatic control as well as prolonged survival
[24]. The median OS was significantly longer in the combined
RT and TACE group (15.3 months) and CCRT group (12.8
months) than in TACE alone (7.5 months) and HAIC alone
(8.2 months) for huge HCC larger than 10 cm. In the sub-
group analysis of this study, the CCRT group had signifi-
cantly better OS compared to the non-CCRT group for locally
advanced HCC with major PVI. Our findings suggest that
CCRT could be a feasible treatment option for HCC with
major PVI.

Furthermore, CCRT can potentially cure selected locally
advanced patients by inducing down-staging and conversion
to resectable status. In a recent study, our group reported
that CCRT increased resectability by down-staging tumors
[25]. Tumor resectability was assessed by liver surgeons and
radiologists after completing CCRT, using all computed 
tomography or magnetic resonance imaging scans. Curative
resection was performed for patients showing radiologic
findings that all gross lesions could be resected with a clear
margin. Among a total of 243 patients who underwent
CCRT, 41 patients (16.9%) received curative resection. Down-
staging of T classification after CCRT was observed in 32
(78.0%). On Kaplan-Meier survival curves, 41 patients who
received curative resection showed significantly higher 

5-year OS (49.6%) than the others (0%, p < 0.001). In this
study, 12 patients (11.3%) underwent curative resection, and
10 (83.3%) of them showed down-staging of T classification.
In the CCRT group, the 12 patients who received a curative
resection showed a significantly better 5-year OS (72.7%)
than the other patients (2.5%, p < 0.001) and showed a 
significantly higher 5-year OS than patients who underwent
resection as the first line of treatment in the non-CCRT group
(16.7%, p=0.002). We consider CCRT as a potential contribu-
tor to a better treatment outcome in locally advanced HCC
patients without extra-hepatic visceral metastasis. However,
a well-designed further prospective study would be needed
to prove a down-staging effect of CCRT for locally advanced
HCC.

Conclusion

In conclusion, this study used propensity score matching
analyses to show that CCRT was significantly associated
with better OS for locally advanced HCC. We believe that in
patients with good performance status and normal liver
function, CCRT could be a feasible treatment option for 
locally advanced HCC, despite lobar or main PVI. Neverthe-
less, all of these findings need to be validated in prospective
clinical trials.
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and TRAP220 in Patients with Operable Colorectal Cancer
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Purpose
The peroxisome proliferator-activated receptor  (PPAR) is a nuclear receptor that regulates
expression of mediators of lipid metabolism and the inflammatory response. Thyroid hor-
mone receptor-associated proteins 220 (TRAP220) is an essential component of the
TRAP/Mediator complex. The objective of this study was to clarify whether PPAR or
TRAP220 are significant prognostic markers in resectable colorectal cancer (CRC).

Materials and Methods
A total of 399 patients who underwent curative resection for CRC were enrolled. We inves-
tigated the presence of PPAR and TARP220 in CRC tissues and adjacent normal tissues
by immunohistochemistry. Correlation between the expression of these factors and clinico-
pathologic features and survival was investigated.

Results
Median age of the patients was 63 years (range, 22 to 87 years), and median follow-up 
duration 61.1 months (range, 2 to 114 months). PPAR and TRAP220 expression showed
significant correlation with depth of invasion (p=0.013 and p=0.001, respectively). Expres-
sion of TRAP220 also showed association with lymph node metastasis and TNM stage
(p=0.001). Compared with patients with TRAP220 negative tumors, patients with TRAP220
positive tumors had longer 5-year disease-free survival (DFS) tendency (p=0.051). Patients
who were PPAR positive combined with TRAP220 positive had a better 5-year DFS (64.8%
vs. 79.3%, p=0.013). In multivariate analysis expression of both PPAR and TRAP220 
significantly affected DFS (hazard ratio, 0.620; 95% confidence interval, 0.379 to 0.997;
p=0.048).

Conclusion
TRAP220 may be a valuable marker for nodal metastasis and TNM stage. Tumor co-expres-
sion of PPAR and TRAP220 represents a biomarker for good prognosis in CRC patients.

Key words
PPAR, Mediator complex subunit 1, Colorectal neoplasms
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Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer in males and the second in females, with over
1.2 million new cancer cases and 608,700 estimated deaths in
2008 [1], and it is the fourth most frequent cause of cancer-
specific death in Korea [2]. Assessment of biological prog-
nostic factors is of clinical importance in CRC. The outcome
of cancer patients may be influenced by variability in tumor
biology. Thus, tumors with similar clinical or pathologic
characteristics frequently show a different clinical outcome.
Insight into the underlying molecular mechanisms of initia-
tion and progression of CRC is needed in order to identify
groups of patients with a poor prognosis. 

Despite the usefulness of American Joint Committee on
Cancer (AJCC) TNM classification for staging of CRC 
patients and selection for specific treatment, it is not a com-
pletely sufficient method, because many patients at the same
stage may have various clinical outcomes, thus rendering the
conventional staging system incapable of precisely predict-
ing prognoses. Therefore, there is a great need to identify the
molecular markers of more aggressive CRC for selection of
patients for adjuvant systemic or targeted therapies. In this
regard, many studies have focused on biomarkers that per-
form a critical role in CRC [3]. For these factors to be clinically
useful, they should be routinely available, well standardized
and validated in different patient cohorts. However, only a
few molecular-based factors have been used in routine clin-
ical practice. There remains a continuing need to identify
clinically relevant factors that would improve the prediction
of survival in patients undergoing potentially curative sur-
gery for CRC. 

TRAP/Mediator, an evolutionarily conserved multisub-
unit coactivator complex [4], acts as a molecular bridge 
between gene-specific transactivators and the RNA poly-
merase II associated basal transcription machinery.
TRAP/Mediator consists of 25-30 subunits that are thought
to assemble in relatively discrete modules. Thyroid hormone
receptor-associated proteins 220 (TRAP220), the main sub-
unit of the TRAP/Mediator complex, binds to nuclear hor-
mone receptors in the presence of their cognate ligand, as a
cofactor of transcription machinery [5]. TRAP/Mediator may
be involved in a variety of human cancers [6,7]. TRAP220
plays an important role in the development and progression
of lung adenocarcinoma [6]. TRAP220 promoter methylation
and gene silencing occur in sporadic CRC patients, and the
finding that TRAP220 was hypermethylated in CRC patients
in both tumors and matched normal mucosa implies that 
hypermethylation of this gene occurs early in colorectal car-
cinogenesis and appears to be associated with tumor initia-
tion rather than tumor progression [7].

Peroxisome proliferator-activated receptors (PPARs) are
members of the nuclear hormone receptor superfamily.
PPARs, which are ligand-activated transcription factors,
have three different isoforms: PPAR, PPAR/, and
PPAR [8]. PPAR constitutes the most extensively studied
of the three PPAR-subtypes to date, since it plays a crucial
role in glucose and lipid homeostasis, as well as cell differ-
entiation, apoptosis, and cancer [9].

However, conflicting results have been reported so far,
raising the question as to whether PPAR facilitates or sup-
presses tumorigenesis [10]. Several studies which reported
PPAR expression in CRC [11-14], have shown that sporadic
CRCs presenting reduced PPAR expression levels are sig-
nificantly associated with patients' worse prognosis [11]. One
recent large cohort study suggested that PPAR expression
is independently associated with good prognosis in CRC
[12]. Other studies did not show a prognostic value of 
tumoral PPAR status, but were limited sizes [13,14]. Thus,
clinical significance of PPAR expression in human CRC 
remains uncertain.

Significant association was observed between expression
of TRAP220 and expression of PPAR. The nuclear receptor-
interacting TRAP220 subunit of Mediator is required for
PPAR stimulated adipogenesis of mouse embryonic fibrob-
lasts [15]. TRAP220 modestly increased the transcriptional
activity with a PPAR responsive reporter, and a fragment
of TRAP220 spanning the two LXXLL motifs acted as a dom-
inant-negative repressor, suggesting that TRAP220 is a coac-
tivator of PPAR [16].

In the current study, we examined the expression of
TRAP220 and PPAR in 399 cases of human colon cancer
using immunohistochemical technique and correlated it with
clinicopathological parameters. We wanted to determine
whether the immunohistochemical expression of TRAP220
and PPAR could provide useful information as a novel
prognostic option for treatment of CRC.

Materials and Methods

1. Patients

A total of 399 patients were included in this study between
May 2005 and December 2008. All patients had histologically
confirmed adenocarcinomas of the colon or rectum, and had
undergone potentially curative resections, with neither gross
nor microscopic evidence of residual disease. Patients with
familial adenomatous polyposis or inflammatory bowel 
disease, synchronous colorectal or extracolorectal cancers,
and those lost to follow-up were excluded. None of the 
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patients had a family history of CRC or received preopera-
tive chemotherapy or radiotherapy. Staging was based on
routine postoperative histopathological analysis and clinical
assessment by the AJCC TNM staging system, sixth edition.
Tissue samples from patients were formalin-fixed and paraf-
fin-embedded. 

Patients were followed up every 3 months for the first 2
years, every 6 months for the next 3 years, and annually
thereafter. Patients underwent physical examination and
serum carcinoembryonic antigen test at each follow-up; 
underwent full colonoscopy the first year from surgery, then
once every 3 to 5 years if no polyp was identified. Abdominal
computed tomography (CT) scans were obtained generally
every 6-12 months. Chest plain film or CT scan was per-
formed generally every 6-12 months. Clinical outcomes were
followed from the date of surgery to either the date of death
or January 2012. Hospital records were used to accurately
identify the length of survival. The study was approved by
the Institutional Review Board (DAUH-IRB-12-168). 

2. Construction of tissue microarray

One-millimeter cores were removed from the CRC sam-
ples that had previously been formalin-fixed and paraffin-
embedded. For all of the arrays, three cores of different areas
of the tumor were removed from each case and placed in a
new blank recipient paraffin block in a previously described
manner [17], and 4-m-thick sections were taken for all of
the immunohistochemical staining. Full cross-sections from
the paraffin blocks were used for five of the CRCs, along with
the adjacent normal colorectal tissue, to confirm the staining
patterns observed on the tissue microarrays.

3. Immunohistochemistry

Immunohistochemical staining for PPAR and TRAP220
was performed on the tissue microarray slides using the
avidin-biotin-peroxidase complex method. All sections were
deparaffinized through a series of xylene baths, and rehy-
dration was performed with a series of graded alcohol solu-
tions. To enhance the immunoreactivity, microwave antigen
retrieval was performed at 750 W for 30 minutes in Tris
EDTA (pH 9.0). After blocking the endogenous peroxidase
activity with 5% hydrogen peroxidase for 10 minutes, incu-
bation with the primary antibody was performed for 1 hour
at room temperature. The primary antibodies used in 
immunostaining were rabbit polyclonal antibody directed
against TRAP220 (CRSP1, Novus Biologicals, Littleton, CO)
used at a 1:250 dilution and mouse monoclonal antibody 
directed against PPAR (Santa Cruz Biotechnology, Santa
Cruz, CA) used at a 1:50 dilution. An EnvisionChem Detec-
tion Kit (DakoCytomation, Carpinteria, CA) was used for the

secondary antibody at room temperature for 30 minutes.
After washing the tissue samples in Tris buffered saline for
10 minutes, 3,3-diaminobenzidine was used as a chromogen,
followed by application of Mayer’s hematoxylin as a coun-
terstain. Positive controls for TRAP220 and PPARwere nor-
mal adrenal gland and normal breast tissue, respectively.
Negative control was obtained by substituting primary anti-
body with buffer.

4. Immnohistochemical assessment

The percentage and intensity of the immunoreactive tumor
cells in each core were recorded and the final value of the
positive tumor cells was determined as the mean of the 
immunoreactivity of the three cores. The presence of tumor
tissue in at least two interpretable cores was required for 
inclusion of a case in the statistical analysis. All slides were
independently evaluated by an experienced pathologist
(M.S.R.) with no knowledge of any of the clinicopathologic
data. There were only minor discrepancies in the evaluation.
Slides with discrepant evaluation were reevaluated under a
multi-head microscope until a consensus evaluation was 
obtained.

PPAR immunoreactivity was defined as those showing a
nuclear staining pattern of the tumor tissue. TRAP220 
immunoreactivity was defined as those showing a nuclear
with/without cytoplasmic staining pattern of the tumor 
tissue with minimal staining background. The percentage
scoring of the immunoreactive tumor cells was as follows: 0
(0%), 1 (1%-10%), 2 (11%-50%), and 3 (> 50%). The staining
intensity was visually scored and stratified as follows: 0 (neg-
ative), 1 (weak, if it was a blush), and 2 (strong, if it was 
obviously positive at 20 magnification). A final score was
obtained for each case by multiplying the percentage and the
intensity score. Therefore, tumors with multiplied score 
exceeding 4 (i.e., tumors with a strong intensity of > 10% of
the tumor cells) were recorded as having positive immunore-
activity for PPAR (Fig. 1) and TRAP220 (Fig. 2); all other
scores were considered negative.

5. Statistical analysis

The associations between PPAR or TRAP220 and the clin-
icopathologic parameters (sex, age, tumor size, grade, depth
of bowel wall invasion, lymph node metastasis, TNM stage,
lymphovascular invasion) were assessed via chi-square or
Fisher exact tests. Disease-free survival (DFS) was defined as
the length of time from surgery to initial disease recurrence.
Overall survival was defined as the length of time from sur-
gery to death. The Kaplan-Meier method was utilized in con-
struction of curves for DFS and overall survival (OS). Data
on patients who died without evidence of disease recurrence
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were censored at the time of death for DFS calculations. The
log-rank test was employed to compare distributions. Cox’s
proportional hazard analysis via a stepwise procedure was
used to determine the independent factors that were signifi-
cantly related to patient prognosis. All tests were two-sided,
and p-values of < 0.05 were considered statistically signifi-
cant. Analyses were performed using IBM SPSS Statistics ver.
19.0 (IBM Corp., Armonk, NY).

Results

1. Patient characteristics

Patient’s characteristics are shown in Table 1. Of the 399

CRC patients, 223 (55.9%) were men, and the median patient
age was 63 years (range, 22 to 87 years); 200 patients (50.1%)
had colon cancer, and 151 (37.8%) had rectal cancer. All 
patients had adenocarcinomas, most of them were well
(6.9%) and moderately (32.6%) differentiated cancer. Only 58
patients (13.6%) had T1 or T2 lesions, and 219 patients
(54.9%) were lymph node negative. The postoperative stages
were II, III, and IV in 217 (544%), 168 (42.1%), and 14 (35%)
patients, respectively. All patients underwent surgical resec-
tion, and 70 (17.5%) had lymphovascular invasion. 

2. PPAR and TRAP220 expression

Positive PPAR expression was found in 166 of 399 cases
(41.6%) of CRC examined, while it was negative in the 
remaining 233 cases (58.4%). TRAP220 immunoreactivity
was observed in 170 cases (42.6%). Similar staining charac-

Fig. 1.  Immunohistochemical staining in peroxisome proliferator-activated receptor  (PPAR) colorectal adenocarcinoma.
Expression of PPAR protein was decided as negative (A) and positive (B).

A B

Fig. 2.  Immunohistochemical staining of thyroid hormone receptor-associated proteins 220 (TRAP220) in colorectal adeno-
carcinoma. Expression of TRAP220 protein was decided as negative (A) and positive (B).

A B



Cancer Res Treat. 2016;48(1):198-207

202 CANCER  RESEARCH  AND  TREATMENT

teristics were observed for all cores for each tumor. The stain-
ing patterns of the tissue microarray cores showed concor-
dant results with those of the five full cross-sections. The
pattern of PPAR positive staining was detected in the 
nuclei. Expression of TRAP220 protein was detected in the
nuclei with/without cytoplasm of both normal cells and
tumor cells. The frequency of PPAR expression in cases
with TRAP220 expression was significantly higher than that
in cases without TRAP220 expression (p < 0.001).

3. Correlations between expression of PPAR and TRAP
220 and clinicopathologic parameters 

PPAR expression showed significant correlation with
depth of invasion (p=0.013). Expression of PPAR protein
was not affected either by age in male and female patients,
or by tumor location. No statistically significant difference in
PPAR expression was found among cases with different
TNM stage. The various clinicopathologic characteristics of

the patients and their tumors were compared according to
TRAP220 immunoreactivity. TRAP220 also showed signifi-
cant correlation with depth of invasion (p=0.011). Tumors
with a negative TRAP220 expression more frequently
showed lymph node metastasis (p=0.001) and an advanced
TNM stage (p=0.011). No significant association was found
between TRAP220 expression and the other clinicopathologic
characteristics.

4. Expression of PPAR and TRAP220 and clinical out-
comes 

The median follow-up duration was 61.1 months (range, 
2 to 114 months). The relationship between clinicopatholog-
ical characteristics and survival in patients undergoing 
potentially curative resection for CRC is shown in Table 2.
In univariate analysis, site of primary tumor (p < 0.001), 
lymphovascular invasion (p < 0.001), depth of invasion
(p=0.002), lymph node metastasis (p < 0.001), and TNM stage

Table 1. Correlation of expression of PPAR, TRAP220 and clinicopathological findings

  Characteristic No. (%) (n=339)
PPAR TRAP220

No. (–/+) p-value No. (–/+) p-value
Sex Male 223 (55.9) 135/88 0.358 134/89 0.223

Female 176 (44.1) 98/78 95/81
Age (yr) < 60 162 (40.6) 93/69 0.757 87/75 0.257

 60 237 (59.4) 140/97 142/95
Site Colon 200 (50.1) 116/84 0.896 118/82 0.699

Rectum 151 (37.8) 87/64 87/64
Rectosigmoid 48 (12.1) 30/18 24/24

Size (cm) < 5 135 (33.8) 82/53 0.521 69/66 0.087
 5 264 (66.2) 151/113 160/104

Differentiation Well 247 (61.9) 136/111 0.128 134/113 0.261
Moderately 130 (32.6) 85/45 80/50
Poorly 10 (2.5) 7/3 8/2
Mucinous 12 (3.0) 5/7 7/5

LVI Not identified 329 (82.5) 185/144 0.062 192/137 0.426
Present 70 (17.5) 48/22 37/33

pT stage T1 7 (1.8) 6/1 0.013 2/5 0.011
T2 47 (11.8) 19/28 18/29
T3 339 (85.0) 206/133 206/133
T4 6 (1.5) 2/4 3/3

Node Not identified 219 (54.9) 121/98 0.185 109/110 0.001
Present 180 (45.1) 112/68 120/60

Stage II 217 (54.4) 120/97 0.248 107/110 0.001
III 168 (42.1) 106/62 114/54
IV 14 (3.5) 7/7 8/6

PPAR, peroxisome proliferator-activated receptor ; TRAP220, thyroid hormone receptor-associated proteins; LVI, lym-
phovascular invasion.
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(p < 0.001) showed significant association with 5-year DFS.
Patients with negative TRAP220 cancers showed lower DFS
than patients with positive TRAP220 (64.2% vs. 73.6%,
p=0.051) (Fig. 3A). However, expression of PPAR was not
associated with DFS (65.5% vs. 72.4%, p=0.213) (Fig. 4A). 
Patients who were PPAR positive combined with TRAP220
positive had a better 5-year DFS (64.8% vs. 79.3%, p=0.013)
(Fig. 5A).

Lymphovascular invasion (p < 0.001), depth of invasion 
(p < 0.001), lymph node metastasis (p < 0.001), and TNM
stage (p < 0.001) also showed significant association with 
5-year OS. On the other hand, PPAR and TRAP220 expres-
sion were not correlated with 5-year OS (p=0.792 [Fig. 3B],
p=0.203 [Fig. 4B], respectively). Patients with PPAR positive
combined with TRAP220 positive expressing cancers showed

longer 5-year OS rates compared to those without (71.6% vs.
80.2%, p=0.059) (Fig. 5B). The other clinicopathologic factors
were not significant.

The impact of each clinicopathological feature on patients’
survival was assessed using Cox regression analysis (Table 3).
Accordingly, TNM stage (p < 0.001) and lymphovascular 
invasion (p=0.035) were independent prognostic factors of
DFS. PPAR and TRAP220 expression was an independent
good prognostic factor (hazard ratio, 0.602; 95% confidence
interval, 0.368 to 0.985; p=0.043). TNM stage (p < 0.001) and
lymphovascular invasion (p=0.011) were identified as signif-
icant predictors of OS, after controlling for the other clinico-
pathologic parameters. In univariate and multivariate
survival analysis, PPAR and TRAP220 co-expression was a
significant independent prognostic factor of 5-year DFS.

Table 2. Univariate analysis according to the clinicopathologic findings
Characteristic No. 5-Yr DFS (%) p-value 5-Yr OS (%) p-value
Sex Male 223 63.6 0.218 78.3 0.784

Female 176 74.0 72.5
Age (yr) < 60 162 67.8 0.967 76.9 0.112

 60 237 68.5 70.7
Site Colon 200 73.5 0.007 77.4 0.077

Rectum 151 68.3 72.8
Rectosigmoid 39 49.2 65.1

Size (cm) < 5 135 70.1 0.445 75.5 0.361
 5 264 67.3 72.9

Differentiation Well 247 71.2 0.098 77.6 0.054
Moderately 130 62.0 69.2
Poorly 10 55.6 50.0
Mucinous 12 81.8 46.9

LVI Not identified 329 72.4 < 0.001 78.0 < 0.001
Present 70 49.0 54.5

T stage T1 7 100 0.002 51.4 < 0.001
T2 47 81.3 92.4
T3 339 66.4 72.5
T4 6 25.0 33.3

Node Not identified 219 80.6 < 0.001 82.9 < 0.001
Present 180 53.6 61.2

Stage II 217 80.5 < 0.001 83.2 < 0.001
III 168 53.8 64.7
IV 14 40.5 42.9

PPAR Negative 233 65.5 0.213 73.6 0.792
Positive 166 72.4 73.8

TRAP220 Negative 229 64.2 0.051 71.8 0.203
Positive 170 73.6 76.3

PPAR, TRAP220 0 or 1 303 64.8 0.013 71.6 0.059
2 96 79.3 80.2

DFS, disease-free survival; OS, overall survival; LVI, lymphovascular invasion; PPAR, peroxisome proliferator-activated 
receptor ; TRAP220, thyroid hormone receptor-associated proteins 220.



Cancer Res Treat. 2016;48(1):198-207

204 CANCER  RESEARCH  AND  TREATMENT

Discussion

CRC is one of the most common cancers worldwide. 
Recent advances in the understanding of CRC have raised
expectations that this growing knowledge might lead to can-
cer prevention. In addition, epidemiologic evidence has
demonstrated a link between dietary fat and obesity and an
increased risk of CRC [18]. And it was shown that lipid 
derived molecules could activate the nuclear receptor—

PPAR and induce differentiation [19]. Concerns about iden-
tification of genetic alterations that underlie the initiation of
CRCs and the link between dietary fat and CRC prompted a
significant interest in a potential role of PPAR in CRC. 
Several studies have reported on PPAR expression in CRC
[11-14], but the clinical significance of PPAR expression 
remains uncertain.

Two previous studies investigated the role of PPAR
expression in patient survival [13,14]. However owing per-
haps in part to the small sample size, neither of these studies
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Fig. 3. Kaplan-Meier disease-free survival (A) and overall survival (B) curves in colorectal cancer according to peroxisome
proliferator-activated receptor  (PPAR) expression.
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found an association between PPAR expression and patient
outcome. However, Ogino et al. [12], using 2 large, prospec-
tive, cohort-based studies, reported that the expression of
PPAR in tumors is associated with increased survival com-
pared with PPAR-negative tumors. In the current study, we
compared PPAR expression and clinical features and 
patient outcomes. In examination of 399 patients with CRC,
positive expression of PPARwas noted in 41.6%. No signif-
icant correlation was found between PPAR expression and
age, sex, tumor location, histopathological grade, lymph
node metastasis, or TNM stage (Table 1). However PPAR
showed significant correlation with depth of invasion
(p=0.013). Patients with tumors negative for PPAR expres-
sion had a somewhat decreased 5-year DFS rate (65.5%) com-
pared to those (73.6%) whose tumors showed positive
staining (p=0.213). However PPAR expression was not cor-
related with 5-year OS (p=0.792) (Fig. 3A). Further investi-

gation will be required to determine the role of PPAR in
CRC, but Ogino et al. [12] suggested that PPAR expression
is independently associated with good prognosis in CRC. 

PPAR and other nuclear hormone receptors comprise a
superfamily of DNA binding transcription factors and also
require various transcriptional coactivators for activation, in
a ligand-dependent manner, transcription of the specific tar-
get genes important for cell growth homeostasis, and differ-
entiation [20]. TRAP220 is a coactivator for PPAR [16].
However the role of TRAP220 is still questionable. To the
best of our knowledge, this is the first study to examine the
relationship between TRAP220 expression and the clinico-
pathological features of CRC. In this study, TRAP220 showed
significant correlation with depth of invasion (p=0.011). 
Tumors with negative TRAP220 expression more frequently
showed lymph node metastasis (p=0.001) and an advanced
TNM stage (p=0.011). TNM stage and nodal involvement are
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Fig. 5. Kaplan-Meier disease-free survival (A) and overall survival (B) curves in colorectal cancer according to peroxisome
proliferator-activated receptor  and thyroid hormone receptor-associated proteins 220 co-expression.

Table 3. Multivariate analysis of survival

Disease-free survival Overall survival
HR 95% CI p-value HR 95% CI p-value

Site (rectum or RS) 1.658 0.987-2.786 0.056 1.112 0.612-2.021 0.728
Depth (T3-4) 2.115 0.975-4.588 0.058 1.860 0.853-4.055 0.119
Stage (III-IV) 2.278 1.650-3.147 < 0.001 1.912 1.359-2.688 < 0.001
LVI (present) 1.589 1.032-2.445 0.035 1.786 1.145-2.786 0.011
PPAR and TRAP220, coexpression 0.602 0.368-0.985 0.043 0.684 0.416-1.126 0.135

HR, hazard ratio; CI, confidence interval; RS, rectosigmoid; LVI, lymphovascular invasion; PPAR, peroxisome prolifera-
tor-activated receptor ; TRAP220, thyroid hormone receptor-associated proteins 220.
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p16 Hypermethylation and KRAS Mutation Are Independent Predictors
of Cetuximab Plus FOLFIRI Chemotherapy in Patients with Metastatic
Colorectal Cancer

Original Article

Purpose
Hypermethylation of the CpG island of p16INK4a occurs in a significant proportion of colorectal
cancer (CRC). We aimed to investigate its predictive role in CRC patients treated with 
5-fluorouracil, leucovorin, irinotecan (FOLFIRI), and cetuximab.

Materials and Methods
Pyrosequencing was used to identify KRAS mutation and hypermethylation of 6 CpG island
loci (p16, p14, MINT1, MINT2, MINT31, and hMLH1) in DNA extracted from formalin-fixed
paraffin-embedded specimens. Logistic regression and Cox regression were performed for
analysis of the relation between methylation status of CpG island methylator phenotype
(CIMP) markers including p16 and clinical outcome.

Results
Hypermethylation of the p16 gene was detected in 14 of 49 patients (28.6%) and showed
significant association with KRAS mutation (Fisher exact, p=0.01) and CIMP positivity (Fisher
exact, p=0.002). Patients with p16-unmethylated tumors had significantly longer time to
progression (TTP; median, 9.0 months vs. 3.5 months; log-rank, p=0.001) and overall sur-
vival (median, 44.9 months vs. 16.4 months; log-rank, p=0.008) than those with p16-methy-
lated tumors. Patients with both KRAS and p16 aberrancy (n=6) had markedly shortened
TTP (median, 2.8 months) compared to those with either KRAS or p16 aberrancy (n=11;
median, 8.6 months; p=0.021) or those with neither (n=32; median, 9.0 months; 
p < 0.0001). In multivariate analysis, KRAS mutation and p16 methylation showed inde-
pendent association with shorter TTP (KRAS mutation: hazard ratio [HR], 3.21; p=0.017;
p16 methylation: HR, 2.97; p=0.027).  

Conclusion
Hypermethylation of p16 was predictive of clinical outcome in metastatic CRC patients
treated with cetuximab and FOLFIRI, irrespective of KRAS mutation.

Key words
Colorectal neoplasms, p16, CIMP, Methylation, KRAS

Introduction

Colorectal cancer (CRC) is a disease of epigenetic as well
as genetic aberrancies. These genetic and epigenetic aber-

rances are not uniformly present in all patients as in a classic
model of colon cancer evolution (adenoma-carcinoma 
sequence) [1]. Recent studies of colorectal carcinogenesis
show that CRC is a heterogeneous disease arising from mul-
tiple pathways [2]. Knowledge of key molecular findings of
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each different pathway is not only helpful in explaining clin-
ical outcomes but may also lead to more efficacious and 
individualized therapies. 

The KRAS mutation is a validated biomarker of response
to anti-epidermal growth factor receptor (EGFR) antibodies
(cetuximab and panitumumab) [3,4]. In prospective random-
ized trials, the tumor mutation status of codons 12 and 13 of
the KRAS gene was predictive for the activity of cetuximab
combined with FOLFOX (oxaliplatin/leucovorin/5-fluo-
rouracil) or FOLFIRI (irinotecan/leucovorin/5-fluorouracil)
[5]. Therefore, performance of KRAS mutation analysis is
mandatory before making treatment decisions. Regarding
the prognostic role of KRAS gene, a prior international study
found that KRAS mutations generally confer a worse prog-
nosis [6]. However, conflicting results have been reported
from analysis of recent large prospective trials [7]. 

CRCs can also be grouped according to epigenetic alter-
ations, such as DNA methylation status. CpG island methy-
lator phenotype (CIMP) is a distinct group with an increased
frequency of aberrant promoter hypermethylation at specific
loci. The “classic” CIMP markers (p16, MINT1, MINT2,
MINT31, and hMLH1), which were initially suggested by
Toyota et al. [8], defined two groups of CRC. In the study,
CIMP positive CRCs had more frequent KRAS but fewer
TP53 mutations than CIMP negative CRCs. The close associ-
ation between CIMP and KRAS mutations as well as BRAF
mutations was further reported in subsequent studies with
classic markers [9,10]. The unique dependency on RAS/RAF
pathway in CIMP CRCs might be predictive of anti-EGFR
treatment. 

The INK4a/ARF/INK4b locus (also known as CDKN2A
and CDKN2B) on chromosome 9p21 encodes three genes
(ARF, p15INK4b, and p16INK4a) [11]. Among them, the p16 gene
encodes a G1 cyclin-dependent kinase (CDK) inhibitor that
binds to and inactivates CDK4/6. Expression of p16 inhibits
CDK4/6 mediated phosphorylation of retinoblastoma and
results in G1 arrest in tumor cells [12]. The cell cycle arrest
mediated by p16 upregulation is thought to be an important
barrier to RAS activated oncogenic stress in colonic epithelial
cells, termed oncogene-induced senescence [13]. In CRCs, 
inactivation of p16 is preferentially mediated by promoter
hypermethylation of the p16 gene, one of the classic panels
of CIMP [8,12]. In previous studies, alteration of p16, either
by promoter hypermethylation or loss of expression, was 
associated with poor prognosis in patients with CRC [14-16].
In addition, a preclinical study reported that p16 gene hyper-
methylation was associated with decreased response to
irinotecan in colon cancer cell lines and a demethylating
agent, 5-azacytidine, enhanced the anti-cancer effect [17].

In this study, we retrospectively evaluated the ability of
CIMP status and p16 gene hypermethylation status to predict
best objective response (BOR), time to progression (TTP), and

overall survival (OS) in CRC patients treated with cetux-
imab-FOLFIRI (E-FOLFIRI) chemotherapy.

Materials and Methods

1. Patient characteristics

We included 49 patients with metastatic or recurrent CRC
who were treated with 5-fluorouracil, leucovorin, irinotecan,
and cetuximab (E-FOLFIRI) as first-line (22 patients) or sec-
ond-line (27 patients) therapy. All patients were treated at
Severance Hospital of Yonsei University from January 2005
to January 2011. Clinical data were obtained from electronic
medical records of Severance Hospital and survival data
were retrieved from the tumor registry at Yonsei Cancer 
Center. Exclusion criteria included co-existing malignancies
(except for non-melanoma skin cancer or in situ cervical can-
cer), cancer other than adenocarcinoma, and lack of availabil-
ity of formalin-fixed paraffin-embedded (FFPE) tumor tissue.
This study was approved by the institutional review board
(IRB) at Yonsei University Severance Hospital (Seoul, Korea).

2. Treatment and efficacy assessment

E-FOLFIRI chemotherapy consisted of weekly cetuximab
(initial dose 400 mg/m2 intravenously [IV] over 2 hours, and
250 mg/m2 IV weekly, over 1 hour, thereafter) and biweekly
FOLFIRI (irinotecan 180 mg/m2 IV on day 1, leucovorin 200
mg/m2 IV on day 1, 5-fluorouracil [5-FU] 400 mg/m2 IV
bolus on day 1 followed by 2,400 mg/m2 IV over 46 hours,
every 2 weeks). FOLFIRI was administered after 1 hour of
cetuximab infusion. Treatment was continued until disease
progression or unacceptable toxicity. Tumor response was
evaluated after four cycles (every 8 weeks) by computed 
tomography scan and classified according to Response Eval-
uation Criteria in Solid Tumors (RECIST) criteria ver. 1.1.

3. DNA methylation and KRAS mutation analysis  

Genomic DNA from FFPE tissue was extracted using 
QIAamp DNA FFPE tissue kit (Qiagen, Valencia, CA). DNA
extracted from FFPE tissue was used to evaluate the methy-
lation status of six CpG islands (MINT1, MINT2, MINT31,
hMLH1, p16, and p14). Bisulfite treatment of DNA was per-
formed before pyrosequencing using an EZ Methylation kit
(Zymo Research, Orange, CA) according to the manufac-
turer’s protocol. Pyrosequencing was performed using the
PyroMark Q24 instrument (Qiagen) according to the manu-
facturer’s protocol. The detailed protocol for pyrosequencing
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of DNA methylation has been described in previous reports
[10]. The methylation status of CpG island markers was con-
sidered to be methylation positive using a threshold value of
15% (negative, methylation level < 15%; positive, methyla-
tion level  15%). A tumor was considered CIMP positive if
two or more CIMP markers were methylation positive. 

Mutation status of KRAS gene was also determined with
pyrosequencing assays. Mutations of codons 12 and 13 were
determined using the PyroMark Q24 instrument (Qiagen)
[10]. 

4. Statistical analysis 

Differences in BOR rates between the two groups (CIMP
positive vs. negative; p16 methylated vs. unmethylated) were
analyzed using a two-sided Fisher exact test. The TTP and
the OS were estimated using the Kaplan-Meier method and
compared using the log-rank test. A Cox proportional hazard
model was used to examine the independent contribution of
each variable that was considered to be a potential predictive
variable for survival in univariate analysis. Regression model
included variables that showed significant association with
survival in univariate analysis and three variables of interest:
age, sex, and CIMP status. A value of p < 0.05 was considered 
significant, and all resulting p-values were two sided. Analy-
ses were performed using SPSS for Windows ver. 18.0 (SPSS
Inc., Chicago, IL).

Results

1. Patient characteristics

A total of 49 CRC patients treated with E-FOLFIRI were
selected based on sample availability. The baseline charac-
teristics of the patients are summarized in Table 1. p16 gene
hypermethylation was observed in 14 of 49 tumors (28.6%).
There was no significant difference in patient age, Eastern
Cooperative Oncology Group (ECOG) performance status,
histology, location of primary tumor, and prior chemother-
apy between p16 methylated and p16 unmethylated tumors.
Metastatic disease and recurrent disease at the time of treat-
ment accounted for 77.1% and 22.9% of patients without p16
methylation and 35.7% and 64.3% in p16 methylation, respec-
tively (p=0.006). Mutations in KRAS codons 12 or 13 were
significantly more common in p16-methylated tumors
(42.9%) than in p16-unmethylated tumors (8.6%, p=0.01). p16
methylation showed significant association with CIMP
(p=0.002). 

2. Tumor response and survival according to p16 methyla-
tion and CIMP

Among 49 evaluable patients, 44 patients had one or more
measurable lesions and five patients had no measurable dis-
ease. The BOR (complete response+partial response) rate by
RECIST was 68.8% in patients with unmethylated p16 (22/32;
95% confidence interval [CI], 51.5 to 84.8) and 33.3% (4/12;
95% CI, 9.1 to 62.5) in patients with methylated p16 (Fisher
exact test, p=0.045) (Table 2). Compared with CIMP negative,
patients with CIMP positive tumors had a lower response

Table 1. Baseline characteristics
p16 unmethylated p16 methylated p-valuea)

(n=35) (n=14)
Sex
Male 21 (60.0) 9 (64.3) 1.00 
Female 14 (40.0) 5 (35.7)

Median age 59 (39-69) 59 (27-77) 0.94 
(range, yr)

ECOG PS 
0 23 (65.7) 9 (64.3) 0.92 
1 12 (34.3) 5 (35.7)

Histology
WD/MD 31 (88.6) 12 (85.7) 0.78 
PD/Mucinous 4 (11.4) 2 (14.3)

Tumor location
Proximal 8 (22.9) 4 (28.6) 0.72 
Distal 27 (77.1) 10 (71.4)

Disease status
Metastatic 27 (77.1) 5 (35.7) 0.006 
Recurrent 5 (22.9) 9 (64.3)

Metastatic site
Liver 24 (68.6) 7 (50) 0.54 
Lung 2 (5.7) 1 (7.1)
Peritoneum 3 (8.6) 1 (7.1)
Others 6 (17.1) 5 (35.7)

Prior chemotherapy
0 17 (48.6) 5 (35.7) 0.41 
1 18 (51.4) 9 (64.3)

KRAS
Wild type 32 (91.4) 8 (57.1) 0.01 
Mutant 3 (8.6) 6 (42.9)

CIMP
CIMP negative 28 (80.0) 4 (28.6) 0.002 
CIMP positive 7 (20.0) 10 (71.4)

Values are presented as number (%). ECOG PS, Eastern
Cooperative Oncology Group performance status; WD,
well differentiated; MD, moderately differentiated; PD,
poorly differentiated; CIMP, CpG island methylator phe-
notype. a)Chi-square test.
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rate (40% [6/15; 95% CI, 16.7 to 69.2] vs. 69% [20/29; 95% CI,
50.0 to 85.2]), but this was not statistically significant (Fisher
exact test, p=0.064). 

Median TTP was 9.0 months (95% CI, 8.8 to 9.3) in the 
unmethylated p16 group and 3.5 months (range, 0.0 to 7.4
months) in the methylated p16 group (hazard ratio [HR],

3.15; 95% CI, 1.52 to 6.54; log-rank, p=0.001) (Fig. 1A). In 
the unmethylated p16 group, 12 of 35 patients (34.3%) with
unresectable disease were converted to resectable status and
underwent surgery, while, on the contrary, none of the
methylated p16 patients was able to undergo surgery. With
a median follow-up period of 21.4 months (range, 5.1 to 74.3

Table 2. Best objective response according to p16 methylation and CIMP status

p16 methylated (n=14) p16 unmethylated (n=35) CIMP positive (n=17) CIMP negative (n=32)
CR 0 ( 2 (5.7) 0 ( 2 (6.3)
PR 4 (28.6) 20 (57.1) 6 (35.3) 18 (56.3)
SD 3 (21.4) 7 (20) 4 (23.5) 6 (18.5)
PD 5 (35.7) 3 (8.6) 5 (29.4) 3 (9.4)
UM 2 (14.3) 3 (8.6) 2 (11.8) 3 (9.4)

Values are presented as number (%). CIMP, CpG island methylator phenotype; CR, complete response; PR, partial response;
SD, stable disease; PD, progressive disease; UM, unmeasurable.
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months), median OS was 44.9 months (95% CI, 18.1 to 71.7)
in the unmethylated p16 group and 16.4 months (range, 12.0
to 20.7 months) in the methylated p16 group (HR, 2.95; 95%
CI, 1.28 to 6.81; log-rank, p=0.008) (Fig. 1B). In our cohort,
however, CIMP status was neither a significant predictor of
TTP nor of OS (p=0.38 and p=0.30, respectively) (Fig. 1C and
D). After correcting for significant predictive factors for TTP
by multivariate analysis, p16 methylation was associated
with poorer TTP (p=0.027; HR, 2.97; 95% CI, 1.14 to 7.74), but
not with OS (p=0.071) (Table 3). 

3. Subgroup analysis stratified by KRAS mutation and p16
methylation

For a more detailed analysis of response to E-FOLFIRI
treatment, we classified patients according to the number of
genetic (KRAS mutation) and epigenetic aberrancies (p16
methylation). Response rate significantly decreased as the

number of aberrancies increased (Fig. 2). The univariate odds
ratio of response between the no aberrancy group and 2 aber-
rancy group was 13.12 (95% CI, 1.32 to 130.42; p=0.028). 
Median TTPs of no aberrancy group, 1 aberrancy group, and
2 aberrancy group were 9.0 months, 8.6 months, and 2.8
months, respectively (log-rank, p < 0.0001). The Kaplan-
Meier curve for TTP of each group showed a trend toward
worse outcome (Fig. 3).

Table 3. Multivariate analysis for time to progression in
colorectal cancer patients treated with E-FOLFIRI

Variable No. (n=49) Hazard ratio (95% CI) p-value
Age (yr)
< 65 36 1.24 (0.45-3.44) 0.68 
 65 13

Sex
Male 30 1.11 (0.44-2.79) 0.83
Female 19

Histology
WD/MD 43 1.89 (0.71-5.08) 0.21
PD/Mucinous 6

Disease status 
Metastatic 32 1.98 (0.79-4.92) 0.14
Recurrent 17

Line of treatment 
First line 22 1.07 (0.46-2.49) 0.88
Second line 27

p16 methylation 
Unmethylated 35 2.97 (1.14-7.74) 0.027
Methylated 14

CIMP status 
Negative 32 0.58 (0.23-1.45) 0.24
Positive 17

KRAS mutation
Wild type 40 3.21 (1.23-8.38) 0.017
Mutant 9

WD, well differentiated; MD, moderately differentiated;
PD, poorly differentiated; CIMP, CpG island methylator
phenotype.
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Discussion

The primary aim of this study was to explore the use of
methylation status in predicting outcome after E-FOLFIRI
therapy for metastatic CRC. We have shown that epigenetic
alteration of p16 is independently associated with poorer out-
come in these patients. In addition, patients with both KRAS
mutation and p16 methylation had remarkably poor progno-
sis despite E-FOLFIRI treatment. These findings suggest that
epigenetic alteration, in addition to genetic aberrancies such
as KRAS mutation, may be helpful in defining which patients
are likely to benefit from systemic treatment in CRC patients. 

It should be noted that CRC patients with both p16 methy-
lation and KRAS mutation have shorter survival than those
with either one alone or no aberrancies. The role of p16 as 
a tumor suppressor is well established in a variety of human
cancers [11,12]. It has been postulated that p16 plays a 
significant role in the signal transduction of the RAS/RAF
pathway and acts as a barrier to oncogenic stimulation. 
In CRCs, Esteller et al. [14] reported shorter survival of CRC
patients with KRAS mutation and/or p16 methylation after
surgical resection compared to those with neither of those 
alterations. In a variety of tumors with RAS/RAF activation,
such as melanoma, pancreatic cancer, and malignant astro-
cytoma, frequent concomitant loss of p16 has been observed
and conferred resistance to chemotherapeutic agents [18]. 
Recently, in a preclinical study that utilized CRC cell lines,
p16 demethylation by 5-azacytidine enhanced cytotoxicity of
irinotecan treatment [17]. In addition, inhibition of CDK4/6
with PD0332991, a novel selective CDK 4/6 inhibitor, instead
of p16 could be another potential targeted agent. It has 
already demonstrated antitumor activity in a human CRC
xenograft model and showed significant clinical activity in
hormone receptor positive breast cancer patients [19]. There-
fore, combining demethylating agents or PD0332991 with
chemotherapeutic agents or RAS/RAF pathway inhibitor
might be a rational approach to overcome resistance and 
improve outcomes in patients with this aggressive tumor
type. 

CIMP subtype was not a powerful predictor of clinical out-
come in our study. CIMP subtype did not show significant
association with TTP and OS, despite a trend toward lower
response rate in CIMP positive. Previous studies regarding
molecular characteristics of CIMP subtype have shown that
CIMP positive tumors are characterized by a high frequency
of KRAS and BRAF mutations [9,10,20]. On the basis of this
molecular characteristic of CIMP, it has been suggested that
CIMP status might be a possible predictive marker for anti-
EGFR therapy. In addition, patients with CIMP positive 
tumors were associated with mismatch repair deficiency and
tend to show a worse response to 5-FU chemotherapy [21].

A study by Ogino et al. [22] reported that CIMP status pre-
dicted treatment response and survival in microsatellite 
stable CRC patients after 5-FU and irinotecan based combi-
nation chemotherapy. For the subtype specific personalized
therapeutic approach in CRC, further studies are needed to
elucidate the exact mechanism and overcome the inherent
chemoresistance of CIMP subtype.

Biomarker identification in cancer tissue is a crucial 
step in development of personalized treatment. The clinical
impact and usefulness of biomarkers are dependent on their
stability and reproducibility. In contrast to the relatively low
stability of protein or RNA based biomarkers, the advantage
of DNA methylation marker is stability over time. DNA
methylation in gene promoters remains stable over years in
cancer cell lines and xenograft models [23]. A recent study
demonstrated that gene expression of unmethylated promot-
ers is quite variable but gene expression is stably repressed
when the promoters are methylated [24]. Moreover, the 
reversibility of DNA methylation by hypomethylating agents
suggests that they are not only surrogate markers of response
but also potential targets for treatment. This point may be
addressed by an ongoing clinical trial (Clinical Trial.gov
identifier No. NCT01105377). 

We note that our study had several limitations. First, study
results must be interpreted with caution because of the small
number of patients who were analyzed without a control
arm. Therefore, these results should be validated in a larger
setting in prospective cohorts. Second, BRAF mutation analy-
sis was not performed in our study. As KRAS and BRAF
mutations are mutually exclusive [20], poor survival in 
patients with methylated p16 and KRAS mutation is not 
affected by BRAF status. In addition, recent studies suggest
that the less common mutation of KRAS (in exon 3 or 4) and
NRAS predicted a lack of response in patients who received
anti-EGFR antibody [25]. Last, we utilized “classic” CIMP
panels because various groups using this panel have found
consistent results in CRC patients [8,10,20]. However, the 
absence of a consensus panel defining the CIMP subgroup is
a hurdle to be overcome with future investigations.

Conclusion

In conclusion, we found that hypermethylation of p16 was
predictive of clinical outcome in CRC patients treated with
E-FOLFIRI, irrespective of KRAS mutation status. Although
CIMP status was not predictive of E-FOLFIRI response, there
was a trend toward poor responsiveness. These findings
should be validated in further prospective trials for individ-
ualized cancer treatment.
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Novel Methods of Lymph Node Evaluation for Predicting the Prognosis
of Colorectal Cancer Patients with Inadequate Lymph Node Harvest

Original Article

Purpose
Lymph node metastasis is an important factor for predicting the prognosis of colorectal can-
cer patients. However, approximately 60% of patients do not receive adequate lymph node
evaluation (less than 12 lymph nodes). In this study, we identified a more effective tool for
predicting the prognosis of patients who received inadequate lymph node evaluation.

Materials and Methods
The number of metastatic lymph nodes, total number of lymph nodes examined, number
of negative metastatic lymph nodes (NL), lymph node ratio (LR), and the number of apical
lymph nodes (APL) were examined, and the prognostic impact of these parameters was 
examined in patients with colorectal cancer who underwent surgery from January 2004 to
December 2011. In total, 806 people were analyzed retrospectively.

Results
In comparison of different lymph node analysis methods for rectal cancer patients who did
not receive adequate lymph node dissection, the LR showed a significant difference in over-
all survival (OS) and the APL predicted a significant difference in disease-free survival (DFS).
In the case of colon cancer patients who did not receive adequate lymph node dissection,
LR predicted a significant difference in DFS and OS, and the APL predicted a significant 
difference in DFS.

Conclusion
If patients did not receive adequate lymph node evaluation, the LR and NL were useful 
parameters to complement N stage for predicting OS in colon cancer, whereas LR was com-
plementary for rectal cancer. The APL could be used for prediction of DFS in all patients.

Key words
Colorectal neoplasms, Prognosis, Lymph nodes, 
Negative lymph nodes, Lymph node ratio

Introduction

Colorectal cancer (CRC) prognosis is predicted by TNM
staging. The recent American Joint Committee on Cancer
(AJCC) manual also recognizes the following prognostic fac-
tors: preoperatively elevated serum carcinoembryonic anti-
gen, satellite tumor deposit, tumor regression grade,
circumferential resection margin, microsatellite instability,
perineural invasion and KRAS mutational status [1].

Lymph node metastasis (N stage) is the single most impor-
tant prognostic factor in CRC [2]. Baxter et al. [3] used data
from the National Cancer Institute’s Surveillance, Epidemi-
ology, and End Results (SEER) program to determine the
proportion of CRC patients in the United States who received
adequate lymph node evaluation. Of 116,695 adults with
CRC diagnosed from 1988 through 2001 who underwent rad-
ical surgery and did not receive neoadjuvant radiation (i.e.,
at least 12 lymph nodes were examined), only 37% of the 
patients received adequate lymph node evaluation. For 
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example, the 5-year survival rate for patients classified with
stage II disease was 64% when one or two lymph nodes were
sampled, it increased to 86% when more than 25 nodes were
sampled. In conclusion, 63% of patients with CRC did not 
receive an accurate staging evaluation because of inadequate
lymph node dissection, and these patients likely did not 
receive the appropriate treatment.

Therefore, the purpose of this paper was to determine
whether lymph node metastasis represents a complementary
method to the TNM stage method for accurate prediction of
prognosis (the number of lymph node metastases) in patients
who did not receive adequate lymph node evaluation.

Materials and Methods

1. Study population

A total of 806 patients who underwent surgery for CRC in
Yeouido St. Mary's Hospital from January 2004 to December
2011 were analyzed retrospectively, and the data were col-
lected prospectively.

In total, 692 patients were analyzed, including those with
adenocarcinoma. Patients who did not undergo colorectal 
resection, who underwent transanal excision and those
whose tumor location was not labeled correctly in the docu-
mentation were excluded.

The Yeouido St. Mary’s Hospital Institutional Review
Board approved this analysis (SC13OISI0180).

2. Lymph node analysis

To date, there are five types of lymph nodes that could be
used for analysis: metastatic lymph nodes (ML), total lymph
nodes examined (TL) [4], negative metastatic lymph nodes
(NL) [5], lymph node ratio (LR=ML/TL) [6], and apical
lymph nodes (APL) [7].

ML were analyzed according to the N stage, and TL were
classified as less than 10, 11-20, 21-40, and  41. NL was
scored as  3, 4-6, 7-12, or  13. The LR was classified as < 0.2, 
0.2-0.5, or  0.5. APL were measured in approximately 359
patients from whom 2 cm of soft tissue was collected from
the origin of the primary feeding arterial vessel (e.g., inferior
mesenteric artery, right colic artery, or ileocolic artery), and
the presence or absence of ML was noted.

All patients, regardless of the examined lymph node count,
were included in the all group (A group). Patients in whom
at least 12 lymph nodes were examined were included in the
adequate lymph nodes evaluation group (AL group). 
Patients who did not receive adequate lymph nodes exami-

nation were placed in the inadequate lymph node evaluation
group (IAL group). We analyzed the statistical significance
between these three groups.

3. Statistical analysis

Five-year disease-free survival (DFS) and 5-year overall
survival (OS) were calculated by the Kaplan-Meier method
using SPSS ver. 18.0 (SPSS Inc., Chicago, IL). A p-value < 0.05
was considered statistically significant.

Results

1. Patient characteristics

A total of 692 patients with CRC were included in this
study; 489 had rectal cancer and 203 were colon cancer 
patients. The mean ages of the colon cancer and rectal cancer
patients were 63.2 and 61.1 years old, respectively.

The male to female ratio of the colon cancer population
was 284 (58.1%) to 205 (41.9%), and that for rectal cancer 
patients was 134 (66%) to 69 (34%). APL were harvested from
252 patients (51.5%) with colon cancer and 107 patients
(52.7%) with rectal cancer. Inadequate lymph node evalua-
tion occurred in 138 (28.2%) colon cancer and 104 (51.2%) rec-
tal cancer patients (Table 1).

The mean follow-up period was 83.5 months. In total, the
5-year DFS was 67.5% and the 5-year OS was 85.2%. The 
5-year DFS for each stage was as follows: stage I, 92.9%; stage
II, 73.7%; stage III, 56.2%; and stage IV, 24.9%. The 5-year OS
for each stage was as follows: stage I, 94.2%; stage II, 93.6%;
stage III, 83.6%; and stage IV, 30.0%.

2. Various lymph node analysis methods

1) Metastatic lymph node (existing N stage)

Univariate analysis was performed for analysis of the 
impact of ML on patient outcome. In the rectum, OS did not
differ statistically (A group, p=0.062; AL group p=0.241). The
number of ML, especially for patients who received inappro-
priate lymph node dissection (IAL group), did not represent
a significant difference in DFS (p=0.339) and OS (p=0.146) for
rectal cancer patients and OS (p=0.129) for colon cancer 
patients (Table 2).

2) Total lymph node

The number of TL was not statistically significant for any
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parameter, except OS (p=0.042) in the AL group of colon can-
cer patients. There was no greater efficacy than the existing
N stage system (Table 2). In the subgroup analysis for stage
I, OS (p=0.049) was significantly different in the AL group of
CRC (Table 3). For stage II and III, TL was not statistically
significant. For stage IV, the OS of the A group (p=0.02) and
AL group (p=0.041) of CRC, and the A group (p=0.0028) and
AL group of colon cancer patients showed statistical signifi-
cance (Table 3). Lymph node harvest (LNH) count ( 10, 11-
20, 21-40, or  41) affected the OS in the stage IV CRC and
colon groups. Thus, lymph node dissection improved OS in
stage IV colon cancer.

3) Negative metastatic lymph node 

NL was as statistically significant as the conventional N
stage system, and it showed a statistically significant result for
the OS (p=0.016) of patients with colon cancer who received
improper node dissection (IAL group) (Table 2, Fig. 1).

4) Metastatic lymph node ratio 

LR was more useful than the conventional N stage system,
as it showed statistically significant efficacy for OS (p < 0.001)
in the IAL group of colon cancer and for OS in rectal cancer
(A group, p=0.026; AL group, p=0.031; and IAL group,
p=0.003) (Table 2, Fig. 1).

In the subgroup analysis, stage I, II, and early cancer (node
negative cancer) were meaningless for LR because no ML
were present. In stage III, IV, and advanced cancer (node pos-
itive cancer), the DFS for colon cancer patients who received
inappropriate lymph node dissection (IAL group) was statis-
tically significant for LR but not for N stage (Table 3).

5) Apical lymph node 

APL showed significance for DFS (p=0.036) of the IAL
group of rectal cancer, which was not predicted by the con-
ventional N stage system. APL showed efficacy in predicting
DFS in all patients, except the AL group of colon cancer
(Table 2).

6) Comparison of the different lymph node analysis
methods

ML (conventional N stage) did not show significant differ-
ences in the OS of rectal cancer patients. In particular, if 
patients received inadequate lymph node dissection (IAL
group), OS in colon cancer and DFS and OS in rectal cancer
were not statistically different.

These limitations were overcome using NL and LR to pre-
dict the OS of colon cancer patients and the LR for the OS of

rectal cancer patients. APL accurately predicted DFS in the
IAL group and in the OS of all patients.

Table 1. Patient characteristics

Values are presented as number (%). Colon, colon cancer;
rectum, rectal cancer; LN, lymph node.

Characteristic Colon (n=489) Rectum (n=203)
Mean age (yr) 63.21 ( 61.1 (
Sex
Male 284 (58.1) 134 (66)
Female 205 (41.9) 69 (34)

TNM stage
I 99 (20.2) 48 (23.6)
II 158 (32.3) 63 (31)
III 167 (34.2) 73 (36)
IV 65 (13.3) 19 (9.40)

Early (stage I, II) 257 (52.6) 111 (54.7)
Advance (stage III, IV) 232 (47.4) 92 (45.3)
Metastatic LN 
N0 268 (54.8) 117 (57.6)
N1 125 (25.6) 51 (25.1)
N2 96 (19.6) 35 (17.2)

Total LN 
0-10 114 (23.3) 95 (46.8)
11-20 180 (36.8) 74 (36.5)
21-40 165 (33.7) 30 (14.8)
 41 30 (6.1) 4 (2.0)

Negative LN 
 3 31 (6.3) 31 (15.3)
4-6 56 (11.5) 31 (15.3)
7-12 120 (24.5) 71 (35.0)
 13 282 (57.7) 70 (34.5)

LN ratio
(n=682, except TL=0)
< 0.2 388 (80.3) 146 (73.4)
0.2 to < 0.5 62 (12.8) 32 (16.1)
 0.5 33 (6.8) 21 (10.5)

Apical lymph node
Negative 239 (94.8) 102 (95.3)
Positive 13 (5.2) 5 (4.7)

Apical LN harvest 252 (51.5) 107 (52.7)
LN dissection
Inadequate (LN < 12) 138 (28.2) 104 (51.2)
Adequate (LN  12) 351 (71.8) 99 (48.8)
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Discussion

Regarding prognostic factors in CRC, the College of Amer-
ican Pathologists consensus statement in 1999 by Compton
et al. [8] stated that lymph node metastasis of CRC was 
definitely proven to be prognostically important (category I).
However, due to insufficient data, the use of various analysis
methods is still recommended. One limitation of the current
N stage system is that it cannot provide a precise prognosis
for patients who did not have over 12 lymph nodes dissected.
Thus, we sought to identify another lymph node analysis
method to complement the N stage system.

In our study, inadequate lymph node evaluation occurred
in 138 colon cancer (28.2%) and 104 rectal cancer patients
(51.2%). According to a Norwegian national cohort study of
2011, adequate LNH rate from 2007 to 2008 was 69.6% for

colon cancers more than 15 cm above the anal verge. Ade-
quate LNH rate was 84.9% in stage II colon cancer of Cleve-
land Clinic (Cleveland, OH). Adequate LNH rate ranges
from 31% to 84.9% in CRCs, and risk factors for poor LNH
include early stage CRCs and neoadjuvant concurrent
chemoradiotherapy [9-11]. In addition, the rate of adequate
LNHs has shown a drastic increase since the National Com-
prehensive Cancer Network guideline referred to LNH
below 12 nodes as a high risk group [12]. In accordance, our
study showed 43.8% inadequate LNHs until 2008, while it
decreased to 18.4% from 2009 to 2011. Conventional surgery
and low ligation was the primary surgical method of our 
institution until 2008, but conversion to laparoscopic surgery
and high ligation as the primary method thereafter has 
increased the number of adequate LNHs.

ML was used as the reference, and the patients were sub-
divided further and analyzed statistically. In the case of stage

Table 2. Comparison of lymph node analysis
p-value

All stage CRC Colon Rectum
DFS OS DFS OS DFS OS

N stage
A group < 0.001 < 0.001 < 0.001 < 0.001 0.002 0.062
AL group < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.241
IAL group < 0.001 0.03 < 0.001 0.129 0.339 0.146

Total LN
A group 0.818 0.082 0.872 0.056 0.524 0.678
AL group 0.857 0.062 0.781 0.042 0.807 0.467
IAL group 0.32 0.345 0.905 0.569 0.27 0.335

Negative LN
A group 0.002 0.001 0.003 0.001 0.053 0.418
AL group < 0.001 < 0.001 < 0.001 < 0.001 0.002 0.696
IAL group 0.048 0.002 0.008 0.016 0.539 0.153

LN ratio
A group < 0.001 < 0.001 < 0.001 < 0.001 0.027 0.026
AL group < 0.001 < 0.001 < 0.001 < 0.001 0.008 0.031
IAL group < 0.001 < 0.001 < 0.001 < 0.001 0.686 0.003

Apical LN
A group < 0.001 0.026 0.026 0.005 < 0.001 0.68
AL group 0.001 0.013 0.095 0.004 < 0.001 0.81
IAL group 0.002 0.693 0.044 0.88 0.036 0.747

Bold data indicate a comparison with other methods of lymph node analysis that does not represent a significant difference
compared to the N stage. CRC, colorectal cancer; colon, colon cancer; rectum, rectal cancer; DFS, disease-free survival; OS,
overall survival; A group, all patients; AL group, adequate lymph node evaluation group; IAL group, inadequate lymph node
evaluation group; LN, lymph nodes. Metastatic LN, N stage: 0, 1 (1-3), 2 ( 4); total LN: the number of lymph nodes examined
( 10, 11-20, 21-40,  41); negative LN: the number of negative lymph nodes ( 3, 4-6, 7-12,  13); LN ratio: < 0.2, 0.2-0.5,  0.5;
apical LN: positive vs. negative.



Cancer Res Treat. 2016;48(1):216-224

220 CANCER  RESEARCH  AND  TREATMENT

Ta
bl

e 3
.S

ub
gr

ou
p 

of
 v

ar
io

us
 ly

m
ph

 n
od

e a
na

ly
sis

 m
et

ho
ds

N
 st

ag
e

To
ta

l L
N

N
eg

at
iv

e L
N

LN
 ra

tio
A

pi
ca

l L
N

p-
va

lu
e

CR
C

Co
lo

n
Re

ct
um

CR
C

Co
lo

n
Re

ct
um

CR
C

Co
lo

n
Re

ct
um

CR
C

Co
lo

n
Re

ct
um

CR
C

Co
lo

n
Re

ct
um

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

D
FS

O
S

Al
l s

ta
ge

A 
gr

ou
p

< 
0.0

01
< 

0.0
01

< 
0.0

01
< 

0.0
01

0.0
02

0.0
62

0.8
18

0.0
82

0.8
72

0.0
56

0.5
24

0.6
78

0.0
02

0.0
01

0.0
03

0.0
01

0.0
53

0.4
18

< 
0.0

01
< 

0.0
01

< 
0.0

01
< 

0.0
01

0.0
27

0.0
26

< 
0.0

01
0.0

26
0.0

26
0.0

05
< 

0.0
01

0.6
8

AL
 g

ro
up

< 
0.0

01
< 

0.0
01

< 
0.0

01
< 

0.0
01

0.0
01

0.2
41

0.8
57

0.0
62

0.7
81

0.0
42

0.8
07

0.4
67

< 
0.0

01
< 

0.0
01

< 
0.0

01
< 

0.0
01

0.0
02

0.6
96

< 
0.0

01
< 

0.0
01

< 
0.0

01
< 

0.0
01

0.0
08

0.0
31

0.0
01

0.0
13

0.0
95

0.0
04

< 
0.0

01
0.8

1
IA

L 
gr

ou
p

< 
0.0

01
0.0

3
< 

0.0
01

0.1
29

0.3
39

0.1
46

0.3
2

0.3
45

0.9
05

0.5
69

0.2
7

0.3
35

0.0
48

0.0
02

0.0
08

0.0
16

0.5
39

0.1
53

< 
0.0

01
< 

0.0
01

< 
0.0

01
< 

0.0
01

0.6
86

0.0
03

0.0
02

0.6
93

0.0
44

0.8
8

0.0
36

0.7
47

St
ag

e I
A 

gr
ou

p
-

-
-

-
-

-
0.8

96
0.4

38
0.9

78
0.6

7
0.7

43
0.4

27
0.8

24
0.7

69
0.7

72
0.5

43
0.2

62
0.4

98
-

-
-

-
-

-
-

-
-

-
-

-
AL

 g
ro

up
-

-
-

-
-

-
0.9

53
0.9

65
0.9

68
0.9

81
0.7

05
0.6

55
0.3

57
0.4

61
0.6

93
0.0

39
0.1

38
0.4

8
-

-
-

-
-

-
-

-
-

-
-

-
IA

L 
gr

ou
p

-
-

-
-

-
-

0.5
0.0

49
0.6

01
0.1

31
0.7

71
-

0.8
88

0.6
41

0.5
64

0.6
26

0.4
66

-
-

-
-

-
-

-
-

-
-

-
-

-
St

ag
e I

I
A 

gr
ou

p
-

-
-

-
-

-
0.0

67
0.5

06
0.3

87
0.6

53
0.1

71
0.3

33
< 

0.0
01

< 
0.0

01
0.6

6
0.0

21
0.0

01
0.0

01
-

-
-

-
-

-
-

-
-

-
-

-
AL

 g
ro

up
-

-
-

-
-

-
0.1

03
0.6

83
0.1

94
0.6

49
0.5

3
-

0.4
41

0.4
75

0.8
53

0.5
11

0.3
68

-
-

-
-

-
-

-
-

-
-

-
-

IA
L 

gr
ou

p
-

-
-

-
-

-
0.2

52
0.2

93
0.3

57
0.3

98
0.5

99
0.5

33
0.0

03
0.0

03
0.5

22
0.0

82
0.0

2
0.0

12
-

-
-

-
-

-
-

-
-

-
-

-
St

ag
e I

II
A 

gr
ou

p
0.0

18
0.0

93
0.0

05
0.1

22
0.8

64
0.5

42
0.7

79
0.4

73
0.9

24
0.2

46
0.7

78
0.8

97
0.0

84
0.0

63
< 

0.0
01

< 
0.0

01
0.2

96
0.6

19
0.0

03
0.0

05
< 

0.0
01

0.0
01

0.9
71

0.7
49

0.0
97

0.0
82

0.9
04

0.0
06

0.0
39

0.5
89

AL
 g

ro
up

0.0
12

0.2
46

0.0
07

0.1
31

0.7
45

0.7
85

0.7
3

0.3
72

0.7
37

0.1
95

0.6
43

0.9
27

0.0
04

0.0
62

< 
0.0

01
< 

0.0
01

0.2
22

0.6
01

0.0
15

0.2
02

0.0
05

0.0
19

0.8
36

0.3
1

0.1
35

0.0
72

0.9
95

0.0
05

0.0
08

0.6
65

IA
L 

gr
ou

p
0.4

18
0.1

9
0.2

42
0.4

4
0.9

97
0.3

03
0.7

38
0.6

01
0.8

39
0.5

58
0.3

96
0.7

02
0.5

49
0.1

59
0.0

02
0.0

27
0.1

62
0.8

77
0.2

05
0.0

18
0.0

08
0.0

58
0.6

96
0.0

7
0.4

12
0.7

63
-

-
0.7

08
-

St
ag

e I
V

A 
gr

ou
p

0.6
07

0.8
48

0.4
47

0.8
19

0.7
95

0.3
25

0.2
33

0.0
2

0.1
61

0.0
28

0.9
08

0.1
68

0.0
04

0.0
62

0.0
11

0.1
14

0.4
4

0.3
52

0.5
3

0.1
93

0.7
41

0.2
8

0.8
28

0.3
85

0.3
33

0.8
86

0.6
45

0.9
39

0.1
93

-
AL

 g
ro

up
0.6

66
0.4

54
0.6

62
0.3

69
0.9

92
-

0.9
11

0.0
41

0.7
86

0.0
21

0.9
37

0.1
57

0.4
5

0.1
1

0.8
13

< 
0.0

01
0.0

6
-

0.2
91

0.2
71

0.4
94

0.1
82

0.4
29

-
0.5

61
0.8

99
0.3

86
0.9

51
-

-
IA

L 
gr

ou
p

0.8
21

0.3
46

0.2
6

0.4
13

0.7
56

0.8
4

0.3
11

0.0
66

0.7
94

0.3
48

0.1
98

0.1
89

0.0
09

0.2
0.0

13
-

0.3
04

0.1
18

0.9
42

0.2
68

0.0
35

0.5
78

0.6
65

0.0
92

0.6
86

-
0.1

98
-

0.1
57

-
Ea

rly
A 

gr
ou

p
-

-
-

-
-

-
0.3

02
0.9

29
0.5

66
0.8

72
0.2

8
0.8

61
0.4

38
0.1

32
0.8

0.8
17

0.0
01

0.0
18

-
-

-
-

-
-

-
-

-
-

-
-

AL
 g

ro
up

-
-

-
-

-
-

0.1
95

0.7
83

0.2
55

0.6
46

0.5
83

0.6
87

0.5
84

0.9
66

0.6
12

0.6
21

0.9
5

0.5
86

-
-

-
-

-
-

-
-

-
-

-
-

IA
L 

gr
ou

p
-

-
-

-
-

-
0.3

41
0.9

79
0.4

11
0.8

23
0.8

69
0.6

34
0.4

16
0.0

75
0.8

38
0.6

47
0.0

16
0.0

14
-

-
-

-
-

-
-

-
-

-
-

-
Ad

va
nc

e A 
gr

ou
p

0.0
26

< 
0.0

01
0.0

57
0.0

17
0.1

83
< 

0.0
01

0.4
87

0.0
39

0.7
29

0.0
27

0.7
44

0.8
79

0.0
04

0.0
09

< 
0.0

01
< 

0.0
01

0.6
21

0.9
09

0.0
06

< 
0.0

01
< 

0.0
01

< 
0.0

01
0.7

94
0.7

03
0.0

3
0.1

37
0.4

17
0.0

27
0.0

11
0.5

49
AL

 g
ro

up
0.0

6
0.0

25
0.0

58
0.0

09
0.7

56
0.0

37
0.6

14
0.0

35
0.6

23
0.0

23
0.6

98
0.7

42
0.0

01
0.0

05
0.0

04
< 

0.0
01

0.1
24

0.6
47

0.0
27

0.0
21

0.0
32

< 
0.0

01
0.6

58
0.3

38
0.1

2
0.0

92
0.5

8
0.0

22
0.0

31
0.6

91
IA

L 
gr

ou
p

0.3
15

< 
0.0

01
0.1

5
0.0

17
0.2

32
0.0

14
0.4

92
0.2

01
0.9

99
0.2

5
0.2

09
0.4

78
0.0

6
0.0

44
0.0

04
< 

0.0
01

0.4
57

0.9
95

0.2
51

0.0
07

0.0
03

0.0
26

0.4
15

0.1
12

0.0
86

0.6
87

0.5
19

-
0.1

24
0.7

05

Bo
ld

 le
tte

rs
 m

ar
ki

ng
 in

di
ca

te
 a 

co
m

pa
ris

on
 w

ith
 ot

he
r m

et
ho

ds
 of

 ly
m

ph
 n

od
e (

LN
) a

na
ly

sis
 w

ith
ou

t a
 st

at
ist

ica
lly

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

 co
m

pa
re

d 
to

 N
 st

ag
e. 

CR
C,

co
lo

re
cta

l c
an

ce
r; 

co
lo

n,
 co

lo
n 

ca
nc

er
; r

ec
tu

m
, r

ec
ta

l c
an

ce
r; 

A
 g

ro
up

, a
ll 

pa
tie

nt
s; 

A
L 

gr
ou

p,
 ad

eq
ua

te
 ly

m
ph

 n
od

e e
va

lu
at

io
n 

gr
ou

p;
 IA

L 
gr

ou
p,

 in
ad

eq
ua

te
 ly

m
ph

no
de

 ev
al

ua
tio

n 
gr

ou
p;

 ea
rly

, n
od

e n
eg

at
iv

e c
an

ce
r (

sta
ge

 I+
II)

; a
dv

an
ce

, n
od

e p
os

iti
ve

 ca
nc

er
 (s

ta
ge

 II
I+

IV
). 

M
et

as
ta

tic
 L

N
, N

 st
ag

e: 
0, 

1 (
1-

3)
, 2

 (
 4)

; t
ot

al
 L

N
: t

he
nu

m
be

r o
f l

ym
ph

 n
od

es
 e

xa
m

in
ed

 (
 1

0, 
11

-2
0, 

21
-4

0, 
 

41
); 

ne
ga

tiv
e 

LN
: t

he
 n

um
be

r o
f n

eg
at

iv
e 

ly
m

ph
 n

od
es

 (
 3

, 4
-6

, 7
-1

2, 
 

13
); 

LN
 ra

tio
: <

 0
.2,

 0
.2-

0.5
, 

 
0.5

; a
pi

ca
l L

N
: p

os
iti

ve
 v

s. 
ne

ga
tiv

e. 



Taek Soo Kwon, Lymph Node Evaluation Methods in Colorectal Cancer

VOLUME 48  NUMBER 1  JANUARY  2016 221

I, II and early cancer, there was no value because the patients
were node negative. For stage III of the IAL group of ML, no
statistically significant differences were observed in the 
following groups: DFS (p=0.418) and OS (p=0.19) of CRC 
patients, DFS (p=0.242) and OS (p=0.44) of colon cancer 
patients, and DFS (p=0.992) and OS (p=0.303) of patients
with rectal cancer. No statistically significant differences
were observed for stage IV of ML. In advanced cancer (node

positive), the ML was statistically significant for OS but not
DFS (Table 3).

Chang et al. [4], who systematically reviewed 17 studies
(including two nested cohort studies) regarding lymph node
evaluation after the curative resection of colon cancer, con-
cluded that the number of lymph nodes evaluated after sur-
gical resection was positively associated with the survival of
patients with stage II and stage III colon cancer [4]. The effect
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Fig. 1. Comparison of N stage (A), negative lymph node (B), and lymph node ratio (C) with overall survival of colon cancer
patients who received inadequate lymph node evaluation.
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of increased lymph node recovery on improving survival
may not be fully explained by improved staging accuracy
alone. Chang et al. [4] also described various TL classification
criteria; however, we used two criteria in our data analysis:
(1)  10, 11-20, 21-40, and  41 and (2)  11 and  12. The for-
mer criteria showed statistical significance, therefore we used
those criteria, but they showed no additional utility com-
pared to ML.

Ogino et al. [5] reported that patients with 0-3, 7-12, and 
 13 negative lymph nodes showed a significant reduction
in cancer-specific and overall mortality. Using a similar sys-
tem, we performed statistical analysis of patient parameters
based on different subdivisions. In stage I, only the OS
(p=0.039) of the AL group of colon cancer was significant.
For stage II in the IAL group, NL showed a statistically 
significant difference in the DFS (p=0.003) and OS (p=0.003)
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of CRC patients and DFS (p=0.02) and OS (p=0.012) of rectal
cancer patients. Importantly, it predicted a significant 
decrease in the survival of patients with three or less lymph
node compared the four to six and 7 to 11 lymph node count
groups (Table 3, Fig. 2). Therefore, for stage II rectal cancer
patients, NL count (i.e., the LNH number was three or less)
indicated that short-term follow-up and additional treatment
were necessary.

For the early IAL rectal cancer group (i.e., node negative
patients who underwent polypectomy or endoscopic submu-
cosal dissection before surgery due to incorrect T staging of
the primary tumor), NL showed a statistical value in predict-
ing DFS (p=0.016) and OS (p=0.014) (Table 3, Fig. 2). There-
fore, in patients with three or less total lymph node, there
was a difference in the DFS and OS, and close observation is
warranted.

Johnson et al. [13] reported that increasing the negative
lymph node count is independently associated with 
improved long-term survival in stage IIIB and IIIC colon can-
cer but not stage IIIA. They also divided patients into sub-
groups of those with  3, 4-7, 8-12, or  13 negative lymph
nodes. Cumulative 5-year cancer mortality was 27% in stage
IIIB patients with  13 negative nodes identified versus 45%
in those with three or fewer negative lymph nodes evaluated
(p < 0.001). In patients with stage IIIC cancer, those with 
 13 negative nodes had a 5-year mortality of 42% versus 65%
in those with  3 negative lymph nodes evaluated (p < 0.001)
[13].

For stage III in the IAL group, ML was not statistically
meaningful. However, NL was statistically significant in pre-
dicting DFS (p=0.002) and OS (p=0.0027) for colon cancer 
patients (Table 3). Therefore, for patients in the IAL group of
colon cancer, NL (with 3 or less, 4-6, and 7-11) complemented
the existing N stage.

For stage IV cancer, the DFS of the A group (p=0.004) and
IAL group (p=0.009) of CRC, and the DFS of the A group
(p=0.011) and IAL group (p=0.013) and the OS of the AL
group (p < 0.001) of colon cancer patients were statistically
significant (Table 3).

In the case of advanced cancer, NL complimented the N
stage system for predicting the limit of DFS. For example, the
DFS (p=0.001) of the AL group of CRC, the DFS (p < 0.001)
of the A group of colon, the DFS (p=0.004) of the AL group
of colon, and the DFS (p=0.004) of the IAL group of colon
showed increased efficacy with the N stage system (Table 3).

Ogino et al. [5] also concluded that smaller LR was associ-
ated with improved survival in stage III and stage IV using
LR of < 0.2, 0.2-0.39, and  0.4. Ceelen et al. [6], who analyzed
16 studies, including 33,984 patients with stage III and IV
CRC, identified LR as an independent prognostic factor for
patients with stage III cancer of the colon or rectum. The
prognostic separation obtained by LR was superior to that of

the number of positive nodes (N stage). We analyzed the LR
using the following three criteria: first, < 0.2, 0.2-0.5, and 
 0.5; second,  0.17, 0.17-0.41, 0.41-0.7, and > 0.7; third, < 0.2,
0.2-0.4, and > 0.4. We described only the first criteria because
it was the most statistically significant in our data.

The APL was defined as the node nearest the point of lig-
ature of the main vascular pedicle [7,14]. Malassagne et al.
[7] concluded that the involvement of APLs has a significant
effect on colon cancer prognosis. Kang et al. [15] concluded
that the presence of inferior mesenteric artery lymph node
metastasis should be considered a predictive factor for high
systemic recurrence in sigmoid and rectal cancer, and it
should be treated and followed up. However, Yi et al. [16]
concluded that apical node metastasis is not a poor prognos-
tic factor for stage III sigmoid colon or rectal cancer after high
ligation. Interestingly, Huh et al. [17] reported that in patients
with pN1 tumors, OS and DFS did not differ significantly 
according to the distribution of lymph node metastases
(lymph node; i.e., APL metastases). However, for patients
with pN2 tumors, the OS and DFS curves among the distri-
bution of lymph node metastasis groups were significantly
different (p < 0.001 and p < 0.001, respectively) [17]. In gran-
ular analysis of our data, APL was not efficient in the IAL
group, but it was statistically valuable for predicting OS for
colon cancer and DFS for rectal cancer in the stage III and 
advanced cancer AL group.

Conclusion

Our study indicates that various lymph node analysis
methods complement the existing N stage. In the future, we
plan to determine how to improve the N stage system based
on the T stage.
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Open Access

Robotic Versus Laparoscopic Surgery for Rectal Cancer after 
Preoperative Chemoradiotherapy: Case-Matched Study of 
Short-Term Outcomes

Original Article

Purpose
Robotic surgery is expected to have advantages over laparoscopic surgery; however, there
are limited data regarding the feasibility of robotic surgery for rectal cancer after preoperative
chemoradiotherapy (CRT). Therefore, we evaluated the short-term outcomes of robotic sur-
gery for rectal cancer.

Materials and Methods
Thirty-three patients with cT3N0-2 rectal cancer after preoperative CRT who underwent 
robotic low anterior resection (R-LAR) between March 2010 and January 2012 were
matched with 66 patients undergoing laparoscopic low anterior resection (L-LAR). Periop-
erative clinical outcomes and pathological data were compared between the two groups.

Results
Patient characteristics did not differ significantly different between groups. The mean oper-
ation time was 441 minutes (R-LAR) versus 277 minutes (L-LAR, p < 0.001). The open con-
version rate was 6.1% in the R-LAR group and 0% in the L-LAR group (p=0.11). There were
no significant differences in the time to flatus passage, length of hospital stay, and postop-
erative morbidity. In pathological review, the mean number of harvested lymph nodes was
22.3 in R-LAR and 21.6 in L-LAR (p=0.82). Involvement of circumferential resection margin
was positive in 16.1% and 6.7%, respectively (p=0.42). Total mesorectal excision (TME)
quality was complete in 97.0% in R-LAR and 91.0% in L-LAR (p=0.41).

Conclusion
In our study, short-term outcomes of robotic surgery for rectal cancer after CRT were similar
to those of laparoscopic surgery in respect to bowel function recovery, morbidity, and TME
quality. Well-designed clinical trials are needed to evaluate the functional results and long-
term outcomes of robotic surgery for rectal cancer.

Key words
Rectal neoplasms, Robotic surgical procedures, Laparoscopy

Introduction

In the current era of minimally invasive surgery, laparo-
scopic surgery for colorectal cancer is widely accepted and
performed as a standard operative technique. Several 
randomized trials [1-4] have shown that laparoscopic colec-
tomy is oncologically safe and yields better short-term out-
comes with less postoperative pain, superior cosmetic
results, faster recovery times, and shorter hospital stays than

open surgery. However, several limitations of laparoscopic
surgery for rectal cancer have been suggested [2,5]. In 
patients with a deep and narrow pelvis, total mesorectal 
excision (TME) using straight laparoscopic instruments 
featuring a range of motion with application of a linear 
stapler to the distal rectum within the pelvis is technically
demanding. In addition, laparoscopic surgery requires 
a highly trained assistant to hold the camera in a stable 
manner.

A robotic surgical system was recently introduced and has
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been suggested to have advantages over laparoscopy in 
surgeries within a confined space [6]. This robotic system
provides increased degrees of freedom for instruments, 
filters physiological tremors, and offers a stable 3-dimen-
sional camera view, which makes rectal dissection more
comfortable and easier than laparoscopic surgery [7]. The
short-term outcomes of robot-assisted colorectal surgery
have indicated its safety and feasibility [8-13]; however, these
studies included small numbers of patients who were treated
heterogeneously, especially those receiving neoadjuvant
chemoradiotherapy (CRT). In earlier studies the proportion
of patients who received preoperative CRT was 8.9%-58% 
[9-11,13].

Therefore, the aim of our study was to evaluate our 
preliminary experience of robot-assisted surgery in patients
with rectal cancer after preoperative CRT based on our 
significant experience with laparoscopic surgery. To increase
homogeneity between the two groups, we selected a case-
matched cohort of patients who underwent conventional 
laparoscopic surgery and compared them with those who
underwent robot-assisted surgery.

Materials and Methods

1. Materials

We reviewed the prospectively collected records of 
patients with mid or low rectal cancer after preoperative CRT
who underwent robotic surgery at the National Cancer 
Center between March 2010 and January 2012. The inclusion
criteria were as follows: histologically proven adenocarci-
noma located  9 cm from the anal verge; locally advanced
rectal cancer (cT3N0-2) treated with preoperative CRT; no
previous or concurrent malignancy at another site; and no
evidence of distant metastasis at the time of surgery. We
identified and matched 33 patients (1:2) with 66 patients who
underwent laparoscopic surgery. Matching criteria included
patient age, sex, body mass index (BMI), American Society
of Anesthesiologists (ASA) score, tumor stage, and CRT
method (long course vs. short course). Patients with a histo-
logical diagnosis other than adenocarcinoma, familial 
adenomatous polyposis, or hereditary nonpolyposis colorec-
tal cancer were excluded. 

Tumor location was defined as the distance between the
distal margin of the tumor and the anal verge as measured
using rigid sigmoidoscopy and a digital rectal examination.
The tumor stage was recorded postoperatively according to
the American Joint Committee on Cancer staging system.
The tumor response to CRT was described according to the

tumor regression grade scale proposed by Dworak et al. [14].
Use of the robot versus laparoscopy was based on the 
surgeon’s clinical decision and patient preference. As robotic
surgery has been suggested to have benefits in surgeries 
performed in a narrow space, surgeons considered the 
robotic surgery for patients with a narrow pelvis and low
lying rectal cancer after CRT. The patients were given a full
explanation of the costs and possible benefits of robotic 
surgeries and underwent robotic surgery under their 
consent. This study protocol was approved by Institutional
Review Board of National Cancer Center (NCCNCS-12-609).

Patients were preoperatively staged by endorectal ultra-
sound, magnetic resonance imaging, computed tomography
(CT) and positron emission tomography. Preoperative 
concurrent chemotherapy was administered to all patients
following a 5-fluorouracil–based regimen. Long-course CRT
was delivered to the entire pelvis at a dose of 45 Gy in 25 frac-
tions, followed by 5.4 Gy in 3 fractions within 6 weeks. Short-
course CRT consisted of a total dose of 25 Gy with daily
fractions of 5 Gy for 5 days. The intervals between CRT 
completion and operation were 6 to 8 weeks in patients with
long-course CRT and 4 to 8 weeks in those with short-course
CRT. A prospective study investigating the efficacy of 
delayed surgery after short-course CRT had been conducted
in our center between February 2010 and October 2011 [15],
of which patients were included in this study. In conse-
quence, surgery after short-course CRT was performed in 4
to 8 weeks.

The perioperative clinical outcomes were recorded and 
analyzed. The operation time was recorded from the start of
the operation to the time of wound closure. Anastomotic
leakage was defined as peritonitis confirmed through clini-
cally apparent leakage (discharge from the pelvic drain 
containing pus or fecal material) or radiological evidence 
(a complicated fluid collection or an abscess on CT scan or
rectal water-soluble contrast study). In the pathologic data,
the circumferential resection margin (CRM) was considered
positive when the distance between the tumor and the
proper rectal fascia was  1 mm. TME quality was classified
macroscopically as complete, nearly complete, or incomplete
[16].

2. Operative techniques

Robot-assisted surgery was performed using a da Vinci S
Surgical System (Intuitive Surgical Inc., Sunnyvale, CA). The
patient was placed in the modified Lloyd-Davis position. We
performed total robot-assisted surgery without changing the
position of the robotic cart, but the robotic arms were repo-
sitioned for the pelvic TME procedure as described by Choi
et al. [17]. We used a six-port system. One 12-mm port was
inserted for the 30° camera approximately 2 cm right and 
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lateral to the supraumbilical area. Four 8-mm ports were
used for the robotic arms and placed in the following loca-
tions: the McBurney point; the right subcostal area on the
midclavicular line (MCL); the left subcostal area, approxi-
mately 2-cm medial to the MCL; and the counter-McBurney
point. One additional 5-mm port between the first and 
second 8-mm ports was used by the surgical assistant.

The surgical technique was standardized as follows. First,
the inferior mesenteric vein was divided adjacent to the
fourth portion of the duodenum. The inferior mesenteric 
artery was then ligated and the sympathetic para-aortic
nerve plexus and superior hypogastric nerve were pre-

served. Colonic mobilization was performed using medial-
to-lateral dissection similar to standard laparoscopic tech-
niques [4]. The splenic flexure was mobilized for tension-free
anastomosis as necessary. After these procedures, the second
and third robotic arms were undocked and moved to the
third and fourth ports, respectively. Rectal mobilization was
started at the level of the sacral promontory along 
the avascular presacral plane. Posterior dissection was 
performed in this plane down to the pelvic floor and the 
inferior hypogastric nerve was preserved. A left lateral 
dissection was performed, followed by a right lateral dissec-
tion. Anterior dissection was performed under Denonvilliers'

Table 1. Patient characteristics

Characteristic Robot (n=33) Laparoscopy (n=66) p-value
Age (yr) 57.0±9.6 58.2±9.8 0.86
Sex 
Male 23 (69.7) 46 (69.7) 1.00
Female 10 (30.3) 20 (30.3)

Body mass index (kg/m2) 23.2±2.3 23.3±3.1 0.86
Comorbidity 15 (45.5) 29 (43.9) 0.89
Previous abdominal surgery 7 (21.2) 20 (30.3) 0.39
ASA score 
1 15 (45.5) 37 (56.1) 0.14
2 18 (54.5) 25 (37.9)
3 0 ( 4 (6.1)

Tumor location 5.41±1.9 5.57±2.1 0.84
Tumor size (cm) 3.14±2.0 2.97±1.5 0.81
Stage
0 3 (9.1) 8 (12.1) 0.89
I 8 (24.2) 12 (18.2)
II 10 (30.3) 20 (30.3)
III 12 (36.7) 26 (39.4)

Tumor regression grade 
0 2 (6.1) 1 (1.5) 0.28
1 7 (21.2) 11 (16.7)
2 17 (51.5) 42 (63.6)
3 6 (18.2) 6 (9.1)
4 1 (3) 6 (9.1)

Method of preoperative CRT
Short course 12 (36.4) 22 (33.3) 0.76
Long course 21 (63.6) 44 (66.7)

Pre-CRT CEA (ng/mL) 7.69±12.8 6.94±9.3 0.87
Post-CRT CEA (ng/mL) 3.11±2.8 3.03±3.5 0.91
Operative procedure 
LAR 31 (93.9) 61 (92.4) 0.88
Hartmann’s operation 0 ( 1 (1.5)
Miles’ operation 2 (6.1) 4 (6.1)

Values are presented as mean±standard deviation or number (%). ASA, American Society of Anesthesiologists; CRT, chemora-
diotherapy; CEA, carcinoembriogenic antigen; LAR, low anterior resection.
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fascia using Cadiere forceps in the third arm for retracting
the seminal vesicle, prostate, or vagina. After complete rectal
mobilization, a digital rectal examination was performed to
evaluate the distal resection margin. 

The robotic surgical system was then undocked and the 
remaining procedures were performed laparoscopically. To
transect the rectum, we replaced the first 8-mm port with an
11-mm port and used one or two endoscopic linear staplers
as appropriate. The specimen was extracted via a 4- to 6-cm
abdominal incision across the fourth port. A double staple
colorectal or a hand-sewn coloanal anastomosis was 
performed. Finally, a diverting loop ileostomy was created
at the specimen extraction site and a pelvic drain was placed
via the third port.

3. Statistical analysis

The chi-square tests or Fisher exact test for categorical 
variables and Student t test or the Mann-Whitney test for
continuous variables were used to assess the statistical dif-
ferences between the two groups. Values of p < 0.05 were
considered statistically significant. Statistical analyses were
performed using SPSS ver. 12.0 (SPSS Inc., Chicago, IL).

Results

We first performed robot-assisted surgery for rectal cancer
in March 2010 and had performed a total of 33 of these 
surgeries by July 2011. Table 1 summarizes the characteristics
of the patients who underwent robotic low anterior resection
(R-LAR, n=33) or laparoscopic low anterior resection (L-
LAR, n=66). The patients’ baseline demographics including
age, sex, BMI, comorbidities, previous history of abdominal
surgery, ASA score, and carcinoembryogenic antigen level
did not differ significantly between groups. The mean 
distance of the tumor from the anal verge was 5.4 cm in the
R-LAR group and 5.6 cm in the L-LAR group. Tumor-related
factors, including location, size, stage, and regression grade,
were also similar between the two groups. All patients 
underwent preoperative CRT, and a similar proportion of
patients underwent long-course CRT (p=0.76). Low anterior
resection was the predominant procedure performed in both
the R-LAR and L-LAR groups (93.9% vs. 92.4%, respectively).

Comparison of perioperative clinical outcomes is shown
in Table 2. The estimated blood loss did not differ signifi-
cantly between groups. Two patients in the R-LAR group 
required conversion to open surgery compared to no patients
in the L-LAR group. The mean operation time was signifi-
cantly longer in the R-LAR group. The mean time from 

console to wound closure was 377±88 minutes in the R-LAR
group. Postoperatively, the mean time to first flatus passage
was 2.1 days in the R-LAR group and 1.9 days in the L-LAR
group (p=0.21). The mean hospital stay was 10.9 days in the
R-LAR group and 13.1 days in the L-LAR group (p=0.64).

No postoperative mortality occurred in either group. 
The overall perioperative complication rates were similar 
between groups (Table 2). Anastomosis leakage occurred in
three patients (9.1%) in the R-LAR group and seven patients
(10.6%) in the L-LAR group. In all, 3% of patients in both
groups underwent reoperations. The one patient who under-
went reoperation in the R-LAR group was a 72-year-old man
who had undergone a previous Miles’ operation and 
had several underlying diseases including liver cirrhosis, 
diabetes mellitus, hypertension, and hypothyroidism. The
reoperation was performed for ileus on postoperative day 8.
Bowel congestion was observed and segmental resection of
colon with stoma creation was performed. The patient was 
discharged on postoperative day 33.

A similar number of lymph nodes was observed in both
groups (p=0.82) (Table 3). Negative CRM involvement was
achieved in 83.9% of patients in the R-LAR group and 93.3%
of patients in the L-LAR group (p=0.42). TME quality was
complete in 97% of patients in the R-LAR group and 91% of
those in the L-LAR group (p=0.41).

Discussion

In this preliminary study, perioperative clinical outcomes
and postoperative short-term outcomes of R-LAR were 
comparable to those of L-LAR in patients with rectal cancer.
Studies of robotic surgery for rectal cancer reported on 
heterogeneously treated patients and included only 8.9%-
58% of patients with CRT [10,11,13,18,19]. The current study
included only preoperatively treated patients and demon-
strated the feasibility of robotic surgery for locally advanced
low-lying rectal cancer even after preoperative CRT.

Laparoscopic surgery for rectal cancer after CRT has a
steep learning curve, particularly in patients with a deep 
and narrow pelvis [8]. Robotic surgery was adopted to over-
come the limitations associated with laparoscopic surgery. 
Although this was our initial experience with robotic 
surgery, the short-term outcomes in the R-LAR group were
comparable with those of the L-LAR group performed by 
experienced surgeons who routinely perform > 100 laparo-
scopic surgeries for rectal cancer every year.

The overall complication rate was similar between the two
groups. In our study, the rate of anastomosis leakage in the
R-LAR group was comparable with the rates of 1.8%-13.6%
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reported elsewhere [10,13]. All three patients who experi-
enced anastomosis leakage in the current study were treated 
conservatively.

The operation time included the robot docking time, and
the initial process of setting up the robot took a significant
amount of time. In accordance with the results of our study,
several studies reported that the operating time was signifi-
cantly longer in robotic rectal surgery than in laparoscopic
rectal surgery [10,19,20]. In recent studies [21,22] analyzing
the learning curves of robot-assisted rectal surgery, the initial
learning was achieved after 21-35 cases. In our subgroup
analysis divided into 3 groups by the time period, the oper-
ative time in the second group was less than 70 minutes 
compared with those in the first group (415.9.5 minutes vs.
483.5 minutes, p=0.084, respectively). After sufficient cases
to overcome the learning curve for robotic surgery, the 
operative time in the robotic surgery, except for the docking
time, would be shortened and comparable with those in the
laparoscopic surgery.

The reasons for conversions in the R-LAR group were 
attributed to the host factor rather than technical difficulties.
The first patient had rectal cancer that invaded the ureter. In

the other case, we completed an ultralow anterior resection,
but there was poor blood supply to the proximal descending
colon.

There was no significant difference in the passage of flatus
and length of hospital stay between the two groups, which
implies that recovery times were similar between groups. 
Although robot-assisted rectal surgery was associated with
a shorter hospital stay in some studies [13,18], other studies
[8,11,18,23] found no difference in the length of hospital stay
between robot-assisted and laparoscopic rectal cancer 
surgeries.

From an oncological perspective, CRM involvement, TME
quality, and lymph node dissection are important consider-
ations of rectal cancer surgery. The CRM involvement rate
was higher in the R-LAR group than in the L-LAR group, 
although the difference was not statistically significant. CRM
is related to surgical quality as well as tumor location from
the rectal fascia propria. Four of five patients with CRM 
involvement in the R-LAR group already had tumor involve-
ment within the mesorectal fascia prior to CRT. During fol-
low-up, the five patients with a positive CRM had no local 
recurrence after 10, 22, 24, 32, and 37 months. On the other

Table 2. Perioperative clinical outcomes and postoperative complications

Variable Robot (n=33) Laparoscopy (n=66) p-value
Estimated blood loss (mL) 232.0±180.0 205.0±163.8 0.61
Conversion to open surgery 2 (6.1) 0 (00 0.11
Operation time (min) 441.0±90.2 277.0±83.2 < 0.001
Flatus passage (day) 2.1±1.4 1.9±1.5 0.21
Hospital stay (day) 10.9±6.2 13.1±12.8 0.64
Postoperative morbidity (%) 15 (45.6) 26 (39.4) 0.56
Reoperation (%) 1 (3.0) 2 (3.0) > 0.99

Values are presented as mean±standard deviation or number (%).

Table 3. Pathologic outcomes

Variable Robot (n=33) Laparoscopy (n=66) p-value
No. of harvested LNs 22.3±11.7 21.6±11.0 0.82
Proximal resection margin 17.4±2.7 14.2±6.0 0.15
Distal resection margin 2.2±1.5 2.2±1.7 0.95
CRM involvement (mm)
> 1 26 (83.9) 56 (93.3) 0.42
 1 5 (16.1) 4 (6.7)

TME quality 
Complete 32 (97.0) 60 (91.0) 0.41
Nearly complete 1 (3) 6 (9)
Incomplete 0 ( 0 (

Values are presented as mean±standard deviation or number (%). LN, lymph node; CRM, circumferential resection margin;
TME, total mesorectal excision.



hand, TME quality of resected specimens is related to 
surgery quality only. TME quality in the R-LAR group was
rated as complete in 97% of patients and nearly complete in
3% of patients; none were rated as incomplete. In other
words, the surgical qualities were not significantly different
between the R-LAR and the L-LAR groups, but the clinical
tumor stages before neoadjuvant therapies were more 
advanced in the R-LAR group than in the L-LAR group.

In the current study, the numbers of harvested lymph
nodes fulfilled the oncological principles in both groups. 
A recent meta-analysis found no difference in the mean 
number of lymph nodes collected during both surgical 
approaches [24]. Other pathological factors, including prox-
imal resection margin and distal resection margin, were 
negative in all patients after robot-assisted or laparoscopic
surgery.

This study has several limitations. First, it was retrospec-
tive in nature. To overcome this limitation, we matched 
the cases using several clinical variables. Accordingly, the
groups were well balanced and selection bias was reduced.
Second, the sample size was relatively small. However, the
current study describes our initial experience with perform-
ing robot-assisted surgery, thus the number of cases is still
quite low. Based on our current results, we have started a
phase II randomized controlled study to evaluate the onco-
logic outcomes of robot-assisted surgery for rectal cancer
(clinical trial registration number: NCT01591798). Third, we
did not compare cost-effectiveness between the two groups.
The cost of robotic equipment is much higher than that of the
equipment used in laparoscopic surgery. Therefore, to justify
adopting this new technology, the cost-effectiveness must
also be evaluated.

Conclusion

In conclusion, short-term outcomes of robot-assisted 
surgery for mid or low rectal cancer after CRT were similar
to those of laparoscopic surgery. The postoperative clinical
outcomes such as recovery of bowel function, postoperative
hospital stay and morbidity were similar to those of laparo-
scopic surgery even though we were not adept to the robot.
Moreover, in the oncologic respect, we achieved the com-
plete TME qualities in 97% of patients and harvested a 
similar number of lymph nodes in robot surgery. Robotic
surgery can be performed safely in patients with rectal cancer
after preoperative CRT and is expected to have comparable
oncologic outcomes.

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

The authors gratefully acknowledge support from the 
National Cancer Center (grant No. 1210250-3).

230 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2016;48(1):225-231

1. Clinical Outcomes of Surgical Therapy Study Group. A com-
parison of laparoscopically assisted and open colectomy for
colon cancer. N Engl J Med. 2004;350:2050-9.

2. Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith
AM, et al. Short-term endpoints of conventional versus 
laparoscopic-assisted surgery in patients with colorectal can-
cer (MRC CLASICC trial): multicentre, randomised controlled
trial. Lancet. 2005;365:1718-26.

3. Veldkamp R, Kuhry E, Hop WC, Jeekel J, Kazemier G, Bonjer
HJ, et al. Laparoscopic surgery versus open surgery for colon
cancer: short-term outcomes of a randomised trial. Lancet
Oncol. 2005;6:477-84.

4. Kang SB, Park JW, Jeong SY, Nam BH, Choi HS, Kim DW, et

al. Open versus laparoscopic surgery for mid or low rectal
cancer after neoadjuvant chemoradiotherapy (COREAN trial):
short-term outcomes of an open-label randomised controlled
trial. Lancet Oncol. 2010;11:637-45.

5. Sammour T, Kahokehr A, Srinivasa S, Bissett IP, Hill AG. 
Laparoscopic colorectal surgery is associated with a higher 
intraoperative complication rate than open surgery. Ann Surg.
2011;253:35-43.

6. deSouza AL, Prasad LM, Marecik SJ, Blumetti J, Park JJ, 
Zimmern A, et al. Total mesorectal excision for rectal cancer:
the potential advantage of robotic assistance. Dis Colon Rec-
tum. 2010;53:1611-7.

7. Corcione F, Esposito C, Cuccurullo D, Settembre A, Miranda

References



Yong Sok Kim, Robotic Surgery for Rectal Cancer after CRT

VOLUME 48  NUMBER 1  JANUARY  2016 231

N, Amato F, et al. Advantages and limits of robot-assisted 
laparoscopic surgery: preliminary experience. Surg Endosc.
2005;19:117-9.

8. Bianchi PP, Ceriani C, Locatelli A, Spinoglio G, Zampino MG,
Sonzogni A, et al. Robotic versus laparoscopic total mesorectal
excision for rectal cancer: a comparative analysis of oncolog-
ical safety and short-term outcomes. Surg Endosc. 2010;24:
2888-94.

9. Fernandez R, Anaya DA, Li LT, Orcutt ST, Balentine CJ, Awad
SA, et al. Laparoscopic versus robotic rectal resection for rectal
cancer in a veteran population. Am J Surg. 2013;206:509-17.

10. Kwak JM, Kim SH, Kim J, Son DN, Baek SJ, Cho JS. Robotic vs
laparoscopic resection of rectal cancer: short-term outcomes
of a case-control study. Dis Colon Rectum. 2011;54:151-6.

11. Park JS, Choi GS, Lim KH, Jang YS, Jun SH. Robotic-assisted
versus laparoscopic surgery for low rectal cancer: case-match-
ed analysis of short-term outcomes. Ann Surg Oncol. 2010;17:
3195-202.

12. Lim DR, Min BS, Kim MS, Alasari S, Kim G, Hur H, et al. 
Robotic versus laparoscopic anterior resection of sigmoid
colon cancer: comparative study of long-term oncologic 
outcomes. Surg Endosc. 2013;27:1379-85.

13. Baik SH, Kwon HY, Kim JS, Hur H, Sohn SK, Cho CH, et al.
Robotic versus laparoscopic low anterior resection of rectal
cancer: short-term outcome of a prospective comparative
study. Ann Surg Oncol. 2009;16:1480-7.

14. Dworak O, Keilholz L, Hoffmann A. Pathological features of
rectal cancer after preoperative radiochemotherapy. Int J 
Colorectal Dis. 1997;12:19-23.

15. Yeo SG, Oh JH, Kim DY, Baek JY, Kim SY, Park JW, et al. 
Preoperative short-course concurrent chemoradiation therapy
followed by delayed surgery for locally advanced rectal 
cancer: a phase 2 multicenter study (KROG 10-01). Int J Radiat

Oncol Biol Phys. 2013;86:34-9.
16. Nagtegaal ID, van de Velde CJ, van der Worp E, Kapiteijn E,

Quirke P, van Krieken JH, et al. Macroscopic evaluation of 
rectal cancer resection specimen: clinical significance of the
pathologist in quality control. J Clin Oncol. 2002;20:1729-34.

17. Choi DJ, Kim SH, Lee PJ, Kim J, Woo SU. Single-stage totally
robotic dissection for rectal cancer surgery: technique and
short-term outcome in 50 consecutive patients. Dis Colon 
Rectum. 2009;52:1824-30.

18. Baek JH, McKenzie S, Garcia-Aguilar J, Pigazzi A. Oncologic
outcomes of robotic-assisted total mesorectal excision for the
treatment of rectal cancer. Ann Surg. 2010;251:882-6.

19. Kim NK, Kang J. Optimal total mesorectal excision for rectal
cancer: the role of robotic surgery from an expert's view. J 
Korean Soc Coloproctol. 2010;26:377-87.

20. Baek JH, Pastor C, Pigazzi A. Robotic and laparoscopic total
mesorectal excision for rectal cancer: a case-matched study.
Surg Endosc. 2011;25:521-5.

21. Sng KK, Hara M, Shin JW, Yoo BE, Yang KS, Kim SH. The
multiphasic learning curve for robot-assisted rectal surgery.
Surg Endosc. 2013;27:3297-307.

22. Jimenez-Rodriguez RM, Diaz-Pavon JM, de la Portilla de Juan
F, Prendes-Sillero E, Dussort HC, Padillo J. Learning curve for
robotic-assisted laparoscopic rectal cancer surgery. Int J 
Colorectal Dis. 2013;28:815-21.

23. Patriti A, Ceccarelli G, Bartoli A, Spaziani A, Biancafarina A,
Casciola L. Short- and medium-term outcome of robot-assisted
and traditional laparoscopic rectal resection. JSLS. 2009;13:
176-83.

24. Memon S, Heriot AG, Murphy DG, Bressel M, Lynch AC. 
Robotic versus laparoscopic proctectomy for rectal cancer: a
meta-analysis. Ann Surg Oncol. 2012;19:2095-101.



│ http://www.e-crt.org │232 Copyright ⓒ 2016 by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2016;48(1):232-239

pISSN 1598-2998, eISSN 2005-9256

http://dx.doi.org/10.4143/crt.2014.351  

Open Access

Sustaining Blood Lymphocyte Count during Preoperative 
Chemoradiotherapy as a Predictive Marker for Pathologic Complete
Response in Locally Advanced Rectal Cancer

Original Article

Purpose
The objective of this study was to explore the relationship between the circulating lympho-
cyte level during preoperative chemoradiotherapy (CRT) and pathologic complete response
(pCR) in locally advanced rectal cancer.

Materials and Methods
From May 2010 to May 2013, 52 patients treated with preoperative CRT followed by 
surgery, were analysed. Patients received conventional fractionated radiotherapy (50-54
Gy) with fluorouracil-based chemotherapy. Surgical resection was performed at 4 to 8 weeks
after the completion of preoperative CRT. Absolute blood lymphocyte counts and their rel-
ative percentage in total white blood cell counts were obtained from complete blood count
tests performed prior to and after 4, 8, and 12 weeks of CRT. We analysed the association
between achieving pCR and change in blood lymphocyte level during CRT, as well as clinical
parameters.

Results
Among 52 patients, 14 (26.9%) had evidence of pCR. Sustaining the blood lymphocyte
count during CRT (lymphocyte count at 4 weeks/baseline lymphocyte count > 0.35; odds
ratio, 8.33; p=0.02) and initial carcinoembryonic antigen < 4.4 ng/mL (odds ratio, 6.71;
p=0.03) were significantly associated with pCR in multivariate analyses. 

Conclusion
Sustaining blood lymphocyte count during preoperative CRT was predictive for pCR in rectal
cancer. Further studies are warranted to investigate the association between pathologic 
responses and circulating lymphocyte count with its subpopulation during preoperative CRT.

Key words
Chemoradiotherapy, Rectal neoplasms, Neoadjuvant therapy, 
Lymphocyte count, Pathologic complete response, 
Predictive factor

Introduction

In a multimodality treatment of locally advanced rectal
cancer, preoperative chemoradiotherapy (CRT) has been
widely implemented because randomised trials indicated
that its outcomes are superior to postoperative CRT in terms

of local control, sphincter preservation and toxicity [1,2]. In
addition to better outcomes of preoperative CRT, it also 
offers results of early response evaluation—pathologic 
response—that give clear information as to the degree of 
response to CRT and long-term prognosis. An excellent 
response to preoperative CRT, such as achieving a pathologic
complete response (pCR), is associated with excellent long-
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term outcomes [3-5]. Since patients with evidence of pCR
after CRT have a more favourable prognosis than those
showing residual disease, achieving pCR can be a short-term
goal in multimodal treatment of rectal cancer [4]. 

Many researchers have attempted to identify the predictive
factors that influence the pathologic tumour response for rec-
tal cancer. It has been reported that the pre-treatment level
of carcinoembryonic antigen (CEA), distance from the anal
verge, and biological tumour profiles were all associated
with the pathologic response after preoperative CRT [6-9].
Recently, several investigations revealed that peripheral 
immune cell counts, such as lymphocytes or subtypes (regu-
latory T cell), are significantly associated with a favourable
pathologic tumour response after CRT in rectal cancer [10-
12]. The prognostic impact of treatment-related lymphopenia
was also suggested in patients with non-small cell lung can-
cer and pancreatic cancer treated with definitive CRT [13,14].  

In this study, we hypothesised that the peripheral lympho-
cyte level is correlated with the level of host immunity, which
can influence the immune-mediated antitumor effect. There-
fore, we explored whether the changes in blood lymphocyte
count during preoperative CRT are associated with a pCR in
surgical specimens for locally advanced rectal cancer.

Materials and Methods

Between May 2010 and May 2013, 52 patients underwent
preoperative CRT in our institution. We retrospectively
analysed the clinical data before and during CRT and evalu-
ated its association with pathologic tumour response in sur-
gical specimens. This study was reviewed and approved by
the institutional review board of our institution. Patients 
underwent preoperative staging work-up, including com-
plete blood count (CBC) with differential, biochemical 
tumour markers (CEA), colonoscopy, abdominal computed
tomography (CT) scan, and pelvic magnetic resonance 
imaging. Patients with Eastern Cooperative Oncology Group
(ECOG) performance status of 0-1 were eligible for preoper-
ative CRT. Absolute blood lymphocyte counts and their 
relative percentage in total white blood cell (WBC) counts
were obtained from CBC tests performed prior to and after
4, 8, and 12 weeks after initiation of CRT. Absolute numbers
of WBC subtypes (lymphocyte, monocyte, and neutrophil)
were calculated by multiplying the WBC number and each
subtype ratio. CBC with differential count was analysed
using Beckman Coulter LH 780 (Beckman Coulter, Miami,
FL).  

All patients underwent a simulation using a Philips Big
Bore Brilliance CT (Philips Medical Systems, Madison, WI)

with 5-mm slice intervals for three-dimensional radiotherapy
planning (RTP). Delineation of the clinical target volume
(CTV) for the whole pelvis included gross tumour volume,
mesorectum, presacral space, and regional lymphatics. Boost
CTV included gross tumour volume and mesorectum. The
planning target volume (PTV) was determined by expanding
CTV by a margin of 0.5-1.0 cm. Radiotherapy was delivered
to the whole pelvis at a dose of 44.0-45.0 Gy, with a boost
dose of 4.5-9.0 Gy to the primary tumour, up to total 50-54
Gy. Six-MV or 10-MV photon beams were used for a 3-field
radiation treatment. We used the Varian Eclipse External
Beam Planning System ver. 7.1 (Varian Medical System, Palo
Alto, CA). Serum CEA was measured using the immunoas-
say on the Roche analytics E170 (Roche Diagnostics,
Mennheim, Germany).

Patients received three cycles of chemotherapy, which was
initiated on the first day of pelvic radiation and delivered
concurrently with radiotherapy. Two cycles of bolus of 5-flu-
orouracil (400 mg/m2/day) and leucovorin (20 mg/m2/day)
were administered for 5 days in the first and fifth week of 
radiotherapy. In the ninth week, the same chemotherapy reg-
imen was repeated. At 4-8 weeks after the completion of pre-
operative CRT, patients underwent surgery. Surgical res-
ection was performed with low anterior resection (LAR) or
abdominoperineal resection (APR) at the discretion of sur-
geon.

Achieving pCR was defined as complete absence of any
tumour cells, in both the primary site and the dissected
lymph node in surgical specimens. Samples with gross or 
microscopic neoplastic residuals were defined as an incom-
plete response. To confirm the relation between variables
with a pathological response, a chi-square test or Fisher exact
test was used. The mean values were used as a cut-off for
continuous variables. In the case of a significant continuous
variable by a chi-square test or Fisher exact test, a receiver
operating characteristic curve was drawn for determining
the best chance of correlation with pCR. The variables 
selected by a univariate analysis (p < 0.1) were included in a
multivariate analysis. For a multivariate analysis, a logistic
regression with backward stepwise method was performed.  

We examined the correlation between RTP-associated 
statistics and the change in lymphocyte level using a Pearson
correlation coefficient analysis. The following parameters
were included in RTP-associated statistics: volume of PTV,
sum of monitor unit (MU), body volume received more than
5% of prescribed dose, and integral dose of body volume 
received more than 5% of prescribed dose. RTP-associated
statistics were obtained from the radiotherapy plan of the
whole pelvis. Two-sided p-values less than 0.05 were consid-
ered to indicate a significant difference. All statistical analy-
ses were performed with IBM SPSS statistics software ver.
19.0 (IBM Co., Armonk, NY).
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Results

Patient’s characteristics are summarised in Table 1. Thirty-
eight patients were male (73.1%), and the age ranged from
34 to 77 (median, 56). All patients received surgical resection
with negative resection margin. The types of surgery were
LAR in 36 patients (69.2%) and APR in 16 patients (30.8%).
A pCR was achieved in 14 patients (26.9%). 

The baseline mean levels of haemoglobin, total WBC
count, lymphocyte count, and differential count  (%) were
13.2 g/dL (range, 9.1 to 16.0 g/dL), 7,537109/L (range,
3,900/L to 13,600/L), 2,036109/L (range, 1,007/L to
3,274/L), and 27.8% (range, 13.8% to 42.1%), respectively.
The trend of changes in WBCs compared to the baseline level
is illustrated in Fig. 1. 

In univariate analyses, clinical factors were examined to
identify the association with pCR and baseline CEA ( 4.4
ng/mL vs. < 4.4 ng/mL, p < 0.01), and sustaining blood lym-
phocyte ratio at 4-week (lymphocyte count at 4-week/base-
line lymphocyte count  0.35 vs. < 0.35, p=0.01) was
statistically significant (Table 2). In multivariate analyses, the
baseline level of CEA < 4.4 ng/mL (odds ratio, 6.71; p=0.03),
and sustaining the lymphocyte ratio at 4-week  0.35 (odds
ratio, 8.33; p=0.02) remained as statistically significant 
parameters (Table 3). Forty-four patients (84.6%) finished the
planned three cycles of chemotherapy, and there was no 

Table 1. Patient characteristics

LAR, lower anterior resection; APR, abdominoperineal 
resection; CEA, carcinoembryonic antigen.

Characteristic No. of patients (%)
Sex
Male 38 (73.1)
Female 14 (26.9)

Median age (range, yr) 34-77 (56)
Histologic type
Adenocarcinoma 51 (98.1)
Signet ring cell 1 (1.9)

Clinical T stage
T2 3 (5.8)
T3 41 (78.8)
T4 8 (15.4)

Clinical N stage
N-negative 5 (9.6)
N-positive 47 (90.4)

Type of surgery
LAR 36 (69.2)
APR 16 (30.8)

CEA level (ng/mL)
 4.4 26 (50.0)
< 4.4 26 (50.0)
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significant difference of the complete response (CR) rate 
between the groups with/without completion of the planned
chemotherapy (3 cycles vs. less than 3 cycles, 25.0% vs. 37.5%,
p=0.66) (Table 2).

RTP-associated statistics are summarised in Table 4. The
correlation between RTP-associated statistics and sustaining
the blood lymphocyte ratio at 4 weeks of CRT is illustrated
in Fig. 2. The sum of the MU was significantly correlated
with the sustained blood lymphocyte ratio at 4 weeks (Pear-
son’s coefficient, –0.341; p=0.01).

Table 2. Univariate analyses for variables associated with
pathologic complete response

Variable Pathologic complete response p-valuea)

Yes No
Sex
Male 8 30 0.16
Female 6 8

Age (yr)
< 53 5 16 0.75
 53 9 22

Clinical T stage
T2 1 2 > 0.99
T3 11 30
T4 2 6

Clinical N stage
N-positive 11 36 0.11
N-negative 3 2

Chemotherapy
< 3 cycles 3 5 0.66
 3 cycles 11 33

CEA, baseline 
(ng/mL)
< 4.4 2 24 < 0.01
 4.4 12 14

Hemoglobin, 
baseline (g/dL)
< 13.2 9 15 0.20
 13.2 5 22

WBC count, 
baseline (109/L)

< 7,300 2 16 0.07
 7,300 10 19

Lymphocyte, 
baseline (%)
< 27.2 6 20 0.76
 27.2 8 18

Lymphocyte count, 
baseline (109/L)
< 1,996 8 18 0.76
 1,996 6 20

Lymphocyte, 
at 4-week (%)
< 14.8 7 19 > 0.99
 14.8 7 19

Lymphocyte count, 
at 4-week (109/L)

< 671 8 18 0.76
 671 6 20

Sustaining lymphocyte 
ratio, at 4-week
< 0.35 2 22 0.01
 0.35 12 16

Table 2. Continued

Variable Pathologic complete response p-valuea)

Yes No
Lymphocyte, 
at 8-week (%)b)

< 18.0 6 12 0.21
 18.0 3 16

Lymphocyte count, 
at 8-week (109/L)b)

< 903 7 18 0.69
 903 2 10

Sustaining lymphocyte 
ratio, at 8-weekb)

< 0.47 6 15 0.49
 0.47 3 13

Lymphocyte, 
at 12-week (%)b)

< 19.3 5 12 0.86
 19.2 4 11

Lymphocyte count, 
at 12-week (109/L)b)

< 1,033 3 6 0.68
 1,033 6 17

Sustaining lymphocyte 
ratio, at 12-weekb)

< 0.53 4 11 0.86
 0.53 5 12

CEA, carcinoembryonic antigen. a)Chi-square test or Fisher
exact test, b)Analyses was done with available data at 
8-week (n=37) and 12-week (n=32).
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Discussion

The results of this study showed that a high ratio of sus-
tained blood lymphocyte count during CRT (sustaining ratio
> 0.35 at 4 weeks) was predictive for achieving pCR in rectal
cancer. While it is assumed that the high level of sustained
blood lymphocyte count represents the maintenance of host
immunity during CRT, this result may suggest that sustain-
ing the blood lymphocyte count during CRT enhances the
immune-mediated anti-tumour effect and leads to higher
values for pCR. Lymphocytes play a major role in the host
anti-tumour response of dendritic cells. Denkert et al. [15] 
reported that tumour infiltration of lymphocytes was a sig-
nificant independent parameter for pCR in surgical speci-
mens after neoadjuvant chemotherapy in breast cancer. Data

Table 3. Multivariate analyses for predictors associated
with a pathologic complete response

OR, odds ratio; CI, confidence interval; CEA, carcinoem-
bryonic antigen. a)Logistic regression with backward step-
wise method was performed.

Variable OR (95% CI) p-valuea)

CEA < 4.4 ng/dL 6.71 (1.22-36.97) 0.03
Sustained lymphocyte ratio 8.33 (1.54-45.12) 0.02
 0.35

Clinical N stage 0.22 (0.02-2.57) 0.22
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from colorectal cancer has confirmed the prognostic value of
tumour infiltration by lymphocytes [16,17]. Although the 
peripheral level of lymphocytes is not directly correlated
with the level of tumour-infiltrating lymphocytes, circulating
lymphocytes can be an indirect but easily accessible surro-
gate for evaluating lymphocyte-mediated immunity. A direct
correlation between the levels of peripheral lymphocytes and
tumour-infiltrating lymphocytes should be studied by more
detailed pathologic examinations of surgical specimens. 

We focused on the level of peripheral blood lymphocytes
to determine its clinical implication for the early prediction
of tumour response, which may be useful for a tailored 
patient approach in rectal cancer [18]. Schmidt et al. [12]
showed that higher levels of circulating regulatory T cells
(Treg) after 5 days of CRT are associated with a favourable
pathologic tumour stage (< pT3a) in surgical specimens in
colorectal cancer patients. They suggested that the levels of
Treg during CRT might be a good indicator for necessary
dose adjustments in CRT. Although we analysed the whole
lymphocyte count and not the subgroup differential counts,
compared to the study of Schmidt et al. [12], we showed that
whole lymphocyte counts during CRT also have a significant
association with a favourable tumour stage (pCR). Based on
these two results, there seems to be a close correlation 
between the levels of total blood lymphocytes and Treg cells
during CRT. However, the change of total lymphocytes and
its subgroups did not show a consistent pattern over a period
of radiotherapy. The results of Schmidt et al. [12] showed
that the percentage of CD4+ cells among lymphocytes 
remained relatively constant and the percentage of Treg 
decreased at 5 days of CRT. Lissoni et al. [19] studied the 
effects of conventional antitumor therapies on circulating
Treg lymphocytes, including whole lymphocyte count, and
showed that the mean values of whole lymphocyte and
CD4+ lymphocyte count dropped dramatically at the end of
pelvic irradiation. However, the Treg (CD4+CD25+) lympho-
cyte level showed no substantial changes. Schuler et al. [20]
reported that the Treg level increased in some patients while

it decreased in others after CRT for head and neck cancer.
This variability among studies may be due to different tim-
ing of blood sampling, heterogeneous immune responses by
various hosts and tumour conditions. For elucidating the role
of total lymphocyte levels and its interplay with other 
immune cells during CRT, an analysis of the association 
between pathologic responses and the level of subpopula-
tions of blood lymphocytes sampled at multiple times is
needed, also in combination with cytokine milieu analyses. 

A negative prognostic value for the initial lymphopenia
and treatment-related decrease in the number of blood lym-
phocytes has been demonstrated in various settings and 
malignancies [13,14,21,22]. Baseline blood lymphocyte
counts were not significantly associated with pCR in our
study because patients with lymphopenia were excluded at
the time of patient selection for preoperative CRT. Although
a marked decrease in lymphocyte count was observed in
most patients (Fig. 1), treatment-related lymphopenia (lym-
phocyte count at 4 weeks < 500109 cells/L) had developed
in only four patients (8.5%). In our study, a significant pre-
dictor for pCR was not the absolute lymphocyte count, but
the relative ratio of lymphocyte count to the initial lympho-
cyte count (sustained ratio). This fact suggests that relative
ratio of treatment-related decrease of lymphocyte may have
a negative prognostic value, as well as treatment-related lym-
phopenia in preoperative CRT for rectal cancer. 

It has been investigated in several studies that peripheral
lymphocyte count is associated with pathologic response
after preoperative CRT. The hypothesis of these investiga-
tions was that the level of host immunity related to lympho-
cyte could facilitate the pathologic responses. High pre-
treatment lymphocyte number [10,11] or subtype of lympho-
cyte (regulatory T cell) [12] can be considered to reflect the
level of lymphocyte-mediated immunity and demonstrated
in previous researches. In these contexts, it can be assumed
that the sustained level of lymphocyte during CRT can be
also a predictive marker for pCR as we showed, although the
predictive value of pre-treatment lymphocyte count was not
demonstrated in this study.      

Compliance of chemotherapy may be a confounding factor
in the association between sustained level of lymphocyte and
achieving pCR because the level of lymphocyte during treat-
ment may be a mere reflection of chemotherapy tolerance.
Those who were maintaining the level of lymphocyte had
better performance and were likely to withstand preopera-
tive CRT. However, the CR rates between the groups
with/without completion of planned chemotherapy did 
not show significant difference (25.0% vs. 37.5%, p=0.66)
(Table 2).  

We analysed the correlation between RTP-associated 
parameters and the sustained ratio of blood lymphocytes at
4 weeks of CRT (Fig. 2). The volume of PTV, integral dose of

Table 4. Radiotherapy planning–associated parameters

PTV, planning target volume.

Parameter Median (range)
Radiation dose (Gy) 50.0 (41.2-54.0)
Volume of PTV (mL) 801 (556-1,266)
Sum of monitor unit 378 (323-437)
Integral dose of body volume received 20.6 (12.9-29.3)
> 5% of prescribed dose (L·Gy)
Body volume received 8.63 (4.84-11.93)
> 5% of prescribed dose (L)
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body volume receiving more than 5% of the prescribed dose,
and body volume receiving more than 5% of the prescribed
dose were not correlated with the sustained lymphocyte
ratio. Only the sum of the monitor unit was significantly 
correlated with the decreased ratio of lymphocytes (r=–0.341,
p=0.01) (Fig. 2B). The dose rate, implemented radiation tech-
niques, volume of PTV (field size), and integral dose can 
influence lymphocyte counts. Yovino et al. [23] undertook a
simulation study of the effect of factors related to radiation
technique on the irradiated volume of the circulating blood
pool. They showed that a potentially lymphotoxic dose 
(> 0.5 Gy) could be delivered to the circulating blood in a
standard treatment plan for brain tumours, and that a larger
PTV volume and low dose rate sped up the saturation rate
of the irradiated blood volume. However, in our study, RTP-
associated parameters were not different among patients due
to a very homogenous study population. In all patients, iden-
tical landmarks for the borders of the radiation field and 
similar techniques were used. These homogeneities resulted
in no definite correlations with decreases in lymphocytes
during CRT except for the sum of the monitor unit. In the
case of the monitor unit, because we fixed the dose rate at
300 MU/min, the sum of the monitor unit is correlated 
exactly with the irradiated time. A longer beam-on time 
induced a longer exposure of the blood pool to radiation, and
it is thought that this longer exposure resulted in a lower 
sustained lymphocyte ratio. However, although there was a
moderate correlation between the sum of MU and sustained
level of lymphocyte, it was not enough to draw a conclusion
that less MU use in radiotherapy would lead to more pCR. 

The results of this study are limited due to relatively small
sample size and single institutional retrospective design.
Moreover, detailed analyses with subpopulation of lympho-
cyte could not be evaluated in this exploratory study. How-
ever, this study suggests the potential association between
pathologic response and sustained ratio of peripheral 
lymphocyte level during CRT in rectal cancer. Larger scale
retrospective analyses would be needed to confirm the 
predictive significance of the peripheral lymphocyte changes
at various timings during CRT. The effect of the peripheral
lymphocyte level on long-term survival should also be 
investigated in these retrospective analyses.

Conclusion

In conclusion, sustaining blood lymphocyte count during
preoperative CRT was predictive for pCR in rectal cancer.
Further studies are warranted to investigate the association
between pathologic responses and circulating lymphocyte
count with its subpopulation during preoperative CRT.
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Preliminary Suggestion about Staging of Anorectal Malignant
Melanoma May Be Used to Predict Prognosis
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Purpose
Anorectal malignant melanomas (AMM) are rare and have poor survival. The study aims to
evaluate the clinicopathologic characteristics and outcomes of patients with AMM, and to
devise a staging system predictive of survival outcome.

Materials and Methods
This was a retrospective study of 28 patients diagnosed with, and treated for AMM. Patients
classified by clinical staging of mucosal melanoma (MM) were reclassified via rectal and
anal TNM staging. Survival outcomes were compared among patients grouped by the three
different staging systems.

Results
The three staging systems were equated with similar figures for 5-year overall survival (OS)
and 5-year disease-free survival (DFS) of patients diagnosed with stage I disease. Patients
(n=19) diagnosed with MM stage II disease were reclassified by rectal TNM staging into
three subgroups: IIIA, IIIB, and IIIC. For these patients, both 5-year OS and 5-year DFS differed
significantly between the subgroups IIIA and IIIC (OS: IIIA vs. IIIC, 66.7% vs. 0%, p=0.002;
DFS: IIIA vs. IIIC, 51.4% vs. 0%, p < 0.001).

Conclusion
The accuracy of prognosis in patients diagnosed with AMM and lymph node metastasis has
improved by using rectal TNM staging, which includes information regarding the number of
lymph node metastases.

Key words
Anus canal, Rectum, Melanoma, Neoplasm staging

Introduction

Primary malignant melanomas of the anus and rectum are
rare neoplasms with aggressive behavior, accounting for
0.1%-4.6% of anal canal tumors [1]. Mucosal melanomas
(MMs) account for approximately 1.2% of all melanomas, of
which, fewer than 25% are anorectal [2]. The 5-year survival
rate for anorectal malignant melanomas (AMM) was 

reported to be as low as < 20%, in contrast to the value of 
approximately 80% for cutaneous melanomas [2]. Further-
more, up to 67% of patients are found to have distant metas-
tases at the time of their initial diagnosis with AMM [3]. 

Due to its rarity in incidence and diagnostic variability,
misdiagnosis of AMM is common [4]; currently, there is no
pathologic staging system specific to the disease. Accurate
tumor staging at the time of diagnosis is essential for deter-
mining both prognosis and treatment. Several retrospective
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studies have suggested a clinical staging system for mucosal
malignant melanomas, namely, stage I as localized disease
only, stage II as regional lymph node (LN) involvement, and
stage III as distant metastases [5-7]. Two alternatives, based
on the 7th American Joint Committee on Cancer (AJCC) stag-
ing system, might be applicable to AMM: tumor node metas-
tasis (TNM) staging of rectal cancer (rectal TNM), and of anal
canal cancer (anal TNM). Rectal TNM is based on the depth
of tumor invasion into or beyond the wall of the rectum (T),
number of regional lymph nodes involved (N), and status of
distant metastasis (M). Anal TNM differs from rectal TNM
in terms of tumor size (T) and status of regional or systemic
LN involvement (N) [8]. Given the rarity of AMM, most
studies have been exclusively confined to clinical outcomes
[9-12]. 

This study aimed to evaluate the clinicopathologic charac-
teristics and survival outcome of patients with AMM who
underwent surgery. Additionally, we compared the survival
rates of AMM patients grouped in accordance to three 
different staging systems to identify a staging system that
most efficiently predicted the outcome.

Materials and Methods

1. Patients

Patients who were diagnosed with and treated for AMM
at the Asan Medical Center (Seoul, Korea) were enrolled for
this retrospective case-series analysis, between June 1989 and
July 2013. A total of 29 patients were recruited; however, one
patient with systemically fulminant metastases, who was
treated by colostomy alone, was excluded from the study.
Therefore, a total of 28 patients were finally included, and
their medical records and archived tissues were reviewed
and re-examined, respectively. 

The clinical variables obtained were age, gender, clinical
symptoms and signs, operation type, presence or absence of
adjuvant treatment, and follow-up features. The pathologic
variables examined were tumor size, depth of tumor inva-
sion, LN status, lympho-vascular invasion (LVI), peri-neural
invasion (PNI), and status of amelanosis. Individual sur-
geons, based on each patient’s clinical features and preoper-
ative imaging studies, determined the type of operation at
the time of diagnosis. Five patients with no evidence of LN
involvement from imaging studies received local excision
(LE) alone, and their LN status was considered to be as N0. 

A total of 28 patients who were classified by clinical stag-
ing of MM were reclassified by rectal and anal TNM, accord-
ing to the 7th AJCC staging system. The 5-year overall

survival (OS) and disease-free survival (DFS) were deter-
mined for all patients. The ability of rectal and anal TNM
staging to predict survival was assessed by comparing the 
5-year OS and DFS figures for patients grouped by these 
systems against OS and DFS figures for patients grouped 
according to a simple stage system for MM staging.

Patients received postoperative follow-up for at least 5
years, including history-taking, physical examination, 
complete blood counts, blood chemistry, and plain chest 
radiography every 3 months for the first 2 years and every 
6 months thereafter. In addition, patients were evaluated 
by abdominopelvic computed tomography (CT) and/or
magnetic resonance imaging (MRI) every 6 months, and
chest CT every 6 or 12 months in accordance to the patient’s
condition. Colonofiberscopy was performed at 6-12 months
after surgery and then every 2-3 years. Recurrence was 
generally determined by abdominopelvic CT or MRI, and
concurrently proven by CT–positron emission tomography
and biopsy whenever possible. Recurrence was defined as
either local or metastatic disease detected by pathologic 
evidence or imaging studies showing sequential enlargement
of the tumor during follow-up period. 

Adjuvant treatments were comprised of chemotherapy,
immunotherapy, or radiotherapy. Cisplatin-based chemothe-
rapy was used in our institution for adjuvant chemotherapy,
and most of those who received adjuvant chemotherapy 
received combination chemotherapy, using cisplatin, vin-
cristine, or dacarbazine. For immunotherapy, interferon- as
single agent was administered to three patients in our insti-
tution by subcutaneous injection. One patient received adju-
vant radiotherapy, with a total radiation dose of 50 Gy in 25
fractions over a month.  

The study protocol was approved by the Institutional 
Review Board of Asan Medical Center (registration No. 2014-
0909), in accordance with the Declaration of Helsinki.

2. Pathologic evaluation

Histological features were reviewed by two pathologists
(J.R. and C.S.P.). Staining of biopsy samples or resected spec-
imens, taken at the time of diagnosis, was carried out with
at least one of the following immunohistochemical (IHC)
stains: S100 (1:200, Zymed, San Francisco, CA), Melan A
(1:50, Novo, Newcastle upon Tyne, UK), SOX 10 (1:25,
Zymed), or human melanoma black 45 (HMB45; 1:50, Dako,
Glostrup, Denmark). All patients were sub-classified as hav-
ing either amelanotic or melanotic melanoma; patients with
no melanin pigments in gross examination and no, or sparse,
pigments in histologic examination were categorized as hav-
ing amelanotic melanoma (Fig. 1). 

IHC staining was performed on selected formalin-fixed,
paraffin-embedded tissue blocks. Each stain was carried 
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out on an auto-immune stainer (Benchmark XT, Ventana
Medical Systems, Tucson, AZ) in accordance to the manufac-
turer’s instructions. In brief, sections of 4 m were mounted
on silanized charged slides and allowed to dry for 10 minutes
at room temperature, followed by 20 minutes in an incubator
at 65°C. After deparaffinization, heat-induced epitope 
retrieval, using standard Cell Conditioning 1, was performed
for 24 minutes. Subsequently, primary anti-S100 (1:200,
Zymed), anti-Melan A (1:50, Novo), anti-SOX 10 (1:25,
Zymed), and HMB45 (1:50, Dako) were labeled using an 
automated immune staining system, using a detection kit
(Ventana Medical Systems). Immune-stained sections were
counter-stained with hematoxylin, dehydrated in ethanol,
and cleared in xylene (Fig. 1). 

3. Statistical methods

The patient groups were compared using a chi-square test
for discrete variables and unpaired Student’s t tests for 
continuous variables. OS and DFS curves were plotted using

a Kaplan-Meier method and compared using the log rank
test. Statistical significance was defined as p < 0.05, and all
analyses were performed using SPSS ver. 21 (SPSS Inc.,
Chicago, IL).

Results

1. Clinico-pathologic variables

The incidence of AMM was 0.15% (28 patients) among the
18,784 colorectral malignancies treated at the Asan Medical
Center during the study period. The median age at diagnosis
was 57 (interquartile range [IQR], 38 to 71 years), and the 
female-to-male ratio was 1:0.47. The most common symp-
toms encountered were hematochezia (50%), difficult 
passage of stool (18%), and bowel habit change and anal pain
(both 11%), in descending order of frequency. The median

Fig. 1.  Representative images of anorectal melanoma. (A) Case 25 shows 7.3-cm-sized well-demarcated black ulcerofungating
mass in the rectum. (B) The cut surface of the mass is homogeneously black and soft. It extends to the proper muscle layer
and invades dentate line. (C) Microscopically, tumor contains highly anaplastic discohesive cells without specific growth
pattern. Individual cells have abundant acidophilic, finely granular dense cytoplasm. Prominent macronucleoli is also iden-
tified. Occasionally, multinucleated giant cells and cytoplasmic melanin pigments are present (H&E staining, 400). (D) 
Immunohistochemically, tumor cells are reactive for Melan-A (400).

A B

C D
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duration of symptoms before surgery was 5 (IQR, 2 to 7)
months. For operative types, LE was performed in five 
patients (18%) and abdomino-perineal resection (APR) in 23
patients (82%). Twelve patients (43%) received adjuvant
treatment after their operation. The median follow-up period
was 42 months (IQR, 7 to 81 months) (Table 1).

The median size of the tumor was 4.3 cm (IQR, 2.1 to 5.1
cm). Amelanotic melanoma was found in nine patients
(32%). The presence of LVI and PNI was identified in seven
(25%) and two patients (7%), respectively (Table 2). Accord-
ing to a simple staging system for mucosal malignant
melanomas (MM stage), nine patients (32%) and 19 patients
(68%) were diagnosed as stage I and II, respectively (Table 2).
Among the former, nine patients with MM stage I disease,
reclassification by AJCC-based anal TNM stage indicated
that five of these patients were at stage II; by contrast, reclas-
sification by rectal TNM stage was consistent. Among the 19
patients with MM stage II disease, reclassification by anal
TNM stage indicated that 15 patients were at stage IIIA and
four patients at stage IIIB; whereas, reclassification in accor-
dance to rectal TNM stage indicated that seven patients were
at stage IIIA, 10 patients were at stage IIIB, and two patients
were at stage IIIC (Fig. 2). 

Table 1. Demographic and clinical findings

IQR, interquartile range; WLE, wide local excision; APR,
abdominoperineal resection.

Feature No. of patients (%)  
Sex (female:male) 19:9 (67.9:32.1)
Median age (IQR, yr) 57 (38-71)
Clinical symptoms and signs
Hematochezia 14 (50.0)
Difficult passage of stool 5 (17.9)
Bowel habit change 3 (10.7)
Anal pain 3 (10.7)
Anal mass 1 (3.6)
Incontinence 1 (3.6)
Incidental finding 1 (3.6)

Symptom duration (mo) 5 (0-12)
Operative type
WLE 5 (17.9)
APR 23 (82.1)

Adjuvant treatment
Chemotherapy 8 (28.6)
Immunotherapy 2 (7.1)
Chemotherapy+immunotherapy 1 (3.6)
Radiotherapy 1 (3.6)

Follow-up duration (mo) 42 (7-81)

Table 2. Pathologic characteristics and reclassified by rec-
tal TNM and anal TNM systems of 28 patients diagnosed
with anorectal malignant melanoma

IQR, interquartile range; LVI, lympho-vascular invasion;
PNI, peri-neural invasion; rectal TNM, tumor node metas-
tasis (TNM) staging of the rectal cancer based on the 7th
American Joint Committee on Cancer (AJCC) staging sys-
tem; anal TNM, TNM staging of the anal cancer based on
the 7th AJCC staging system.

Feature No. of patients (%)  
Median tumor size (IQR, cm) 4.3 (0.2-13.5)
Amelanosis 9 (32.1)
LVI
Presence 7 (25.0)
Absence 21 (75.0)

PNI
Presence 2 (7.1)
Absence 26 (92.9)

Mucosal melanoma stage
Stage I 9 (32.1)
Stage II 19 (67.9)

T category of rectal TNM
T1 12 (42.9)
T2 9 (32.1)
T3 6 (21.4)
T4 1 (3.6)

N category of rectal TNM
N0 9 (32.1)
N1 11 (39.3)
N2 8 (28.6)

Stage of rectal TNM
Stage I 8 (28.6)
Stage II 1 (3.6)
Stage III 19 (67.9)

T category of anal TNM
T1 6 (21.4)
T2 12 (42.9)
T3 9 (32.1)
T4 1 (3.6)

N category of anal TNM
N0 9 (32.1)
N1 16 (57.1)
N2 2 (7.1)
N3 1 (3.6)

TNM stage of anal TNM
Stage I 4 (14.3)
Stage II 5 (17.9)
Stage III 19 (67.9)
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2. Survival

The 5-year OS in patients grouped by MM stage was
88±12% (mean±standard error of mean) for stage I and
43±12% for stage II, and the 5-year DFS was 64±17% and
39±12%, respectively. The figures for 5-year OS and DFS for
patients at rectal TNM stage I or III at diagnosis were the
same as the respective figures for patients at MM stage I or
II at diagnosis. The 5-year OS was 67±27% for anal TNM
stage I, 100% for anal TNM stage II, and 43±12% for anal
TNM stage III at diagnosis, and the 5-year DFS was 75±21.7%
for anal TNM stage I, 60±21.9% for anal TNM stage II, and
38.8±11.8% for anal TNM stage III at diagnosis. 

Patients with MM stage I disease (n=9) were divided into
two stages by anal TNM, and the 5-year OS and DFS were
compared between the two stages: there was no significant

difference in survival between the two stages (Fig. 3). 
Patients with MM stage II (n=19) were reclassified by rectal
TNM into three subgroups and were reclassified by anal
TNM into two subgroups (Fig. 3). There was no significant
difference in either 5-year OS or DFS between patients clas-
sified as anal TNM stage IIIA and stage IIIB (OS: stage IIIA,
38±13% vs. stage IIIB, 50±25%, p=0.7; DFS: stage IIIA, 44±13%
vs. stage IIIB, 38±29%, p=0.88). By contrast, the 5-year OS for
rectal TNM stage III patients varied between subgroups IIIC
and either IIIA (p=0.002) or IIIB (p=0.07), but not between
subgroups IIIA and IIIB (p=0.21) (67±19% for stage IIIA,
35±16% for stage IIIB, and 0% stage IIIC). Similarly, the 
5-year DFS for rectal TNM stage III patients varied between
the three subgroups, with significant differences between
stage IIIC and either IIIA (p < 0.001) or IIIB (p < 0.001), but
not between IIIA and IIIB (p=0.41) (51±20.4% for stage IIIA,

Stage I (n=4)

Stage II (n=5)

Rectal TNM stage

Stage I (n=9)

Stage IIIA (n=7)

Stage IIIB (n=10)
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Stage IIIB (n=4)

Mucosal melanoma stage

Stage I (n=9)

Stage II (n=19)

Stage

I
II
IIIA

IIIB

IV

Td)

T1
T2, 3
T4
T1, 2, 3
T4
T1, 2, 3
Any T

Ne)
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Fig. 2. Detailed changes in 28 patients with clinical stage I or stage II anorectal malignant melanoma, as classified by rectal TNM and
anal TNM. Rectal TNM, tumor node metastasis (TNM) staging of rectal cancer based on the 7th American Joint Committee on Cancer
(AJCC) staging system; anal TNM, TNM staging of anal cancer based on the 7th AJCC staging system. a)T1 invades submucosa, T2
invades muscularis propria, T3 invades into perirectal tissues, T4a penetrates to the surface of the visceral peritoneum, T4b invades
to other organs, b)N1a, metastasis in 1 regional lymph nodes; N1b, metastasis in 2-3 regional lymph nodes; N1c, tumor deposit; 
N2a, metastasis in 4-6 regional lymph nodes; N2b, metastasis in 7 or more regional lymph nodes, c)M, distant metastasis, d)T1 < 2 cm;
T2  2 cm, < 5 cm; T3  5 cm; T4, invades other organ, e)N1, metastasis in perirectal lymph node; N2, metastasis in unilateral internal
iliac and/or inguinal lymph node; N3, metastasis in perirectal and inguinal lymph node and/or bilateral internal iliac and/or inguinal
lymph nodes.
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38±16% for stage IIIB, and 0% for stage IIIC) (Fig. 3).
The 5-year OS and DFS for MM stage I were 75±22% and

27±23%, respectively, in patients who were treated with LE
and 100% for both in patients treated with APR (p=0.31 and
p=0.05 for 5-year OS and DFS, respectively, following LE
group vs. APR group) (Fig. 4). One patient in the LE group
had local recurrence and underwent subsequent APR; at the
study period, the patient had been free of recurrence for 14
months. Two patients in the LE group developed distant
metastases. Of 19 MM stage II patients, seven patients (37%)
underwent adjuvant chemotherapy (cisplatin-based in 2 
patients or dacarbazine-based chemotherapy in 5 patients)

and two patients (10.5%) received immunotherapy (Table 3).
There was no significant difference in 5-year OS and DFS 
between the nine patients that received adjuvant chemo- or
immunotherapy and the 10 patients without therapy (p=0.82
and p=0.43, respectively).

There was no significant difference in 5-year OS and DFS
between the melanotic melanoma group and amelanotic
melanoma group (OS: 61±12% vs. 47±19%, p=0.84; DFS:
45.6±11.7% vs. 48.6±18.7%, p=0.61).
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Fig. 3. (A-D) Overall survival (OS) (A) and disease-free survival (DFS) (B) of patients with local disease (malignant melanoma [MM]
stage I) grouped by anal TNM after converting MM stage to anal TNM, OS (C) and DFS (D) of patients with regional disease (MM
stage II) grouped by rectal TNM after converting MM stage to rectal TNM. Anal TNM, tumor node metastasis (TNM) staging of anal
cancer based on the 7th American Joint Committee on Cancer (AJCC) staging system; rectal TNM, TNM staging of rectal cancer
based on the 7th AJCC staging system.
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Discussion

The current study showed that the survival of patients,
identified by MM staging as having AMM with LN involve-
ment, differed according to their respective rectal TNM stag-
ing (Fig. 3). The MM and rectal TNM staging systems differ
in their consideration of regional LN involvement (N cate-
gory); in other words, rectal TNM stage III is subdivided in

accordance to the number of LN metastases (Fig. 2). The 
Surveillance, Epidemiology, and End Results (SEER) data-
base analyzed 126 patients from 1973 to 2001 with anal
melanoma and concluded that the extent of disease corre-
lated with OS [13]. A recent study showed that lymphatic
metastasis had prognostic significance and that selective
lymphadenectomy was reasonable [7]. Taken together with
the current study, it can be inferred that the prognosis of
AMM presenting at an advanced stage is better predicted by

OS
 ra

te

0.0

0.2

0.4

0.6

0.8

1.0

0
Months after operation
12 24 36 48 60

p=0.2 p=0.82 p=0.84

A

MM stage I
             WLE
             APR

5-yr OS
  75%
100%

5-yr DFS
  27%
100%

OS
 ra

te
0.0

0.2

0.4

0.6

0.8

1.0

0
Months after operation
12 24 36 48 60

B

MM stage II
             Adj (–)
             Adj (+)

5-yr OS
40%
44%

5-yr DFS
42%
33%

OS
 ra

te

0.0

0.2

0.4

0.6

0.8

1.0

0
Months after operation
12 24 36 48 60

C

Whole patients
             Amelanotic
             Melanotic

5-yr OS
47%
61%

5-yr DFS
48.6%
45.6%

DF
S 

ra
te

0.0

0.2

0.4

0.6

0.8

1.0

0
Months after operation
12 24 36 48 60

p=0.05 p=0.43 p=0.61

D

DF
S 

ra
te

0.0

0.2

0.4

0.6

0.8

1.0

0
Months after operation
12 24 36 48 60

E

DF
S 

ra
te

0.0

0.2

0.4

0.6

0.8

1.0

0
Months after operation
12 24 36 48 60

F

Fig. 4. (A-F) Overall survival (OS) and disease-free survival (DFS) according to the operative type, whether received adjuvant
treatment or not, and type of melanosis. The 5-year OS (A) and the 5-year DFS (D) of patients with local disease (malignant
melanoma [MM] stage I) grouped by operative type (wide local excision [WLE] vs. abdominoperineal resection [APR]), the 
5-year OS (B) and the 5-year DFS (E) of patients with regional disease (MM stage II) grouped by adjuvant therapy (received 
adjuvant chemotherapy or immunotherapy, adj [+] vs. not received adjuvant therapy, adj [–]), the 5-year OS (C) and the 5-year
DFS (F) of patients with malignant anorectal melanoma grouped by melanosis (amelanotic melanoma vs. melanotic melanoma). 
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including the information regarding the number of regional
LN involvement.

The current study found that the incidence of AMM was
as low as 0.15% of all colorectal malignancies treated at the
tertiary referral hospital in the same period, similarly 
reported in the other studies [14-16]. The female predomi-
nance of approximately 2:1 in the current study was similar
to that reported elsewhere [16-18], with the exception of an
earlier study that indicates no gender preference through a
report of 12 patients and an analysis of 255 additional cases
from literature review [19]. The median age at diagnosis in
the current study (57 years) was similar to that reported by
some studies [17,19], but lower than the median age of 72
years reported by the other study [16]. Hematochezia was
the most frequent symptom in the current study, similar to
other reports in the literatures [16-18]; indeed this symptom
is sometimes mistaken for hemorrhoidal disease. The poor
survival associated with anorectal melanoma may be 
explained by its tendency for late diagnosis. The median 
duration of symptoms before diagnosis was 5 months in the
current study, similar to previously published reports (4-5
months) [20], indicating that early diagnosis might be 
improved if more attention was paid to this non-specific
symptom. 

The incidence of amelanotic melanoma in the current
study (32%) was somewhat higher than that in the previ-
ously published reports (12%-28%) [16,17,21]. The amelanotic
melanoma was reported to have a worse prognosis than the
melanotic melanoma, because it is either more difficult to 
detect or possibly more invasive in nature [21]. The histolog-
ical distinction between amelanotic melanoma and anaplas-
tic squamous cell carcinoma is subtle [20]. In the current
study, there was no significant difference in 5-year OS and
DFS between the amelanotic melanoma group and melanotic
melanoma group. By contrast, one study concluded that
amelanotic melanomas carried a worse prognosis than
melanotic melanomas [20]. 

In the current study, MM stage I (local disease) was reclas-
sified into anal TNM stage I and II, and the 5-year OS and
DFS between anal TNM stage I and II were not significantly
different. The current study could not provide sufficient 
evidence that tumor size was a prognostic indicator for
AMM, as the two staging system differed in tumor size with
respect to T category. However, a previous study that 
included 33 patients suggested that there was a correlation
between OS and tumor size: of 33 patients, two patients were
characterized by a tumor size of less than 2 cm in diameter
and were long-term survivors [18]. Therefore, tumor size as
a prognostic parameter for AMM remains to be determined,
requiring accumulation of more data on this rare malig-
nancy. 

This study indicated that 5-year OS in patients diagnosed

with local disease (stage I) was not significantly different
whether patients were treated LE or APR (p=0.32); however,
5-year DFS tended to be different (p=0.05). This contrasts
with previously published case-series, which reported no 
difference between wide LE and APR, although APR has
been considered more effective to control the local disease
[1,22]. In addition, a recent study from an analysis of SEER
did not reveal a survival difference in patients treated with
LE compared with APR [7]. However, the survival outcomes
of this study would suggest that selection of surgical treat-
ment in patients with localized AMM was important in terms
of recurrence. The optimal treatment approach for AMM 
remains the subject for debate.

A total of 12 patients in the current study received adju-
vant treatment using chemotherapy, immunotherapy, and
radiotherapy. The current study showed that adjuvant treat-
ment did not improve survival. The role of chemotherapy,
immunotherapy, and radiotherapy in the treatment of AMM
remains controversial [23]. Several regimens have been 
recommended, including dacarbazine, levamisole, and inter-
feron , but none have shown survival benefit for cutaneous
melanoma [23]. A previous study showed that radiotherapy
for AMM improved local control in three patients [24]. Most
series for adjuvant treatment have been related to the 
outcome of cutaneous melanoma; therefore, the efficacy of
adjuvant treatment for AMM requires further study.

The current study has a number of limitations that should
be considered when interpreting the results. As is commonly
pointed out, retrospective observational studies conducted
at a single-center are potentially liable to referral and selec-
tion bias. Additionally, the cohort was small and confined to
patients without distant metastases. This may explain why
the current study demonstrated a favorable survival 
outcome compared with previous studies [1,7,10,12]. Finally,
patients received various regimens of adjuvant treatment,
meaning that comparison between individual regimens was
not possible.

Conclusion

The accuracy of prognosis in patients diagnosed with stage
III AMM would be improved by using the rectal TNM stag-
ing system, which includes information about the number of
LN metastases. The optimal surgical treatment between APR
and LE remains unclear, as does the choice of adjuvant treat-
ment. Considering the rarity of AMM, a multicenter study is
urgently needed to validate the prognostic markers and 
efficient staging system to optimize adequate treatment.
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Systemic Inflammatory Response Markers and CA-125 Levels in 
Ovarian Clear Cell Carcinoma: A Two Center Cohort Study

Original Article

Purpose
We compared the predictive and prognostic values of leukocyte differential counts, systemic
inflammatory (SIR) markers and cancer antigen 125 (CA-125) levels, and identified the
most useful marker in patients with ovarian clear cell carcinoma (OCCC).

Materials and Methods
The study included 109 patients with OCCC who did not have any inflammatory conditions
except endometriosis, and underwent primary debulking surgery between 1997 and 2012.
Leukocyte differential counts (neutrophil, lymphocyte, monocyte, eosinophil, basophil, and
platelet), SIR markers including neutrophil to lymphocyte ratio (NLR), monocyte to lympho-
cyte ratio (MLR), and platelet to lymphocyte ratio (PLR), and CA-125 levels were estimated
to select potential markers for clinical outcomes.

Results
Among potential markers (neutrophil, monocyte, platelet, NLR, MLR, PLR, and CA-125 levels)
selected by stepwise comparison, CA-125 levels were best at predicting advanced stage
disease, suboptimal debulking and platinum-resistance (cut-off values,  46.5,  11.45,
and  66.4 U/mL; accuracies, 69.4%, 78.7%, and 68.5%) while PLR  205.4 predicted non-
complete response (CR; accuracy, 71.6%) most accurately. Moreover, PLR < 205.4 was an
independent factor for the reduced risk of non-CR (adjusted odds ratio, 0.17; 95% confi-
dence interval [CI], 0.04 to 0.69), and NLR < 2.8 was a favorable factor for improved 
progression-free survival (PFS; adjusted hazard ratio, 0.49; 95% CI, 0.25 to 0.99) despite
lack of a marker for overall survival among the potential markers. 

Conclusion
CA-125 levels may be the most useful marker for predicting advanced-stage disease. 
Suboptimal debulking and platinum-resistance, and PLR and NLR may be most effective to
predict non-CR and PFS in patients with OCCC.

Key words
Clear cell adenocarcinoma, Ovarian neoplasms, CA-125 antigen, 
Neutrophils, Blood platelets, Lymphocytes

Introduction

Ovarian clear cell carcinoma (OCCC) is the fourth most
common of histologic types of epithelial ovarian cancer
(EOC). OCCC prognosis is similar to other histologic types
in early-stage disease but it has the worst prognosis in 
advanced stage disease [1]. In general, about two-thirds of
patients with EOC including OCCC have advanced stage

disease at diagnosis because the disease is typically symp-
tomless and there is no effective screening method [2], result-
ing in 5-year survival of 18.6% in patients with advanced-
stage disease [1]. To monitor tumor response and confirm 
relapse in patients with EOC, cancer antigen 125 (CA-125)
levels are a highly useful surrogate in the clinical setting [3].

However, the prognostic value of CA-125 levels is less
clear in OCCC. A limited number of studies found that 
CA-125 levels were lower in OCCC than in other histologic
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types, and did not reflect clinical outcomes of patients with
OCCC [4,5]. To overcome these limitations, there is a grow-
ing interest in systemic inflammatory response (SIR) markers
such as leukocyte differential counts to predict clinical out-
comes in patients with EOC, because various types of malig-
nancy are associated with systemic inflammation, which may
contribute to secondary hematologic abnormalities [6,7]. SIR
markers, including neutrophil to lymphocyte ratio (NLR),
monocyte to lymphocyte ratio (MLR), and platelet to lym-
phocyte ratio (PLR), may be useful to predict clinical out-
comes in patients with EOC [8,9]. Nevertheless, most
pertinent studies included different histologic types of EOC,
while there is a lack of studies where the efficacy of SIR
markers was investigated in patients with OCCC. Thus, we
conducted the current study to compare the predictive and
prognostic values among leukocyte differential counts, SIR
markers and CA-125 levels, and thereby to identify the most
useful marker in patients with OCCC.

Materials and Methods

1. Study population

We collected clinico-pathologic data from a database of
EOC registered from Seoul National University Hospital and
Seoul National University Bundang Hospital between 
February 1997 and December 2012. The Institutional Review
Board at our institution approved the current study, and the
informed consent requirement was waived because the 
current study was conducted by a retrospective medical
record review.

We included only patients with OCCC who underwent
primary debulking surgery. Leukocyte differential counts 
including neutrophil, lymphocyte, monocyte, platelet, 
basophil, and eosinophil, SIR markers such as NLR, MLR,
and PLR, CA-125 levels were measured within one week 
before staging laparotomy. However, patients with any 
inflammatory conditions or other malignancies that could 
affect the results of laboratory tests were excluded, except
endometriosis proved by biopsy. Clinico-pathologic data col-
lected included age, International Federation of Gynecology
and Obstetrics (FIGO) stage, endometriosis, extent of debulk-
ing surgery, regimen and cycles of adjuvant chemotherapy,
leukocyte differential counts, SIR markers, CA-125 levels,
tumor response, platinum-resistance, progression-free 
survival (PFS), and overall survival (OS).

2. Data extraction

Leukocyte differential counts were estimated 1 week prior
to surgery (SYSMEX XE-2100, TOA Medical Electronics,
Kobe, Japan), and CA-125 levels were measured at the same
time using a radioimmunoassay kit (Fujirebio Diagnostics,
Malvern, PA). Optimal debulking was defined as a residual
tumor  1 cm in a maximal diameter, and complete response
(CR) was defined as the disappearance of all tumor burdens
for at least 4 weeks with normalization of CA-125 levels. PFS
was calculated as the time elapsed from the date of comple-
tion of primary treatment to the date of clinically proven 
recurrence, and platinum-resistance was defined as PFS less
than 6 months. OS was defined as the length of time from the
date of surgery to the date of cancer-related death or the end
of study.

3. Statistical analysis

We compared leukocyte differential counts, SIR markers
and CA-125 levels based on clinico-pathologic characteristics
using Student’s t test and Mann-Whitney U test in patients
with OCCC, and selected potential markers associated with
the clinico-pathologic characteristics among them. We calcu-
lated the best cut-off values of potential markers based on
the receiver operating characteristic (ROC) curve, and 
assessed the sensitivity (SN), specificity (SP), positive predic-
tive value (PPV), negative predictive value (NPV), and accu-
racy to identify the best marker for predicting clinical out-
comes.

Next, we investigated the best prognostic factors among
the potential markers for tumor response and survival in the
patients. To this end, we performed logistic regression and
Cox’s proportional hazard analyses, and calculated odds
ratio (OR), hazard ratio (HR) and 95% confidence interval
(CI). Statistical analyses were performed with SPSS ver. 19.0
(SPSS Inc., Chicago, IL).  We rejected null hypotheses of no
difference if p-values were less than 0.05, or, equivalently, if
the 95% CIs of risk point estimates excluded 1.

Results

1. Patient characteristics

One hundred and nine patients with OCCC were included,
and Table 1 shows their clinico-pathologic characteristics.
The median age was 53 years (range, 30 to 86 years), and the
median duration of follow-up was 46 months (range, 6.1 to
192.9 months). One hundred and one patients (92.6%) had
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pure OCCC, whereas, of those with mixed OCCC, three
(2.8%) had endometrioid and serous types, three (2.8%) 
endometrioid type, and two (1.8%) serous type in addition
to clear cell carcinoma. After primary treatment, 89 patients
(81.7%) showed CR while four (3.7%) demonstrated partial
response, two (1.8%) had stable disease, and 14 (12.8%) 
suffered disease progression. 

2. Prediction

When we compared leukocyte differential counts, SIR
markers and CA-125 levels based on clinico-pathologic char-
acteristics, neutrophila, monocytosis, thrombocytosis, 
elevated NLR, PLR, and CA-125 levels were associated with
advanced-stage disease, non-CR, and platinum-resistance.
Thrombocytosis, elevated NLR, PLR, and CA-125 levels were

associated with suboptimal debulking, and elevated MLR
was associated with non-CR and platinum-resistance 
(Table 2). We calculated the best cut-off values of the poten-
tial markers selected in Table 2 by ROC curves, and assessed
SN, SP, PPV, NPV, and accuracy (Fig. 1). CA-125 levels were
best at predicting advanced-stage disease ( 46.5 U/mL),
suboptimal debulking ( 11.45 U/mL) and platinum-resis-
tance ( 66.4 U/mL), while PLR  205.4 predicted non-CR
most accurately (Table 3).

3. Prognosis

To determine the best prognostic factors among the poten-
tial markers, we performed logistic regression analyses,
which showed that optimal debulking (adjusted OR, 0.02;
95% CI, 0.01 to 0.12) and PLR < 205.4 (adjusted OR, 0.17; 95%
CI, 0.04 to 0.69) were independent factors associated with the
reduced risk of non-CR (Table 4). In terms of survival, early-
stage disease, optimal debulking, taxane- and platinum-
based chemotherapy and NLR < 2.8 were favorable factors
for improved PFS (adjusted HRs, 0.18, 0.37, 0.36, and 0.49;
95% CIs, 0.08 to 0.41, 0.16 to 0.84, 0.15 to 0.89, and 0.25 to 0.99)
while early-stage disease and optimal debulking were favor-
able factors for improved OS (adjusted HRs, 0.08 and 0.26;
95% CIs, 0.03 to 022 and 0.09 to 0.75) (Table 5).

Discussion

SIR involves secondary changes in the levels of circulating
leukocytes, which show neutrophilia, monocytosis, lympho-
cytopenia and thrombocytosis [10]. Thus, some leukocyte
differential counts and SIR markers have been studied in 
relation with EOC because leukocyte-mediated inflamma-
tory cytokines by tumor would inhibit apoptosis and pro-
mote angiogenesis, resulting in tumor growth, progression
and metastasis [11]. In particular, neutrophilia, lymphocy-
topenia, NLR and PLR are prognostic of advance-stage 
disease, residual disease after surgery and survival in 
patients with EOC-like CA-125 levels [12-16].

In the current study, CA-125 levels were best for predicting
advanced-stage disease, suboptimal debulking and plat-
inum-resistance in patients with OCCC. Although most
leukocyte differential counts and SIR markers were statisti-
cally significant for predicting advanced-stage disease, 
suboptimal debulking and platinum-resistance, we found
that CA-125 levels had the highest SN, SP, PPV, NPV, and
accuracy. Specific leukocyte differential counts (neutrophil,
monocyte, and platelet), and SIR markers (NLR, MLR, and
PLR) increase proportionally with a growing burden of 

Table 1. Clinico-pathologic characteristics of 109 patients
with ovarian clear cell carcinoma

FIGO, International Federation of Gynecology and Obstet-
rics; CR, complete response.

Characteristic No. of patients (%)  
Age (yr)
< 54 57 (52.3)
 54 52 (47.7)

FIGO stage
I-II 68 (62.4)
III-IV 41 (37.5)

Histology
Pure 101 (92.6)
Mixed 8 (7.4)

Endometriosis
No 62 (56.9)
Yes 47 (43.1)

Optimal debulking
No 95 (87.2)
Yes 14 (12.8)

Regimen of chemotherapy
No 6 (5.5)
Non-taxane and platinum 17 (15.6)
Taxane and platinum 86 (78.9)

Cycles of chemotherapy
 6 93 (85.3)
6-9 16 (14.7)

Platinum-resistance
No 89 (81.7)
Yes 20 (18.3)

Tumor response
Non-CR 20 (18.3)
CR 89 (81.7)



Hee Seung Kim, Markers in Ovarian Clear Cell Carcinoma

VOLUME 48  NUMBER 1  JANUARY  2016 253

Ta
bl

e 2
.L

eu
ko

cy
te

 d
iff

er
en

tia
l c

ou
nt

s, 
sy

ste
m

ic 
in

fla
m

m
at

or
y 

re
sp

on
se

 m
ar

ke
rs

, a
nd

 C
A

-1
25

 le
ve

ls 
ba

se
d 

on
 cl

in
ico

-p
at

ho
lo

gi
c c

ha
ra

ct
er

ist
ics

 o
f 1

09
 p

at
ie

nt
s

w
ith

 o
va

ria
n 

cle
ar

 ce
ll 

ca
rc

in
om

a

CA
-1

25
, c

an
ce

r a
nt

ig
en

 12
5; 

SI
R,

 sy
ste

m
ic 

in
fla

m
m

at
or

y 
re

sp
on

se
; N

LR
, n

eu
tro

ph
il 

to
 ly

m
ph

oc
yt

e r
at

io
; M

LR
, m

on
oc

yt
e t

o 
ly

m
ph

oc
yt

e r
at

io
; P

LR
, p

la
te

let
 to

 ly
m

-
ph

oc
yt

e r
at

io
; F

IG
O

, I
nt

er
na

tio
na

l F
ed

er
at

io
n 

of
 G

yn
ec

ol
og

y 
an

d 
O

bs
te

tri
cs

; C
R,

 co
m

pl
et

e r
es

po
ns

e. 
a)
p 

< 
0.0

5.

Le
uk

oc
yt

e d
iff

er
en

tia
l c

ou
nt

s
SI

R 
m

ar
ke

rs
Ch

ar
ac

te
ris

tic
N

eu
tro

ph
il 

 
Ly

m
ph

oc
yt

e 
M

on
oc

yt
e

Eo
si

no
ph

il 
Ba

so
ph

il 
Pl

at
el

et
  

N
LR

M
LR

PL
R

CA
-1

25
  (

U
/m

L)
(c

el
l/µ

L)
(c

el
l/µ

L)
(c

el
l/µ

L)
(c

el
l/µ

L)
(c

el
l/µ

L)
(

10
3 /µ

L)
A

ge
 (y

r)
< 

54
4,4

81
±1

,86
3

1,6
91

±7
13

39
6±

18
9

27
±1

7
10

9±
10

7
30

8±
10

0
3.1

±1
.7

0.3
±0

.1
20

6.4
±1

03
.7

16
3.1

±4
36

.7
 

55
4,3

55
±1

,72
9

1,7
15

±5
32

38
1±

15
1

26
±1

6
13

3±
10

6
31

8±
95

2.9
±1

.7
0.2

±0
.1

20
4±

93
41

2.9
±1

,27
0.8

FI
GO

 st
ag

e
I-I

I
4,0

19
±1

,40
3a)

1,7
87

±7
18

35
9±

15
2a)

24
±1

6
13

0±
10

9
28

7±
75

a)
2.6

±1
.4a)

0.2
±0

.1a)
18

1.3
±8

0.4
a)

11
0.8

±3
78

.2a)

III
-IV

5,1
00

±2
,16

2
1,5

61
±4

22
44

0±
19

3
27

±1
6

10
2±

10
4

35
5±

11
5

3.5
±1

.9
0.3

±0
.2

24
5.7

±1
12

.8
56

5.4
±1

,41
2.8

H
ist

ol
og

y
Pu

re
4,4

73
±1

,82
0

1,7
22

±6
42

38
6±

17
4

26
±1

7
11

5±
98

31
5±

99
3.0

±1
.7

0.2
±0

.1
20

4.9
±9

8.6
27

9.7
±9

61
.8

M
ix

ed
3,7

24
±1

,27
5

1,4
49

±4
26

43
9±

14
1

18
±8

18
2±

19
1

27
4±

49
3.0

±2
.1

0.3
±0

.2
21

0.1
±1

02
.2

32
9.1

±6
48

.3
En

do
m

et
rio

sis
N

o
4,5

73
±1

,93
0

1,6
85

±7
10

39
8±

18
4

24
±1

6
10

7±
10

3
31

6±
97

3.2
±1

.8
0.3

±0
.2

20
9.2

±8
8.6

41
1±

12
12

Ye
s

4,2
14

±1
,58

6
1,7

25
±5

13
37

6±
15

4
26

±1
7

13
7±

11
1

30
7±

99
2.7

±1
.4

0.2
±0

.1
19

9.8
±1

11
.1

11
7.8

±2
98

.9
O

pt
im

al
 d

eb
ul

ki
ng

Ye
s

4,2
07

±1
,49

4
1,7

10
±6

61
38

1±
15

9
25

±1
6

12
7±

11
2

29
7±

83
a)

2.8
±1

.6a)
0.3

±0
.1

19
6±

93
a)

16
6.3

±4
39

.8a)

N
o

5,8
90

±2
,83

1
1,6

53
±3

87
44

8±
24

3
30

±1
9

72
±3

4
41

9±
12

0
3.8

±2
.3

0.3
±0

.2
27

0±
11

4
1,0

69
.8±

2,2
63

.3
Tu

m
or

 re
sp

on
se

N
on

-C
R

5,6
44

±2
,41

9a)
1,5

02
±3

54
47

6±
22

1a)
26

±1
7

91
±5

4
40

1±
11

8a)
3.9

±1
.8a)

0.3
±0

.1a)
28

3.7
±1

11
.3a)

78
1.1

±1
,93

1.5
a)

CR
4,1

42
±1

,50
0

1,7
48

±6
73

37
0±

15
4

25
±1

6
12

6±
11

5
29

2±
79

2.8
±1

.6
0.2

±0
.1

18
7.3

±8
6.2

17
0.3

±4
49

.4
Pl

at
in

um
-re

sis
ta

nc
e

Ye
s

5,3
52

±1
,82

7a)
1,5

52
±4

73
46

1±
18

0a)
24

±1
6

12
4±

11
9

36
3±

11
4a)

3.7
±1

.8a)
0.3

±0
.2a)

25
9.2

±1
20

.9a)
72

0.7
±1

,92
5.7

a)

N
o

4,2
09

±1
,72

7
1,7

37
±6

61
37

3±
16

7
25

±1
6

11
9±

10
5

30
1±

90
2.8

±1
.6

0.2
±0

.1
19

2.9
±8

8.7
18

4±
47

1.9



Cancer Res Treat. 2016;48(1):250-258

254 CANCER  RESEARCH  AND  TREATMENT

inflammation such as cancer, whereas CA-125 levels are 
relatively low in early-stage OCCC in comparison with other
histologic types of EOC because of the apparent initial
smaller volume of disease as well as fundamental differences
in the biology of malignancy [4,12,17]. However, CA-125 
levels increase in advanced-stage disease because of an 
increase of tumor burden [18]. Thus, high levels of CA-125
can predict advanced-stage disease or suboptimal debulking
more accurately compared with elevation of specific leuko-

cyte differential counts and SIR markers. This hypothesis is
supported indirectly by a study that found CA-125 levels to
be a sensitive biomarker of tumor response in low-grade
serous carcinoma showing a low level of CA-125 [19].

Furthermore, PLR was the most significant to predict
tumor response after primary treatment among the potential
markers. Platelets interact with tumor cells, and to contain
factors contributing to tumor growth, invasion and angio-
genesis [20]. Moreover, it can protect tumor cells from natu-
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Fig. 1. The receiver operating characteristic curves to determine the best cut-off values of leukocyte differential counts including 
neutrophil, monocyte and platelet, neutrophil to lymphocyte ratio (NLR), monocyte to lymphocyte ratio (MLR), platelet to lymphocyte
ratio (PLR), and cancer antigen 125 (CA-125) levels for predicting International Federation of Gynecology and Obstetrics (FIGO) stage
III-IV disease (A), suboptimal debulking (B), platinum-resistance (C), and non-complete response (D) in 109 patients with ovarian
clear cell carcinoma.
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ral killer cell-mediated lysis, thereby facilitating metastasis
[21]. Thus, thrombocytosis is also common in patients with
EOC [13]. Since tumor cells secret thrombopoietic cytokines
such as interleukin-6, thrombocytosis is related to poor 
response in solid tumors, combined with lymphocytopenia
[22]. In the current study, we found PLR, among the potential
markers, to be a better predictor of risk of non-CR in patients
with OCCC, like previous studies [9,13]. However, all poten-
tial markers have modest predictive values to determine
tumor response in patients with OCCC because common
mechanisms lead to their coincident elevation. Thus, more

focused studies are required to validate the role of PLR to
predict tumor response in the patients.

Last, NLR was the most important prognostic factor for
PFS despite there being no marker related to OS among the
potential markers. Many studies reports that a higher neu-
trophil count or a lower lymphocyte predicts poorer survival
in EOC [12]. Among blood components, the potential mech-
anism underlying the prognostic value of NLR may be an 
association between high NLR and inflammation. Neu-
trophilia produces inflammatory cytokines and chemokines
by both the tumor and associated host cells such as leuko-

Table 3. SN, SP, PPV, NPV, and accuracy of leukocyte differential counts, systemic inflammatory response markers, 
CA-125 levels by the receiver operating characteristic curve

Characteristic Cut-off value AUC SN (%) SP (%) PPV (%) NPV (%) Accuracy (%) p-value
FIGO stage III-IV disease
Neutrophil (cell/µL)  4,370 0.66 60.5 59.4 46.9 71.7 59.8 < 0.01
Monocyte (cell/µL)  389 0.65 65.8 64.6 52.1 76.4 65 0.01
Platelet (103/µL)  300 0.70 60.5 57.8 46 71.2 58.8 < 0.01
NLR  2.4 0.65 60.5 56.3 45.1 70.6 57.8 0.01
MLR  0.2 0.64 60.5 60 46.9 72.2 60.2 0.02
PLR  178.3 0.68 60.5 57.8 46 71.2 58.8 < 0.01
CA-125 (U/mL)  46.5 0.78 73.2 67.2 57.7 80.4 69.4 < 0.01

Suboptimal debulking
Neutrophil (cell/µL)  4,254 0.69 61.5 50.6 15.4 90 51.9 0.03
Monocyte (cell/µL)  354 0.54 61.5 43.3 13.6 88.6 45.6 0.65
Platelet (103/µL)  295 0.80 76.9 51.7 18.9 93.9 54.9 < 0.01
NLR  2.4 0.64 61.5 50.6 15.4 90 52 0.11
MLR  0.2 0.56 61.5 54.4 16.3 90.7 55.3 0.49
PLR  205.4 0.72 69.2 67.4 23.7 93.8 67.6 0.01
CA-125 (U/mL)  114.5 0.87 78.6 78.7 35.5 96.1 78.7 < 0.01

Non-CR
Neutrophil (cell/µL)  4,428 0.71 68.4 62.7 29.5 89.7 63.7 < 0.01
Monocyte (cell/µL)  394 0.67 63.2 63.1 27.9 88.3 66 0.03
Platelet (103/µL)  297 0.77 73.7 54.2 26.9 90 57.8 < 0.01
NLR  2.7 0.71 73.7 65.1 32.6 91.5 66.7 < 0.01
MLR  0.3 0.69 68.4 63.1 29.5 89.8 64.1 < 0.01
PLR  205.4 0.78 73.7 71.1 36.8 92.2 71.6 < 0.01
CA-125 (U/mL)  66.9 0.76 70 69.3 34.1 69.3 69.4 < 0.01

Platinum-resistance
Neutrophil (cell/µL)  4,436 0.70 63.2 62.7 27.9 88.1 62.7 < 0.01
Monocyte (cell/µL)  394 0.65 63.2 63.1 27.9 88.3 63.1 0.04
Platelet (103/µL)  297 0.67 63.2 51.8 23.1 86 53.9 0.02
NLR  2.8 0.69 68.4 65.1 31 90 65.7 < 0.01
MLR  0.3 0.66 63.2 61.9 27.3 88.1 62.1 0.03
PLR  178.3 0.67 68.4 55.4 26 88.5 57.8 0.02
CA-125 (U/mL)  66.4 0.73 70 68.2 33.3 90.9 68.5 < 0.01

SN, sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value; AUC, area under curve; FIGO,
International Federation of Gynecology and Obstetrics; NLR, neutrophil to lymphocyte ratio; MLR, monocyte to lymphocyte
ratio; PLR, platelet to lymphocyte ratio; CA-125, cancer antigen 125.
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cytes, and contributes to malignant progression by secreting
tumor growth factors such as vascular endothelial growth
factor [11]. However, neutrophilia as an inflammatory 
response by cancer inhibits the immune system by suppress-

ing the cytotoxic activity of immune cells such as lympho-
cytes and natural killer cells [23]. NLR reflects these inflam-
matory changes, and therefore may be a useful marker in
patients with a cancer for which reliable biomarkers are lack-

Table 4. Prognostic factors associated with the reduced risk of non-complete response after primary treatment in 109 patients
with ovarian clear cell carcinoma

Factor Univariate Multivariate
OR 95% CI p-value Adjusted OR 95% CI p-value

Age < 54 yr 0.70 0.26-1.85 0.47 - - -
FIGO stage I-II disease 0.07 0.02-0.24 < 0.01 - - -
Pure OCCC 0.65 0.12-3.49 0.62 - - -
Optimal debulking 0.02 0.01-0.08 < 0.01 0.02 0.01-0.12 < 0.001
Taxane- and platinum-based 0.61 0.16-2.29 0.46 - - -
chemotherapy

> 6 cycles of chemotherapy 0.42 0.13-1.40 0.16 - - -
PLR < 205.4 0.15 0.05-0.45 < 0.01 0.17 0.04-0.69 0.01
CA-125 < 66.9 (U/mL) 0.19 0.07-0.55 < 0.01 - - -

OR, odds ratio; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; OCCC, ovarian clear
cell carcinoma; PLR, platelet to lymphocyte ratio; CA-125, cancer antigen 125.

Table 5. Prognostic factors related with improved progression-free and overall survivals in 109 patients with ovarian clear
cell carcinoma

Factor Univariate Multivariate
HR 95% CI p-value Adjusted HR 95% CI p-value

Progression-free survival
Age < 54 yr 1.14 0.60-2.17 0.68 - - -
FIGO stage I-II disease 0.15 0.08-0.31 < 0.01 0.18 0.08-0.41 < 0.01
Pure OCCC 0.56 0.20-1.59 0.28 - - -
Optimal debulking 0.13 0.06-0.27 < 0.01 0.37 0.16-0.84 0.02
Taxane- and platinum-based 0.87 0.41-1.84 0.72 0.36 0.15-0.89 0.03
chemotherapy

> 6 cycles of chemotherapy 1.79 0.82-3.93 0.14 - - -
NLR < 2.8 0.34 0.18-0.67 < 0.01 0.49 0.25-0.99 0.04
CA-125 < 68.5 (U/mL) 0.29 0.15-0.57 < 0.01 - - -

Overall survival
Age < 54 yr 2.00 0.85-4.69 0.11 - - -
FIGO stage I-II disease 0.12 0.05-0.30 < 0.01 0.08 0.03-0.22 < 0.01
Pure OCCC 0.53 0.16-1.78 0.30 - - -
Optimal debulking 0.14 0.06-0.36 < 0.01 0.26 0.09-0.75 0.01
Taxane- and platinum-based 0.69 0.29-1.65 0.40 - - -
chemotherapy

> 6 cycles of chemotherapy 3.06 1.31-7.13 0.10 - - -
NLR < 2.8 0.29 0.13-0.68 < 0.01 - - -
CA-125 < 68.5 (U/mL) 0.26 0.11-0.59 < 0.01 - - -

HR, hazard ratio; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; OCCC, ovarian clear
cell carcinoma; NLR, neutrophil to lymphocyte ratio; CA-125, cancer antigen 125.
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prognostic values of the potential markers in patients with
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Conclusion
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retrospective design and unassessed possible confounders
affecting SIR (e.g., smoking or oral contraceptive use) [12],
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An Alternative Triage Strategy Based on Preoperative MRI for Avoiding
Trimodality Therapy in Stage IB Cervical Cancer

Original Article

Purpose
Adjuvant chemoradiation following primary surgery is frequently indicated in patients with
stage IB cervical cancer. The aim of this study is to evaluate the role of a magnetic resonance
imaging (MRI)-based strategy in avoiding trimodality therapy.

Materials and Methods
We retrospectively reviewed all patients with stage IB cervical cancer treated initially with
primary surgery at Seoul National University Hospital. We suggest an alternative triage strat-
egy in which the primary treatment modality is determined based on preoperative MRI find-
ings. Using this strategy, primary surgery is only indicated when there is no evidence of
parametrial involvement (PMI) and lymph node metastasis (LNM) in the MRI results; when
there is evidence of either or both of these factors, primary chemoradiation is selected. 
Assuming that this strategy is applied to our cohort, we evaluate how the rate of trimodality
therapy is affected.

Results
Of the 254 patients in our sample, 77 (30.3%) had at least one category 1 risk factor (PMI,
LNM, positive resection margin) upon pathologic examination. If the MRI-based strategy
had been applied to our cohort, 168 patients would have undergone primary surgery and
86 would have undergone primary chemoradiation. Only 25 patients (9.8%) would have 
required trimodality therapy based on an indication of at least one category 1 pathologic
risk factor following radical hysterectomy.

Conclusion
The inclusion of MRI in the decision-making process for primary treatment modality could
have reduced the number of patients requiring trimodality therapy based on the indication
of a category 1 risk factor from 30.3% to 9.8% in our cohort. 

Key words
Uterine cervical neoplasms, Chemoradiotherapy, 
Radical hysterectomy, Trimodality therapy, 
Magnetic resonance imaging, Triage

Introduction

Cervical cancer is the third most common female malig-
nancy worldwide and the most common female genital tract
malignancy in Korean women [1,2]. The primary means of
treating early-stage cervical cancer is either surgery or radi-

ation therapy. Surgery is preferred for lower-stage disease
with smaller lesions, such as stage IA, IB1, and selected IIA1,
as ovarian and vaginal function can be preserved [3,4]. For
patients with stage IB2 or IIA2 disease, primary chemoradi-
ation is preferable to radical hysterectomy followed by adju-
vant chemoradiation—known as trimodality therapy—as the
latter has a higher morbidity rate [5-7]. 
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To avoid morbidity resulting from trimodality therapy,
primary surgery should be limited to patients with the low-
est possible risk of needing adjuvant therapy. The Interna-
tional Federation of Gynecology and Obstetrics (FIGO)
staging system is based on clinical staging, including visual
inspection, colposcopy, cervical biopsy, and manual pelvic
examination, and limits the imaging to chest radiography,
intravenous pyelography, and barium enema [8]. However,
a considerable proportion of patients with clinical stage IB
cervical cancer already have pathologic risk factors, such as
parametrial involvement (PMI) or lymph node metastasis
(LNM), before surgery. In stage IB2 and IIA2 cervical cancer
in particular, more than half of patients undergo postopera-
tive adjuvant therapy following primary radical surgery
[9,10]. Although it is not accepted as part of the formal stag-
ing procedure, the use of advanced imaging techniques, such
as magnetic resonance imaging (MRI), computed tomogra-
phy (CT), and positron emission tomography (PET)-CT, has
been suggested as a means of guiding treatment options and
design for cervical cancer patients [11-13].

We developed a decision-analytic model to determine the
role of the triage strategy based on preoperative MRI find-
ings in a cohort of patients with clinical stage IB cervical can-
cer. The aim of this study is to evaluate how the rate of
trimodality therapy is affected when this alternative triage
strategy is used.

Materials and Methods

1. Patients

After receiving approval from the Institutional Review
Board, all patients treated surgically for FIGO stage IB 
cervical cancer between 2003 and 2011 at Seoul National 
University Hospital were reviewed retrospectively. The use
of MRI in diagnosis and follow-up has been widespread at
this institution since 2003. Patients eligible for inclusion were
those: (1) with stage IB cervical cancer and clinically visible
lesions; (2) who had undergone primary radical hysterec-
tomy followed by tailored adjuvant therapy; and (3) who had
a preoperative MRI up to 4 weeks before surgery. Patients
who had undergone radiation therapy or chemotherapy 
before surgery or conization before MRI were excluded. 
Consequently, 254 patients were eligible for analysis. We 
included 190 cases from a previous study of ours published
in 2014 [14]. 

2. MRI and image analysis

The MRI data were reviewed by a radiologist (J.Y.C.), who
was blind to surgical outcomes. The same rating scale for
PMI suggested in a previous study was used [14,15]. A lesion
observed in MRI findings was considered positive when a
pelvic or para-aortic lymph node (LN) displayed a short-axis
dimension  1 cm. Any LN measuring 1 cm or marginally
less, giving an overall equivocal impression, was considered
negative.

Patients were categorized according to two groups based
on MRI-based parameters: a low-risk group (no evidence of
PMI and LNM in MRI) and a high-risk group (findings 
suggesting PMI and/or LNM in MRI). 

3. Decision-analysis model

We developed a decision-analysis model to compare the
rate of trimodality therapy for stage IB cervical cancer 
patients when two different strategies were employed (1) a
primary surgery strategy, in which radical surgery and
pelvic lymphadenectomy is recommended to all patients;
and (2) an MRI-based strategy, in which primary treatment
modality is recommended according to risk criteria based on
preoperative MRI results. Under the latter, patients classified
as low risk based on MRI findings were assumed to undergo
primary radical surgery followed by tailored adjuvant ther-
apy, and those classified as high risk were assumed to 
undergo primary chemoradiation. In addition, we analyzed
the number of MRIs that would need to be performed in
order to spare one patient from undergoing trimodality ther-
apy. 

4. Adjuvant therapy following primary surgery

All patients were assumed to undergo adjuvant treatment
in line with their pathologic risk factors. Patients with at least
one category 1 risk factor (positive resection margin, LNM,
or PMI) received adjuvant chemoradiation. Patients with two
or more category 2 risk factors (positive lymphovascular
space invasion, deep stromal invasion, or large tumor size)
received adjuvant chemoradiation. Guideline adherence to
adjuvant treatment was assumed to be 100%.

Results

The characteristics of the study population are summa-
rized in Table 1. The median age was 49 years (range, 25 to
78 years) and 64 patients with stage IB2 were included. Squa-
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mous cell carcinoma was the most prevalent histologic 
subtype (71.3%), followed by adenocarcinoma (22.0%) and
adenosquamous carcinoma (5.1%). Of all patients, 18.1% (46
patients) had MRI findings indicating PMI and 23.2% (59 
patients) had MRI findings suggesting LNM.

A decision tree comparing the two strategies for newly 
diagnosed, stage IB cervical cancer patients is shown in 
Fig. 1. Under the primary surgery strategy, all patients would
have undergone radical hysterectomy and pelvic lym-
phadenectomy (in reality, all 254 patients in our cohort 
underwent primary surgery regardless of the MRI findings).
Of the total study population, 77 patients (30.3%) would have
undergone adjuvant chemoradiation based on at least one
category 1 pathologic risk factor. Conversely, under the 
alternative, MRI-based strategy, 168 patients (66.1%) classi-
fied as low risk based on their MRI findings would have 
undergone primary radical surgery followed by tailored 
adjuvant therapy, and 86 patients (33.9%) classified as high
risk would have undergone primary chemoradiation. Only
25 patients would have required adjuvant chemoradiation
based on at least one category 1 pathologic risk factor follow-
ing surgery, while of the 143 low-risk patients who did not
have category 1 pathologic risk factors, 33 (23.1%) would
have required adjuvant chemoradiation based on two or
more category 2 risk factors. 

Comparison of the rates of trimodality therapy when the
two strategies are applied to our cohort is shown in Table 2.
For stage IB disease, considering MRI findings when decid-
ing between primary surgery or primary chemoradiation

could reduce the rate of trimodality therapy based on at least
one category 1 risk factor from 30.3% to 9.8% and increase
the proportion of patients not undergoing trimodality ther-
apy from 50.4% to 77.2%. For patients with stage IB2 disease,
this effect was particularly prominent. Using MRI-based
triage in these cases could reduce the proportion of patients
requiring trimodality therapy based on category 1 risk 
factors from 54.7% to 10.9% and increase the proportion of
patients not undergoing trimodality therapy from 14.1% to
70.3%. From this, we can deduce that 4.9 MRIs would have
had to be performed in order to spare one patient from 
trimodality therapy in stage IB cervical cancer.

Discussion

For early-stage cervical cancer, initial treatment options 
include primary surgery followed by tailored adjuvant ther-
apy and primary chemoradiation. The current National
Comprehensive Cancer Network (NCCN) guidelines recom-
mend basing the primary treatment option on tumor size for
stage IB cervical cancer patients [16]. Surgery is the preferred
option for patients with stage IB1 disease, whereas primary
chemoradiation is the most appropriate option for those with
stage IB2 disease. However, in practice, primary surgery 
followed by tailored adjuvant therapy is the preferred and
most frequently used treatment modality for stage IB2 
patients [17-19]. Therefore, a considerable proportion of 
patients undergo adjuvant therapy following surgery and
risk high morbidity rates as a result of trimodality therapy
[10,20,21]. If the MRI-based strategy had been applied to our
cohort, 168 patients would have undergone primary surgery
and 86 would have undergone primary chemoradiation.
Only 25 patients (9.8%) would have required trimodality
therapy based on the indication of at least one category 1
pathologic risk factor following radical hysterectomy.

Only a single randomized controlled trial (RCT) has com-
pared the outcomes of primary surgery and primary radio-
therapy [7]. This study did not find greater survival rates for
either treatment modality, however an increase in toxicity
was observed following the combined use of radical 
hysterectomy and adjuvant radiation. To date, no RCT 
comparing the outcomes of primary surgery and primary
chemoradiation has been conducted, however small retro-
spective case-control studies reported no significant differ-
ence in outcomes between the two treatment options [10,21].
Although several investigators have shown that primary 
surgery followed by tailored adjuvant therapy improves out-
comes in the era of chemoradiation, it is generally accepted
that outcomes of either modality in treating early-stage 

Table 1. Baseline characteristics

MRI, magnetic resonance imaging.

Variable No. (%)
Median age (range, yr) 49 (25-78)
Clinical stage
IB1 190 (74.8)
IB2 64 (25.2)

Histology
Squamous cell carcinoma 181 (71.3)
Adenocarcinoma 56 (22.0)
Adenosquamous carcinoma 13 (5.1)
Others 4 (1.6)

MRI-based parameters
Parametrial involvement
No 208 (81.9)
Yes 46 (18.1)

Lymph node metastasis
No 195 (76.8)
Yes 59 (23.2)



disease are comparable [9,22]. The Korean Gynecologic 
Oncology Group (KGOG) 1029 trial is currently recruiting
patients with bulky early-stage cervical cancer in order to
compare the outcomes of primary surgery and primary
chemoradiation. 

Some studies insist that primary surgery continues to play
a significant role in treatment of patients with stage IB cervi-
cal cancer and even bulky stage IB2 disease. Park et al. [9] 
reported that 29.3% of patients with tumors > 4 cm were
cured by surgery alone, and such patients have the best 
survival outcomes and lowest morbidity rates by avoiding
radiation therapy. Therefore, in the preoperative stage we
should identify the subset of patients with stage IB2 disease
who may benefit from surgery alone. 

In the absence of conclusive RCTs that determine the best
treatment option for patients with bulky cervical cancer, 
restricting primary surgery to patients who can be treated
successfully with surgery alone may be the most reasonable
option. With this in mind, we should consider the best triage
strategy for determining when primary surgery is an option
and when primary chemoradiation is preferable, thus avoid-
ing trimodality therapy for patients with stage IB cervical
cancer. Previous studies have suggested that trimodality
therapy is associated with high morbidity rates compared to
surgery alone and primary chemoradiation as well as serious
toxicity frequencies > 20% [7,10,23]. Considering the compli-
cation rates of trimodality therapy, we suggest that primary
surgery should be the initial treatment option for patients

who are less likely to have adjuvant therapy, while primary
chemoradiation is preferable for those who are likely to have
to undergo adjuvant therapy following surgery. Preoperative
prediction models are required for accurate allocation of 
primary treatment options for patients with stage IB disease. 

Under an alternative, MRI-based strategy, the rate of 
trimodality therapy based on category 1 and 2 risk factors
would be reduced, especially for stage IB2 disease. However,
the proportion of patients who undergo surgery alone under
an MRI-based strategy (n=110, 43.3%) is less than under a
primary surgery strategy (n=128, 50.4%). This is the main
weakness of the MRI-based strategy: 7.1% of patients would
not benefit from a purely surgical treatment modality and
would instead undergo primary chemoradiation. MRI-based
strategy has inherent weakness from inaccurate prediction
for PMI and LNM. Regarding detection of metastatic lymph
nodes, the recent meta-analysis shows that PET/CT has
higher accuracy than MRI [24]. Our model based on preop-
erative MRI findings may need to be updated with addition
of PET/CT parameters.

This study has some limitations. First, our model has some
limitations. In this model, the benefit of primary surgery 
followed by tailored adjuvant therapy may be underesti-
mated.  For the simplicity of the model, we did not consider
unstaged para-aortic LNM and salvage therapy after 
primary chemoradiation. Major drawbacks of primary con-
current chemoradiation are unstaged para-aortic LNM based
on preoperative imaging study and salvage therapy from

Stage IB cervical cancer

Primary surgery strategy

MRI-based strategy

Surgery to all patients

254/254 (100%)

No category 1 risk factor

177/254 (69.7%)

Category 1 risk factor (at least 1)

77/254 (30.3%)

Low risk based on MRI
  ! Surgery

168/254 (66.1%)

High risk based on MRI
  ! Primary chemoradiation

86/254 (33.9%)

No category 2 risk factor (1 or less)

128/177 (72.3%)

Category 2 risk factor (2 or more)

49/177 (27.7%)

No category 2 risk factor (1 or less)

110/143 (76.9%)

Category 2 risk factor (2 or more)

33/143 (23.1%)

No category 1 risk factor

143/168 (85.1%)

Category 1 risk factor (at least 1)

25/168 (14.9%)

No category 1 risk factor

34/86 (39.5%)

Category 1 risk factor (at least 1)

52/86 (60.5%)
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Fig. 1.  A decision tree comparing the two strategies (primary surgery strategy and magnetic resonance imaging [MRI]–
based strategy) for stage IB cervical cancer. Category 1 risk factors: positive resection margin, lymph node metastasis, para-
metrial involvement; category 2 risk factors: positive lymphovascular space invasion, deep stromal invasion, large tumor
size.
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residual disease after completion of treatment. Second, the
results were not validated in an independent set. The 
proportion of pathologic risk factors in stage IB disease varies
according to the patient dataset and therefore affects the 
proportion of patients who require adjuvant therapy follow-
ing surgery. Third, although predicting PMI and LNM using
MRI gives accurate preoperative information, there is the
possibility of inter-observer variation. To minimize this, all
images were re-reviewed. Fourth, the current guidelines do
not recommend using MRI as a universal preoperative
means of evaluation for cervical cancer patients. Finally, 

despite reduced long-term gastrointestinal toxicity, espe-
cially in the postoperative adjuvant setting, radiation deliv-
ery techniques such as intensity-modulated radiation ther-
apy were not considered. 

Despite its limitations, the alternative triage strategy pro-
posed in this paper has some key advantages. Marnitz et al.
[25] suggest that laparoscopic staging is the best means for
selection of patients for either primary chemoradiation or
primary surgery and avoiding trimodality therapy. Radical
hysterectomy was performed only in patients without 
evidence of LNM in the frozen section during laparoscopic

Table 2. Rate of multimodality therapy when the two strategies are applied to stage IB cervical cancer patients
Patient No. (%) Change (%)
Stage IB (n=254)
Primary surgery strategy
Undergoing primary surgery 254 (100) -
Requiring trimodality therapy due to at least one category 1 risk factor 77 (30.3) -
Requiring trimodality therapy due to two or more category 2 risk factor 49 (19.3) -
Not undergoing trimodality therapy 128 (50.4) -

MRI-based strategy
Undergoing primary surgery 168 (66.1) –33.9
Requiring trimodality therapy due to at least one category 1 risk factor 25 (9.8) –20.5
Requiring trimodality therapy due to two or more category 2 risk factor 33 (13.0) –6.3
Not undergoing trimodality therapy 196 (77.2) 26.8

Stage IB1 (n=190)
Primary surgery strategy
Undergoing primary surgery 190 (100) -
Requiring trimodality therapy due to at least one category 1 risk factor 42 (22.1) -
Requiring trimodality therapy due to two or more category 2 risk factor 29 (15.3) -
Not undergoing trimodality therapy 119 (62.6) -

MRI-based strategy
Undergoing primary surgery 141 (74.2) –25.8
Requiring trimodality therapy due to at least one category 1 risk factor 18 (9.5) –12.6
Requiring trimodality therapy due to two or more category 2 risk factor 21 (11.1) –4.2
Not undergoing trimodality therapy 151 (79.5) 16.9

Stage IB2 (n=64)
Primary surgery strategy
Undergoing primary surgery 64 (100) -
Requiring trimodality therapy due to at least one category 1 risk factor 35 (54.7) -
Requiring trimodality therapy due to two or more category 2 risk factor 20 (31.3) -
Not undergoing trimodality therapy 9 (14.1) -

MRI-based strategy
Undergoing primary surgery 27 (42.2) –57.8
Requiring trimodality therapy due to at least one category 1 risk factor 7 (10.9) –43.8
Requiring trimodality therapy due to two or more category 2 risk factor 12 (18.8) –12.5
Not undergoing trimodality therapy 45 (70.3) 56.2

Category 1 risk factors: positive resection margin, lymph node metastasis, parametrial involvement; category 2 risk factors:
positive lymphovascular space invasion, deep stromal invasion, large tumor size. MRI, magnetic resonance imaging.



staging. The authors show that the rate of trimodality ther-
apy based on pathologic risk factors was 10% and suggest
that this percentage could be used as a benchmark for the
quality of interdisciplinary treatment for patients diagnosed
with cervical cancer. By employing the MRI-based strategy,
we can anticipate a low rate of trimodality therapy following
primary surgery without performing laparoscopic staging.

Conclusion

In addition to maintaining the proportion of patients who
could be treated using surgery alone, reducing morbidity
arising from trimodality therapy should be a goal. Preoper-

ative MRI provides useful information for determining the
primary treatment modality for stage IB cervical cancer 
patients. Including MRI in the decision-making process may
reduce morbidity arising from trimodality therapy in 
patients with early-stage cervical cancer. Further studies are
needed in order to validate our results and a cost-effective-
ness analysis should be performed, including the cost of MRI
and complications arising from trimodality therapy.
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Purpose
The purpose of this study was to investigate the clinicopathological features of pulmonary
metastasis from cervical cancer.

Materials and Methods
We reviewed the medical records of 56 patients with cervical cancer who developed 
pulmonary metastasis after radical hysterectomy, postoperative concurrent chemoradiation
or systemic chemotherapy between January 1990 and March 2014. 

Results
Fifty-six patients were diagnosed with pulmonary metastasis from cervical cancer. The preva-
lence of pulmonary metastasis was 3.6%. The mean event-free duration was 12 months.
Twelve patients underwent surgical removal of metastatic lesions. The overall survival (OS)
of patients with  3 metastatic lung lesions was 40.7 months, longer than those with > 4
lesions (25 months, p=0.034). The OS of patients who underwent surgical resection was
53.8 months, longer than that of those who did not (p=0.006). In addition, the OS of 
patients with adjuvant platinum-based chemotherapy was 32.6 months (p=0.027).

Conclusion
In this study, we found that the number of metastatic nodules, surgical resection, and post-
operative platinum-based chemotherapy can influence clinical outcome. Further studies on
prognostic factors and successful treatment modalities are warranted. 

Key words
Uterine cervical neoplasms, Pulmonary metastasis, Prognosis

Introduction

The mortality of cervical cancer has decreased since cervi-
cal cancer screening tests, such as Papanicolaou smear, were
introduced, but it remains a significant cause of death [1,2].
About 7,000-15,000 new patients are diagnosed with cervical
cancer every year and 4,600-6,800 patients die of cervical 
cancer every year worldwide [2-4]. About 10%-20% of 
patients develop recurrent disease after primary treatment.

The treatment of recurrent disease may differ by the site of
recurrence, prior treatment, and degree of recurrence [1]. The
lung is commonly affected by hematogenous spread, often
detected as a solitary pulmonary nodule or multiple metas-
tases. Especially in cases of a solitary pulmonary nodule, it
is important to discriminate between pulmonary metastasis,
primary lung cancer, and carcinoid tumors [5].

The literature has led many investigators to focus on 
surgery upon a solitary pulmonary nodule and its outcome.
However, multiple pulmonary metastases are frequent. In
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this study, we reviewed the medical records of cervical 
cancer patients who were diagnosed with lung metastases
(solitary or multiple) during or after primary treatment and
analyzed their clinicopathological characteristics.

Materials and Methods

We analyzed 56 patients with cervical cancer who were
treated with radical hysterectomy, concurrent chemoradia-
tion, or combination chemotherapy, and developed pul-
monary metastases during or after primary treatment
between January 1990 and March 2014. Clinicopathological
data was collected from their medical records. The records
include demographic characteristics, the initial stage, symp-
toms at the diagnosis of pulmonary metastasis, event-free
duration (EFD), and survival time. This study was approved
by the Institutional Review Board (KC14RISI0487). All 
statistical analyses were done using the Wilcoxon sign rank,
chi-square, log-rank, and ANOVA tests. SPSS ver. 22.0 (IBM
Co., Armonk, NY) was used for all statistical analyses.

Results

The median age was 55 years, with a range of 36 to 61
years. Ten patients (17.9%) were at stage I (4 patients were
at stage Ib1 and 6 patients were at stage Ib2), 29 patients
(51.8%) at stage II, six patients (10.1%) at stage III, 10 patients
(17.9%) at stage IV, and one patient’s (1.8%) stage was 
unknown. Patients at stage Ib1 were observed further with-
out any additional treatment. Of the six patients at stage Ib2,
four underwent concurrent chemoradiation therapy (CCRT)
for lymph node metastasis and two with suspicious 
lymphatic invasion who refused treatment were tracked for
outcomes. The remaining patients underwent operation,
CCRT, or chemotherapy depending on tumor stage. Forty-
two patients out of the 56 underwent primary or postopera-
tive CCRT. CCRT was cisplatin-based (40 mg/m2 at 7-day
intervals). Forty-six patients, excluding patients at stage I,
underwent combination chemotherapy every 3 weeks as a
primary treatment or after CCRT depending on tumor stage:
carboplatin (300 mg/m2)+VP16 (100 mg/m2), carboplatin
(area under the curve 5-6 mg/m2)+paclitaxel (175 mg/m2),
or cisplatin (50 mg/m2)+5-fluorouracil (1,000 mg/m2). When
lung metastasis was suspected during exam at the outpatient
clinic, immunohistochemistry staining of the resected or
biopsied specimens for cytokeratin 7, CD56a, chromogranin,
thyroid transcription factor-1, and p16 were conducted to
rule out primary lung cancer. Based on the immunohisto-
chemical staining results, specimens that were diffusely
stained and strongly positive for p16 diffuse and strong 
positive were included in the study. We excluded specimens
that were focally stained and weakly positive for p16. Table
1 shows the characteristics of the study subjects.  Although a
significant portion of the patients (40 patients, 71.4%) did not
have pulmonary symptoms at recurrence, their pulmonary
recurrence or metastasis was incidentally detected by chest
X-ray or pelvic computed tomography (CT). Four patients
(7.1%) complained of dyspnea, four patients (7.1%) of general
ache or weakness, and eight patients (14.4%) of dry cough.
The histological findings of primary cervical cancer showed
45 patients with squamous cell carcinoma (SCC), seven 
patients with adenocarcinoma, three patients with adenos-
quamous cell carcinoma, and one patient with small cell 
carcinoma. The pulmonary lesions were noticed in the right
lung (n=10, 17.9%), the left lung (n=5, 8.9%), and both lungs
(n=37, 66.1%). However, four patients (7.1%) had malignant
pleural effusion without parenchymal involvement. Twelve
patients underwent complete removal of lung metastasis: six
had one metastatic nodule, four had two metastatic nodules,
and two had three metastatic nodules. Of the remaining 44
patients, four with malignant pleural effusion underwent
paracentesis to relieve dyspnea, and 40 underwent biopsy

Table 1. Patient characteristics

Characteristic No. of patients
Histology
Squamous cell carcinoma 45
Adenocarcinoma 7
Adenosquamous cell carcinoma 3
Small cell carcinoma 1

Event-free duration (mo)
0 6
1-12 23
13-24 18
 25 9

No. of resections
0 44
1 6
2 4
3 2

Site of metastasis
Right 10
Left 5
Both (multiple) 37
Malignant effusion 4

Symptom when the pulmonary metastasis was noted
Incidentally found 40
Cough 4
Chest discomfort 4
Dyspnea 8
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(bronchoscopic biopsy, CT guided biopsy, open lung biopsy)
because the pulmonary metastatic lesions were small and
multiple. The mean EFD (duration from the diagnosis of 
initial cervical cancer to lung metastasis) was 12 months.
Table 2 shows EFD and overall survival (OS) by various 
factors. EFD did not differ significantly by initial stage, but
OS decreased by initial stage (p < 0.001). The survival curve
using the log-rank test was similar (p=0.001) (Fig. 1). OS and
EFD did not differ significantly by histologic type (p=0.141
and p=0.234, respectively) (Table 2, Fig. 2). 

Our 52 patients received platinum-based chemotherapy
after pulmonary lesions were resected or pulmonary metas-
tases were diagnosed by radiologic imaging studies. Of 
patients diagnosed with pulmonary metastases, four refused
additional treatment. OS and EFD were longer in patients
treated with platinum-based chemotherapy. 

The number of pulmonary lesions at diagnosis on chest CT
was significantly associated with OS and EFD. Twenty-two
patients, including three patients with malignant pleural 
effusion, had 0 to 3 nodules in the chest by CT. Thirty-four
patients showed multiple variable-sized nodules. OS and
EFD were longer in patients with  3 nodules than in those
with > 4 nodules (p=0.034 and p=0.045 , respectively). Of 22
patients who had  3 nodules, 12 were treated with surgical

resection (10 patients, mass excision; 2 patients, lobectomy).
Three patients were treated with drainage of pleural effusion
and pleurodesis. No surgical treatment was conducted on
seven patients: two with the lesions in the hilar area, in one
with a poor general condition and low operability, and in
four with extrapulmonary metastatic lesions. OS was longer
in patients who were treated with surgical resection than in
those who were not (p=0.006).

Discussion

Pulmonary metastasis occurs in a small number of patients
with cervical cancer. The prevalence of pulmonary metasta-
sis was 2.1%-6.1% [2,6-8]. The relationship between the inci-
dence of pulmonary metastasis and the initial stage is
extremely weak. In our study, 17.9% of the patients were at
stage I, 51.8% at stage II, 10.1% at stage III, 17.9% at stage IV,
and 1.8% at an unknown stage. Recurrence occurred most
frequently in patients at stage II and decreased in those 
at stages III and IV. Barter et al. [2] also reported that 
pulmonary metastasis is not associated with the initial stage.

Table 2. Overall survival and event-free duration

Factor No. Overall survival (95% CI, mo) p-value Event-free duration (95% CI, mo) p-value
Stage
I 10 56.3 (33-96) < 0.001  18.1 (10.2-32) 0.297
II 29 32.9 (24.6-43.9) 12.6 (9.7-16.3)
III 6 16.2 (10.4-25.2) 12.2 (9-16.6)
IV 10 18.8 (8.8-40.4) 20.7 (9.5-44.7)

Histology
Squamous cell 45 28 (21.4-36.5) 0.141 13.3 (10.7-16.5) 0.234
Adenocarcinoma 7 57.8 (39.2-85.3) 21.9 (12.1-39.7)
Other 4 29.7 (15.6-56.5) 13.8 (6.3-30.5)

Adjuvant chemotherapy 
after diagnosis
Yes 52 32.6 (25.8-41.2) 0.027 15.2 (12.8-18.2) 0.006
No 4 12.5 (6.6-23.7) 6 (1.4-26.5)

Detection number of 
metastatic pulmonary lesion
0-3a) 22 40.7 (27.7-60.0) 0.035 17.6 (12.9-24.2) 0.045
 4 34 25 (19-33) 12.1 (9.6-15.2)

Surgical resection
Yes 12 53.8 (32.8-88.4) 0.006 17.2 (12.9-22.9) 0.255
No 44 25.9 (20.3-33.2) 13.3 (10.5-16.8)

Calculated by univariate analysis. A p-value of < 0.05 is statistically significant. a)0 means the patient had malignant pleural
effusion without parenchymal invasion.
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By their report, 36% of the patients were at stage I, 33% at
stage II, 11% at stage III, and 15% at stage IV. In contrast,
Imachi et al. [6] demonstrated that the incidence of 
pulmonary metastasis is high when the initial stage is 
advanced and that the size of primary cancer is related to the
incidence of pulmonary metastasis.

In our study most patients did not complain of pulmonary
symptoms. Pulmonary lesions were detected on routine 
follow-up chest X-ray or pelvic CT. The mean EFD was 12
months. In previous studies, the mean EFD was 24 months
[9,10]. Since many patients with pulmonary metastasis have
no specific symptoms, they should receive regular and long-
term chest exams [11]. Serological tumor markers, such as
SCC and carcinoembryonic antigen (CEA), can detect tumor
recurrence. Rose et al. [12] and Ngan et al. [13] indicated that
SCC levels are higher in the squamous cell tumors than in
the non-squamous cell tumors and decreased after treatment.
In our study, we investigated the association between tumor
markers at the diagnosis of metastasis and survival, using
the Spearman correlation coefficient, suggesting that as SCC
or CEA levels are increased, OS becomes shorter (p=0.008
and p=0.006, respectively). 

In this study, metastatic lesions were treated with surgical
resection, chemotherapy or radiation. The decision to 
perform surgery should be based on the location and number
of metastatic lesions, and general condition. Many investiga-
tors treat metastatic lesions with resection and adjuvant
chemotherapy, especially for a solitary pulmonary nodule
[1,7,14-16]. Their criteria for surgical treatment include the

following: (1) complete removal or control of primary 
lesions, (2) no evidence of extrapulmonary lesions, (3) patient
tolerance of surgery, (4) sufficient pulmonary reserve after
resection, and (5) no treatment better than surgery [1,14-17].
In our study, 21.4% of all patients underwent operation
(17.9% mass excision, 3.5% lobectomy). The mean number of
the resected lesions was 1.8, the mean size was 3.3 cm, and
negative resection margins were observed in all patients.

When pulmonary nodules are found on chest X-ray or CT,
it is important to discriminate between primary and metasta-
tic lesions. Discrimination between primary pulmonary SCC
and metastatic pulmonary SCC from the cervix is important
in therapeutic strategy for SCC [4]. To differentiate between
primary pulmonary SCC and lung metastatic pulmonary
SCC from the cervix, p16 immunohistochemical staining can
be used. The marker p16 is a member of the INK4a family
and acts as a cyclin dependent inhibitor. It maintains the
tumor suppressor activity of pRb. Human papillomavirus
(HPV) infection changes cell cycle regulation through degra-
dation of pRb and causes the development of carcinoma. It
rarely occurs in primary pulmonary SCC [4]. Wang et al. [4]
reported that immunohistochemical staining was positive for
p16 in 98% of patients with metastatic pulmonary SCC from
cervix, which was diffusely and strongly stained. However,
in 21% of patients with primary pulmonary SCC, immuno-
histochemical staining was also positive for p16, which was
focally or weakly stained. Plaza et al. [3] distinguished these
disease entities using reverse transcription in situ polymerase
chain reaction to detect HPV. In our study, we also used 
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Fig. 1.  Overall survival decreases by the initial stage in
pulmonary metastasis (p=0.001, the log-rank test).
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Fig. 2.  Overall survival by the histologic type. There is no
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non-squamous cell type (log-rank test, p=0.2).
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immunohistochemical staining for p16. Pulmonary metasta-
sis is related to prognostic factors, including EFD, the num-
ber of lung masses, radiographic patterns of pulmonary
metastasis, and cell types (Table 3). Yamamoto et al. [1] and
Barter et al. [2] indicate that EFD does not influence survival.
In contrast, Fuller et al. [16] report that longer EFD (> 36
months) is associated with good prognosis. Anderson et al.
[7] observe that long EFD (> 12 months) is associated with
good prognosis. In our study, OS was more prolonged in 

patients with longer EFD. In particular, OS abruptly 
increased after EFD reached 24 months (Fig. 3). The number
of resected lung masses does not influence prognosis [14,18].
Girard et al. [19] report that the number of resection mass
does not influence prognosis, whereas resectability of pul-
monary masses is associated with a good prognosis. In our
study, OS was significantly longer in patients treated with
surgical resection than in those who were not (Fig. 4). Radi-
ographic patterns of pulmonary metastasis influence prog-

Table 3. Survival and important prognostic factors from the literature

Source No. of patients Initial stage Survival Important prognostic factors
Yamamoto et al. [1] 7,748 Ib-II 32.9%a) Histologic type

Age
Number of metastasis

Barter et al. [2] 88 I-IV 2.3%a) Platinum-based chemotherapy
Anraku et al. [14] 71 (cervical cancer) 54.6%a) Resectability of lung lesions

62 (uterine body cancer) Disease free interval
Fuller et al. [16] 15 I-IV 36%a) Event-free duration

Resectability of lung lesions
Shiromizu et al. [11] 519 Ib-IIb 36%a) Platinum-based chemotherapy

Tumor marker
Resectability of lung lesions

Present study 56 I-IV 32.8 mob) Adjuvant chemotherapy
Detection number of pulmonary metastatic lesion
Resectability of lung lesions

a)5-Year survival, b)Overall survival.
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Fig. 3.  The relationship between event-free duration
(EFD) and overall survival. Overall survival becomes
longer with increasing EFD. Overall survival increases
abruptly after EFD reaches 24 months (p=0.019).
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nosis. Barter et al. [2] suggest that the right lung is involved
more frequently than the left lung and that mediastinal and
hilar involvements lead to poorer prognosis than parenchy-
mal involvement. Cell types influence prognosis. Yamamoto
et al. [1] report that SCC shows a better prognosis than 
non-SCC, such as adenocarcinoma and adenosquamous cell
carcinoma. Imachi et al. [6] also report that the incidence of
pulmonary metastasis and positivity in peritoneal cytology
are higher in the adenocarcinoma group than in the SCC
group. In our study, however, OS and EFD did not differ 
significantly by the histologic type. The reason for this may
be that the number of non-squamous cell tumor cases was
smaller than that of squamous cell tumor cases. 

Many clinicians are currently treating patients with 
pulmonary metastasis using platinum. Response rates to
platinum-based chemotherapy are reported to be 26%-67.7%
[2,20]. The response rates to cytoxan and adriamycin are 
reported to be 65% and 16%-40%, respectively [2,8,21]. In our
study, patients were treated with platinum-based combina-
tion chemotherapy, with a response rate of 69.6%.

Conclusion

Although hematogenous spread of primary tumors more
often occurs in the lung rather than the brain and liver, 
pulmonary metastases from cervical cancer is rare. Patients
with pulmonary metastases often present nonspecific symp-
toms and sometimes no symptoms. We reviewed the medical
records of patients with cervical cancer with pulmonary
metastases during or after treatment and analyzed clinical
and histopathological characteristics. This study is limited
by its retrospective design. Further studies with a variable
design are warranted.
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Decision Based on Narrow Band Imaging Cystoscopy without a Referential
Normal Standard Rather Increases Unnecessary Biopsy in Detection of 
Recurrent Bladder Urothelial Carcinoma Early after Intravesical Instillation  

Original Article

Purpose
The purpose of this study was to calculate the operating characteristics of narrowband 
imaging (NBI) cystoscopy versus traditional white light cystoscopy (WLC) in common clinical
scenarios involving suspicion of bladder urothelial carcinoma (UC).

Materials and Methods
Sixty-three consecutive patients initially underwent WLC and then NBI in a single session
for evaluation of microscopic hematuria (group I, n=20), gross hematuria (group II, n=19),
and follow-up for prior UC (group III, n=24), by an experienced urologist. All lesions that were
abnormal in contrast with adjacent normal mucosa were diagnosed as positive and biop-
sied.

Results
Sixty-six biopsies from 47 patients were performed. Pathologic examination showed 17
cases of UC from 21 sites. While the overall sensitivity of NBI was similar to that of WLC
(100% vs. 94.1%), the specificity of NBI was significantly lower than that of WLC (50% vs.
86.9%, p < 0.001), particularly in group III (38.9% vs. 88.9%, p=0.004). Based on identifi-
cation by NBI only, 23 additional biopsies from 18 cases were performed for identification
of one patient with UC, who belonged to group III. In this group, to identify this specific 
patient, 15 additional biopsies were performed from 10 patients. All seven cases with pos-
itive findings from NBI within 2 months after the last intravesical therapy were histologically
proven as negative.

Conclusion
In evaluation for recurrence early after intravesical instillation, the decision based on NBI
increased unnecessary biopsy in the absence of an established standard for judging NBI.

Key words
Narrow band imaging, Urinary bladder neoplasms, Cystoscopy

Introduction

The role of cystoscopic imaging is critical in detection and
surveillance of nonmuscle invasive bladder cancer (NMIBC),
including Ta/T1 urothelial carcinoma and carcinoma in situ
(CIS). However, accuracy in diagnosis using standard white
light cystoscopy (WLC) is unsatisfactory, leading to a high
recurrence rate, mainly due to overlooked tumors [1], despite
routine administration of postoperative intravesical therapy

[2]. To overcome this drawback, the novel technology of 
narrow band imaging (NBI) [3] is rapidly gaining broad 
acceptance. NBI offers a significantly more accurate delin-
eation of the tumor by enhancing the contrast between 
mucosal surface and microvascular structures without use
of dye [4]. Since the first report on diagnosis of NMIBC in
2008 [5], a growing body of literature demonstrates improve-
ment in detection of NMIBC without additional morbidity
or cost [3,6-8]. Regarding the therapeutic advantage of NBI
during transurethral resection (TUR), the majority of 
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research notes significant additional removal, particularly for
CIS [4,9], small lesions [10], or extended margin of a large
tumor [7]. As it is expected that it will eventually be deter-
mined from advanced identification, short-term studies on
recurrence risk of NMIBC after application of NBI showed a
significant decrease compared with conventional WLC [7,10-
12]. 

However, at the same time, there is a lack of information
regarding the accuracy of the surgeon’s identification of the
suspicious lesion under NBI. Given the absence of universal
guidelines on visual clues for NMIBC and reported low
specificity of NBI compared with WLC, a decision based on
NBI may result in increased false-positives, particularly for
the patient with prior intravesical instillation. In addition,
considering difference in diagnosis of urothelial carcinoma

based on the nature of hematuria [13,14], a risk of unneces-
sary biopsy in an asymptomatic patient presenting with 
microscopic hematuria alone was a concern deterring the
routine use of blue light cystoscopy [15]. Therefore, we eval-
uated its accuracy and efficacy in detection of the histologi-
cally proven malignancy for all abnormal lesions detected by
NBI in common clinical scenarios involving suspicion of the
presence of NMIBC with different risks, including micro-
scopic hematuria, gross hematuria, and prior history of
NMIBC. 

Fig. 1.  False-positive and true-positive cases using narrow band imaging (NBI) cystoscope. White light cystoscopy (WLC)
(A; counted as negative) and NBI (B; counted as positive) cystoscopic finding of 64-year-old male who was priorly treated
with transurethral resection of bladder for urothelial carcinoma of Ta, low grade. He finished his bacillus Calmette–Guérin
(BCG) instillation 9 weeks before cystoscopy, and histologic examination revealed chronic inflammation. WLC (C; counted
as positive) and NBI (D; counted as positive) cystoscopic finding of 53-year-old male who was treated with prior transurethral
resection of bladder for urothelial carcinoma of T1, low grade. He finished his last BCG instillation 8 months prior, and 
histologic exanimation found Ta, papillary urothelial carcinoma with low malignant potential. 
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C D
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Table 1. Patient demographics

Microscopic Gross Prior Demographics Total (n=63)
hematuria (n=20) hematuria (n=19) NMIBC (n=24) 

p-valuea)

Median age (IQR, yr) 66 (56-76) 61 (53.7-65.2) 75 (67-79) 65.5 (53-76.7) 0.007b)

Sex
Male 39 (61.9) 11 (55) 14 (73.7) 14 (58.3) 0.438
Female 24 (38.1) 9 (45) 5 (26.3) 10 (41.7)

Cytology outcome
Normal 47 (74.6) 16 (80) 11 (57.9) 20 (83.3) 0.348
Atypical/suspicious 10 (15.9) 3 (15) 5 (26.3) 2 (8.3)
Malignant cell 6 (9.5) 1 (5) 3 (15.8) 2 (8.3)

Biopsy cases
Done 47 (74.6) 13 (65) 15 (78.9) 19 (79.2) 0.490
Not done 16 (25.4) 7 (35) 4 (21.1) 5 (20.8)

Biopsy sites
Total number of biopsy core 66 ( 17 ( 22 ( 27 (
Single 34 ( 11 ( 10 ( 13 (
Multiple (over 2 cores) 13 ( 2 ( 5 ( 6 (

Histology outcome (per case)
Benign 46 (73.0) 17 (85.0) 11 (57.9) 18 (75.0) 0.156
Malignancy 17 (27.0) 3 (15.0) 8 (42.1) 6 (25.0)

Histology outcome (per biopsy)
Benign 45 (68.2) 14 (82.4) 12 (54.5) 19 (70.4) 0.172
Malignancy 21 (31.8) 3 (17.6) 10 (45.5) 8 (29.6)

NMIBC stage
Ta 7/17 (41.2) 3/3 (100) 3/8 (37.5) 1/6 (16.7) 0.126
T1 9/17 (52.9) - 4/8 (50) 5/6 (83.3)
Over T2 1/17 (5.9) - 1/8 (12.5) - 0.623

NMIBC grade
PUNLMP 7/16 (43.8) 2/3 (66.7) 2/7 (28.6) 3/6 (50)
Low grade 5/16 (31.2) 1/3 (33.3) 2/7 (28.6) 2/6 (33.3)
High grade 4/16 (25) - 3/7 (42.9) 1/6 (16.7)

WLC outcome
Normal 41 (65.1) 14 (70) 10 (52.6) 17 (70.8) 0.395
Abnormal 22 (34.9) 6 (30) 9 (47.4) 7 (29.2)

NBI outcome
Normal 23 (36.5) 9 (45.0) 7 (36.8) 7 (29.2) 0.554
Abnormal 40 (63.5) 11 (55.0) 12 (63.2) 17 (70.8)

Abnormal findings on cystoscopy
Total cases 40 ( 11 ( 12 ( 17 (
Both WLC and NBI 22 ( 6 ( 9 ( 7 (
Only by WLC - - - -
Only by NBI 18 ( 5 ( 3 ( 10 (

Values are presented as number (%) unless otherwise indicated. IQR, interquartile range; NMIBC, nonmuscle invasive bladder
cancer;  PUNLMP, papillary urothelial neoplasm of low malignant potential; WLC, white light cystoscopy; NBI, narrow band
imaging. a)Chi-square test, b)Mann-Whitney test.
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Materials and Methods

From January 2012 to December 2013, 63 consecutive 
patients with prior NMIBC underwent cystoscopic evalua-
tion, mainly for the presence of NMIBC, by a single urologist
with over 10 years’ experience in management of bladder 
tumors for evaluation of microscopic hematuria (group I,
n=20), gross hematuria (group II, n=19), and tumor recur-
rence (group III, n=24). Enhanced abdominal-pelvic com-
puted tomography scan and urine cytology were routinely
performed before cystoscopy. In the presence of pyuria at
initial urinalysis, empirical antibiotics were administered
until elimination before cystoscopy evaluation. In group III,
bacillus Calmette–Guérin (BCG), Connaught strain, was 
administered as intravesical instillation for 6 weeks. This 
particular group was given further cystoscopic evaluations
in our institution at 3 and 6 months after initial TUR for blad-
der cancer, then every 6 months up to 3 years, then annually.
Cystoscopy was performed initially by WLC, then additional

NBI. During cystoscopy, specimens for biopsy were taken
from positive findings identified by WLC or NBI. In this 
series, considering reported superiority of cancer detection
by NBI, particularly in sensitivity, all lesions that were 
abnormal in contrast with adjacent normal mucosa were 
defined as positive (Fig. 1). Random biopsies were per-
formed for negative cystoscopy findings in the presence of
positive cytology outcome. Histologic interpretations, 
including urine cytology were performed by a single uro-
pathologist. After receiving approval from the local Institu-
tional Review Board (YUH-14-0303-03), the collected data
was analyzed to assess the accuracy of each cystoscopy
modality. Diagnostic accuracy based on histologic outcome
in each cystoscopy setting was assessed according to sensi-
tivity, specificity, positive predictive value, negative predic-
tive value, and accuracy. Sensitivity and specificity were then
compared using the McNemar test. Two-sided null hypothe-
ses of no difference were rejected if p-values were less than
0.05. All analyses were performed using IBM SPSS ver. 20.0
(IBM Co., Armonk, NY).

Table 2. Comparison by cystoscopy modality for detection of NMIBC

Variable Total Microscopic hematuria Gross hematuria Prior NMIBC 
WLC (per case)
Sensitivity 94.12 100 100 83.33
Specificity 86.96 82.35 90.91 88.89
PPV 72.73 50 88.89 71.43
NPV 97.56 100 100 94.12
Accuracy 88.89 85 94.74 87.5

NBI (per case)
Sensitivity 100 100 100 100
Specificity 50*** 52.94 63.64 38.89**
PPV 42.50 27.27 66.67 35.29
NPV 100 100 100 100
Accuracy 63.49 60 78.95 54.17

WLC (per biopsy)
Sensitivity 90.48 100 100 75
Specificity 62.22 50 50 78.95
PPV 52.78 30 62.50 60
NPV 93.33 100 100 88.24
Accuracy 71.21 58.82 72.73 77.78

NBI (per biopsy)
Sensitivity 100 100 100 100
Specificity 15.56*** 14.29 25 10.53***
PPV 35.59 20 52.63 32
NPV 100 100 100 100
Accuracy 42.42 29.41 59.09 37.04

Values are presented as percentage. NMIBC, nonmuscle invasive bladder cancer; WLC, white light cystoscopy; PPV, positive
predictive value; NPV, negative predictive value; NBI, narrow band imaging. **p < 0.01, in comparison with WLC, ***p <
0.001, in comparison with WLC.
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Results

1. Subject characteristics 

Table 1 is a detailed summary of patient demographics. In
urine cytology, 16 cases were abnormal, including 10 cases
with atypical or suspicious cells. During cystoscopy, 40 
abnormal cases were identified, including 22 cases (55%) by
WLC and 18 additional cases (45%) by NBI only. Based on
the results of urine cytology and cystoscopy, 66 cystoscopy
biopsies from 47 patients were performed (including 18 
random biopsies from 7 patients by cytology only). Multiple
biopsies were performed in 13 cases (27.6%) with more than
one suspicious finding on cystoscopy. Results of pathologic
examination showed 17 cases of NMIBC (26.9%; 3 cases in
group I, 8 cases in group II, and 6 cases in group III) from 21
sites (31.8%). The outcomes from random biopsies based
only on cytology results were negative in all cases.

2. Diagnostic accuracy based on cystoscopy modalities

A summary of results from comparison of each cystoscopy
setting is in Table 2. In per-case analysis, the overall sensitiv-
ity of additional NBI (100%) was similar to that of initial
WLC (94.1%, p > 0.999), and the specificity of NBI (50%) was
significantly lower than that of WLC (86.9%, p < 0.001). In
subgroup analysis, the sensitivities and specificities of NBI
and WLC were similar, except in group III, which had 
significantly lower specificity on NBI (38.9% vs. 88.9%,
p=0.004) with similar sensitivity (100% [6 cases of NMIBC]
vs. 83.3% [5 cases of NMIBC], p > 0.999). In per-biopsy analy-
sis, the overall specificity was also significantly lower in NBI
than in WLC (15.6% vs. 62.2%, p < 0.001), despite similarity

in sensitivity (100% [21 sites of NMIBC] vs. 90.5% [19 sites 
of NMIBC], p=0.500). Decreased specificity of NBI was 
observed only in group III (10.5% vs. 78.9%, p < 0.001). 

3. Diagnostic efficacy of NBI cystoscopy in patients with
prior intravesical instillation

As a whole, based on identification by NBI only, 23 addi-
tional biopsies from 18 cases (5 cases in group I, 3 cases in
group II, and 10 cases in group III) were performed for iden-
tification of one additional patient with NMIBC, who 
belonged to group III. In this particular group, to identify this
specific patient, 15 additional biopsies were performed from
10 patients based on positive NBI findings (Table 3). 

In group III, all patients had undergone prior intravesical
instillation treatment with a median interval of 23 weeks
(range, 4 to 420 weeks) from cystoscopy. None of the enrolled
patients received maintenance BCG treatment over a year. In
six patients with pathologically proven NMIBC, the interval
from the last BCG instillation was similar (median, 24 weeks;
range, 13 to 52 weeks; p=0.537). However, this interval was
significantly shorter in cases with positive NBI findings than
in those with negative NBI findings (median, 11.5 weeks vs.
51 weeks; p < 0.015). All seven patients who were NBI posi-
tive within 2 months after the last intravesical therapy were
histologically proven as negative (Table 4).

Discussion

The ideal endoscopic imaging modality should be highly
sensitive for cancer detection, maintaining the ability to 

Table 3. Histologic outcome and cystoscopy modality in detection of NMIBC

WLC

NBI
Pathologic Total Microscopic Gross hematuria Prior NMIBC
outcome (n=63) hematuria (n=20) (n=19) (n=24)

Abnormal Normal Abnormal Normal Abnormal Normal Abnormal Normal
Per person Malignancy Abnormal 16 0 3 - 8 - 5 0

Normal 1 0 - - - - 1 0
Benign Abnormal 6 0 3 0 1 0 2 0

Normal 17 23 5 9 3 7 9 7
Per biopsy Malignancy Abnormal 19 0 3 - 10 - 6 0

Normal 2 0 - - - - 2 0
Benign Abnormal 17 0 7 0 6 0 4 0

Normal 21 7 5 2 3 3 13 2

NMIBC, nonmuscle invasive bladder cancer; WLC, white light cystoscopy; NBI, narrow band imaging. 



distinguish between benign and malignant lesions [16]. NBI
cystoscopy is a plausible candidate, aimed at improving the
detection of bladder tumors based solely on an optic techno-
logical advancement [9]. In short, NBI light is absorbed
strongly by hemoglobin and penetrates only superficial 
layers of the tissue [6], highlighting the superficial and 
underlying vasculature [4]. Thereby, NBI improves visuali-
zation of tumors by enhancing the contrast between vascu-
larized lesions and normal mucosa [10,16,17]. 

As positive evidence accumulates from early trials, 
particularly for advanced detection, enthusiasm regarding
NBI is increasing. The missed-detection rate by conventional
WLC is high, ranging from 10% to 20% [18]. In contrast, NBI
allows more thorough primary tumor resection and reduces
the number of missed tumors. In a recently updated meta-
analysis for biopsy level analysis based on evidence from
four studies of 1,195 lesions, the pooled sensitivity of NBI
was 0.949; for WLC, it was only 0.751 (the pooled specificity
was 0.548 in NBI; 0.719 in WLC) [3]. In addition, TUR 
performed using the NBI modality reduces the risk of recur-
rence of NMIBC by at least 10% at 1 year [12]. Several short-
term randomized prospective studies demonstrated that
NBI-assisted TUR could result in significant reduction of the
residual tumor and recurrence rate [7,12]. In an effort to 
obtain more solid evidence, a large international randomized
controlled trial is underway [19]. In comparison with 
5-aminolevulinic acid (5-ALA) and hexaminolevulinate
(HAM) cystoscopy, highly recommended for evaluation of
NMIBC in contemporary guidelines [2], NBI has both eco-
nomic and practical advantages, in that no preoperative
preparation, including intravesical instillation, is required. 

Nevertheless, because NBI is not cancer specific but only
provides the morphologic aspect of suspicious lesions, the
increased sensitivity and decreased specificity unfortunately
results in increased false positives [20]. High false-positive
rates may, in turn, lead to a substantial amount of unneces-
sary biopsy or resection on bladder tissue. In a prospective

controlled trial conducted by Tatsugami et al. [4], among 161
abnormal sites from 104 consecutive patients with definite
or suspected bladder cancer, 91 sites were identified by both
NBI and WLC, while 70 sites were identified by NBI only.
However, after histologic examination, only 55.7% (39/70)
were malignant while 36.6% (59 sites) were proven false 
positive by NBI. Specificity for each modality was 70.9% for
NBI and 86.2% for WLC. Similarly, Cauberg et al. [10] 
reported higher false-positivity of NBI (31.6%), compared
with WLC (24.5%, p < 0.001), in 95 consecutive patients who
were suspicious for bladder cancer. Four recent studies also
reported a higher number of false-positives of 245 by NBI, in
contrast to 115 by WLC [8]. 

These concerns for lower specificity and higher false 
positivity were reinforced in our series. In both per-case and
per-site analysis, significantly lower overall specificity was
observed for NBI compared with WLC and among 40 abnor-
malities identified by NBI, only 17 cases were proven malig-
nant. Although NBI revealed 23 additional positive findings
from 18 cases, only two additional NMIBC were found, in
one patient. What is the cause of this phenomenon? One
likely explanation is that many patients with recurrent 
disease had prior intravesical instillation, which causes 
erythematous change of the mucosa, raising the likelihood
of a false-positive with NBI [21]. In a single center prospec-
tive study on 95 consecutive patients with suspicion of
NMIBC, Cauberg et al. [10] reported that the false-positive
rate in NBI was significantly higher (43.5% vs. 23.1%, 
p < 0.001) in cases with prior intravesical instillation, 
although this difference was not observed in WLC (34.5% vs.
19.0%, p=0.071). In a series on 50 patients conducted by four
urologists with different experience, one experienced urolo-
gist considered more lesions positive for tumor than other
urologists [22]. Therefore, individual specificity showed a
wide range of 79 to 58 mainly because of prior BCG instilla-
tion. In our series, all patients in the follow-up group under-
went prior BCG instillation, and it is noteworthy that the
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Table 4. Interval from the last intravesical instillation by cystoscopy

Interval from the last No. of cases Positive at WLC Positive at NBI Case proven malignancyintravesical instillation (mo)
1 4 1 4 -
2 3 1 3 -
3 2 1 1 1
4-6 3 2 3 2
7-12 7 2 3 2
> 12 5 - 3 1
Total 24 7 17 6

WLC, white light cystoscopy; NBI, narrow band imaging.
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interval of cystoscopy from the last intravesical instillation
was significantly shorter in cases with positive NBI findings.
In all positive findings from NBI within 2 months after 
intravesical therapy, no malignancy was detected in histo-
logic examination. In an effort to avoid the complexity 
induced by the post-BCG setting, some studies using photo-
dynamic imaging included only a few patients treated with
BCG, or excluded them altogether [23-25]. Currently, diag-
nosis by 5-ALA or HAM on NMIBC is not recommended
within 3 months of BCG treatment. Nevertheless, contempo-
rary guidelines emphasize the importance of maintenance
BCG [2], which in turn particularly hinders the accuracy of
NBI. 

The authors well recognize the innate limitations of this
study. First, because the decision on the biopsy was made by
a single physician, other physicians might make a different
judgment on the same lesions. In addition, because WLC was
performed prior to NBI for the same patient, positive find-
ings on WLC had an identical result in NBI cystoscopy, given
the higher sensitivity of NBI. Second, while we focused on
these three clinical scenarios requiring careful examination
of the urinary tract, including cystoscopy for evaluation of
the advantage of additional NBI over conventional WLC 
images, the risk of NMIBC may not be the same in each clin-
ical group, requiring more cases, particularly for groups I
and II. Third, although random biopsy was usually advised
in the absence of definite cystoscopic findings concomitant
with positive cytology, lower sensitivity in this clinical 
setting may decrease the efficacy of cystoscopy. All seven 
patients in this series had normal histologic findings. Finally,
because there is no established criterion for diagnosing a 
positive lesion based upon NBI findings, we biopsied every
abnormal lesion detected by NBI regardless of prior BCG.
This policy may elevate the false-positive results, leading to
decreased specificity. We believe that our results do not 
dissuade the urologist from performing NBI, because addi-

tional biopsy can be justified by the increased detection of
NMIBC. Until agreement is reached on the judging standard
of the image obtained by NBI, to avoid unnecessary biopsy
we suggest that urologists keep in mind that not all abnormal
lesions identified by NBI are malignant, particularly in the
early period after intravesical BCG therapy. The outcome of
ongoing trials may provide guidance for this practical ques-
tion.

Conclusion

Despite a slight increase in additional detection, the speci-
ficity of NBI cystoscopy in identification of bladder urothelial
carcinoma was significantly lower than that from conven-
tional WLC. Particularly in evaluation for recurrence early
after prior intravesical instillation using BCG, the decision
based on NBI increased the use of unnecessary biopsy in the
absence of an established standard for judging NBI findings.
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Open Access

Is There a "Trial Effect" on Outcome of Patients with Metastatic Renal
Cell Carcinoma Treated with Sunitinib?

Original Article

Purpose
Studies suggested the existence of a ‘trial effect,’ in which for a given treatment, participa-
tion in a clinical trial is associated with a better outcome. Sunitinib is a standard treatment
for metastatic renal cell carcinoma (mRCC). We aimed to study the effect of clinical trial
participation on the outcome of mRCC patients treated with sunitinib, which at present, is
poorly defined.

Materials and Methods
The records of mRCC patients treated with sunitinib between 2004-2013 in 7 centers
across 2 countries were reviewed. We compared the response rate (RR), progression free
survival (PFS), and overall survival (OS), between clinical trial participants (n=49) and a
matched cohort of non-participants (n=49) who received standard therapy. Each clinical
trial participant was individually matched with a non-participant by clinicopathologic factors.
PFS and OS were determined by Cox regression.

Results
The groups were matched by age (median, 64), sex (male, 67%), Heng risk (favorable, 25%;
intermediate, 59%; poor, 16%), prior nephrectomy (92%), RCC histology (clear cell 86%),
pre-treatment neutrophil to lymphocyte ratio (> 3 in 55%, n=27), sunitinib induced hyper-
tension (45%), and sunitinib dose reduction/treatment interruption (41%). In clinical trial
participants versus non-participants, RR was partial response/stable disease 80% (n=39)
versus 74% (n=36), and progressive disease 20% (n=10) versus 26% (n=13) (p=0.63; odds
ratio, 1.2). The median PFS was 10 versus 11 months (hazard ratio [HR], 0.96; p=0.84),
and the median OS 23 versus 24 months (HR, 0.97; p=0.89).

Conclusion
In mRCC patients treated with sunitinib, the outcome of clinical trial participants was similar
to that of non-participants who received standard therapy.

Key words
Clinical trial participation, Metastatic renal cell carcinoma, 
Outcome, Sunitinib
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Introduction

Renal cell carcinoma (RCC) is the most common cancer of
the kidney [1]. Approximately 20%-30% of patients are 
diagnosed with metastatic disease, and 70%-80% of patients
are presented with localized or locally advanced disease at
the time of diagnosis, which is potentially curable by radical
surgical resection alone [2]. Among patients who undergo
radical resection for localized disease, future metastatic 
disease develops in 20%-40% of the patient population [3].

An understanding of the pathogenesis of RCC at the 
molecular level, and randomized clinical trials, have estab-
lished the standard role of the orally administered vascular
endothelial growth factor receptor and platelet derived
growth factor receptor inhibitor sunitinib for the treatment
of advanced RCC [4]. 

Clinical trials are the standard way to evaluate the efficacy
of new investigational therapies [5-7]. In various types of
cancer (e.g., melanoma, ovarian cancer, lung cancer), data
suggests that there exist a ‘trial effect,' whereby clinical trials
participants may have an improved outcome simply by 
participating in a clinical trial itself [5-10]. Positive effects of
clinical trials participation may include improved routine
care and treatment delivery, quality control, and close obser-
vation, leading to better patient compliance and clinician
practice [5,7,8,9,11]. 

The effect of clinical trial participation on the outcome of
treatment in metastatic RCC is poorly defined. This knowl-
edge would be important, as treatment options and clinical
trials with targeted therapies for patients with metastatic
RCC have significantly expanded in recent years. Thus, we
aimed to study the effect of clinical trial participation on the
outcome of metastatic RCC patients treated with sunitinib.

Materials and Methods

1. Study group

We reviewed the records of patients (unselected cohort, 
international multicenter database) with evidence of metasta-
tic RCC, who were treated with sunitinib between February
1, 2004, and December 31, 2013, in six centers across two 
different countries: the United States (Sidney Kimmel Com-
prehensive Cancer Center at Johns Hopkins, Baltimore, MD)
and Israel (Institute of Oncology, Meir Medical Center, Kfar
Saba; Department of Oncology, Asaf Harofe Medical Center,
Zerifin; Department of Oncology, Rambam Medical Center,
Haifa; Department of Oncology, Sheba Medical Center, Tel

Hashomer; Department of Oncology, Soroka University
Medical Center, Beer-Sheva). Patients treated with sunitinib
within clinical trials were identified and individually
matched by clinicopathologic factors to patients treated with
sunitinib as standard therapy out of a clinical trial. Patient
data were retrospectively and personally collected by the 
investigator D.K. from electronic medical records and paper
charts, including the following baseline clinical characteris-
tics and known prognostic factors [12-19]: age, sex, pretreat-
ment smoking status (active versus past/never), histology
(clear cell versus non clear cell), past nephrectomy, the time
interval from initial diagnosis to sunitinib treatment initia-
tion, prior systemic therapies, number of metastases sites,
presence of lung/liver/bone metastases, Eastern Coopera-
tive Oncology Group (ECOG) performance status, hemoglo-
bin level, corrected (for albumin) calcium level, pre-trea-
tment neutrophil to lymphocyte ratio (NLR), sunitinib 
induced hypertension, and sunitinib dose reduction or treat-
ment interruption. Data on the concomitant use of medica-
tions, including angiotensin system inhibitors (angiotensin
converting enzyme inhibitors and angiotensin II receptor
blockers) and bisphosphonates, was gathered from patients
electronic medical records and paper charts, pharmacy
records, and by contacting patients and other treating physi-
cians as needed. The outcome data was last updated on 
December 31, 2013, including the objective response rate,
progression free survival (PFS), and overall survival (OS).
Patients who did not progress or die by December 31, 2013
were censored in PFS analysis or OS analysis, respectively.

2. Sunitinib treatment

All patients had objective disease progression on scans 
before starting sunitinib treatment. Sunitinib was adminis-
tered orally, usually at a starting dose of 50 mg once daily,
in 6-week cycles consisting of 4 weeks of treatment followed
by 2 weeks without treatment. On treatment dose reduction
or treatment interruption were done for the management of
adverse events, depending on their type and severity, in 
accordance to the standard guidelines. Treatment was 
continued until evidence of disease progression on scans, 
unacceptable adverse events, or death. Patient follow-up
generally consisted of regular physical examinations and 
laboratory assessments (hematologic and serum chemical
measurements), every 4-6 weeks, and imaging studies 
performed every 12-18 weeks. 

3. Treatment outcomes

For the evaluation of response, the Response Evaluation
Criteria in Solid Tumors (RECIST) ver. 1.1 was applied [19].
In patients with only bone metastases, only complete 
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response, stable disease, or progressive disease were noted,
not partial response [19]. The response was assessed by 
independent radiologists and treating physicians (while the
patients were on treatment in each center, as part of standard
patient follow-up). PFS was defined as the time from the 
initiation of sunitinib treatment until evidence of disease 
progression on scans or death of any cause. Overall survival
was defined as the time from the initiation of sunitinib treat-
ment to death of any cause. 

4. Statistical analysis

Data was analyzed retrospectively. Patients in the groups
of clinical trials participants and non-participants were indi-
vidually matched by age, sex, RCC histology, prior nephrec-
tomy, prior systemic therapy, sunitinib induced hyperten-
sion, sunitinib dose reduction/treatment interruption, the
use of angiotensin system inhibitors, Heng risk, and pre-
treatment NLR. 

Clinicopathologic characteristics and response rate were
compared between clinical trials participants and non-
participants, by chi-square test or Fisher's exact test for nom-
inal data, and two-sample t test (or Mann-Whitney non-para-
metric test) for continuous measures. In all tests, a two tailed
p-value of less than 0.05 was considered statistically signifi-
cant. Cox proportional hazards regression model was used
for comparison of PFS and OS between the two groups. 

Furthermore, to determine if participation in a clinical trial
is independently associated with treatment outcome, a 
univariate analysis (unadjusted) of association between each
clinicopathologic factor and clinical outcome was performed
for the entire patient cohort, using logistic regression for 
response rate and Cox regression model for survival 
outcomes (PFS and OS). Factors with significant association
in the univariate analysis were included in multivariate Cox
proportional hazards regression model to determine their 
independent effects. 

PFS and OS times (probability and median) were estimated
from Kaplan-Meier curve. Data were analyzed using SPSS
ver. 21 (IBM Co., Armonk, NY).     

5. Regulatory considerations

The research was carried out in accordance with the 
approval by the Institutional Review Board committee of our
institutions.

Results

1. Patient characteristics

Forty-nine patients treated with sunitinib within clinical
trials (NCT00083889, NCT00130897, NCT00444314) were
identified and individually matched, via clinicopathologic
factors, to 49 patients treated with sunitinib as the standard
therapy out of a clinical trial. The distribution of clinico-
pathologic factors is shown in Table 1. Clinicopathologic 
factors used to individually match patients were age 
(median, 64 years), sex (male, 67%), histology (clear cell, 86%;
n=42), past nephrectomy (92%, n=45), prior systemic therapy
(16%, n=8; including interferone n=5 in clinical trials partic-
ipants and n=6 in non-participants, or IL-2 n=3 in partici-
pants and n=2 in non-participants), sunitinib induced
hypertension (45%, n=27), sunitinib dose reduction/treat-
ment interruption (41%, n=20), use of angiotensin system 
inhibitors (37%, n=18), Heng risk stratification (favorable
25%, n=12; intermediate 59%, n=29; poor 16%, n=8), and 
pre-treatment NLR ( 3 in 55%, n=27). The groups were 
balanced with regard to the presence of lung (p=0.62)/liver
(p=0.27)/bone (p=0.67) metastases, number of metastatic
sites (p=0.8), smoking status (p=0.97), presence of sarcoma-
toid component in tumor histology (p=0.84), and subsequent
lines of therapy (p=0.7 and p=0.85 for subsequent second and
third lines of therapy). In clinical trial participants, subse-
quent second line of therapy included sorafenib (n=13), 
bevacizumab (n=6), and everolimus (n=5); moreover, subse-
quent third line of therapy included everolimus (n=2), beva-
cizumab (n=1), and sunitinib rechallenge (n=1). In clinical
trial non-participants, subsequent second line of therapy 
included temsirolimus (n=7), everolimus (n=5), sorafenib
(n=4), pazopanib (n=3), and bevacizumab (n=2); and subse-
quent third line of therapy included pazopanib (n=2), and
axitinib (n=1).     

2. Sunitinib treatment outcomes

In clinical trial participants versus non-participants, objec-
tive response was partial response/stable disease 80% (n=39)
versus 74% (n=36), and progressive disease at first imaging
evaluation within the first 3 months 20% (n=10) versus 26%
(n=13) (p=0.63; odds ratio, 1.2) (Table 2). The median PFS
(Fig. 1) was 10 versus 11 months (hazard ratio [HR], 0.96;
p=0.84), and median OS (Fig. 2) 23 versus 24 months (HR,
0.97; p=0.89) (Table 2).
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3. Univariate analysis (entire patient cohort, n=98) of factors
associated with PFS and OS

Smoking status (HR, 3.35; p < 0.001 for active vs. never/
past smokers), Heng risk (HR, 1.23 and 2.5; p=0.41 and
p=0.005, for favorable and intermediate versus poor risk, 
respectively), use of angiotensin system inhibitors (HR, 0.6
for yes vs. no; p=0.024), past nephrectomy (HR, 0.41 for yes
vs. no; p=0.014), sunitinib induced hypertension (HR, 0.57
for yes vs no; p=0.009), non-clear cell histology (HR, 2.8 vs.
clear cell histology; p=0.001), and pre-sunitinib treatment
NLR > 3 (HR, 2.5 for > 3 vs.  3; p < 0.001) were individually

associated with PFS. The status of clinical trial participation
(yes vs. no) was not associated with PFS (HR, 1.1; p=0.7). 

Smoking status (HR, 3; p < 0.001 for active vs. never/past
smokers), Heng risk (HR, 1.38 and 2.13; p=0.23 and p=0.032,
for favorable and intermediate versus poor risk, respec-
tively), past nephrectomy (HR, 0.4 for yes vs. no; p=0.012),
non-clear cell histology (HR, 2 vs. clear cell histology;
p=0.023), sunitinib induced hypertension (HR, 0.59 for yes
vs. no; p=0.019), and pre-sunitinib treatment NLR > 3 (HR,
1.8 for > 3 vs.  3; p=0.009) were individually associated with
OS. Status of clinical trial participation (yes vs. no) was not
associated with PFS (HR, 1.15; p=0.48).

Table 1. Baseline patients characteristics stratified by status of clinical trial participation

Characteristic Clinical trial participants Matched clinical trial  p-value(n=49) non-participants (n=49)
Age (yr)
Median (range) 64 (22-79) 64 (24-77) 0.8
Mean±SD 61±11 62±10

Sex 
Male 33 (67) 33 (67) > 0.99
Female 16 (33) 16 (33)

Tumor histology > 0.99
Clear cell histology 42 (86) 42 (86) 
Non-clear cell 7 (14) 7 (14) 
Presence of sarcomatoid component 3 (6) 4 (8) 0.84
Past nephrectomy 45 (92) 45 (92) > 0.99
Prior systemic therapy 8 (16) 8 (16) > 0.99
Lung metastasis 38 (78) 40 (82) 0.62
Liver metastasis 12 (24) 17 (35) 0.27
Bone metastasis 18 (37) 16 (33) 0.67
 2 metastatic sites 41 (84) 44 (90) 0.8
Sunitinib induced HTN 27 (45) 27 (45) > 0.99
Sunitinib dose reduction/treatment interruption 20 (41) 20 (41) > 0.99
Users of ASIs 18 (37) 18 (37) > 0.99
Users of bisphosphonates 11 (22) 2 (4) 0.04
Heng risk stratification
Favorable 12 (25) 12 (25) > 0.99
Intermediate 29 (59) 29 (59)
Poor 8 (16) 8 (16)

Pre-treatment NLR > 3 27 (55) 27 (55) > 0.99
Smoking status
Never 19 (39) 20 (41) 0.97
Past 18 (37) 18 (37)
Active 12 (24) 11 (22)

Subsequent therapy lines
Second line 24 (49) 21 (43) 0.7
Third line 4 (8) 3 (6) 0.85

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; HTN, hypertension; ASIs, angiotensin
system inhibitors; NLR, neutrophil to lymphocyte ratio.
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4. Multivariate analysis (entire patient cohort, n=98) of 
factors associated with PFS and OS

Factors independently associated with PFS were smoking
status (HR, 2.18; p=0.009, for active vs. never/past smokers),
non-clear cell histology (HR, 3 vs. clear cell histology;
p=0.008), use of angiotensin system inhibitors (HR, 0.56 for
yes vs. no; p=0.03), and pre-treatment NLR > 3 (HR, 1.95 for
> 3 vs.  3; p=0.015). Factors that were independently associ-
ated with OS were smoking status (HR, 2.9; p=0.001, for 
active vs never/past smokers), non-clear cell histology (HR,
2.1 vs. clear cell histology; p=0.032), and pre-treatment NLR
> 3 (HR, 1.4 for > 3 vs.  3; p=0.02).

Discussion

In the present study, we did not find a ‘clinical trial effect’
in patients with metastatic RCC treated with sunitinib. The
outcome of clinical trial participants was similar to that of
matched patients treated out of a trial, in terms of objective
response, PFS, and OS. Furthermore, in a univariate-multi-
variate analysis of the entire patient cohort (trial participants
plus non-participants), the status of clinical trial participation
was not associated with treatment outcome. 

A positive effect of clinical trial participation on treatment
outcome, may be explained by multiple factors, including a

Table 2. Sunitinib treatment outcome stratified by status of clinical trial participation

Treatment outcome Clinical trial participants Matched clinical trial p-value HR (95% CI)(n=49) non-participants (n=49)
Response rate Odds ratio, 1.2
Partial response 26 (53) 20 (41) 0.63
Stable disease 13 (27) 16 (33)
Disease progression within 12 weeks of 10 (20) 13 (26)
the start of sunitinib

Median PFS (mo) 10 ( 11 ( 0.84 0.96 (0.68-1.19)
Median OS (mo) 23 ( 24 ( 0.89 0.97 (0.72-1.13)

Values are presented as number (%) unless otherwise indicated. HR, hazard ratio; CI, confidence interval; PFS, progression
free survival; OS, overall survival.
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protocol effect (the way therapy is given), care effect (inci-
dental aspects of care), Hawthorne effect (changes in health
care practitioners and patients behavior due to the knowl-
edge that they are under monitoring), placebo effect, treat-
ment (per clinical trial) in high-volume centers (per clinical
trial) versus non-academic institutions (i.e., participation 
in clinical trials may represent a quality characteristic of 
medical centers. Thus, healthcare systems that are active in
clinical trials may deliver better outcomes for patients than
healthcare systems that are inactive in trials) [9-11,20]. 
Another potential association between clinical trial partici-
pation and outcome may also arise if clinicians who tend to
recruit to trials also tend to be more competent clinicians [8]. 

However, some studies found only a weak evidence to
suggest that clinical trials participation leads to a positive 
effect on the outcome of participants [8,9,20-22]. 

Furthermore, other studies found a trial effect only when
the investigational treatment arm of a clinical trial was more
efficacious than the standard treatment arm [20]. Moreover,
improvement in outcomes of patients participating in clinical
trials, as reported by some studies, might be related to bias
from methodological difficulties as data collection, i.e., 
retrospective analysis, patient selection (e.g., exclusion of 
patients with coexisting medical conditions), a better follow-
up of patients treated per clinical trials than out of trials, and
failure to publish studies reporting negative trial effects
[9,20]. 

Various reasons might be put forward to explain the pres-
ent study findings, of similar outcomes between clinical trial
participants and non-participants. First, all non-participants
were treated in academic medical centers. It is possible that
institutional standardization of care (e.g., regular follow-up
by a dedicated nurse who specialized in the management of
sunitinib toxicity), may provide the same benefit as treat-
ment, thus eliminating the potential for the participation 
effects [20]. Second, our patients were treated with an oral
targeted agent. In most studies reporting clinical trial effect,
patients were treated with intravenous chemotherapy and
radiation therapy. To the best of our knowledge, the effect of
clinical trial participation on the outcome of modern targeted
therapies is poorly defined. Finally, some data suggests that
when stratified by tumor type, the beneficial effect of trial
enrollment may be seen only in selected types, such as breast,
lung and colon cancer, and may not be seen in other types,
such as melanoma, pancreatic and hepatobiliary cancers [23]. 

Our study has some limitations. First, this is a multicenter
retrospective study that represents an unselected heteroge-
neous cohort of patients that were treated with sunitinib, 
including all histologic variants of RCC, and patients who
were treatment naïve and those with a history of prior ther-
apy. Moreover, our data do not exclude the possibility of a
trial effect at other institutions. Nonetheless, the outcome of

the present study patient population (i.e., median PFS of 
10-11 months, and median OS of 23-24 months) is similar to
the previously published data on patients with metastatic
RCC that are treated with sunitinib [19]. Second, we are 
unable to exclude the possibility that unequal distribution of
unidentified clinicopathologic parameters in our patient 
cohort may have biased the observed results. Third, the total
number of 98 patients is relatively small. Thus, our study
might have been underpowered to show a difference in the
outcome. Other clinicopathologic factors, including status of
clinical trial participation, that were not found to be signifi-
cantly associated with disease progression in the present
study might have been important in a larger patient cohort. 

Fourth, whether our findings are specific to sunitinib or
generalizable to other tyrosine kinase inhibitors is not
known. 

Despite these limitations, our clinical observation on the
status of clinical trial participation does not impact the 
outcome of sunitinib treatment in metastatic RCC an may
contribute to treatment decisions, patient selection, and 
clinical trials design. Given the above evidence, discussion
between clinicians and mRCC patients about participation
in a clinical trial should focus on the improvement of future
therapy, and not the direct benefit of research participation.
Physicians should not imply a survival benefit when coun-
seling metastatic RCC patients about entering clinical trials.

Further prospective studies may be warranted, to test and
confirm our hypothesis generating observation in larger 
patient cohorts, to define the association between clinical trial
participation and outcome in different subgroups of patients
(e.g., according to risk by prognostic models, clear cell versus
non-clear cell histology, and first line versus advanced line
treatment).

Conclusion

We investigated the effect of clinical trial participation on
outcome of patients with mRCC who were treated with suni-
tinib. After accounting for other clinicopathologic factors, we
were unable to show that participation in a clinical trial may
in itself provide an outcome advantage to these patients. 

The present study may improve confidence that the trial
treatment effects will translate to the real-world setting. 
Discussion between clinicians and mRCC patients regarding
participation in a clinical trial should focus on the improve-
ment of future therapy rather than the direct outcome of 
research participation.
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A Study of Relationship of Atheroembolic Risk Factors with Postoperative
Recovery in Renal Function after Partial Nephrectomy in Patients Staged
T1-2 Renal Cell Carcinoma during Median 4-Year Follow-up

Original Article

Purpose
The objective of this study is to evaluate the relationship of atheroembolic risk factors with
postoperative recovery of renal function after on-clamp partial nephrectomy (PN) with warm
ischemia in patients with staged T1-2 renal cell carcinoma (RCC).

Materials and Methods
A total of 234 patients from 2004 to 2012 were included, and their clinicopathologic and
operative parameters, including atheroembolic risk factors were reviewed retrospectively.
Renal function, as determined by estimated glomerular filtration rate (eGFR) and measure-
ment of serum creatinine level (Cr) at each scheduled follow-up for a median four years,
was compared between the high-risk (HR) group (n=49,  five risk factors) and the low-risk
(LR) group (n=185, < five risk factors).

Results
Except for baseline renal function and number of risk factors for atheroembolism, differ-
ences in characteristics between groups were comparatively insignificant. At 3 months after
the operation, Cr and eGFR differed significantly between the two groups (p < 0.05), but no
differences were observed afterward. Significant deterioration from baseline in Cr and eGFR
was observed in both groups at 1 month after the operation, with a greater change in the
HR group (p < 0.05). From measurement to measurement, significantly faster deterioration
in Cr and eGFR was observed in the HR group than in the LR group until 6 months after the
operation (Cr: LR, 0.02 mg/dL and HR, 0.13 mg/dL; eGFR: LR, 1.50 mL/min/1.73 m2 and
HR, 6.38 mL/min/1.73 m2; p < 0.05).

Conclusion
The presence of atheroembolic risk factors may negatively influence postoperative recovery
of renal function after PN in patients with localized RCC.

Key words
Renal cell carcinoma, Atherosclerosis, Embolism, 
Nephron sparing surgery, Renal function, Creatinine

Introduction

With recent advancements in diagnostic modalities and
surgical techniques, a paradigm shift in treatment of small
localized renal cell carcinoma (RCC) has resulted in replace-
ment of radical nephrectomy (RN) with partial nephrectomy
(PN) as standard of care [1,2], as PN has a similar clinical out-
come but better preserves renal function, which reduces the

postoperative risk of chronic kidney disease (CKD), defined
as an estimated glomerular filtration rate [eGFR] < 60
mL/min/1.73 m2) and renal insufficiency [3,4].

Many factors influencing renal function after PN have been
identified, including age; gender; baseline renal function; the
presence of an underlying chronic disease such as hyperten-
sion, diabetes, or atherosclerosis; serum albumin and cal-
cium; operative factors such as ischemia type and time; size
of renal mass; and so forth [2,5-8]. Of all these factors, 
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ischemia type and time are among the most important. The
off-clamp method is known to be the best procedure for per-
forming PN within an acceptably short time without causing
ischemic renal injury [5,6]; however, it has the disadvantages
of limited indication and posing multiple procedural diffi-
culties. Another method of PN, the most widely used, is the
on-clamp procedure, in which renal vessels are clamped 
for temporary prevention of blood flow into the affected kid-
ney, facilitating renal repair. However, the clamp must be 
removed within 30 min due to the risk of postoperative 
injury to renal function [2,6]. 

While dissecting the renal hilum to expose renal vessels for
clamping, clinicians frequently encounter atherosclerosis in
these vessels, especially in elderly or severely obese patients.
Dispersal of atherosclerotic plaques into the small and
medium end arterioles of the affected kidney after declamp-
ing can cause ischemic infarction related to renal insuffi-
ciency; this was first reported in 1957 by Thurlbeck and
Castleman [9] and remains an important intraoperative 
concern. Since then, the diagnostic entity known as athero-
embolic renal disease has become well established, with mul-
tiple risk factors including male gender, age greater than 60
years, white racial background, hypertension, history of
smoking, diabetes mellitus, and any type of atherosclerotic
vascular disease; it commonly manifests as renal dysfunction
in atherosclerotic patients or those at severe risk of athero-
sclerosis after vascular procedures such as angiography or
vascular surgery [10]. Mayo and Swartz [11] reported that
the risk of incidentally suspected atheroembolism increased
when the number of atheroembolic risk factors was  5
among the identifiable substantive risk factors, suggestive
physical findings, and supporting laboratory findings. 
They also suggested atherosclerotic cardiovascular disease,
anticoagulant or thrombolytic therapy, angiography or 
angioplasty, vascular surgery, cardiopulmonary resuscita-
tion, hypertension, diabetes, smoking history, hypercholes-
terolemia, age over 55 years, and male sex as substantive risk
factors. Therefore, in this study, the effects of preoperative
risk of atheroembolic renal disease on postoperative renal
function were investigated in patients with localized RCC
who underwent on-clamp PN with warm ischemia. This risk
was evaluated according to the number of risk factors; 
patients with more than five risk factors were assigned to the
high-risk (HR) group, and those with fewer than five were
assigned to the low-risk (LR) group.

Materials and Methods

Approval of the study was obtained from the Institutional

Review Board (IRB) of Seoul National University Hospital
(No. 1302-116-471). Records of patients who underwent open
PN between January 2004 and December 2012 were selected
from the institutional RCC database of the Urology Depart-
ment of Seoul National University Hospital. Patients’ written
consent was not requested, as the IRB exempted the study
from this procedure.

After exclusion of patients with a solitary kidney, metasta-
tic RCC, bilateral RCC, any previous history of dialysis or
renal surgery, or baseline CKD, 234 patients with clinically
localized RCC and no signs of metastasis who underwent on-
clamp open PN with warm ischemia were included in this
study; all surgeries were performed with curative intent by
a single surgeon. All patients were followed up over at least
12 months and had disease-free resection margins of more
than 2 mm. 

Clinicopathologic, demographic, and intraoperative 
parameters, including baseline parameters of renal function
and atheroembolic risk factors, were reviewed retrospec-
tively. The baseline atheroembolic risk factors examined
were diabetes; hypertension; hypercholesterolemia; male
gender; age over 55 years; smoking history; body mass index
 30 kg/m2; history of any type of atherosclerotic vascular
disease, such as ischemic cardiac disease, cerebrovascular
disease, abdominal aortic aneurysm, or peripheral vascular
disease; history of vascular medical procedure; and 
antithrombolytic medication. Renal function was determined
by eGFR, calculated using the Modification of Diet in Renal
Disease (MDRD) equation based on routine measurements
of serum creatinine (Cr) taken at baseline and at 1, 3, 6, 9, 12,
24, 36, 48, and 60 months after the operation [12]. Tumor 
appearance in the kidney was described using the criteria of
the R.E.N.A.L. nephrometry score [13].

All statistical analyses were performed by two medical
statisticians (A.Y. and K.M.K.) under the supervision of a
third medical statistician (B.H.N.). Variables of the CKD and
non-CKD groups at the last follow-up after PN were com-
pared using a chi-square test or independent t test, as appro-
priate. After prequalification of baseline clinicopathological
parameters with univariate analysis, significant factors were
evaluated using logistic regression analysis to determine the
association of the independent variables with CKD develop-
ment.

The patients were grouped according to their number of
risk factors for atheroembolism: more than five (HR) or fewer
than five (LR) [10,11]. Comparisons between the LR and HR
groups were performed using the chi-square test for quali-
tative variables and the independent t test or Wilcoxon rank-
sum test for quantitative variables as appropriate. Renal
function, as measured using changes in serum Cr and eGFR
from baseline and from the previously measured value, was
compared between the HR and LR groups at each follow-up.
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The proportional-odds model was used to determine the
odds ratios of magnitude of change in serum Cr and eGFR
to risk of atheroembolic renal disease. All statistical analyses
were performed by a specialist statistician (A.Y.) using Stata
release 9.2 (Stata Corp., College Station, TX). The null 
hypothesis of no difference was rejected if the two-tailed 
p-value was less than 0.05.

Results

Overall mean age of 234 patients was 54.5±11.9 years; there
were 168 men and 68 women. The mean tumor diameter was
2.9±1.3 cm, and the mean ischemia time was 29.7±11.8 min-
utes. During the mean follow-up period of 60.4±16.4 months,
15 patients (6.4%) developed postoperative CKD, in which
the HR group (12.2%) had a significantly higher rate of about

Table 1. Baseline demographics of low- and high-risk atheroembolism groups
Variable Low-risk group (n=185, 79.0%) High-risk group (n=49, 21.0%) p-value
Male/Female 131 (70.8)/54 (29.2) 36 (73.5)/14 (26.5)  0.853
Agea) (yr) 51.4±11.0 66.4±6.2 < 0.001
BMIa) (kg/m2) 24.4±3.0 24.9±3.3 0.421
Follow-upa) (mo) 61.3±17.0 57.3±16.6 0.136
Number of risk factors of AEa) 2.2±1.0 6.7±1.7 < 0.001
Smoking history 31 (16.8) 7 (14.3) 0.829
Anti-thromboembolic therapy 3 (1.6) 11 (22.4) < 0.001
Anticoagulation therapy 10 (5.4) 24 (49.0) < 0.001
Diabetes 9 (4.9) 18 (36.7) < 0.001
Hypertension 28 (15.1) 40 (81.6)
Hypercholesterolemia 0 ( 7 (14.3)
Atherosclerotic vascular disease 1 (0.5) 7 (14.3)
ASA
Group 1 124 (67.0) 10 (20.4) < 0.001
Group 2 60 (32.5) 36 (73.5)
Group 3 1 (0.5) 3 (6.1)

Baseline laboratory findingsa)

Hemoglobin (g/dL) 14.3±1.4 13.8±1.7 0.102
ESR (mg/dL) 14.8±19.7 26.1±39.4 0.484
Albumin (g/dL) 4.4±0.3 4.3±0.3 0.066
Calcium (mg/dL) 9.3±0.7 9.4±0.4 0.144
Creatinine (mg/dL) 1.0±0.2 1.0±0.2 0.242
eGFR (mL/min/1.73 m2)b) 77.8±16.4 71.7±14.7 0.017

Last creatininea) (mg/dL) 0.9±0.2 1.1±0.7 0.05
Last eGFRa) (mL/min/1.73 m2)b) 81.2±16.7 69.3±19.6 < 0.001
Posteoperative CKD 9 (4.9) 6 (12.2) 0.035
Tumor sizea) (cm) 2.9±1.3 3.0±1.4 0.367
R.E.N.A.L. nephrometry score 7.0±2.4 8.0±1.8 0.119
Pathologic T1 stage 158 (85.4) 37 (75.5) 0.211
Pathologic T2 27 (16.6) 12 (24.5) 
Ischemic timea) (min) 28.3±11.3 30.2±10.2 0.277
Operative timea) (min) 169.3±41.8 169.6±42.3 0.955
Estimated blood lossa) (mL) 249.6±189.1 268.8±172.5 0.513
Safety margina) (cm) 3.0±2.0 2.7±2.1 0.326

Values are presented as number (%) or mean±standard deviation (SD). BMI, body mass index; AE, adverse effect; ASA, Amer-
ican Society of Anesthesiologists; ESR, erythrocyte sedimentation rate; eGFR, estimated glomerular filtration rate; CKD, chronic
kidney disease; MDRD, Modification of Diet in Renal Disease. a)t test comparative analysis (mean±SD), b)eGFR, estimated
glomerular filtration rate calculated by MDRD equation.
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2.4 times that of the LR group (4.9%) (Table 1).
The LR group consisted of 185 patients (79.1%) with 

a mean of 2.2±1.0 risk factors for atheroembolic renal disease,
and the HR group consisted of 49 patients (20.1%) with 
a mean of 6.7±1.7 risk factors. The HR group showed more
underlying diseases, had undergone more medical proce-
dures, and was older in comparison with the LR group 
(p < 0.001) (Table 1). Baseline eGFR was significantly lower
in the HR group than in the LR group (LR, 77.8±16.4
mL/min/1.73 m2; HR, 71.7±14.7 mL/min/1.73 m2; p=0.017), 
although there was no significant difference in baseline
serum Cr (p=0.242). At the end of the 5-year follow-up 
period, both Cr and eGFR were significantly different 
between the groups (Cr: LR, 0.9±0.2 mg/dL; HR, 1.1±0.7
mg/dL; p=0.05 and eGFR: LR, 81.2±16.7 mL/min/1.73 m2;
HR, 69.3±19.6 mL/min/1.73 m2; p < 0.001).

Renal function, as measured by the mean values of Cr and
eGFR, deteriorated from the first month of follow-up to the
ninth month, with a significant difference between groups,
after which they recovered to around baseline values 
(Fig. 1). Statistical comparison of changes in Cr and eGFR
from baseline showed a significant difference between the
two groups at 3-month follow-up (Cr: LR, 0.06±0.17 mg/dL;
HR, 0.22±0.16 mg/dL; p=0.023 and eGFR: LR, –5.0±12.6
mL/min/1.73 m2; HR, –12.9±8.4 mL/min/1.73 m2; p=0.050)
(not shown in tables, Fig. 1). As measured by changes in Cr
and eGFR from the previously measured value, the worst
renal function was observed between 3 and 6 months after

the operation (Fig. 2). As shown in Fig. 2, changes in Cr and
eGFR from 3 to 6 months after the operation differed more
between the LR and HR groups than any other changes from
measurement to measurement (Cr: LR, –0.02±0.11 mg/dL;
HR, –0.13±0.16 mg/dL; p=0.043 and eGFR: LR, 1.50±10.22
mL/min/1.73 m2; HR, 6.38±10.06 mL/min/1.73 m2; p=0.036). 

For the HR group, the odds ratio of Cr to risk of atheroem-
bolic renal disease decreased from 1 to 3 months after the 
operation (from 0.58 to 0.15) compared with the LR group,
while that of eGFR to risk of atheroembolic renal disease 
increased (from 1.57 to 3.69) (Table 2). As postoperative
changes in Cr became greater and therefore worse, the risk
of atheroembolic renal disease increased proportionally and
was greatest at 3 months after the operation; this was not sig-
nificant (p > 0.05) (Table 3). By 6 months after the operation,
changes in Cr (LR, –0.03±0.14 mg/dL; HR, 0.14±0.75 mg/dL;
p=0.113) and eGFR (LR, –1.4±15.7 mL/min/1.73 m2; HR, 
–0.7±15.5 mL/min/1.73 m2; p=0.776) were not significantly
different between groups (not shown in the tables).

Additional logistic regression analysis of the risk factors
for development of CKD showed diabetes (hazard ratio,
102.3), female gender (hazard ratio, 0.035), pathologic T3a
(hazard ratio, 317.6), cardiovascular operative history (haz-
ard ratio, 195.8), baseline eGFR (hazard ratio, 0.753), and
number of atheroembolic risks  5 (hazard ratio, 0.445) as sig-
nificant risk factors (p < 0.05) (Table 4).
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Fig. 1. Mean creatinine (Cr) levels (A) and estimated glomerular filtration rate (eGFR) calculated using the Modification of
Diet in Renal Disease (MDRD) equation (B) at the time of the postoperative follow-up of the high-risk and low-risk groups
of atheroembolism are shown along with their comparative p-values for each follow-up month. sCr, serum creatinine; RF,
risk factors.
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Discussion

Confirmation that the prognosis of PN is similar to that of
RN led to a change in the guidelines for treatment of local-
ized RCC, and as a result of surgeons’ universal focus on
postoperative quality of life, postoperative preservation of
renal function is now considered much more important than
previously [4]. Multiple studies have found risk factors 
influencing postoperative renal function similar to our 
results with significant diabetes, gender, preoperative eGFR
and pathologic T stage and attempted to evaluate measures
to protect against them and encourage early recovery [2].

Atherosclerosis is one such factor, and the effect of the 
vascular clamping procedure on atherosclerotic renal vessels
has become an interesting subject for urologists interested in
renal function outcome after PN [14,15]. In this study with
234 patients, multivariate analysis of postoperative CKD
showed that, from among multiple atheroembolic risks for
development of CKD after PN, diabetes (hazard ratio, 102.3),
female gender (hazard ratio, 0.035), pathologic stage T3a
(hazard ratio, 317.6), cardiovascular operative history (haz-
ard ratio, 195.8), baseline eGFR (hazard ratio, 0.753), and  5
atheroembolic risks (hazard ratio, 0.445) were significant risk
factors (Table 4). The number of atheroembolic risks  5
proved to be a significant independent risk factor and its 
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Fig. 2. Postoperative changes in the mean creatinine (Cr) levels (A) and estimated glomerular filtration rate (eGFR) calculated
using the Modification of Diet in Renal Disease (MDRD) equation (B) differences compared to the baseline values are shown
along with the comparative p-values for each follow-up month between high- and low-risk groups of atheroembolism. sCr,
serum creatinine; RF, risk factors.

Table 2. Correlation analysis between atheroembolic risk and severities of postoperative renal functional change via serum
creatinine and eGFR-MDRD

Follow-up time Response Risk factor Mean estimated p-value Odds 95% Confidence 
variable group change ratio interval

1 mo Low risk 1.00 (reference)
Creatinine High risk –0.545 ( 0.072 0.58 0.32-1.05
eGFR-MDRD High risk 0.449 ( 0.169 1.566 0.827-2.965

3 mo Low risk 1.00 (reference)
Creatinine High risk –1.933 ( 0.016 0.145 0.03-0.695
eGFR-MDRD High risk 1.305 ( 0.103 3.689 0.768-17.71

eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease. 
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inverse hazard ratio showed that there were multiple other
risk factors in the analysis that needed to be correlated with
the number of atheroembolic risks and all atheroembolic risk
factors altogether produced an inverse hazard ratio. How-
ever, univariate analysis showed a hazard ratio of 3.132
which should be considered for the hazard ratio of atheroem-
bolic risk > 5 independently significant for the risk factor for
renal functional recovery after PN. 

Because the on-clamp procedure with warm ischemia is
the most frequently used method of PN, and the number 
of RCC patients older than 60 years undergoing PN has 
increased, clinicians using this method now encounter scle-
rotic renal vessels more frequently, and the possibility of
breakdown and dispersal of atherosclerotic plaques causing
postoperative atheroembolic renal infarction and renal insuf-
ficiency is drawing increasing attention and concern. With
the aim of determining the effect of risk factors for atheroem-
bolic renal disease on postoperative recovery of renal func-
tion, this study examined two groups of patients, who were
classified as being at high or low risk of the disease according
to number of risk factors [10,16,17].

Approximately 76%-77% of cases of atheroembolic renal
disease may arise as complications of vascular procedures
[9,10,16-18]. Manual manipulation of a vessel during a 
vascular procedure may cause small cholesterol crystals to

fracture off ruptured atherosclerotic plaques from proximal
regions of the vasculature, which may result in development
of a peripheral embolism [9]. Such microemboli are com-
monly associated with development of multifocal ischemic
lesions, leading to reversible or irreversible organ dysfunc-
tions such as acute or chronic renal insufficiency [11]. Thus,
recognition and avoidance of factors and procedures that
may precipitate or perpetuate this disease is critical. 

In this study, multivariate analysis of renal function after
PN showed that only diabetes, gender, pathologic stage T3a,
cardiovascular operative history, baseline eGFR, and  5
atheroembolic risks were significant risk factors, whereas
other atheroembolic risk factors such as hypertension, age,
smoking, and hyperlipidemia were not (Table 4). However,
when the patients were grouped based on the aggregate
number of atheroembolic risks, the postoperative renal func-
tional recovery and the incidence of CKD development dif-
fered significantly. In this study, in the HR group, 49 patients
(20.1%) underwent manipulation of sclerotic renal vessels
during the warm-ischemia procedure, and postoperative
CKD incidence (n=6, 12.2%) was 2.5 times higher compared
with the LR group (n=9, 4.9%) (Table 1). 

The on-clamp method of PN can cause spontaneous 
dislodging of atheromatous material as a result of blood
reperfusing the kidneys at high pressure after declamping of

Table 3. Proportional odds model of postoperative serum creatinine and eGFR-MDRD change to their baseline values in
relation to atheroembolic risks

Follow-up time Differential grouping d/t  Mean estimated p-value Odds 95% Confidence 
creatinine change change ratio interval

Postoperative serum creatinine change
1 mo 1 (diff < 0) 1.00 (reference)

2 (0  diff < 0.1) –0.357 0.507 0.7 0.244-2.005
3 (0.1  diff < 0.2) 0.073 0.881 1.076 0.415-2.786
4 (diff  0.2) 0.651 0.153 1.918 0.786-4.680

3 mo 1 (diff < 0) 1.00 (reference)
2 (0  diff < 0.1) 1.289 0.466 3.63 0.114-116.1
3 (0.1  diff < 0.2) 1.7 0.311 5.474 0.205-146.5
4 (diff  0.2) 2.699 0.094 14.875 0.631-350.4

Postoperative eGFR change
1 mo 1 (diff < -16.8) 0.726 0.128 2.067 0.812-5.261

2 (–16.8  diff < –7.6) 0.516 0.295 1.676 0.637-4.405
3 (–7.6  diff < 0) 0.997 0.078 2.712 0.893-8.241
4 (diff  0) 1.00 (reference)

3 mo 1 (diff < –16.8) 1.836 0.103 6.273 0.692-56.88
2 (–16.8  diff < –7.6) –0.796 0.656 0.451 0.014-15.02
3 (–7.6  diff < 0) 1.449 0.243 4.26 0.373-48.59
4 (diff  0) 1.00 (reference)

eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease.
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the renal arteries. Renal atheroembolism, that is, occlusion of
renal arterioles and glomerular capillaries by cholesterol
crystals originating from atheromatous plaques of the renal
arteries, may result in temporary renal dysfunction or 
permanent failure [9,10,16]. 

As currently understood, the course of atheroembolic renal
disease begins with acute onset within 1 week of an event
that causes massive migration of cholesterol crystals in the
bloodstream, resulting in microcrystalline angiitis of small
arterioles of 150-200 mm in diameter [11,16]. The subacute
phase begins within two to four weeks of the initial event
and involves recurrent embolic showers and inflammatory
endothelial reactions [2,3,7,11,15], followed by a chronic,
slowly progressive phase of nephroangiosclerosis or 
ischemic nephropathy [10,19]. Thus, progressive renal 
dysfunction develops in a stepwise manner over a period of
several weeks after the inciting event. Shortly after the 
cholesterol crystals become lodged an arteriole, polymor-
phonuclear leukocytes and eosinophils infiltrate the affected
arteriole [6,10,15]. Thrombus formation then occurs, along
with endothelial proliferation and intimal fibrosis, leading to

arteriolar obstruction. The time between the triggering event
and the onset of renal insufficiency suggests a causal role for
recurrent embolic showers and inflammatory endothelial 
reactions [20]. In this study, because of the great variability
among renal inflammatory reactions, Cr or eGFR was not
measured during the first month after the operation. After
PN, renal function should be monitored closely for 1 month
after surgery with regular follow-up afterward for monitor-
ing of recovery or deterioration [4,8,10].

In this study, despite comparatively insignificant differ-
ences in characteristics of renal mass including size, 
location, appearance, and operative parameters including 
ischemia time between groups, the HR group showed
greater deterioration and slower recovery of renal function
postoperatively than the LR group (Fig. 1). The degree of 
atherosclerosis of renal arteries might be presumed to affect
the risk of atheroembolism resulting from the vascular
clamping procedure and thus the postoperative recovery of
renal function and the recovery patterns of the two groups
were clearly different. Thus, a tentative explanation for this
difference might be that patients in the HR group were more

Table 4. Logistic regression analysis of risk factors for development of chronic kidney disease after partial nephrectomy
with warm ischemia

Risk factor
Univariate analysis Multivariate

p-value Hazard ratio 95% CI p-value Hazard ratio 95% CI
Pathologic T3a 0.020 9.6 1.435-64.219 0.004 317.6 14.20-468.16
Nuclear grade 0.073 1.8 0.208-15.561 - - -
Body mass index 0.309 1.091 0.922-1.291 - - -
Estimated blood loss 0.444 1.001 0.998-1.004 - - -
Ischemic time 0.632 1.011 0.966-1.059 - - -
Tumor size 0.363 1.193 0.816-1.743 - - -
Operative time 0.020 1.016 1.002-1.029 0.214 1.013 0.993-1.037
Age > 55 yr 0.156 2.261 0.730-7.007 - - -
Hypertension 0.043 3.112 1.036-9.349 0.823 1.237 0.186-9.388
Diabetes 0.004 5.868 1.754-19.628 0.005 102.3 5.293-513.0
Lipidemia, cholesterolemia 0.368 2.769 0.301-25.487 - - -
Aortic atherosclerosis 0.401 2.208 0.677-7.2 - - -
Reno-atherosclerosis 0.628 1.702 0.197-14.666 - - -
Smoking 0.178 2.326 0.68-7.953 - - -
Cardiovascular op. Hx 0.044 5.967 1.046-34.025 0.019 195.8 3.275 200.2
Anticoagulant Tx. 0.200 2.9 0.57-14.757 - - -
Female sex 0.068 0.07 0.005-0.537 0.007 0.002 0.001-0.089
Aspirin therapy 0.500 1.586 0.415-6.058 - - -
Statin therapy 0.211 2.383 0.611-9.303 - - -
R.E.N.A.L. nephrometry score 0.838 1.025 0.81-1.297 - - -
Atheroembolic risk  5 0.041 3.132 1.019-9.248 0.020 0.445 0.134-0.854
Baseline eGFR 0.002 0.882 0.814-0.956 0.004 0.753 0.547-0.899

CI, confidence interval; op. Hx, operation history; Tx., treatment; eGFR, estimated glomerular filtration rate.
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likely to suffer atheroembolic plaque dislodgment into the
small and medium renal arterioles during the clamping 
procedure, resulting in parenchymal ischemia and causing
more aggressive renal deterioration. 

Similar patterns of change in renal function were observed
in the HR and LR groups. Renal function showed deteriora-
tion until 6 months after the operation, with the greatest 
decline from 1 to 3 months (Fig. 1). From 6 months onward,
the rates of change slowed down in both groups, and
changes in renal function from measurement to measure-
ment became similar between the groups. The last measure-
ments of Cr and eGFR showed that renal function had
recovered to around baseline levels in both groups. 

Initial deterioration of renal function after PN may 
continue into the early sixth month as a result of the inflam-
matory healing process of injured renal parenchyma and the
loss of the parenchyma removed in the operation. A variety
of inflammatory factors and cytokines will be secreted in the
process of repairing the renal damage contralateral kidney
and the remnant of the affected one must compensate for the
loss of function resulting from the nephrectomy. Therefore,
until 6 months after the operation, all possible renal protec-
tive measures should be considered, and all nephrotoxic
medical therapies and imaging work-ups using nephrotoxic
contrast dye should be avoided, especially in patients at high
risk of atheroembolism.

After 5 years, renal function in both groups had eventually
recovered to approximately or slightly less than that at base-
line (Figs. 1 and 2). There are two possible explanations for
this. First, in cases in which the contralateral renal function
was normal, the contralateral kidney likely compensated for
the postoperative loss of renal function [21,22]. Second, the
preoperative and postoperative remnant kidney volume and
removed kidney volume have been shown to affect the 
recovery of renal function [23-25]. However, in this study,
the majority of our patients had a renal tumor less than 4 cm
in diameter; in addition, there was an insignificant difference
in safety margin of less than 5 mm in both groups (not in 
tables; LR, 3.0±2.1 mm vs. HR, 2.7±2.1 mm; p=0.654). There-
fore, overall renal function might not have been significantly
affected. 

Based on this study, one conclusion regarding surgical
technique might be that use of other methods, such as 
off-clamp procedures, to induce warm ischemia without
causing mechanical trauma to sclerotic vessels is preferable,
especially in HR atherosclerotic patients. Off-clamp proce-
dures suggested in the literature include selective emboliza-
tion of tumor-feeding renal arteries, enucleation, and
tourniquet clamping for polar masses [2]. However, given
their indication only in certain tumor types in particular 
locations and the risks they carry (massive intraoperative
bleeding, major postoperative complications, difficulties in

repairing the parenchyma and collecting system, violation of
resection margin owing to insufficiently clear view of the
area being operated on) [5], off-clamp methods are not
widely used. Another suggestion for patients at high risk of
atheroembolism is to restrict exposure to precipitating 
factors. In addition, the aim of medical intervention should
be to provide optimal treatment of associated hypertension
and cardiac dysfunction [10,18]. Some studies have also 
suggested the use of statin in patients at high risk of
atheroembolic renal disease in order to stabilize and reduce
plaque through lipid-lowering and anti-inflammatory mech-
anisms [17]. 

Our study has some limitations. First, although this is the
first dedicated report on the risk of atheroembolism during
recovery after PN, further randomized prospective studies
with larger sample sizes are needed, which should include
patients in whom atheroembolism has been confirmed by
biopsy of the kidney or other regions. Second, the known risk
factors for atheroembolic renal disease were examined in 
aggregate, and their individual effects on recovery of renal
function and risk of atheroembolism were not assessed. 
Further studies should include correlation analysis or multi-
variate analysis of these factors, along with other potentially
influential factors such as biochemical parameters, medica-
tions, and nutritional state. In addition, a more accurate tool
for assessing renal function is needed.

Conclusion

The presence of risk factors for atheroembolic renal disease
may negatively influence postoperative recovery of renal
function after on-clamp PN with warm ischemia. Therefore,
renal protective measures and thorough follow-up are 
recommended for 6 months after PN in patients at high risk
of atheroembolism.
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Can Anorectal Manometry Findings Predict Subsequent Late 
Gastrointestinal Radiation Toxicity in Prostate Cancer Patients?

Original Article

Purpose
The purpose of this study is to investigate the influence of radiotherapy (RT) on anorectal
function and radiation-induced toxicity in patients with prostate cancer.

Materials and Methods
Fifty-four patients who were treated with RT for prostate cancer (T1c-4N0-1M0) were eval-
uated. To assess the changes in anorectal function, two consecutive anorectal manometry
readings were performed in patients, before and after 4-6 months of RT. Late gastrointesti-
nal (GI) toxicity was defined as symptoms occurring more than 6 months after RT. The 
median radiation dose was 70.0 Gy (range, 66.0 to 74.0 Gy). Whole pelvis field RT was per-
formed in 16 patients (29.6%). Grade of late radiation toxicity was defined in accordance
to the severity of symptoms (Gulliford’s scoring system).

Results
The median follow-up period was 60 months. Resting anal pressure (p=0.001), squeeze
pressure (p < 0.001), and urge to defecate volume (p=0.025) were significantly reduced
after RT. Fourteen patients (25.9%) experienced late GI toxicities. Among them, nine (16.7%)
showed severe (grade  2) late toxicities. Elevated resting and squeeze external anal sphinc-
ter pressure prior to RT and large urge to defecate volumes after RT were associated with
the occurrence of late GI toxicities.

Conclusion
RT caused symptomatic anorectal dysfunction and resulted in a weakened anal sphincter.
Increased urge to defecate volumes after RT were related to late GI toxicities. Elevated rest-
ing and squeeze anal sphincter pressure prior to RT rodcan be used to identify patients with
an increased risk of late GI toxicities. 

Key words
Prostatic neoplasms, Radiation toxicity, Anorectal manometry

Introduction

Anorectal manometry (ARM) is commonly used to test
anorectal physiology, and it is also used in studies of the
anorectal toxicities after radiotherapy (RT) [1,2]; it could 
potentially be used to determine sensory functions and
anorectal contractility.

The pathophysiology of radiation-induced anorectal 
dysfunction is still unclear. However, fibrosis seems to be 

related to pathogenesis [3]. Colonic dysmotility is related to
urgency or frequency of stooling [4,5]. However, it is not 
related to the morphology of the anal sphincter [5]. Fecal 
incontinence is thought to be due to injury of the nerve
plexus of the rectal muscular area [6]. Fecal urgency may be
related to increased rectal wall stiffness [7]. 

Although the technological development of RT has 
reduced the risk of radiation-induced toxicities, a substantial
number of prostate cancer patients still suffer from the side
effects of RT; radiation-induced toxicities occur in 6%-34% of
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prostate cancer patients undergoing RT [8]. Prostate cancer
patients treated with RT often complain about newly devel-
oped gastrointestinal (GI) symptoms, such as frequency, 
urgency, tenesmus, incontinence, and rectal bleeding [9].
Fecal incontinence [6] and rectal bleeding [10] are well-
known severe late complications of RT that can persist long-
term. Fecal incontinence decreases the quality of the patients’
lives over time [11]. In this study, we compared the results
of ARM before and after RT to evaluate the patterns of
anorectal function changes after RT used to treat prostate
cancer. Also, we studied the relationship between the find-
ings of ARM and late GI toxicities after RT in order to iden-
tify which patients are at increased risk for toxicities. This
research is a new attempt to determine whether ARM find-
ings are able to predict subsequent external beam RT late 
effects.

Materials and Methods

1. Patients

Fifty-four patients with prostate cancer were treated with
definitive RT at Samsung Medical Center between 2007 and
2010. After approval by the Institutional Review Board (IRB
File No. 2013-11-022), the medical and RT records of patients
were retrospectively reviewed. All patients underwent ARM
within 1 month before RT (pre-RT) and 4-6 months after RT
(post-RT). The patients’ characteristics are summarized in
Table 1. The median age of patients was 72 years (range, 49
to 82 years). Suspected pelvic lymph node metastasis was
noted in 16 patients (29.6%). Nineteen patients (35.2%) 
underwent hormone therapy with RT. 

2. Radiation treatments

All patients underwent simulation with computed tomog-
raphy (CT) scanning for RT planning. A rectal catheter was
inserted, and the balloon was inflated with 60 cm3 of air. For
40 patients, three-dimensional conformal radiotherapy 
(3D-CRT) was delivered. Intensity-modulated radiotherapy
(IMRT) was used for 14 patients. The clinical target volume
(CTV) consisted of the prostate and the adjacent seminal
vesicle. Pelvic lymph nodes were delineated as CTV in 16 
patients with suspected pelvic lymph node metastases. For
organ at risk, rectal volume was generated as the rectal wall
without lumen for the treatment planning. For 40 patients,
the total RT dose was 66-74 Gy with 2 Gy per fraction, using
3D-CRT with 10-15 megavoltage photons. IMRT (n=14) was
delivered with a total of 70 Gy in 28 fractions of 2.5 Gy. 

For 3D-CRT, the beam margins from CTV were 1.2 cm in
all directions. For IMRT, the planning target volume (PTV)
margins from CTV were 0.5 cm, except for a posterior margin
of 0.3-0.5 cm. Daily image guidance with cone-beam CT and
set-error correction for IMRT could aid in reduction of PTV
margin compared to 3D-CRT.

For IMRT planning, the rectal dose constraints used in 
the study were as follows: the maximum rectal dose was 
< 74 Gy, and  7%,  20%,  50%, and  90% of the rectal vol-
ume received doses > 70 Gy, > 50 Gy, > 25 Gy, and > 12 Gy, 
respectively. However, no specific dose constraints were 
applied for the anus. For patients who underwent IMRT,
image-guided RT was performed by using a megavoltage CT
in helical tomotherapy.

3. Anorectal manometry

ARM was used to evaluate the anorectal function in this
study. An 8-lumen polyvinyl recording assembly with eight

Table 1. Patient and treatment characteristics (n=54)

Variable No. (%)
Median (range, yr) 72 (49-82)
ECOG performance status
0 23 (42.6)
1 31 (57.4)

T stage
T1c 1 (1.9)
T2 20 (37.0)
T3a 15 (27.8)
T3b 16 (29.6)
T4 2 (3.7)

N stage
N0 38 (70.4)
N1 16 (29.6)

Gleason score 7 (6-10)
Median initial PSA (range, ng/mL) 16.1 (4.2-322.0)
Hormone therapy
Yes 19 (35.2)
No 35 (64.8)

Radiotherapy
Median dose (range, Gy) 70 (66.0-74.0)
RT volume
Whole pelvis 16 (29.6)
Prostate±SV 38 (70.4)

Treatment technique
3D-CRT 40 (74.1)
IMRT 14 (25.9)

ECOG, Eastern Cooperative Oncology Group; PSA,
prostate-specific antigen; RT, radiotherapy; SV, seminal
vesicle; 3D-CRT, 3-dimensional conformal radiotherapy;
IMRT, intensity-modulated radiotherapy.
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side hole recording sites was initially used, and subse-
quently, a catheter with a distensible rectal balloon at the 
distal end was used. The side-hole recording sites were 
0.5 cm apart in a spiral configuration around the tube. The
anal sphincter pressure profile was obtained at each radial
orientation by a slow pull-through of the sphincter. The
recording assembly was then positioned across the sphincter
to allow for continuous monitoring of internal and external
sphincter activity. Patients were asked to voluntarily contract
the sphincter as hard as possible in order to quantify the 
rectal balloon volume and anal sphincter tones. The balloon
volumes associated with internal/external anal sphincter
contraction and a sensation of rectal distention were noted. 

Anal sphincter tone, functional anal canal length, and the
sensation of rectal distention were assessed by ARM [12].
Resting anal sphincter pressure (ASP), defined as the differ-
ence between the intrarectal pressure and highest recorded
ASP at rest, is generally recorded 1-2 cm from the anal verge.
The maximum squeeze pressure was defined as the highest
pressure that is recorded at any level within the anal canal
during squeeze maneuver. The perception threshold volume
was defined as the balloon volume that correlates with the
first rectal distention. The urge to defecate volume was 
defined as the balloon volume at the moment when the 
patient first noted an urge to defecate. The anal canal length
was defined as the length of the anal canal, over which the
resting pressure exceeded that of the rectum by greater than
5 mm Hg or, alternatively, as the length of the anal canal over
which pressures were greater than half of the maximal pres-
sure at rest. Internal ASP (IASP) was defined as the resting
tone of the internal anal sphincter. Resting and maximum 
external ASP (EASP) were defined as the tones of the external
anal sphincter during rest and during maximum voluntary 
contraction/effort (in response to increased intra-abdominal
pressure), respectively.

4. Symptom evaluation

The symptoms were assessed and recorded at every 
follow-up visit. Late GI toxicity was defined as symptoms
occurring more than 6 months after RT. The degree of late GI
tocixity was assessed in accordance to the late effects in 
normal tissues measured by using the new late radiation
morbidity scoring schema by Gulliford et al. [13]. In patients
with multiple clinical symptoms, multiple checking was 
allowed in symptom evaluation.

5. Statistics

The changes in the parameters of ARM before and after RT
were evaluated with a paired t test. The chi-square test was
used to evaluate the relationship between RT-related toxici-
ties and clinical factors (i.e., T stage) or treatment methods
(i.e., hormone therapy, RT volume, and RT modality). Statis-
tical correlation between late GI toxicities and anorectal
manometric findings was tested by a binary logistic regres-
sion. The p-values of < 0.05 (2-sided test) were considered 
to be statistically significant. Statistical analyses were 
performed using SPSS ver. 20 (IBM Co., Armonk, NY).

Results

1. Functional changes 

Anal pressures at rest and in response to squeezing were
significantly decreased after RT (p=0.001 and p < 0.001, 
respectively) (Table 2). The volumes at perception of rectal
distention were not changed after RT. However, an urge to

Table 2. Changes in the parameters of anorectal manometry in patients before and after radiotherapy evaluated with a
paired t test

Variable Pre-RT Post-RT Pre-RT–Post-RT (mean) p-value
Resting anal pressure (mm Hg) 104.0±61.0 82.2±41.1 21.8 0.001
Squeeze anal pressure (mm Hg) 181.5±82.5 142.8±57.6 38.7 < 0.001
Perception threshold volume (mL) 24.4±9.6 23.7±10.3 0.7 0.376
Urge to defecate volume (mL) 195.4±58.9 181.5±51.1 13.9 0.025
Anal canal length (cm) 3.6±0.6 3.6±0.6 0.0 0.411
IASP (mm Hg)a) 54.3±18.2 53.9±18.2 0.4 0.939
Resting EASP (mm Hg) 88.8±35.6 87.6±39.4 1.2 0.824
Maximum EASP (mm Hg) 198.2±90.4 194.1±83.7 4.1 0.619

Values are presented as mean±standard deviation. RT, radiotherapy; IASP, internal anal sphincter pressure; EASP, external
anal sphincter pressure. a)Evaluation was performed only in 38 patients due to missing values.
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defecate volumes was significantly reduced after RT
(p=0.025). The IASP and EASP were not significantly
changed according to the implementation of RT.

2. GI symptoms after RT

The median follow-up period was 60 months (range, 7 to
73 months). Fourteen patients (25.9%) showed late GI symp-
toms towards the end of RT (Table 3). Among them, sphinc-
ter control problems (including problems with subjective
sphincter control and management sphincter control, n=5),
and rectal urgency (n=5) were common late toxicities (Table
3). Grade  2 late GI toxicities were present in nine patients
(16.7%). 

3. Correlation between late GI toxicities and anorectal
manometric findings 

Elevated pre-RT resting and squeezing ASP was associated
with the occurrence of late GI toxicities (p=0.039 and p=0.039,

respectively) (Table 4). The mean pre-RT resting and squeez-
ing ASP of patients who experienced late GI toxicities were
122.0 mm Hg (range, 26.0 to 234.0 mm Hg) and 206.2 mm Hg
(range, 55.0 to 352.0 mm Hg), respectively. In contrast, the
mean pre-RT resting and squeezing ASP of patients who did
not experience late GI toxicities were 97.8 mm Hg (range, 18.5
to 282.5 mm Hg) and 172.9 mm Hg (range, 53.5 to 407.0 mm
Hg), respectively. In addition, the pre-RT urge to defecate
volume tended to be associated with late GI toxicities
(p=0.051). Larger post-RT urge to defecate volumes were 
related to the occurrence of late GI toxicities (p=0.029) (Table
4). The mean post-RT urge to defecate volume of patients
with late toxicities was 202.9 mm Hg (range, 110.0 to 300.0
mm Hg). On the contrary, the mean post-RT urge to defecate
volume of patients without late toxicities was 174.0 mm Hg
(range, 100.0 to 300.0 mm Hg). However, the differences 
between pre-RT ARM findings and post-RT ARM findings
were not associated with late toxicities. Also, there was no
specific correlation between grade  2 late GI toxicities and
ARM findings. 

Table 3. Gastrointestinal toxicities after radiotherapy

Symptom Acute toxicities ( 6 mo) Late toxicities (> 6 mo) Grade  2 late toxicitiesa)

Rectal bleeding 1 (1.9) 5 (9.3) 4 (7.4)
Proctitis 1 (1.9) 1 (1.9) 0 (
Stool frequency 1 (1.9) 1 (1.9) 0 (
Sphincter control 5 (9.3) 5 (9.3) 3 (5.6)
Loose stools 1 (1.9) 1 (1.9) 1 (1.9)
Rectal urgency 3 (5.6) 5 (9.3) 3 (5.6)
Total patients 8 (14.8) 14 (25.9) 9 (16.7)

Values are presented as number (%). a)Using late radiation morbidity scoring schema reported by Gulliford et al. [13]. Multiple
checking of clinical symptoms was allowed in evaluation.

Table 4. Statistical correlations between late gastrointestinal toxicities (n=14) and anorectal manometric findings using
binary logistic regression

Variable
p-value

Pre-RT Post-RT Pre-RT–Post-RT
Resting anal pressure 0.039 0.826 0.795
Squeeze anal pressure 0.039 0.826 0.398
Perception threshold volume > 0.999 > 0.999 0.807
Urge to defecate volume 0.051 0.029 0.753
Mean anal canal length 0.728 0.164 0.505
IASPa) 0.937 0.221 0.614
Resting EASP 0.099 0.842 0.195
Maximum EASP 0.104 0.380 0.518

RT, radiotherapy; IASP, internal anal sphincter pressure; EASP, external anal sphincter pressure. a)Evaluation was performed
only in 38 patients due to missing values.
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There was no other clinical factors, except ARM findings,
that significantly affected late GI toxicities. The T stage 
(T1-T2 vs. T3-T4) has not revealed any significant difference
in the occurrence of late GI toxicity (p=0.202). Patients who
were given hormone therapy (n=19) did not show higher 
incidence of late toxicity (p=0.102). Both RT volume and RT
modality (3D-CRT vs. IMRT) were not significantly associ-
ated with higher rate of late toxicity (p=0.308 vs. p=0.739, 
respectively).

Discussion

Preventing a treatment-related complication is as impor-
tant as finding a cure for the disease. By using ARM, we were
able to assess functional changes related to RT and to predict
which patients are at risk for radiation-induced toxicities. 

The pathologic mechanism of RT-induced GI toxicities is
still unclear. RT induces fibrosis in the anorectal wall and
anal sphincter [14]. An increased amount of collagen in the
muscular layer of the rectum and internal anal sphincter is
reported to be associated with fecal incontinence [5]. 
Decreased sensitivity to rectal distension (urge to defecate
volume) was observed in patients with late GI toxicities in
accordance to the results of this study. Inflammation and 
fibrotic changes, as well as collagen deposition might have
occurred after irradiation, and it might be related to func-
tional and structural changes of anorectum. Incoordination
in sensory and motor response of anal sphincter, such as 
increased urge to defecate volumes, and may bring on
chronic rectal mucosa damage in the way of stool passage.
Altered neuronal structure or chemical mediators of inflam-
mation might also influence rectal sensitivity. The majority
of patients with late radiation proctitis showed anorectal 
sensory/motor dysfunction [14]. Further research is needed
to clarify the mechanism of RT-induced GI toxicities.

RT for prostate cancer can cause severe chronic anorectal
dysfunction, which is the result of a weakened anal sphincter
[15]. Our data also showed that anal pressure at rest and in
response to squeezing were reduced after RT. In addition,
the level of resting and squeezing anal pressure may be used
to predict which patients will experience late GI toxicities.
Urge to defecate volumes, which significantly reduced 
according to RT, were associated with abnormal clinical
symptoms after RT. In contrast to the previous study by Yeoh
et al. [5], the perception threshold was not significantly
changed after RT in our study. Patients with subclinical 
dysfunction before RT, such as the elevated ASP in this
study, are more vulnerable to late GI toxicities. Elevated ASP

could make it difficult to deal with the ordinary intraluminal
volumetric changes of anorectum, such as stool passage. 
Severe constipation, caused by elevated ASP, may evoke 
objective complications, such as perianal mucosal damage or
anal sphincter problems. Therefore, higher ASP may bring
on late GI toxicities. According to our data, elevated pre-RT
ASP appears to be predictive of late GI toxicities; it might be
able to be utilized for patient selection for RT. 

In our study, late GI toxicity was not significantly related
to the RT volume or to the modality used. However, the 
occurrence of GI toxicity is known to be related to the radia-
tion dose to the anorectal wall [7] and external anal sphincter.
Michalski et al. [8] reported that a large rectal volume (> 15%)
that receives more than 70 Gy was significantly associated
with grade  2 rectal toxicity. Therefore, it seems to be 
reasonable to consider using an IMRT technique, which 
excludes the external anal sphincter and anorectal wall. Dosi-
metric consideration to rectal wall seems feasible to reduce
the risk of late GI toxicity. Krol et al. [16] argued that sparing
the structures related to fecal continence from irradiation is
crucial to reduce late GI dysfunction. In this regard, using a
hydrogel spacer between the prostate and rectum seems 
feasible to prevent a radiation-induced rectal toxicity by 
reducing the irradiation dose to the rectum. In patients 
predicted to have late GI toxicities based on pre-RT ARM,
placing spacers may be helpful to reduce late toxicity [16,17]. 

Our study has several limitations; as it is based on ARM
findings, it does not include an evaluation of anatomic
anorectal changes after RT. Different symptoms might orig-
inate from different anatomical structures that are damaged
by RT. Smeenk et al. [2] demonstrated that urgency and 
incontinence were associated with the dose of RT delivered
to both the anus and rectum, whereas frequency was associ-
ated with the dose of RT delivered to the anus. Separate
organ drawings (i.e., the anus) in an RT plan might be helpful
for anatomical evaluation. This study was designed to detect
intraindividual changes over time. Therefore, interindividual
variations, such as body mass index, age, or medical comor-
bidities could indirectly affect the ARM results [18]. In addi-
tion, our study results were based on a small number of
patients. Therefore, heterogenous composition of patients
may have influenced the results. Our study should be veri-
fied through large-scale prospective studies. Moreover, func-
tional changes may occur over time after RT. Further
long-term follow-up with ARM could provide valuable data
related to the time-course of functional changes.

Further large-scale cohort studies are warranted to under-
stand the mechanism of radiation-induced anorectal 
dysfunction. Recently introduced 3-dimensional high-defin-
ition ARM could provide a 3-dimensional pressure gradient
and topographical information. Electromyography and
nerve conduction tests or endoscopy might be useful to 



inspect structural damage [8]. A well-designed dosimetric
analysis of dose-volume parameters in the anorectum is
needed to provide a more precise mechanism. It was previ-
ously reported that a reduced rectal wall surface exposed to
radiation results in less mucosal changes and rectal toxicity
[19]. The quality of life after RT for prostate cancer is largely
affected by anorectal radiation toxicity, such as urgency or
frequency [7,20]. Therefore, question-based, patient-reported
quality of life analyses could contribute to understanding
toxicities.

Conclusion

RT caused symptomatic anorectal dysfunction. An 
increased anal pressure prior to RT and urge to defecate 
volume after RT was related to an occurrence of late GI 
toxicities. Application of ARM for screening patients who
have an elevated ASP prior to RT could be helpful in identi-
fying patients with an increased risk of late GI toxicities. 

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

302 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2016;48(1):297-303

1. Yeoh EK, Holloway RH, Fraser RJ, Botten R, Di Matteo A,
Moore JW, et al. Anorectal function after three- versus two-
dimensional radiation therapy for carcinoma of the prostate.
Int J Radiat Oncol Biol Phys. 2009;73:46-52.

2. Smeenk RJ, Hopman WP, Hoffmann AL, van Lin EN, Kaan-
ders JH. Differences in radiation dosimetry and anorectal func-
tion testing imply that anorectal symptoms may arise from
different anatomic substrates. Int J Radiat Oncol Biol Phys.
2012;82:145-52.

3. Mantini G, Tagliaferri L, Mattiucci GC, Balducci M, Frascino
V, Dinapoli N, et al. Effect of whole pelvic radiotherapy for
patients with locally advanced prostate cancer treated with 
radiotherapy and long-term androgen deprivation therapy.
Int J Radiat Oncol Biol Phys. 2011;81:e721-6.

4. Yeoh EK, Bartholomeusz DL, Holloway RH, Fraser RJ, Botten
R, Di Matteo A, et al. Disturbed colonic motility contributes to
anorectal symptoms and dysfunction after radiotherapy for
carcinoma of the prostate. Int J Radiat Oncol Biol Phys. 2010;
78:773-80.

5. Yeoh EK, Holloway RH, Fraser RJ, Botten RJ, Di Matteo AC,
Butters J. Pathophysiology and natural history of anorectal 
sequelae following radiation therapy for carcinoma of the
prostate. Int J Radiat Oncol Biol Phys. 2012;84:e593-9.

6. Maeda Y, Hoyer M, Lundby L, Norton C. Faecal incontinence
following radiotherapy for prostate cancer: a systematic 
review. Radiother Oncol. 2011;98:145-53.

7. Krol R, Hopman WP, Smeenk RJ, Van Lin EN. Increased rectal
wall stiffness after prostate radiotherapy: relation with fecal
urgency. Neurogastroenterol Motil. 2012;24:339-e166.

8. Michalski JM, Gay H, Jackson A, Tucker SL, Deasy JO. Radia-
tion dose-volume effects in radiation-induced rectal injury. Int
J Radiat Oncol Biol Phys. 2010;76(3 Suppl):S123-9.

9. Berndtsson I, Lennernas B, Hulten L. Anorectal function after

modern conformal radiation therapy for prostate cancer: a
pilot study. Tech Coloproctol. 2002;6:101-4.

10. Kim GE, Lim JJ, Park W, Park HC, Chung EJ, Seong J, et al.
Sensory and motor dysfunction assessed by anorectal manom-
etry in uterine cervical carcinoma patients with radiation-
induced late rectal complication. Int J Radiat Oncol Biol Phys.
1998;41:835-41.

11. Bartlett L, Nowak M, Ho YH. Impact of fecal incontinence on
quality of life. World J Gastroenterol. 2009;15:3276-82.

12. Kim JH. How to interpret conventional anorectal manometry.
J Neurogastroenterol Motil. 2010;16:437-9.

13. Gulliford SL, Foo K, Morgan RC, Aird EG, Bidmead AM,
Critchley H, et al. Dose-volume constraints to reduce rectal
side effects from prostate radiotherapy: evidence from MRC
RT01 Trial ISRCTN 47772397. Int J Radiat Oncol Biol Phys.
2010;76:747-54.

14. Andreyev J. Gastrointestinal complications of pelvic radiother-
apy: are they of any importance? Gut. 2005;54:1051-4.

15. Lundby L, Krogh K, Jensen VJ, Gandrup P, Qvist N, Over-
gaard J, et al. Long-term anorectal dysfunction after postop-
erative radiotherapy for rectal cancer. Dis Colon Rectum.
2005;48:1343-9.

16. Krol R, Smeenk RJ, van Lin EN, Hopman WP. Impact of late
anorectal dysfunction on quality of life after pelvic radiother-
apy. Int J Colorectal Dis. 2013;28:519-26.

17. Pinkawa M. Spacer application for prostate cancer radiation
therapy. Future Oncol. 2014;10:851-64.

18. Longobardi B, Berardi G, Fiorino C, Alongi F, Cozzarini C,
Deli A, et al. Anatomical and clinical predictors of acute bowel
toxicity in whole pelvis irradiation for prostate cancer with 
Tomotherapy. Radiother Oncol. 2011;101:460-4.

19. van Lin EN, Kristinsson J, Philippens ME, de Jong DJ, van der
Vight LP, Kaanders JH, et al. Reduced late rectal mucosal

References



Yunseon Choi, ARM Findings after RT for Prostate Cancer

VOLUME 48  NUMBER 1  JANUARY  2016 303

changes after prostate three-dimensional conformal radiother-
apy with endorectal balloon as observed in repeated endo-
scopy. Int J Radiat Oncol Biol Phys. 2007;67:799-811.

20. Bacon CG, Giovannucci E, Testa M, Glass TA, Kawachi I. The

association of treatment-related symptoms with quality-of-life
outcomes for localized prostate carcinoma patients. Cancer.
2002;94:862-71.



│ http://www.e-crt.org │304 Copyright ⓒ 2016 by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2016;48(1):304-311

pISSN 1598-2998, eISSN 2005-9256

http://dx.doi.org/10.4143/crt.2014.339 

Open Access

Reduced Dose Intensities of Doxorubicin in Elderly Patients with
DLBCL in Rituximab Era

Original Article

Purpose
The dose intensity of doxorubicin (DID) is important to the survival of diffuse large B cell
lymphoma (DLBCL) patients. However, due to expected toxicities, most elderly patients can-
not receive full doses of anthracyclines. The purpose of this study was to evaluate the effect
of DID on the survival of elderly DLBCL patients (age  70 years) in the rituximab era.

Materials and Methods
We analyzed 433 DLBCL patients who were treated with R-CHOP between December 2003
and October 2011 at the Seoul National University Hospital. Of these patients, 19.2% were
aged  70 years. We analyzed the survival outcomes according to DID.

Results
Significantly poorer overall survival (OS) was observed for patients aged  70 years (2-year
OS rate: 59.9% vs. 84.2%; p < 0.001). DID  10 mg/m2/wk had a significant effect on the
OS and progression-free survival (PFS) in elderly patients (2-year OS rate: 40.0% in DID 
 10 mg/m2/wk vs. 62.6% in DID > 10 mg/m2/wk; p=0.031; 2-year PFS: 35.0% vs. 65.7%;
p=0.036). The OS on each 1.7 mg/m2/wk doxorubicin increment above 10 mg/m2/wk in
elderly patients was not significant among the groups (2-year OS rate: 75.0% in DID 10.0-
11.7 mg/m2/wk vs. 66.7% in DID 15.0-16.7 mg/m2/wk; p=0.859). Treatment related mor-
tality was not related to DID.

Conclusion
DID can be reduced up to 10 mg/m2/wk in elderly DLBCL patients in the rituximab era.
Maintenance of DID > 10 mg/m2/wk and judicious selection of elderly patients who are 
tolerant to DID is necessary.

Key words
Diffuse large B-cell lymphoma, Age groups, Doxorubicin

Introduction

The incidence of diffuse large B cell lymphoma (DLBCL)
increases with age, with approximately 40% of patients aged
over 70 years [1]. Further increased incidence of DLBCL is
projected since life expectancy has grown worldwide. Com-
bination chemotherapy has improved the prognosis of
DLBCL; before the rituximab era the standard treatment 
included cyclophosphamide, doxorubicin, vincristine, and

prednisolone (CHOP) [2]. While CHOP has improved the
treatment outcome, many studies have shown that elderly
patients with DLBCL had a low survival rate because of poor
performance status, comorbidity or reduced dose of doxoru-
bicin [3,4]. Whether DLBCL in elderly patients is associated
with a specific genetic abnormality or histologic characteris-
tic is not yet clear [5]. Elderly patients have a decreased abil-
ity to tolerate treatment and are more vulnerable to the toxic
effects of chemotherapy such as doxorubicin than younger
DLBCL patients. Dose reduction of doxorubicin may lead to
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different survival rates between young and old patients [6,7].
Rituximab, a chimeric monoclonal antibody against the

CD20 protein has demonstrable efficacy in DLBCL patients
[8,9]. Rituximab combination therapy has dramatically 
increased treatment outcomes. Several studies have indi-
cated that the addition of rituximab to CHOP (R-CHOP) 
increased cure rates by 10%-15% in elderly patients, hence
R-CHOP has become the new standard treatment [8,10].
Dose intensity of doxorubicin (DID) was important before
the rituximab era [6,11]; however, few studies on proper DID
are found in the literature. 

To the best of our knowledge, few studies analyzing the
effect of doxorubicin dose on treatment outcomes in elderly
DLBCL patients in the rituximab era have been reported. The
purpose of this study was to analyze the treatment outcomes
of elderly patients who were treated with R-CHOP according
to the DID.

Materials and Methods

1. Patients and treatment

We conducted a single center retrospective analysis of
DLBCL patients treated with R-CHOP at the Seoul National
University Hospital between December 2003 and October
2011. Inclusion criteria were (1) pathologically confirmed
DLBCL patients according to World Health Organization cri-
teria by specialized hematopathologists (Y.K.J. and C.W.K.)
[12]; (2) patients who received first-line therapy with R-
CHOP. Full dose R-CHOP consisted of 375 mg/m2 ritux-
imab, 750 mg/m2 cyclophosphamide, 50 mg/m2 doxorubicin
and 1.4 mg/m2 vincristine on day 1, and 100 mg oral pred-
nisolone on days 1-5 of each cycle. The combination treat-
ment was repeated at 3-week intervals. Patients who

Table 1. Characteristics of DLBCL patients treated with R-CHOP
Characteristic No. of patients (%) Age < 70 yr Age  70 yr p-value
Age
No. (%) 433 ( 350 (80.8) 83 (19.2)
Median (range) 58 (16-91) 54 (16-69) 74 (70-90)

B Symptoms
No 327 (75.5) 265 (75.7) 62 (74.7) 0.847
Yes 106 (24.5) 85 (24.4) 21 (25.3)

Ann Arbor stage
I/II 233 (53.8) 192 (54.9) 41 (49.4) 0.370
III/IV 200 (46.2) 158 (45.1) 42 (50.6)

Performance status
ECOG 0-1 357 (82.4) 303 (86.6) 54 (65.1) < 0.001
ECOG 2 or more 76 (17.6) 47 (13.4) 29 (34.9)

LDH level
Normal 179 (41.3) 148 (42.5) 31 (37.3) 0.390
Elevated 252 (58.2) 200 (57.5) 52 (62.7)

No. of extranodal sites
0-1 222 (51.3) 181 (51.7) 41 (49.4) 0.704
2 or more 211 (48.7) 169 (48.3) 42 (50.6)

IPI score
0-1 208 (48.0) 184 (52.6) 24 (28.9) < 0.001
2 105 (24.2) 83 (23.7) 22 (26.5)
3 71 (16.4) 53 (15.1) 18 (21.7)
4-5 49 (11.3) 30 (8.6) 19 (22.9)

Bone marrow involvement
Absence 355 (82.0) 295 (86.0) 60 (76.9) 0.046
Presence 66 (15.2) 48 (14.0) 18 (23.1)

Bulky disease
No 340 (78.5) 274 (78.3) 66 (79.5) 0.806
Yes 93 (21.5) 76 (21.8) 17 (20.5)

DLBCL, diffuse large B cell lymphoma; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone;
ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; IPI, International Prognostic Index.
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received radiotherapy, surgery, and chemotherapy other
than R-CHOP were excluded. We analyzed 433 DLBCL 
patients who initially received R-CHOP. Patients aged  70
years were regarded as elderly. Response was assessed on
the basis of the modified International Workshop criteria
[13].

2. Measurement of dose intensity

The dose intensity of the agent was calculated by dividing
the total received dose by the number of weeks of treatment
[7,14]. The patients were stratified according to age and DID.
The standard DID was 16.7 mg/m2/wk. All study patients

received over 6.7 mg/m2/wk of doxorubicin (40% dose 
reduction from standard dose).

3. Statistical analysis

The chi-square test was used to compare the percentage
between two groups by age or DID. Survival analysis was
performed using the Kaplan-Meier method and tested using
the log-rank test. Overall survival (OS) was defined as the
time from diagnosis until death or the last follow-up. Pro-
gression-free survival (PFS) was defined as the time from
first day of treatment until disease progression. We used
multivariate Cox regression analysis to evaluate prognostic
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Fig. 1. Age-specific 2-year overall survival rate.

Table 2. Number and survival outcomes of patients from each subgroup according to DID in elderly DLBCL patients (age
 70 years)

No. of patients in each 2-Year PFS/OS rate (%) 
DID (mg/m2/wk) subgroup (%) according to DID subgroup in aged  70 yr

Age < 70 yr Age  70 yr 2-Year PFS rate 2-Year OS rate 
(a) 6.7 < DID  8.3  5 (1.4) 5 (6.0) 30.0 20.0
(b) 8.3 < DID  10.0 3 (0.9) 5 (6.0) 40.0 60.0
(c) 10.0 < DID  11.7 6 (1.7) 8 (9.6) 85.7 75.0
(d) 11.7 < DID  13.4 33 (9.5) 35 (42.2) 61.1 50.4
(e) 13.4 < DID  15.0 36 (10.3) 9 (10.8) 66.7 88.9
(f) 15.0 < DID  16.7 266 (76.2) 21 (25.3) 63.8 66.7

p-value for 2-year PFS rate: (a+b) vs. (c+d+e+f)=0.036; (a) vs. (b)=0.271; (c) vs. (d)=0.362; (c) vs. (e)=0.462; (c) vs. (f)=0.392; (d)
vs. (e)=0.782; (d) vs. (f)=0.913; (e) vs. (f)=0.815. p-value for 2-year OS rate: (a+b) vs. (c+d+e+f)=0.031; (a) vs. (b)=0.174; (c) vs.
(d)=0.216; (c) vs. (e)=0.577; (c) vs. (f)=0.859; (d) vs. (e)=0.065; (d) vs. (f)=0.103; (e) vs. (f)=0.637. DID, dose intensity of doxoru-
bicin; DLBCL, diffuse large B cell lymphoma; PFS, progression-free survival; OS, overall survival.
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factors affecting survival. p-value of  0.05 was considered
as difference. The study protocol was approved by the Insti-
tutional Review Board (IRB) of the Seoul National University
Hospital (IRB No. H1-406-001-583). The study was con-
ducted in accordance with the Declaration of Helsinki.

Results

1. Patient characteristics

Of the 433 patients, 83 (19.2%) were aged  70 years and
350 (80.8%) were younger than 70 years. The clinical features
are shown in Table 1. There were no significant differences

Table 3. Treatment outcomes according to the dose intensity
Dose intensity of doxorubicin (mg/m2/wk)

Clinical outcome Age < 70 yr Age  70 yr
 10 > 10 p-value  10 > 10 p-value

Attainment of CR
No 4 (44.4) 59 (17.3) 0.059 4 (40.0) 26 (35.6) 1.000
Yes 5 (55.6) 282 (82.7) 6 (60.0) 47 (64.4)

Disease progression
No 3 (33.3) 268 (78.6) 0.005 4 (40.0) 48 (65.8) 0.164
Yes 6 (66.7) 73 (21.4) 6 (60.0) 25 (34.2)

Death
No 4 (44.4) 272 (79.8) 0.023 2 (20.0) 35 (47.9) 0.173
Yes 5 (55.6) 69 (20.2) 8 (80.0) 38 (52.1)

2-Year PFS rate (%) 55.6 ( 82.0 ( < 0.001 35.0 ( 65.7 ( 0.036
HR for PFS (95% CI) 4.043 (1.756-9.305) 0.001                                  2.520 (1.021-6.224) 0.045
2-Year OS rate (%) 66.7 ( 84.7 ( 0.004 40.0 ( 62.6 ( 0.031
HR for OS (95% CI)                              3.459 (1.394-8.579) 0.007                                  2.242 (1.036- 4.854) 0.040

Values are presented as number (%) unless otherwise indicated. CR, complete remission; PFS, progression-free survival; HR,
hazard ratio; CI, confidence interval; OS, overall survival.
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between the two groups, except for performance status (East-
ern Cooperative Oncology Group [ECOG] 0-1 vs. ECOG 2 or
more), International Prognostic Index (IPI), and bone mar-
row involvement. 

2. OS by age group

OS of the patients with DLBCL who received R-CHOP was
analyzed according to age group. Age-specific 2-year OS rate
was decreased with age in patients aged  70 years, below
70% (Fig. 1).

3. Treatment outcomes by DID

Approximately 53% of elderly patients received doxoru-
bicin at 11.7 mg/m2/wk < DID  15.0 mg/m2/wk (Table 2).
Twenty-four patients (aged  70) used prophylactic granu-
locyte-colony stimulating factors, 87.5% of them received
DID  10 mg/m2/wk. We analyzed treatment outcomes 
according to DID in the two age groups as shown in Table 3
and Fig. 2. DID did not have an effect on complete remission
(CR) rate, disease progression and death rate in patients aged
 70 years, however significant differences were observed in
the younger than 70 year age group. Two-year PFS and OS
showed significant difference according to doxorubicin dose
intensity (DID  10 mg/m2/wk and DID > 10 mg/m2/wk)
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in the young and elderly patients groups. The difference of
survival was more significant in younger patients (Figs. 3
and 4). Survival outcomes in elderly DLBCL patients 
remained with no significant difference when DID was over
10 mg/m2/wk.

4. Prognostic factors and cause of death in elderly

We utilized univariate and multivariate analyses to deter-
mine the effect of prognostic factors (B symptom, Ann Arbor
stage, performance status, lactate dehydrogenase [LDH]
level, number of extranodal sites, IPI score, bone marrow 
involvement, bulky tumor, and DID) on treatment outcome.
Performance status, B symptom, IPI score, LDH level, and
Ann Arbor stage, DID were identified as significant prognos-
tic factors in univariate analysis. Performance status was the
only prognostic factor associated with poor survival rate in
multivariate analysis (Table 4). 

Causes of death in elderly patients are shown in Table 5.
Disease progression and treatment related mortality such as

sepsis and bleeding were the major causes of death in elderly
DLBCL patients, regardless of DID.

Discussion

Significantly shorter survival was observed for DID  10
mg/m2/wk than for DID > 10 mg/m2/wk in elderly patients
with DLBCL. When more than 10 mg/m2/wk of doxorubicin
was administered, no significant differences were observed
in treatment outcomes according to DID (2-year OS rate,
75.0%; 10.0 mg/m2/wk < DID  11.7 mg/m2/wk [60%-70%
of standard DID], 66.7%; 15.0 mg/m2/wk < DID  16.7
mg/m2/wk [90%-100% of standard DID]; p=0.815). Each
subgroup divided by 1.7 mg/m2/wk of DID showed 
insignificant difference in PFS and OS. CR rate and disease
progression rate were similar regardless of DID; however,
survival outcomes improved with more than 10 mg/m2/wk
of doxorubicin in patients aged  70 years. Patients younger
than 70 showed significant difference in CR rate, disease pro-
gression rate, and treatment outcomes by DID.

DID was not associated with treatment related mortality.
The reason for this finding was assumed to be the small num-
ber of expired patients (n=46). The cause of death was 
unknown in 21.3%. Performance status was an independent
prognostic factor in multivariative analysis, and the elderly
patients had a poorer performance status than young 
patients, which was in agreement with past studies [15,16].

A previous study which analyzed treatment outcomes 
according to DID before the rituximab era reported that 
patients with DID  10 mg/m2/wk had better treatment out-
comes than DID < 10 mg/m2/wk in elderly patients with

Table 4. Cox regression analysis for overall survival in elderly patients

Variable
Multivariate Univariate

HR 95% CI p-value HR 95% CI p-value
B Symptom (yes vs. no) 0.709 0.311-1.615 0.413 0.403 0.218-0.746 0.004
Ann Arbor stage (I/II vs. III/IV) 0.601 0.204-1.765 0.354 1.423 1.008-1.861 0.010
Performance status (ECOG 0-1 vs.  2) 0.454 0.223-0.922 0.029 2.867 1.586-5.182 < 0.001
LDH level (normal vs. elevated) 0.616 0.254-1.492 0.283 2.390 1.212-4.711 0.012
No. of extranodal sites (0-1 vs.  2) 0.864 0.426-1.730 0.684 1.825 1.007-3.308 0.047
IPI score (0-2 vs. 3-5) 0.596 0.156-2.227 0.449 3.137 1.715-5.738 < 0.001
Bone marrow involvement (yes vs. no) 1.922 0.848-4.353 0.117 1.236 0.632-2.418 0.536
Bulky tumor (yes vs. no) 1.970 0.763-5.089 0.161 0.782 0.363-1.684 0.529
DID (< 10 mg/m2/wk vs.  10 mg/m2/wk) 1.597 0.607-4.202 0.343 0.446 0.206-0.965 0.040

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; IPI, 
International Prognostic Index; DID, dose intensity of doxorubicin.

Table 5. Cause of death in elderly DLBCL patients (age 
70 years)

Values are presented as number (%). DLBCL, diffuse large
B cell lymphoma; DID, dose intensity of doxorubicin.

Cause DID  10 DID > 10
mg/m2/wk mg/m2/wk

Treatment related mortality 4 (50.0) 11 (28.9)
Disease progression 3 (37.5) 14 (36.8)
Unknown 1 (12.5) 9 (23.7)
Secondary malignancy 0 (12.5) 4 (10.5)



Cancer Res Treat. 2016;48(1):304-311

310 CANCER  RESEARCH  AND  TREATMENT

DLBCL [7]. A recent study showed that low-dose CHOP
(mini-CHOP) plus rituximab was effective and safe in
DLBCL patients aged  80 years [17]. Our study showed that
DID can be reduced; however, maintenance of DID  10
mg/m2/wk was necessary in elderly DLBCL patients in the
rituximab era. 

Doxorubicin is essential to CHOP or R-CHOP. However,
elderly patients could not receive full dose doxorubicin due
to myocardial toxicity. A recent study showed that elderly
DLBCL with CHOP or R-CHOP had an increased risk of car-
diovascular disease, such as congestive heart failure, car-
diomyopathy and acute myocardial infarction [18]. Several
studies were conducted with additional alternate anti-cancer
drugs such as bleomycin, and pixantrone, to reduce the 
myocardial damage of doxorubicin-based chemotherapy in
elderly patients. However, they were less effective or no
more beneficial than CHOP [19-22]. It is thus important to
determine the tolerable dose of doxorubicin that achieves
comparable treatment outcomes. 

Our study had some limitations. First, it was a retrospec-
tive, single center study on a small patient population. 
Additional studies are required to differentiate between eld-
erly and young patients. Second, there is no consensus on the
definition of ‘elderly’ among DLBCL patients. According to
the IPI, age  60 years was a poor prognostic factor [23]. Sev-
eral studies evaluating the effect of age on prognosis showed
that > 70 years was a significant adverse factor [24]. We ana-
lyzed treatment outcomes according to the 70 year definition.
As life expectancy increases, a consensus on the definition of
‘elderly’ is necessary and follow-up study is needed. How-

ever the strength of our study lay in the comparison of treat-
ment outcomes according to DID in several subgroups.

Conclusion

DID was required at a minimum of 10 mg/m2 per week in
elderly patients with DLBCL in the rituximab era. Despite
improved survival outcomes by the introduction of ritux-
imab, maintenance of DID was still important to the treat-
ment of elderly DLBCL patients.
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Purpose
The risk factors for venous thromboembolism (VTE) in diffuse large B-cell lymphoma (DLBCL)
are not clear although thrombosis can be associated with host status, tumor burden, and
inflammatory activity. We assessed the effect of those factors on VTE in a cross-sectional
study of patients enrolled in a prospective cohort study.

Materials and Methods
We analyzed the occurrence of VTE in 322 patients with newly diagnosed DLBCL who 
received rituximab with cyclophosphamide, doxorubicin, vincristine, and prednisone 
(R-CHOP) between 2008 and 2011. Serum levels of inflammatory cytokines were measured
from serum samples archived at diagnosis. 

Results
With a median follow-up duration of 41.9 months, VTE was documented in 34 patients
(10.6%). A comparison of baseline characteristics indicated the group with VTE had higher
percentage of old age, stage III/IV and extranodal involvements than the group without VTE
(p < 0.05). Thus, the International Prognostic Index was significantly associated with VTE,
but the Khorana score was not. A univariate competing risk factor analysis for VTE revealed
that increased levels of inflammatory cytokines such as interleukin (IL)-6 and IL-10 were
also associated with VTE (p < 0.05) in addition to host and tumor burden. However, a mul-
tivariate analysis showed that two host factors including age ( 60 years) and poor perform-
ance were independent risk factors for VTE. 

Conclusion
Among potential risk factors for VTE including tumor burden and inflammatory activity, age
and performance status had a strong impact on the occurrence of VTE in patients with
DLBCL who received R-CHOP. 

Key words
Diffuse large B-cell lymphoma, Venous thromboembolism, 
Risk factors, Chemotherapy 

Introduction

Venous thromboembolism (VTE), including deep vein
thrombosis (DVT) and pulmonary embolism (PE), is a well-
known adverse event in patients with cancer. Their risk of
VTE is higher than in the general population because cancer
and treatments such as chemotherapy raise the risk of VTE.
However, the incidence of VTE is varies by the type of 
cancer, because each type of tumor cell might have different

procoagulant activity and their treatment poses differing
risks for VTE. Lymphoma is as a high-risk cancer for VTE as
patients with lymphoma show a high incidence [1,2]. 
However, the risk of VTE in such patients can be different by
the subtype of lymphoma, because this cancer has many 
subtypes requiring different treatment approaches. Thus, the
exact assessment of the incidence of VTE and analysis for risk
factors focusing on the most common subtype of lymphoma
might be helpful for managing VTE in patients with 
lymphoma, and provide reference values for the other 
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subtypes of such patients.
Diffuse large B-cell lymphoma (DLBCL) is the most 

common subtype of non-Hodgkin lymphoma (NHL), 
accounting for 30%-40% of cases of NHL in Western and
Asian countries [3,4]. Since rituximab—an anti-CD20 mono-
clonal antibody targeting B cells—was introduced for the
treatment of B-cell lymphomas, the combination of rituximab
with cyclophosphamide, doxorubicin, vincristine, and pred-
nisone (R-CHOP) has become the standard therapy for 
patients with DLBCL [5,6]. Therefore, we drew a cross-
sectional sample of patients with newly diagnosed DLBCL
who were uniformly treated with R-CHOP and registered
into our prospective cohort study. We analyzed the influence
of host- and disease-related factors on the occurrence of VTE
to confirm reports suggesting associations with host factors
such as poor performance status and old age, and with 
disease-related factors such as a high tumor burden [7,8]. In
addition, we evaluated the association of inflammation with
the occurrence of VTE by analyzing laboratory parameters
reflecting inflammatory activity such as leukocyte and
platelet counts, and C-reactive protein (CRP) and albumin
levels. This was because the contribution of tumor burden to
the development of VTE might be associated with a local 
inflammatory microenvironment. Indeed, inflammation 
promotes thrombosis, and a recent study using two inflam-
mation-associated indexes—the neutrophil/lymphocyte and
platelet/lymphocyte ratios—showed strong associations
with the risk of VTE in ambulatory patients with solid 
cancers [9]. This association between inflammation and VTE
might be related with an elevated level of inflammatory 
cytokines such as interleukin (IL)-6 and tumor necrosis factor
(TNF)  [10]. In addition, there were more candidate inflam-
matory mediators for venous thrombotic disease [11-13].
Considering that VTE commonly occurs at diagnosis or 
during an early period of treatment [1,2,7,14,15], we also
measured pretreatment levels of inflammatory cytokines to
explore their impact on the occurrence of VTE in patients
with DLBCL treated with R-CHOP.

Materials and Methods

1. Patients and study design

This study was a cross-sectional analysis of the occurrence
of VTE in patients who were newly diagnosed with DLBCL
at the Samsung Medical Center between October 2008 and
December 2011. Among 953 patients registered in a prospec-
tive cohort during the study period, we selected 322 patients
who had available serum samples archived at diagnosis. For

this analysis, all patient data were updated in February 2014.
The pathology of DLBCL was confirmed by an expert
hematopathologist (Y.H.K.) using the World Health Organ-
ization classification criteria. All patients were enrolled in
our prospective cohort study (NCT No. 00822731), and their
clinical information and laboratory results were registered at
diagnosis. Prior to treatment and after we had obtained writ-
ten informed consent, serum samples were archived at 
–80°C. All patients received R-CHOP chemotherapy every
three weeks as follows: rituximab 375 mg/m2; cyclophos-
phamide 750 mg/m2; doxorubicin 50 mg/m2; vincristine 1.4
mg/m2 (maximum, 2 mg) intravenously on day 1; and pred-
nisone 100 mg/day orally on days 1-5. We assessed both
symptomatic as well as asymptomatic incidental VTE. The
occurrence of VTE included PE and/or DVT diagnosed via
computed tomography and duplex ultrasonography. We 
explored the impact of host factors such as age, gender, 
performance status, and body mass index (BMI) as well as of
disease-related factors such as stage, number of extranodal
sites, and serum lactate dehydrogenase levels on VTE 
(Fig. 1). We also analyzed the association of the Khorana
score risk prediction model for chemotherapy associated
with VTE because all patients received systemic chemother-
apy. The Khorana score was calculated according to pretreat-
ment hematology values and BMI as reported [16,17]. The
impact of the International Prognostic Index (IPI) reflecting
tumor burden and host status on VTE was also evaluated
and compared with that of the Khorana score. To explore the 
effect of cytokines on the occurrence of VTE, we also meas-
ured the levels of pro/anti-inflammatory cytokines in
archived frozen serum samples. The Institutional Review
Board of Samsung Medical Center approved this study. 

2. Multiplex cytokine assays

Serum aliquots were not thawed before we performed the
multiplex cytokine assay. We measured the levels of regu-
lated on activation, normal T cell-expressed and secreted
(RANTES), IL-10, IL-6, interferon gamma-induced protein 10
(IP-10), and TNF- with the Procarta cytokine profiling kit
(Panomics, Fremont, CA) according to the manufacturer’s 
instructions, in duplicate. We also measured the level of plas-
minogen activator inhibitor 1 (PAI), a procoagulant param-
eter, with the same kit. Based on the cutoff value of each
cytokine examined, patients were categorized into high and
low groups. The optimal cutoff value for TNF- was deter-
mined by receiver-operating characteristic (ROC) curve
analysis. The area under the ROC curve was 0.66 (cutoff
value, 0.285; 95% confidence interval [CI], 0.517 to 0.694). 
Because of the low sensitivity and specificity for other 
cytokines and PAI through ROC curve analysis, we used the
median value as the cutoff point for PAI, RANTES, IL-10,
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and IP-10 analyses. Only 26% of all patients showed a posi-
tive value of cytokine IL-6, so we categorized the IL-6 level
as detectable or undetectable.

3. Statistical analysis

Baseline characteristics were compared between the 
patients with and without VTE by chi-squared and Fisher
exact test (when we expected fewer than five counts in any
one cell of the contingency table). A ROC curve analysis for
the serum cytokine assay was performed using the MedCalc
ver. 12.7 (MedCalc Software, Ostend, Belgium). Gray’s test
was used to compare the cumulative incidence curves for
VTE in the presence of the competing risk of death. We used
the Fine and Gray regression model to assess a risk factor of
interest after adjusting for other potential risk factors in the
model. Multivariate analysis was done with selected vari-
ables that were significant in univariate analysis. The median
follow-up duration was calculated by the Kaplan-Meier 
estimate of potential follow-up, as reported [18]. Overall 
survival time was calculated from the date of diagnosis to
the date of final follow-up or death from any cause. The 
Kaplan-Meier estimate was used to compare survival 
between patients with or without VTE, and the log-rank test
was also used to estimate statistical significance between 
survival curves. Two-sided null hypotheses of no difference
were rejected if p-values were less than 0.05 (SAS ver. 9.1.3,
Stata ver. 11; SAS Institute, Cary, NC).

Results

1. Patient characteristics

The median follow-up of 322 patients was 41.9 months
(95% CI, 40.6 to 43.2 months), and their median age at diag-
nosis was 56 years (range, 16 to 86 years). Most patients had
good performance status (Eastern Cooperative Oncology
Group [ECOG] grade 0/1, 84.5%). Half of the patients
(46.6%) presented with Ann Arbor stage III/IV, and more
than 30% of patients had more than two extranodal involve-
ments (Table 1). As a result, 108 patients had high or high-
intermediate risk on the IPI. Patients were dichotomized into
obese and non-obese groups based on a BMI cutoff value of
25 kg/m2, because few patients had a BMI greater than 35
kg/m2, the cutoff for the Khorana score. In addition, the
number of patients whose pretreatment hematology results
fulfilled the criteria of the Khorana score was extremely low:
only 16 patients had a high-risk category ( 3) in this score.
All patients had a central venous catheter installed before
starting the first cycle of R-CHOP chemotherapy (median 6
cycles; range, 3 to 8 cycles). Only a few patients received 
additional therapy such as radiotherapy or surgery (Table 1).
Most patients were treated as outpatients, and none received
prophylactic anticoagulants for VTE during their treatment.

2. Venous thromboembolism

VTE was documented in 34 of the 322 patients (10.6%), and

Prospective cohort study: 2008-2011
  (NCT#00822731)
    Demographics
    Clinical characteristics
    Laboratory characteristics
    Serum archival

Follow-up and monitoring
  Complications
  Adverse events, e.g., VTE
  Survival status

Cross-sectional study with DLBCL patients
  : Identification of risk factors for VTE from following factors
      Host factors: age, performance, Khorana score, etc.
      Disease factors: stage, serum, LDH, IPI, etc.
      Inflammation factors: CRP, albumin, serum cytokines 

Fig. 1. Study design: cross-sectional analysis. This prospective cohort study aimed to develop a predictive model for treat-
ment outcomes and treatment-related morbidity (such as VTE in this study) in patients with lymphoma. VTE, venous throm-
boembolism; DLBCL, diffuse large B-cell lymphoma; LDH, lactate dehydrogenase; IPI, International Prognostic Index; CRP,
C-reactive protein.
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the 1 year actuarial incidence rate was 9.8%. Most cases of
VTE occurred within 3 months of diagnosis, including five
cases of VTE observed at the time of DLBCL diagnosis. Thus,
the median time to the occurrence of VTE was 2.35 months
(range, 0 to 29.4 months). After the completion of six cycles

of R-CHOP chemotherapy, only four cases of VTE were 
observed: one case of symptomatic DVT in lower legs 
(1 month after the 6th R-CHOP), two cases of PE (6 months
after the 6th cycle: one with PE plus DVT and the other with
PE only), and one case of splenic vein thrombosis that was

Table 1. Patient characteristics 

Characteristic No. VTE (–) VTE (+) p-value
Host factor 
Age (yr)  60 200 185 (92) 15 (8) 0.022

> 60 122 103 (84) 19 (16)
Gender Male 187 166 (89) 21 (11) 0.645

Female 135 122 (90) 13 (10)
ECOG PS 0/1 272 247 (91) 25 (9) 0.062

 2 50 41 (82) 9 (18)
Smoking Never 221 199 (90) 22 (10) 0.602

Ever 108 96 (89) 12 (11)
Alcohol Non-drinker 184 164 (89) 20 (11) 0.834

Drinker 138 124 (90) 14 (10)
Body mass index (kg/m2) < 25 210 188 (89) 22 (11) 0.947

 25 112 100 (89) 12 (11)
Disease-related factor 
Serum LDH Normal 161 148 (91) 13 (8) 0.147

Increased 161 140 (87) 21 (13)
Ann Arbor stage I/II 172 163 (95) 9 (5) 0.001

III/IV 150 125 (83) 25 (17)
Bone marrow invasion Absence 293 263 (90) 30 (10) 0.552

Presence 29 25 (86) 4 (14)
B Symptoms Absence 243 219 (90) 24 (10) 0.485

Presence 79 69 (87) 10 (13)
Extranodal involvement 0/1 219 204 (93) 15 (7) 0.002

 2 103 84 (82) 19 (18)
Pretreatment hematology
Hemoglobin (g/dL)  10 276 249 (90) 27 (10) 0.267

< 10 46 39 (85) 7 (15)
Platelet (109/L) < 350,000 286 257 (90) 29 (10) 0.480

 350,000 36 31 (86) 5 (14)
White blood cell (/mm3)  11,000 297 269 (91) 28 (9) 0.023

> 11,000 25 19 (76) 6 (24)
C-Reactive protein (mg/dL) Normal 270 154 (57) 116 (43) 0.274

Increased 32 15 (47) 17 (53)
Albumin (g/dL) Normal 253 228 (90) 25 (10) 0.449

Decreased 69 60 (87) 9 (13)
Treatment-related factor 
Radiotherapy Done 43 38 (88) 5 (12) 0.806

Not done 279 250 (90) 29 (10)
Surgery Done 43 39 (91) 4 (9) 0.773

Not done 279 249 (89) 30 (11)

VTE, venous thromboembolism; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydro-
genase.
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detected by follow-up computed tomography (CT) scan 
(1 year after the 6th cycle). Eighteen of these 34 patients
(52.9%) had a DVT, 12 patients (35.3%) had a PE and three
patients (8.8%) had a PE with a DVT. Although all patients
received a central venous catheter, only three patients had
an upper limb DVT associated with it. Among those patients
who developed VTE, two-thirds (23/34, 67.6%) had VTE-
associated symptoms; the other cases were diagnosed inci-
dentally by radiology imaging during staging work-up or 
response evaluation. Sixteen patients (16/34, 47%) were
treated with anti-coagulant therapy using low molecular
weight heparin for two patients, intravenous heparin for one
patient and warfarin for 13 patients. Eleven patients who
were asymptomatic but incidentally diagnosed with minimal
PE and/or DVT had no anti-coagulant treatment. Four 
patients who had vague symptoms associated with VTE
were not treated with anticoagulant, and three patients with
venous compression caused by lymphoma mass were 
initially treated with chemotherapy only without anticoagu-
lant therapy. 

3. Comparison of patients with and without VTE

Comparisons of host factors revealed that the proportion
of patients older than 60 years (56%, 19/34) was significantly
higher in patients with VTE than in patients without it (36%,
103/288, p=0.022) (Table 1). Among disease-related factors,
tumor burden (stage III/IV, extranodal involvement) was
significantly higher in patients with VTE (73% and 56%, 
respectively) than in patients without VTE (43% and 29%, 
respectively). As a result, the number of patients with VTE
was significantly higher in the IPI high or high-intermediate
risk groups (18%, 19/108) than in the low or low/intermedi-
ate risk groups (7%, 15/214) (Fig. 2). Of the parameters in the
Khorana score, only the white blood cell (WBC) count was
significantly associated with VTE. Accordingly, the Khorana
risk classification was not significantly associated with VTE
in this study (Fig. 2). Among inflammatory markers, serum
albumin and CRP levels did not differ significantly between
patients with and without VTE. A direct comparison of the
mean levels of cytokines including RANTES, IL-10, IP-10, 
IL-6, and TNF- as well as procoagulant PAI-1 did not differ
significantly (Fig. 3).

4. Competing risk factor analysis for VTE

We performed competing risk factor analysis with vari-
ables including host- and disease-related factors and inflam-
matory markers (Table 2). Among host factors, age older
than 60 years was significantly associated with a risk of VTE
(p=0.03) whereas performance status (ECOG  2) and BMI 
 25 only showed a tendency for developing VTE (p=0.06).
Stage III/IV and more than two extranodal involvements
were significantly associated with VTE. As a result, patients
who belonged to the IPI high and high-intermediate risk
groups more frequently developed VTE than did low and
low/intermediate risk groups (p < 0.05) (Table 2). Among 
inflammation-related laboratory parameters, only a high
WBC count (> 11109/L) was associated with VTE. When 
patients were dichotomized into low and high groups of
serum cytokines, high levels of RANTES, IL-10, and IP-10
were significantly associated with VTE. Patients with 
detectable IL-6 were also more likely to develop VTE 
(Table 2). Cumulative incidence curves for thrombosis dif-
fered significantly between age, ECOG performance status,
stage, number of extranodal involvement, IL-6 and IP-10
(Fig. 4). However, in the multivariate analysis using the Fine
and Gray regression model with a competing risk of death,
age > 60 years and poor performance (ECOG  2) were found
to be predictive variables for VTE (Table 3).

89
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300
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0
H/HI
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p=0.05

p=0.25

Khorana

L/LI H L/I

VTE (+)
VTE (–)

Fig. 2.  Comparison of International Prognostic Index (IPI)
and Khorana score on the occurrence of venous throm-
boembolism (VTE). Patients with high or high-intermedi-
ate (H/HI) IPI risk (18%, 19/108) had significantly more
VTE events than those with low or low-intermediate
(L/LI) IPI risk (7%, 15/214; p=0.05). Khorana risk classi-
fication did not show significant association with VTE
(Khorana score high [ 3] group [H], 24%; low/interme-
diate group [L/I], 10%; p=0.25). 
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5. Impact of VTE on overall survival

Among 34 patients with VTE, eight died (8/34, 23.5%).
Two deaths were associated with VTE, and the other patients
died because of disease progression. One relapsed patient
died because of PE during salvage treatment. The other 
patient, who showed complete response after the third cycle
of R-CHOP, developed acute dyspnea and hypotension 
from PE and died from uncontrolled bleeding caused by 
heparinization and with thrombocytopenia. However, the
overall survival of patients with VTE was not significantly
different from patients without VTE (Fig. 5).

Discussion

VTE was documented in 34 of the 322 patients (10.6%) with
newly diagnosed DLBCL; the 1-year actuarial incidence rate
was 9.8%. This incidence is slightly higher than that of our
previous study, which found a crude incidence of 22/271
(8.1%) and a 1-year actuarial incidence of 8.9% [8]. This 
increased incidence might be associated with the larger 
number of patients and the extended follow-up. Our inci-
dence is similar to a Japanese study reporting VTE in 12.8%
of 211 patients with DLBCL [14]. Thus, VTE should be 
regarded as an important adverse event with significant 
incidence in Asian patients with DLBCL who receive 
systemic chemotherapy, as it is for other hematological and
solid malignancies. In this study, we observed two VTE-
related deaths. Although the overall survival of patients with
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Fig. 3. Comparison of inflammatory biomarkers in patients with and without venous thromboembolism (VTE). The mean
serum levels of inflammatory biomarkers plasminogen activator inhibitor-1 (PAI) (A), regulated on activation, normal T cell
expressed and secreted (RANTES) (B), interleukin (IL) 10 (C), IL-6 (D), interferon gamma-induced protein 10 (IP-10) (E), and
tumor necrosis factor  (TNF-) (F) were not significantly different between patients with and without VTE.
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VTE was not significantly different from that of patients
without VTE (Fig. 3), the probability of a negative impact of
VTE on treatment outcomes should be underscored.

Our study population had several characteristics that differ
from previous studies. First, all patients were enrolled into
the prospective cohort study, so their serum samples were
archived at diagnosis. Second, patients had the same histo-
logical subtype and received one treatment regimen, 
R-CHOP, as the primary treatment. Third, all patients had a
central venous catheter installed for chemotherapy. As a 
result, out of previously known risk factors for VTE, the pres-
ence of a central venous catheter and the use of chemother-
apy were excluded from the analysis. Therefore, we could
analyze the effect of host- and disease-related factors on the
occurrence of VTE independent from central catheterization
and the type of chemotherapy. In addition, we could analyze
whether serum cytokines associated with inflammation and
procoagulant proteins influence the occurrence of VTE.

In the univariate analysis with a competing risk of death,

parameters from the Khorana score failed to show significant
associations with VTE, except for the WBC count (Table 2).
The Khorana risk score was proposed according to pretreat-
ment hematology results, BMI and site of cancer as risk 
factors, and lymphoma is designated a high-risk cancer
[16,17]. Although it was validated for the prediction of VTE
in various patients with cancer from several studies [19], it
might be limited when applied only to patients with 
lymphoma, because cytopenia rather than cytosis could be
more common, especially in patients with bone marrow 
involvement or splenomegaly. Furthermore, as the BMI of
Asian patients is usually less than 35 kg/m2, this predictive
model might have a limited value in this population. That is
why it failed to predict the development of VTE in our study.
On the other hand, the IPI risk model was more strongly 
associated with VTE than the Khorana score because param-
eters included in the IPI such as age, performance status,
stage and extranodal involvement were significantly associ-
ated with VTE (Table 2). 

Table 2. Competing risk factor analysis for VTE

Variable SHR 95% Confidence interval p-valuea)

Age > 60 yr 2.08 1.06-4.09 0.03
Sex (female) 0.89 0.44-1.77 0.73
Smoking 1.15 0.57-2.30 0.69
Alcohol 0.89 0.45-1.77 0.75
ECOG  2 2.09 0.97-4.52 0.06
Body mass index  25 kg/m2 5.39 0.94-31.10 0.06
B Symptom 1.31 0.63-2.75 0.47
Stage III/IV 3.31 1.55-7.09 < 0.01
No. of extranodal site  2 2.88 1.47-5.66 < 0.01
Increased LDH 1.63 0.82-3.26 0.17
IPI H/HI 2.60 1.33-5.10 < 0.01
Bone marrow involvement 1.36 0.49-3.79 0.55
Hemoglobin < 10 g/dL 1.58 0.70-3.55 0.27
Platelet  350,000109/L 1.41 0.55-3.58 0.48
WBC > 11,000/mm3 2.78 1.12-6.86 0.03
Radiotherapy 1.16 0.44-3.11 0.76
Surgery 0.89 0.32-2.50 0.83
Khorana score  3 1.96 0.62-6.19 0.25
PAI  median value 1.58 0.97-2.58 0.06
RANTES  median value 1.78 1.09-2.91 0.02
IL-10  median value 2.48 1.47-4.17 < 0.01
IP-10  median value 1.80 1.11-2.95 0.02
IL-6 positive 2.29 1.33-3.96 < 0.01
TNF-  0.285 pg/mL 0.77 0.46-1.29 0.32

VTE, venous thromboembolism; SHR, sub-distributional hazard ratio; ECOG, Eastern Cooperative Oncology Group; LDH,
lactate dehydrogenase; IPI, International Prognostic Index; H, high; HI, high-intermediate; WBC, white blood cell; PAI, plas-
minogen activator inhibitor-1; RANTES, regulated on activation, normal T cell expressed and secreted, IL, interleukin; IP, 
interferon gamma-induced protein; TNF, tumor necrosis factor. a)Gray’s test. 
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Fig. 4. Comparison of host factors, tumor burden and inflammatory cytokines on the occurrence of venous thromboembolism
(VTE). The occurrence of VTE was associated with old age (A), advanced stage (B), presence of interleukin (IL) 6 (C), poor
PS (D), extranodal involvements (E), and elevated serum interferon gamma-induced protein 10 (IP-10) level (F). ECOG PS,
Eastern Cooperative Oncology Group performance status.

Table 3. Competing risk factor multivariate analysis for VTE

Variable SHR 95% Confidence interval p-value
Age > 60 yr 2.66 1.57-4.50 < 0.01
Stage III-IV 1.18 0.57-2.43 0.65
ECOG  2 2.00 1.08-3.70 0.03
No. of extranodal site  2 1.26 0.62-2.54 0.52
WBC > 11,000/mm3 1.33 0.56-3.15 0.52
PAI  median value 1.41 0.82-2.42 0.21
RANTES  median value 1.31 0.73-2.31 0.36
IL-10  median value 1.66 0.84-3.26 0.14
IL-6 positive 1.07 0.56-2.06 0.84
IP-10  median value 0.82 0.43-1.55 0.44

VTE, venous thromboembolism; SHR, sub-distributional hazard ratio; ECOG, Eastern Cooperative Oncology Group; WBC,
white blood cell; PAI, plasminogen activator inhibitor-1; RANTES, regulated on activation, normal T cell expressed and 
secreted, IL, interleukin; IP, interferon gamma-induced protein.
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Univariate analysis also indicated that the levels of several
serum cytokines were associated with the occurrence of VTE
(Table 2). Indeed, proinflammatory cytokines are commonly
elevated in patients with lymphoma, and increased inflam-
matory activity worsens the prognosis for such patients.
Likewise, proinflammatory cytokines might be associated
with VTE because thrombosis can stimulate multiple inflam-
matory pathways and vice-versa. Possible mechanisms
through which inflammation might promote a venous thro-
mbosis are several. First, inflammatory cytokines can activate
coagulation by the induction of tissue factor synthesis by
blood monocytes, leading to activation of the extrinsic coag-
ulation pathway. Second, thrombosis directly stimulates an
inflammatory response in the vein wall, which involves 
neutrophil activation and expression of inflammatory 
cytokines and cellular adhesion molecules [20]. Although the
mean values of the serum cytokines analyzed in this study
did not differ significantly between patients with and with-
out VTE, the dichotomization of patients by the cutoff value
of those cytokines indicated that patients with high levels of
RANTES, IL-10, IP-10, and IL-6 were more likely to develop
VTE. This was consistent with studies showing the associa-
tion of the levels of the proinflammatory cytokines IL-6 and
RANTES with VTE [21]. However, our results for TNF- and
IL-10 levels were contrary to other reports, which found
proinflammatory cytokine TNF- levels to be higher in 
patients with VTE, and immunoregulatory, anti-inflamma-
tory cytokine IL-10 levels to be lower [22]. Most of those stud-

ies were retrospective, and risk factor analysis was done
without considering the competing risk of death from VTE.
So far, no direct evidence supports the idea that these 
cytokines are predictive of the development of VTE or can
determine the optimal cutoff value of each marker for esti-
mating its occurrence [23]. Therefore, we could not demon-
strate a clear association of these inflammatory cytokines
with VTE in this study. The serum level of PAI-1 at diagnosis
was not associated with VTE either in this study, although 
it had marginal significance (p=0.06; hazard ratio, 1.58)
(Table 2). Given that the role of PAI is the inhibition of plas-
minogen activator, increased levels of PAI-1 inducing 
hypofibrinolysis might be associated with the occurrence of
VTE. Indeed, the PAI-1 level is elevated in various disorders
including cancer as well as in the aging process, and might
contribute to the development of thrombosis [24]. Thus, the
exact relationship between PAI-1 and VTE in patients with
DLBCL requires further study.

Our multivariate analysis indicated that only age and 
performance status were independently associated with
VTE. Our results are consistent with the general belief that
frail elderly patients might be more vulnerable to adverse
events, including VTE. However, this might also be inter-
preted to mean that patients with advanced disease and 
increased inflammation overlapped with patients older than
60 years with poor performance status, because patients with
high tumor burden might have poorer performance status,
and elderly patients are more likely to be diagnosed with an
advanced disease.

Conclusion

In conclusion, our results suggest that age older than 60
years and poor performance status (ECOG  2) have a 
significant influence on the occurrence of VTE in patients
with newly diagnosed DLBCL who received R-CHOP
chemotherapy, more than other potential risk factors includ-
ing disease and inflammation-related factors. Thus, careful
monitoring and active intervention against VTE should 
be considered in elderly patients with DLBCL and poor 
performance status.
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Interactome Analysis Reveals that Heterochromatin Protein 1 (HP1)
Is Associated with the DNA Damage Response Pathway

Original Article

Purpose
Heterochromatin protein 1 (HP1) interacts with chromosomes by binding to lysine 
9-methylated histone H3 or DNA/RNA. HP1 is involved in various biological processes. The
purpose of this study is to gain an understanding of how HP1 functions in these processes
by identifying HP1-binding proteins using mass spectrometry.

Materials and Methods
We performed affinity purification of HP1-binding proteins using G1/S phase or
prometaphase HEK293T cell lysates that transiently express mock or FLAG-HP1.
Coomassie staining was performed for HP1-binding complexes, using cell lysates prepared
by affinity chromatography FLAG-agarose beads, and the bands were digested and then
analyzed using a mass spectrometry.

Results
We identified 99 HP1-binding proteins with diverse cellular functions, including spliceo-
some, regulation of the actin cytoskeleton, tight junction, pathogenic Escherichia coli infec-
tion, mammalian target of rapamycin signaling pathway, nucleotide excision repair, DNA
replication, homologous recombination, and mismatch repair.

Conclusion
Our results suggested that HP1 is functionally active in DNA damage response via protein-
protein interaction.

Key words
HP1, Protein interaction, DNA damage response
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Introduction

Members of the heterochromatin protein 1 (HP1) family
contain three functional domains: N-terminal chromo 
domain, hinge region, and C-terminal chromo-shadow 
domain [1]. HP1 functions as a regulator for gene expression
that induces the heterochromatin structure by binding with
meH3K9 [2]. The members of the family, HP1, HP1, and
HP1, are specifically localized in the cell. HP1 and HP1
are primarily localized within centromeric heterochromatin,
while HP1 is localized in both heterochromatic and euchro-
matic sites [3,4]. Additionally, chromatin immunoprecipita-
tion has been used to associate HP1 with the DNA of
actively transcribed genes [5]. Through its ability to regulate
the chromatin structure, HP1 functions as a transcriptional
regulator. For example, HP1 is responsible for chromatin-
mediated human immunodeficiency virus 1 transcriptional
silencing and post-integration latency [6]. Moreover, tumor
necrosis factor  transcription is silenced during endotoxin
tolerance by a cooperative interaction of histone and DNA
methylation via HP1 and G9a [7].

Although many studies have shown the functional activity
of HP1 in gene regulation, the exact mechanisms are not
fully understood. Genomic instability in chromosomes is a
major characteristic of cancer cells. Loss of HP1 in mice
leads to genomic instability during meiosis via altered cell
cycle progression [8], suggesting that HP1 participates in
the maintenance of genomic stability. In a recent study, chro-
matin binding protein HP1 was shown to contribute to
chromosome dynamics during early mitosis and chromo-
some segregation via its interaction with Borealin, one com-
ponent of the chromosomal passenger complex [9]. In
addition to accurate chromosome segregation, HP1 also
plays a role in DNA damage response that preserves the
chromosome structure [10]. For example, a recent study 
reported that, in collaboration with the tumor suppressor
BRCA1, HP1 contributes to recovery from DNA damage
[10]. Whilst there is evidence that HP1 participates in main-
taining the number of chromosomes and their structure, the
precise mechanisms by which HP1 prevents genomic insta-
bility remain unclear. Therefore, in order to achieve a more
complete understanding of how HP1 functions in a diver-
sity of biological processes and pathways, we performed
affinity purification and identified several HP1-binding
proteins. Our results demonstrate that HP1 may be a mul-
tifunctional protein, including the preservation of genome
integrity.

Materials and Methods

1. Cell culture

Human embryonic kidney (HEK) 293T cells were obtained
from American Type Culture Collection and grown (at 5%
CO2 and 37°C) in Dulbecco's modified Eagle's medium sup-
plemented with 10% fetal bovine serum (GE Healthcare 
Hyclone, Logan, UT) and 1% anti-biotics/anti-mycotics. 

2. Plasmids and transfection

FLAG-HP1 expression plasmids were used, as previously
described [10]. Transient transfection was performed using
FuGENE 6 reagent (Roche Applied Science, Indianapolis,
IN). 

3. Antibodies

Anti-FLAG antibody was purchased from Sigma (St.
Louis, MO), and H2AX antibody (EMD Millipore, Billerica,
MA) was used as previously described [11]. The antibodies
used for immunoblotting were as follows: anti-phospho-H3
Ser 10 (EMD Millipore), anti-Bloom syndrome protein (BLM)
(Abcam, Cambridge, MA), and anti-proliferating cell nuclear
antigen (PCNA) (Abcam).

4. Cell synchronization

Cells were synchronized at the late G1 phase using a dou-
ble thymidine block method [12]. Briefly, the cells were
plated in 150-mm diameter Petri dishes, and thymidine was
added to a final concentration of 2 mM after cell adherence.
The cells were cultured for 16 hours. After removal of the
thymidine and incubation for 10 hours in fresh medium,
thymidine was again added to a final concentration of 2 mM
and the cells were cultured for an additional 16 hours. After
removal of the thymidine, synchronized cells were cultured
in fresh medium and collected at different times for cell cycle
analysis and immunoblotting. The cells were synchronized
in the prometaphase with 17 hours of nocodazole treatment
and then released into fresh medium for further incubation.
Immunoblotting analysis was performed to confirm the 
indicated phases of the cell cycle using antibodies against
phospho-H3 Ser10, a mitotic marker.

5. shRNA plasmid construction

The shRNA for HP1 was generated using a pSUPER.
retro.puro, an H1 promoter-driven RNAi retroviral vector (Oli-
goengine, Seattle, WA). The shRNA primers were designed to
target HP1 (5´-GATCGACGTGTAGTGAATG-3´).
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6. Immunoprecipitation and mass spectrometry

The cells were grown at 80%-90% confluence in 150-mm
culture dishes, then washed with ice-cold phosphate-
buffered saline. The harvested cells were lysed with ice-cold
Tris lysis buffer (175 mM Tris, pH 8.0, 150 mM NaCl, 1% 
NP-40, 1 mM dithiothreitol, 0.5 mM phenylmethylsulfonyl
fluoride, and complete protease/phosphatase-inhibitor cock-
tail, according to Thermo Scientifics’ instructions). The cel-
lular extract (10 mg of total lysates for each sample) was
mixed with 30 µL of EZview Red ANTI-FLAG M2 Affinity
Gel (Sigma) and incubated for 2 hours at 4°C, with rotation.
The bound proteins were eluted from the beads by boiling
for 5 minutes in 2 sodium dodecyl sulfate sample buffer
containing 5% (v/v) -mercaptoethanol, and resolved by a
one-dimensional polyacrylamide gel electrophoresis. Coo-
massie-stained HP1-interacting proteins were in-gel 
digested with trypsin (Promega, Madison, WI) and analyzed
by capillary column liquid chromatography-tandem mass
spectrometry (LC-MS/MS), using LTQ-Orbitrap mass spec-
trometry systems (Thermo Finnigan, San Jose, CA) equipped
with nanospray ionization sources. Tandem mass spectra

were interpreted by the Sorcerer program using the 
SEQUEST algorithm, and subsequently by the Scaffold pro-
gram (version Scaffold_4.0.5, Proteome Software Inc., Port-
land, OR). Peptide and protein identifications were accepted
if they could be established with greater than 95% probability
and contained at least two identified unique peptides. All
searches were performed against the human protein 
sequence database (IPI human DB v3.87 fasta). 

For coimmunoprecipitation, the cell lysates were incubated
with anti-HP1 antibodies (EMD Millipore) and the 
immunoprecipitated complex was analyzed by immunoblot-
ting using anti-BLM or anti-PCNA antibody.

7. Immunofluorescence 

The HeLa cells were strained with appropriate primary 
antibodies, followed by incubation with Alexa Fluor 488- or
Alexa Fluor 546-conjugated secondary antibodies (Invitro-
gen, Carlsbad, CA). The cell nuclei were stained with 4´,6-
diamidino-2-phenylindole. The samples were analyzed
under an LSM700 confocal laser scanning microscope (Carl
Zeiss, Thornwood, NY).
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Fig. 1. Identification of HP1-binding proteins. Coomassie staining of affinity-purified FLAG-HP1 complexes in G1/S
phase or prometaphase HEK293T cells. The cell extracts prepared from each transfected cell were subjected to affinity 
purification using FLAG affinity beads. The elutes were analyzed by SDS-PAGE and visualized by Coomassie staining. The
Coomassie-stained proteins immunoprecipitated with anti-FLAG antibodies in 1-3 lanes were in-gel digested with trypsin
and analyzed by LC-MS/MS. The numbers on the left-hand side indicate molecular weights. Lane 1, the FLAG-(empty) vec-
tor-transfected HEK293T cell lysates as a control; lane 2, the FLAG-HP1 vector-transfected HEK293T cell lysates in the G1/S
phase; lane 3, the FLAG-HP1 vector-transfected HEK293T cell lysates in the prometaphase. The immunoprecipitated FLAG-
HP1 (FLAG-HP1) and light chain of immunoglobulin (IgG light chain) are indicated by arrows. Immunoblotting using
antibodies against phospho-H3 Ser10, a mitotic marker, was performed to discriminate the indicated phases of cell cycle.
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liquid chromatography-tandem mass spectrometry; IB, immunoblot.
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Results

1. Establishment of the interactome of HP1

To identify new HP1-binding proteins, we performed

affinity purification, using G1/S phase or prometaphase
HEK293T cell lysates that transiently express mock or FLAG-
HP1. Coomassie staining was performed for HP1-binding
complexes using cell lysates prepared by affinity chromatog-
raphy FLAG-agarose beads (Fig. 1). We detected several
bands that indicated elution from each transfected cell line.
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Fig. 2. Proteins that interact with heterochromatin protein 1 (HP1). (A) Diagram showing the cellular components of
identified proteins that interact with HP1. (Continued to the next page)
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The bands were digested and mass spectrometry analysis
was performed. A comparison of the binding proteins found
in cell lysates eluted from each transfected cell line is shown
in Supplementary Table 1. Most of the identified proteins
were novel interacting proteins, which had not been previ-
ously reported. Subcellular distribution analysis showed that

the proteins with HP1 interaction were present in all major
cellular compartments, including the nucleus, cytoplasm,
and plasma membrane (Fig. 2A, Supplementary Table 2).
These proteins were found to be involved in various biolog-
ical processes, such as splicing, regulation of the actin 
cytoskeleton, tight junctions, pathogenic Escherichia coli
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infection, the mammalian target of rapamycin signaling
pathway, nucleotide excision repair, DNA replication, 
homologous recombination, and mismatch repair (Fig. 2B,
Supplementary Table 3). We also analyzed the domains in
the HP1-binding proteins and found that HP1 associates

with many proteins via several functional domains (Fig. 2C,
Supplementary Table 4). Therefore, our interactome analysis
demonstrated that HP1 has several potential roles in vari-
ous biological processes.

Table 1. HP1 interacting proteins function in the DNA damage response

Unique spectral Significance 
count validation

Description
Accession M. W.

Fold ratio 
Article Co-IPNo. (kDa)

G1-S M Empty (G1-S or GO
references Ex.M/control)

Bloom syndrome protein IPI00004859 159 2 1 0 O O - O
(BLM)

Chromobox protein homolog 3 IPI00297579 21 57 63 4 O O - Not done
(CBX3, the bait in this study)

Isoform 1 of Replication protein IPI00013939 29 6 7 4 O O - Not done
A 32 kDa subunit (RPA2) (+2)

Isoform 2 of AT-rich IPI00642705 218 2 N.D. N.D. O O - Not done
interactive domain-containing  (+2)
protein 1A (ARID1A)

Isoform Long of splicing factor, IPI00010740 76 28 15 21 O O - Not done
proline- and glutamine-rich 
(SFPQ)

Scaffold attachment factor B1 IPI00300631 103 5 1 N.D. O O - Not done
(SAFB) (+5)

X-ray repair IPI00220834 83 N.D. 2 N.D. O O - Not done
cross-complementing protein 
5 (XRCC5)

Isoform 1 of Mitotic checkpoint IPI00013468 37 2 N.D. 1 O O - Not done
protein BUB3 (BUB3) (+2)

ATP-dependent RNA IPI00293655 82 2 1 1 O -  [13] Not done
helicase DDX1 (DDX1) (+1)

Isoform 1 of Pogo transposable IPI00410717 155 2 2 N.D. O - O [14] Not done
element with ZNF domain (+5)
(POGZ)

Isoform PLZFA of Zinc finger IPI00220823 62 N.D. 2 N.D. O -  [15] Not done
and BTB domain-containing (+1)
protein 16 (PLZF)

Isoform Short of IPI00221354 53 41 35 23 O -  [16] Not done
RNA-binding protein (+3)
FUS (FUS)

RNA-binding protein EWS IPI00009841 69 29 24 14 O -  [17] Not done
isoform 1 (EWS) (+4)

Proliferating cell nuclear IPI00021700 29 N.D. 1 3 - O O [1] O
antigen (PCNA)

HP1, heterochromatin protein 1; M. W., molecular weight; N.D., not detected; O, validated by fold ratio, GO, or coimmuno-
precipitation experiments (Co-IP Ex). In Article references, references indicated as O report its interaction with HP1 and
functional relation to DNA damage response; references indicated as  report only functional relation to DNA damage 
response.
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2. The function of HP1 in the DNA damage response
pathway 

By bioinformatic analysis, we identified 13 proteins impli-
cated in the DNA damage response pathway, which com-
prise about 13% of potential candidates that interact with
HP1 (Table 1, Fig. 2D and E, Supplementary Table 5). First,

we subtracted 31 proteins only in mock lysates, from a total
of 130 proteins identified in our proteomic study, and then
99 proteins were considered as HP1-interacting partner can-
didates (Fig. 2D, Supplementary Table 1). Among these 99
HP1-interacting candidate proteins, we accepted 13 pro-
teins if their unique spectral counts could be detected at
greater than or equal to approximately two-fold ratio com-

IB: BLM
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IP
HP1!

A

B

IB: PCNA

IB: HP1!

DNA HP1! !H2AX Merge
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Fig. 3. The function of heterochromatin protein 1 (HP1) in the DNA damage response pathway. (A) Bloom syndrome
protein (BLM) and proliferating cell nuclear antigen (PCNA) were associated with endogenous HP1 proteins. BLM and
PCNA were coimmunoprecipitated with anti-HP1 antibodies using HEK293T cell lysates and immunoblotted with indi-
cated antibodies. (B) HeLa cells were treated with 50 µM of etoposide or vehicle (dimethyl sulfoxide, DMSO) for 6 hours
and immunostained with the indicated antibodies. (C) HeLa cells were transfected with pSUPER-siHP1 and immunostained
with the indicated antibodies. (Continued to the next page)
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pared to the control (fold ratio of G1-S or mitosis to mock con-
trol) (Fig. 2D and E, Supplementary Table 1), and functional
relationship with DNA damage response pathways were
validated by gene ontology analysis (Table 1, Supplementary
Table 5) or literature survey (Table 1). Among the proteins
identified as HP1-interacting partners, this data set, follow-
ing validation analyses in Table 1, could postulate a func-
tional connection between HP1 and DNA damage respo-
nse.

Therefore, we investigated the potential role of HP1 in
the DNA damage response pathway. Next, we tested
whether HP1 was indeed interacting with these identified
proteins related to DNA damage response pathway. Interac-
tion of HP1 with BLM, the putative interacting partner
identified by mass spectrometry (No. 3 in Supplementary
Table 1), was detected by coimmunoprecipitation analysis
(Fig. 3A). One of the surrogate proteins implicated in DNA
damage response, PCNA, was not identified as an HP1-
interacting protein by our mass spectrometric analysis 
(Fig. 2D and E, Supplementary Table 1), yet it was capable
to interact with HP1 in a coimmunoprecipitation experi-
ment (Fig. 3A). One possible explanation for the difference
in the interaction results of tandem mass spectrometry and
coimmunoprecipitation experiments is that the antibody
used affects the efficacy of protein-protein interaction in such
a way that the specificity of anti-HP1 antibody is higher for
endogenous HP1 proteins, but lower for anti-FLAG anti-
body for the recombinant FLAG-HP1 proteins is lower. 
Another possible explanation is the discrepancy between two
separate experiments. Without knowing the specificity of
these antibodies or the difference between experiments, such
issues are difficult to address.

We hypothesized that HP1 translocates to DNA damage
sites, following DNA damage with H2AX. The HeLa cells
were treated with etoposide and stained for HP1 and
H2AX (damaged DNA sites or repair foci marker). HP1
co-localized with H2AX 6 hours after the treatment with
etoposide (Fig. 3B), and this enabled us to determine whether
HP1was a positive or negative regulator in the DNA dam-
age response pathway. Notably, we discovered the accumu-
lation of H2AX at DNA damage sites in HP1-depleted
cells (Fig. 3C), suggesting that HP1 is required for the main-
tenance of genome integrity, as the deficiency of HP1 may 
induce DNA damage. These data indicated that HP1 func-
tions as a positive regulator in the DNA damage response
pathway. 

Protein-protein interaction and post-translational modifi-
cation play key roles in various biological processes. The 
co-immunoprecipitation affinity purification technique is
widely used to investigate protein functions in these
processes. In this study, we constructed an interactome net-
work for HP1 in order to investigate the protein’s novel
functions. We identified several proteins as novel binding
partners of HP1 using an affinity purification system. Our
results suggest that HP1 functions in various biological
processes (as listed in “Establishment of the interactome of
HP1” section). BLM (No. 3 in Supplementary Table 1) and
XRCC5 (No. 126 in Supplementary Table 1), essential pro-
teins in the DNA damage response pathway, were identified
in our purification analysis as proteins that interact with
HP1 (Table 1, Fig. 3D); this implies that HP1 played a role
in regulating the DNA damage response pathway. In the
presence of a DNA damage signal, HP1 can be translocated
to DNA damage sites (Fig. 3A). Furthermore, phosphoryla-
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Fig. 3. (Continued from the previous page) (D) Nonproportional Venn diagram showing subsets of HP1-interacting proteins
functionally related to DNA damage response pathways. The numbers in five subsets represent proteins that are interacting
with HP1 and functions in DNA damage response. IB, immunoblot; IP, immunoprecipitate.
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tion of H2AX was induced in HP1-knockdown cells 
(Fig. 3B), suggesting that HP1 is involved in the mainta-
nence of genomic integrity by preventing DNA damage, and
that HP1 deficiency could lead to DNA damage. In sum-
mary, our interactome analysis demonstrated that HP1
potentially plays a role in DNA damage response among var-
ious biological processes (Table 1, Fig. 3D).

Discussion

In this study, we suggested that HP1 functionally links
to the DNA damage response via its protein interactome. We
found that HP1 interacting proteins have a wide range of
functions including DNA replication, nucleotide excision 
repair, mismatch repair, and homologous recombination.
Consistent with this finding, HP1 translocated to DNA
damage sites following DNA damage and HP1 was colo-
calized with H2AX. Moreover, the H2AX repair foci were
formed by HP1-knockdown even in the absence of DNA
damaging agents, suggesting that depletion of HP1 causes
genotoxic stress and HP1 is required for the conservation
of genome integrity in unstressed condition. Collectively,
these findings suggest that HP1 may have a role in DNA
damage response pathway involving its interaction of repair
proteins and other DNA damage response proteins.

Intriguingly, recent studies have shown that HP1 rein-
forces BRCA1 functions in the homologous recombination
repair and the cell cycle checkpoint at the G2/M [18], and
transcription [10] in response to genotoxic stress. The func-
tional interplay between HP1 and BRCA1 in DNA damage
response pathway is required for ensuring genome integrity.
Notably, mutations of HP1 that disrupt its binding to
BRCA1 also cause defects in the BRCA1-mediated DNA
damage response functions [10]. Therefore, these findings 
together with our results raise the possibility that HP1 facil-
itates DNA damage responses, which may involve its inter-
actions. What the functions of HP1 interactions are and how
the interactions promote DNA damage responses in stressed
and unstressed conditions are not elucidated. Future studies
are needed to address the functions of the HP1 interactions

and the mechanisms in maintaining genome integrity and in
response to DNA damage.

Conclusion

HP1 binds to many proteins that have diverse cellular
and biological functions. The proteins that interact with
HP1 are present in all major cellular compartments, includ-
ing the nucleus, cytoplasm, and plasma membrane. Intrigu-
ingly, 14 HP1-interacting proteins identified in this study
seem to be functionally connected to DNA response path-
ways (Table 1, Fig. 3D). Taken together, our results showed
that HP1 is likely to function in several biological processes,
and potentially plays an important role in preserving
genome integrity.
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ZNF488 Enhances the Invasion and Tumorigenesis in Nasopharyngeal
Carcinoma Via the Wnt Signaling Pathway Involving Epithelial 
Mesenchymal Transition
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Purpose
The purpose of this study was to investigate the function of Zinc finger protein 488 (ZNF488)
in nasopharyngeal carcinoma (NPC).

Materials and Methods
The endogenous expression of ZNF488 in NPC tissues, normal nasopharyngeal epithelium
tissues and NPC cell lines were detected by quantitative reverse transcription polymerase
chain reaction. ZNF488 over-expressing and knock-down NPC cell line models were estab-
lished through retroviral vector pMSCV mediated over-expression and small interfering RNA
(siRNA) mediated knock-down. The invasion and migration capacities were evaluated by
wound healing and transwell invasion assays in ZNF488 over-expressing and control cell
lines. Soft-agar colony formation and a xenograft experiment were performed to study 
tumorigenic ability in vitro and in vivo. Immunofluorescence and western blotting analysis
were used to examine protein changes followed by ZNF488 over-expression. Microarray
analysis was performed to explore gene expression profilings, while luciferase reporter assay
to evaluate the transcriptive activity of Tcf/Lef.

Results
ZNF488 was over-expressed in NPC tissues compared with normal tissues, especially higher
in 5-8F and S18, which are well-established high metastatic NPC clones. Functional studies
indicate that over-expression of ZNF488 provokes invasion, whereas knock-down of ZNF488
alleviates invasive capability. Moreover, over-expression of ZNF488 promotes NPC tumor
growth both in vitro and in vivo. Our data further show that over-expression of ZNF488 
induces epithelial mesenchymal transition (EMT) by activating the WNT/-catenin signaling
pathway. 

Conclusion
Our data strongly suggest that ZNF488 acts as an oncogene, promoting invasion and 
tumorigenesis by activating the Wnt/-catenin pathway to induce EMT in NPC.

Key words
ZNF488, Nasopharyngeal carcinoma, Invasion, Carcinogenesis, 
Epithelial-mesenchymal transition, Wnt signaling pathway
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Introduction

Nasopharyngeal carcinoma (NPC) has a remarkably 
distinctive ethnic and geographic distribution. More than
80% of NPCs were reported in China, Southeast Asia, and
several other Asian countries [1], with an annual incidence
rate of approximately 20 per 100,000 people in endemic areas
[2]. NPC is characterized by high invasion, migration, and
proliferation abilities [3]. The standard treatment for NPC
consists of concurrent chemo-radiotherapy with cisplatin-
based regimens, generally followed by adjuvant chemother-
apy [4]. Although advances are made in NPC clinical
treatments, a significant proportion of NPC patients, espe-
cially those with stage III or IV, relapsed locoregionally
and/or systemically. Thus, there is continuous calling for
deeper understanding of the biological features in NPC.  

Zinc finger protein represents one of the most abundant
DNA-binding motifs in eukaryotic transcription factors, and
the Cys2His2 ZNF motif is the most canonical type [5]. 
Recent studies closely link ZNF proteins to human cancer.
For example, Zinc finger protein X-linked (ZFX) contributes
to the stemness and pluripotent behavior of hepatocellular
carcinoma [6]. ZNF703 protein is a novel oncoprotein regu-
lating cell proliferation and migration [7]. ZNF217 protein
may contribute to tumor progression in breast cancer by 
inducing epithelial mesenchymal transition (EMT) to 
enhance anti-apoptosis, invasion, and migration [8].

In an attempt to define the molecular mechanisms in the
development and progression of NPC, cDNA microarray
was utilized to examine differentially expressed genes 
between NPC tissues and normal nasopharyngeal tissues.
Our results showed that Zinc finger protein 488 (ZNF488)
was a major up-regulated gene in NPC tissues. ZNF488 is a
nuclear, Kruppel-like zinc finger transcription factor [9]. The
only known function of ZNF488 is the regulation of oligo-
dendrocyte differentiation. ZNF488 is an oligodendrocyte-
specific transcriptional repressor that cooperates with the
basic helix-loop-helix (bHLH) transcription factor Olig2 to
promote oligodendrocyte differentiation and enhance myelin
regeneration and repair in the central nervous system (CNS)
following demyelinating diseases [9,10]. However, to our
knowledge there is no comprehensive study of the effect of
ZNF488 on human cancers. Therefore, the aim of our present
study was to evaluate the expression and the possible func-
tion of ZNF488 in NPC.

Materials and Methods

1. Tissue collection 

Thirty-four freshly frozen NPC specimens and 12 normal
nasopharyngeal epithelium samples were retrieved from Sun
Yat-Sen University Cancer Center (SYSUCC). None of the 
patients received any anti-tumor therapy prior to the biopsy
sample collection. This study was approved by the Institu-
tional Clinical Ethics Review Board of SYSUCC, and written
informed consent was obtained from each patient. 

2. Cell culture

Human NPC cells HNE1, CNE1, CNE2, HONE1, HK1,
C666, SUNE1, SUNE2, CNE-2 subclones S18 and S26, and
SUNE1 subclones 5-8F and 6-10B were maintained in RPMI-
1640 (Life Technologies, Carlsbad, CA) supplemented with
10% fetal bovine serum (FBS; Gibco Carlsbad, CA). NPEC2-
Bmi1 (N2-Bmi1), an immortalized nasopharyngeal epithelial
cell, was established by transfection of oncogene Bmi-1 and
maintained in keratinocyte medium (Invitrogen, Carlsbad
CA) in our laboratory [11]. NP69 was kindly provided by Dr
George SW Tsao (University of Hong Kong, China) and cul-
tured in Keratinocyte medium. The normal nasopharyngeal
epithelial cells N01, N02, N03, N05, and N10P were obtained
from normal nasopharyngeal mucosa using standard explant
techniques [11], and routinely maintained in keratinocyte
medium. The 293FT cell line was maintained in Dulbecco's
modified Eagle medium (Invitrogen) supplemented with
10% FBS.

3. RNA extraction, reverse transcription and quantitative
polymerase chain reaction (RT-qPCR) 

Total RNA was isolated from tissues and cells using Trizol
reagent (Invitrogen) and reverse-transcription using M-MLV
reverse transcriptase (Promega, Madison, WI). Quantitative
polymerase chain reaction (PCR) reactions using a Platinum
SYBR Green qPCR SuperMix-UDG reagent (Invitrogen) were
performed using Bio-RAD CFX96 real-time system (Bio-Rad,
Hercules, CA). Reactions containing either no template or no
reverse transcriptase were used as negative controls. Glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) was used
as the normalization control. The primers used are listed in
Table 1.

4. Western blotting 

Total protein was extracted with sample buffer (62.5
mmol/L Tris-HCl, pH 6.8, 2% sodium dodecyl sulfate [SDS],
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10% glycerol, and 5% 2--mercaptoethanol), and its concen-
tration was quantified using the Pierce BCA Protein Assay
Kit (Thermo, Massachusetts, MA). Total protein was subse-
quently separated on 6%-12% SDS–polyacrylamide gel elec-
trophoresis gels and transferred onto polyvinylidene fluoride
membranes (Millipore, Bedford, MA). The membranes were
blocked with 5% skim milk and incubated with primary 
antibodies, followed by incubation with anti-mouse or rabbit
IgG secondary antibodies. Bands were detected by enhanced
chemiluminescence, and GAPDH or -tubulin served as the
loading control. Anti-ZNF488 was purchased from Abcam,
Cambridge, UK; anti-ZO1, anti–E-cadherin, and anti–-
catenin from BD Biosciences, Franklin Lakes, NJ; anti–-
tubulin, anti-Slug, anti-Snail, anti–phospho-GSK3 Ser9, and
anti-GSK3 from Cell Signaling Technology, Boston, MA.
Anti-vimentin (Novagen, South Africa), anti–N-cadherin
(Epitomics, Burlingame, CA) and anti–-catenin (Santa Cruz,
Shanghai, China) were purchased.

5. Plasmids and generation of stably transfected cell line

ZNF488 cDNA was amplified by PCR and inserted into
pcDNA3.1 and pMSCV vectors. The primers of ZNF488:
BamHI-sense: 5-CGGGATCCATGCCAGAGTGGCCAC-
CTT-3 and EcoRI-anti sense: 5-GGAATTCCTAGCTGTGA-
GAAGTCATGTGCC-3. The vector or pMSCV-ZNF488
plasmid was transfected into 293FT cells along with the retro-
viral packaging vector PIK. After transfection, the super-
natants were harvested and used to infect HNE1 and CNE1,
and the stably transfected cells were selected with purom-
ycin and validated by western blotting analysis. 

6. Small interfering RNA transfection 

Small interfering RNA (siRNA) transfections were per-
formed using Lipofectamine RNAiMAX (Invitrogen) accord-
ing to manufacturer’s instructions. ZNF488 siRNAs were
synthesised by RiboBio (Guangzhou, China). The targeting
sequences were as follows: si-ZNF488-1, 5-GCGCCTTTAG-
CAAACCAAC-3; si-ZNF488-2, 5-GCAAAGTGCAACCT-
GTCCT-3; and si-ZNF488-3, 5-CCTGGTCTTTCACATGCG
A-3. 

7. Wound healing assay

Cells were seeded and allowed to reach 70%-80% conflu-
ence, then starved for 36 hours. The cell monolayers were
then wounded with a sterile plastic tip and cultured in
serum-free medium. Cell migration was monitored every 12
hours using microscopy (Nikon, Tokyo, Japan). 

8. Transwell invasion assay   

Cells were plated on top of a thick layer of Matrigel in tran-
swell chambers (BD Biosciences). After culturing for 18
hours, non-invasive cells on the upper surface of filters were
removed completely. Invasive cells adhered to the lower 
surface of filter were rinsed with phosphate-buffered saline
(PBS), fixed with methanol, stained with 0.05% crystal violet
and counted. 

9. Soft-agar colony formation assay

Plates were coated with a layer of 1% agar in 20% FBS
medium. Cells were prepared in 0.66% agar in 10% FBS
medium and seeded. Plates were incubated until colonies
formed. Colonies were counted and photographed with a
microscope (Nikon).

10. Xenograft experiment

Nude mice were purchased from the Guangdong Labora-
tory Animal Co. Ltd. (Guangzhou, China) and maintained in
micro-isolator cages. All animals were used in accordance
with institutional guidelines, and the Committee for Animal
Care and Use approved the experiments. Tumor cells were
suspended in 100 mL RPMI-1640 FBS-free medium with 25%
Matrigel (BD Biosciences) and inoculated subcutaneously
into the left flanks of 4-week-old nude mice. The mice were
monitored daily for palpable tumor formation, and tumors
were measured, weighed and photographed.

Table 1. Nucleotide sequences of the primers used for RT-
qPCR

RT-qPCR, reverse transcription and quantitative poly-
merase chain reaction.

Gene Primers’ sequence  
ZNF488 F: 5-CTTTCGCCTAACGTCCGA-3

R: 5-GCTGTGAGAAGTCATGTGCC-3
ABCG2 F: 5-TGCTCCAGCTTCTCCTTCTC-3

R: 5-CATGTACTGGCGAAGAATATTTGGT-3
NANOG F: 5-CCCAATACGACCAAATCCGTT-3

R: 5-CTAAGAGGTGGCAGAAAAACA-3
SOX2 F: 5-CACGTGATTCTTCCACAAGCC-3

R: 5-CGAGTGGAAACTTTTGTCGGA-3
GAPDH F: 5-CTCCTCCTGTTCGACAGTCAGC-3

R: 5-CCCAATACGACCAAATCCGTT-3
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11. Immunofluorescence staining 

Cells were plated on multiwall coverslips to 80% conflu-
ence, washed three times in PBS, and fixed in freshly pre-
pared 4% polyphosphate formaldehyde for 10 minutes. The
cells were incubated in PBS three times: 10 minutes with PBS
containing 0.5% Triton X-100 (selected); 2 times with PBS,5
minutes per time; and blocked in 5% bovine serum albumin
for 30 minutes. Cells were incubated with primary antibodies
overnight at 4°C. After washing three times with PBS, slides
were incubated with Alexa Fluor* 488 or 594 goat anti-mouse
or anti-rabbit IgG antibodies (Invitrogen) for 1 hour. Slides
were counterstained with 4-6-diamidino-2-phenylindole
(DAPI, Sigma, St. Louis, MO) to visualize nuclei, followed
by laser scanning confocal microscope (IX81, Olympus,
Tokyo, Japan). 

12. Microarray analysis 

RNA was extracted from the paired stable cell lines HNE1-

Vector, HNE1-ZNF488, CNE1-Vector, and CNE1-ZNF488
using TriPure Isolation Reagent (Roche, Vilvoorde, Belgium)
and the Qiagen RNAeasy Mini Kit (Qiagen, Venlo, The
Netherlands). RNA was amplified and labelled using the
Affymetrix GeneChip 3IVT Express Kit (Affymetrix, Sacra-
mento, CA); and the cDNA was then hybridised to an
Affymetrix GeneChip HG-U133 Plus 2.0, stained using an
Affymetrix GeneChip Fluidics Station 450 and scanned using
the GeneChip Scanner 3000. Quality control was carried out
using the Affymetrix GCOS software. Genes up- and down-
regulated by 1.5- and 2-fold, respectively, between the paired
stable cell lines were analyzed. 

13. Transfection and luciferase reporter assay

Transfection was performed using Lipofectamine 2000 
(Invitrogen) according to manufacturer’s instructions. Cells
were co-transfected with 200 ng pcDNA3.1 or pcDNA3.1-
ZNF488, 25 ng pTK-RL (Renilla, Madison, IN) and 300 ng
TopFlash/FopFlash plasmid (Millipore). Cells were har-
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Fig. 1. Zinc finger protein 488 (ZNF488) is highly expressed in nasopharyngeal carcinoma (NPC). (A) Expression levels of ZNF488
mRNA in NPC tissues and normal nasopharyngeal epithelial tissues. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as the endogenous control. (B, C) Expression levels of ZNF488 mRNA (B) or protein (C) in a series of NPC cell lines and immor-
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vested 36 hours after transfection and lysed in 100 µL passive
lysis buffer (Promega), and 25 µL lysates were analyzed for
luminescent signal. The reporter and Renilla luciferase activ-
ities were monitored using Dual Luciferase reporter system
(Promega).

14. Statistical analysis

Data are presented as the means±standard deviation (SD)
of three independent experiments. Differences between

groups were analyzed using Student’s t test. Statistical analy-
ses were performed using the SPSS ver. 18 (SPSS Inc.,
Chicago, IL) or Prism 5 software (GraphPad Primer, San
Diego, CA). Null hypotheses of no difference were rejected
if p-values were less than 0.05.
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Results

1. ZNF488 is highly expressed in NPC

Based on our cDNA microarray results, we found that
ZNF488 was identified as a major up-regulated gene in NPC
tissue compared with normal nasopharyngeal epithelial 
tissue (data not shown). To further validate our finding, we
detected ZNF488 mRNA expression in 34 freshly frozen 
primary NPC tissues and 12 normal nasopharyngeal epithe-
lial tissues. Our results showed that ZNF488 mRNA levels
were considerably higher in NPC tissues (p < 0.05) (Fig. 1A).
Furthermore, quantitative reverse transcription polymerase
chain reaction (RT-PCR) and western blotting analyses were
used to determine the expression levels of ZNF488 mRNA
and protein in NPC cell lines, two immortalized nasopharyn-
geal epithelial cells (N2-bmi1 and NP69) and five primary
normal nasopharyngeal epithelial cells (N01, N02, N03, N05,
and N10P). Higher expression of ZNF488 mRNA was 
detected in eight of 12 NPC cells compared with immortal-
ized and normal nasopharyngeal epithelial cells (Fig. 1B).
Consistent with our quantitative RT-PCR results, ZNF488
protein was also elevated in NPC cell lines compared with
normal nasopharyngeal epithelial cells (Fig. 1C). These 
results suggest that ZNF488 is up-regulated in NPC.

2. Over-expression of ZNF488 promotes invasion and 
migration in NPC cell lines

To investigate the function of ZNF488 in NPC, we exoge-
nously over-expressed ZNF488 in two NPC cells, HNE1 and
CNE1. Exogenous expression of ZNF488 was confirmed by
western blotting (Fig. 2A). Cells were then tested for wound
healing assay. For this test, the cells were starved for 36 hours
and cultured in serum-free medium, to exclude the interfer-
ence attributable to the proliferative action. As shown in 
Fig. 2B, over-expression of ZNF488 strongly simulated cell 
migration. Similar results were confirmed by transwell inva-
sion assays. Numbers of invasive cells were significantly
higher in ZNF488 over-expressing cells (p < 0.01) (Fig. 2C).
To prove that endogenous ZNF488 regulates cell migration
and invasion, we conducted siRNA-targeted ZNF488 knock-
down in two high-metastatic cell lines, 5-8F and S18. Efficient
knock-down of ZNF488 expression was confirmed by west-
ern blotting (Fig. 2D), with more efficient knock-down by
siRNA 1 and siRNA 3. As expected, knock-down of ZNF488
expression significantly suppressed cell invasion (p < 0.01)
(Fig. 2E). In conclusion, these data suggest that ZNF488 pro-
motes migration and invasion in NPC cells.
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3. ZNF488 induces cancer stem cell-like self-renewal prop-
erties to enhance tumorigenesis 

We also studied the effects of ZNF488 on cancer stem cell
property. Representative cancer stem cell markers, Nanog,
ABCG2, and Sox2, were detected using RT-qPCR. Over-
expression of ZNF488 markedly up-regulated the mRNA
levels of Nanog, ABCG2, and Sox2 in both HNE1 and CNE1
stable cell lines (Fig. 3A). In addition, the tumor growth abil-
ity of cells on soft agar indicated the growth of cancer stem
cell populations. We found that over-expression of ZNF488
significantly increased the ability of anchorage-independent

growth in soft agar (Fig. 3B). To explore whether ZNF488
was required for NPC tumor growth in vivo, we conducted
xenograft tumor model assays by subcutaneously injecting
stably constructed ZNF488–over-expressing CNE1 or control
CNE1 cells into the left flanks of six nude mice. Tumors were
weighed and photographed (Fig. 3C) 12 days after NPC cells
injection. Our data showed that the growth rate of tumors
derived from ZNF488–over-expressing cells was signifi-
cantly faster than control cells (p < 0.01) (Fig. 3D). Tumors
formed in ZNF488–over-expressing group were much heav-
ier than in the control group (p < 0.01) (Fig. 3E). These data
indicate that ZNF488 stimulates the generation of cancer
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stem cell-like properties, which might facilitate the tumori-
genesis both in vitro and in vivo.

4. ZNF488 activates the Wnt/-catenin pathway to induce
the EMT transcription factor Tcf/Lef, which promotes the
EMT in NPC

EMT is involved in the invasive capacity of transformed
epithelial cells [12]. We examined whether ZNF488 could 
induce EMT in NPCs. A key molecular feature in EMT is the
down-regulation of E-cadherin, which is tightly controlled
by Snail-related zinc-finger transcriptional repressors [13].
As shown in Fig. 4A, the epithelial markers E-cadherin and
-catenin were down-regulated, whereas mesenchymal
markers vimentin and N-cadherin were up-regulated com-
pared with their controls. These observations were further
verified by immunofluorescence staining (Fig. 4B), suggest-
ing that over-expression of ZNF488 lead to an EMT pheno-
typic transition. 

To gain mechanistic insights into ZNF488-driven tumor 
invasion and tumorigenesis, we performed microarray
analysis in both HNE1 and CNE1 stable cell lines. Pathway
analysis using genes showing 1.5-folds or more common
changes and the Database for Annotation, Visualization and
Integrated Discovery (DAVID) v6.7 revealed that the inflam-
matory, tight junction, and Wnt signaling pathway differed
significantly. Among these, genes in the Wnt signaling path-
way, including cadherin 7, PCDHB17, LEF1, PCDHA1,
PLCB1, NFATC2, PRKCB, and -catenin, were significantly
different (p < 0.05) (Table 2). The WNT signaling pathway,
implicated in EMT, promotes tumor initiation and progres-
sion and contributes to the acquisition of self-renewal and
metastatic phenotypes [14,15]. Based on the microarray 
results, we sought to determine whether the Wnt/-catenin
pathway is involved in the ZNF488-induced EMT. We eval-
uated the activity of Tcf/Lef transcription factor, involved in
the Wnt signaling pathway, by luciferase reporter assays. As
shown in Fig. 4C, over-expression of ZNF488 enhanced
Tcf/Lef transcriptional activity in both cell lines. The protein
levels of -catenin and p-GSK3were up-regulated with the
over-expression of ZNF488 (Fig. 4D). We found that over-
expression of ZNF488 also up-regulated the expression of

EMT transcription factors Snail and Slug (Fig. 4D). Thus, the
activating of Wnt/-catenin signaling pathway may play a
role in ZNF488 promoted EMT transition.

Discussion

NPC is a disease with remarkable racial and geographic
distribution. Virological, genetic and environmental factors
are involved in the etiology of NPC, although the molecular
basis of NPC is not well understood. ZNF488 is a zinc finger
protein of ZNF family, which is highly conserved in verte-
brates. It is required for oligodendrocyte precursor formation
and differentiation during embryonic development [10], and
has important implications in CNS myelin regeneration and
repair after demyelinating diseases. However, the role of
ZNF488 in cancer, especially in NPC is poorly understood.

In this study, our findings suggest an important role of
ZNF488 in NPC. We showed that ZNF488 expression was
significantly higher in NPC tissues compared with normal
epithelial tissues, consistent with our previous results of tran-
scriptome sequencing. Importantly, ZNF488 was over-
expressed at both mRNA and protein levels in NPC cell lines.
It is interesting to note that two subclones derived from
parental CNE2, S18 and S26, S18 with higher percentages of
spindle-shaped cells, indicated high invasive and metastatic
ability [16]. SUNE1-derived subclones 5-8F and 6-10B, 5-8F
were highly tumorigenic and metastatic [17]. Intriguingly,
both highly metastatic S18 and 5-8F expressed higher levels
of ZNF488 than their counterparts. Based on these results,
we hypothesized that ZNF488 is implicated in the invasion
of NPC.

We further provided evidence showing that over-expres-
sion of ZNF488 remarkably stimulated migration and inva-
sion, while knock-down of ZNF488 alleviated invasion in
NPC cells. EMT, as a prerequisite for cancer invasion and
metastasis, leads to the up-regulation of mesenchymal mark-
ers toward mesenchymal phenotype [18]. This transforma-
tion is associated with tumor invasiveness, metastasis, and
resistance to chemotherapy. Our results showed that epithe-
lial markers E-cadherin and -catenin were down-regulated,
whereas the mesenchymal markers vimentin and N-cadherin
were up-regulated in ZNF488–over-expressing cell lines, 
indicating that over-expression of ZNF488 triggered an EMT-
like phenotypic transition. 

EMT is implicated in the successful formation of 
micrometastasis by conferring cancer stem cell properties to
disseminated cancer cells [12]. Cancer stem cells appear to
drive both tumorigenesis and metastasis, while resistant to
standard radiation and chemotherapy [19]. We found that

Table 2. Pathway analysis of 1.5 folds or more common
changed genes

Category Term p-value
Kegg pathway Tight junction 0.007181
Panther pathway Wnt signaling pathway 0.019056
Panther pathway B-cell activation 0.034594
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EMT upon ZNF488 over-expression was accompanied by
stem cell-like phenotype, as determined by increased expres-
sion of stem-cell markers Nanog, Sox2, and ABCG2 [20,21].
Furthermore, ZNF488 over-expressing cells possessed more
tumorigenic capacity than control cells in vitro and in vivo.
New therapeutic approaches have been explored to target
this population. One strategy is to target critical signaling
pathways for self-renewal and differentiation. Several can-
didate pathways have been identified including Notch, Wnt,
and Hedgehog [22-24]. Thus, ZNF488-induced EMT 
enhances stem cell-like self-renewal properties that are cru-
cial in tumorigenesis. Mechanistically, microarray analysis
revealed that Wnt/-catenin signaling pathway might be 
involved in ZNF488-induced EMT. A number of cytokines
and growth factors are induced during EMT, which ampli-
fies the EMT program and promotes cell migration. These
factors include the cytokines TGF-, Wnt, Notch ligands, 
interleukin-like EMT-inducers [25]. One of the signals initi-
ating EMT was the canonical Wnt pathway, whose stimula-
tion triggered the translocation of oncoprotein -catenin to
nucleus, where it acted as coactivator of Tcf/Lef factor in
transcriptional activation of target genes. We found that
over-expression of ZNF488 activated the Wnt/-catenin sig-
naling pathway to enhance Tcf/Lef transcriptional activity,
thereby contributing to the EMT. Additionally, the activation
of Wnt/-catenin pathway was often coupled with the 
expression of EMT regulators such as snail and slug. Snail
and Slug regulate tight junction stability, gap junctional pro-
tein expression, desmosome disassembly and protease 
expression. Indeed, Snail and Slug are expressed in the 
response to EMT inducing stimuli including Wnt signaling
[25]. As a result, the transcription factors Snail and Slug were
elevated in ZNF488–over-expressing cell lines. Thus, we 
hypothesized that ZNF488 activates the Wnt/-catenin sig-
naling pathway, leading to the activation of the Tcf/Lef tran-
scription factor. 

As ZNF488 is highly conserved, silico analysis revealed
that ZNF488 contains a possible nuclear localization signal
(NLS) sequence: a bipartite NLS between its two zinc-finger
motifs that functions as a transcriptional repressor. This
study, however, did not determine the exact binding site of

ZNF488 target genes. Regardless of the direct binding site,
our substantial evidence reveals, for the first time, the impor-
tance of ZNF488 in invasion and tumorigenesis in NPC. It
holds promise as a novel molecular target for NPC therapy
and a potential biomarker for predicting patient prognosis.

Conclusion

In conclusion, the present study indicated that ZNF488
was over-expressed in NPC, and over-expression of ZNF488
could enhance the invasive and tumorigenic abilities in NPC.
Our findings provide new insights into the molecular mech-
anisms involved in the regulation of NPC invasion and
might provide novel therapeutic targets and strategies for
the treatment of NPC patients.
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Forkhead Transcription Factor FOXO1 Inhibits Angiogenesis in Gastric
Cancer in Relation to SIRT1

Original Article

Purpose
We previously reported that forkhead transcription factors of the O class 1 (FOXO1) expres-
sion in gastric cancer (GC) was associated with angiogenesis-related molecules. However,
there is little experimental evidence for the direct role of FOXO1 in GC. In the present study,
we investigated the effect of FOXO1 on the tumorigenesis and angiogenesis in GC and its
relationship with SIRT1.

Materials and Methods
Stable GC cell lines (SNU-638 and SNU-601) infected with a lentivirus containing FOXO1
shRNA were established for animal studies as well as cell culture experiments. We used
xenograft tumors in nude mice to evaluate the effect of FOXO1 silencing on tumor growth
and angiogenesis. In addition, we examined the association between FOXO1 and SIRT1 by
immunohistochemical tissue array analysis of 471 human GC specimens and Western blot
analysis of xenografted tumor tissues.

Results
In cell culture, FOXO1 silencing enhanced hypoxia inducible factor-1 (HIF-1) expression
and GC cell growth under hypoxic conditions, but not under normoxic conditions. The
xenograft study showed that FOXO1 downregulation enhanced tumor growth, microvessel
areas, HIF-1 activation and vascular endothelial growth factor (VEGF) expression. In addi-
tion, inactivated FOXO1 expression was associated with SIRT1 expression in human GC 
tissues and xenograft tumor tissues.

Conclusion
Our results indicate that FOXO1 inhibits GC growth and angiogenesis under hypoxic condi-
tions via inactivation of the HIF-1–VEGF pathway, possibly in association with SIRT1. Thus,
development of treatment modalities aiming at this pathway might be useful for treating
GC.

Key words
Stomach neoplasms, Angiogenesis modulating agents, 
Human FOXO1 protein, Human SIRT1 protein 
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Introduction

The mammalian forkhead transcription factors of the 
O class (FOXOs) have four members: FOXO1, FOXO3,
FOXO4, and FOXO6. FOXO1 and FOXO3 are expressed in
nearly all tissues [1]. When FOXOs are phosphorylated, they
are exported from the nucleus and do not exhibit transcrip-
tional activity [2]. In recent years, FOXOs have caught much
research attention for their broad roles in physiological
process, including cell cycle arrest, apoptosis, angiogenesis,
stress resistance, energy metabolism, and stem cell differen-
tiation [3]. Dysregulation of FOXOs results in disease, includ-
ing cancer. Inactivation of the FOXO1 occurs in many types
of human cancer, including endometrial cancer, breast can-
cer, ovarian cancer, prostate cancer, rhabdomyosarcoma, 
hemangiosarcoma and gastric cancer (GC) [1].

Sirtuins are NAD+-dependent deacetylase enzymes in
mammals and consist of SIRT1-7. They are localized in 
different cellular compartments and are capable of many 
catalytic activities [4]. Among them, SIRT1 is the most thor-
oughly studied and is expressed in the brain, heart, liver,
pancreas, skeletal muscle, spleen, and adipose tissues [5].
SIRT1 regulates physiological events that include oxidative
stress, metabolism, cellular proliferation, and genomic sta-
bility via deacetylation of histone and non-histone proteins
[5]. Furthermore, SIRT1 targets many transcription factors,
including p53, FOXO, E2F1 and nuclear factor kB, and 
consequently is involved in diverse functions [6].

Currently GC is the second most frequent cause of cancer-
related death [7]. The incidence of GC continues to rise 
despite effective treatment that increases the survival of GC
patients. However, the prognosis remains poor [8]. Although
several pathways are suggested as a mechanism of GC 
angiogenesis, the underlying molecular mechanism remains
largely unknown. We previously reported that FOXO1 inac-
tivation was commonly found in surgically obtained GC
specimens, associated with angiogenesis-related molecules
[1]. 

SIRT1 controls the nuclear shuttling and transcriptional 
activity of forkhead transcription factors and regulates FOXO
activity either positively or negatively depending on the 
target gene or cell type [9]. Though the association between
FOXO1 and SIRT1 was gradually elucidated in various 
disease conditions, there has not been any study of that 
association in GC, let alone angiogenesis. 

Here, we extended our previous study and further inves-
tigated the direct role of FOXO1 in GC angiogenesis. FOXO1
expression was suppressed by RNA interference and the 
effects of FOXO1 silencing on the GC growth and angiogen-
esis were assessed in cell culture experiments and a nude
mouse model of subcutaneous xenografts. In addition, we

assessed the relationship between FOXO1 and SIRT1 using
human GC tissue array and xenograft tumors.

Materials and Methods

1. Cell cultures 

Five well-characterized human GC cell lines (SNU-638,
SNU-601, SNU-216, SNU-484, and SNU-668) were purchased
from the Korean Cell Line Bank (Seoul, Korea). Cells were
maintained in RPMI 1640 medium (Life Technologies, Grand
Island, NY) containing 10% fetal bovine serum, incubated in
5% CO2, and either 20% (normoxic) or 1% (hypoxic) O2

atmosphere at 37°C.

2. Western blot analysis 

Western blot analysis was performed as we described 
previously [10]. Cell lysates in sodium dodecyl sulfate (SDS)
lysis buffer (125 mM Tris-HCl [pH 6.8], 4% SDS, 0.004% 
bromophenol blue, and 20% glycerol) were separated on 10%
SDS–polyacrylamide gel and electrophoretically transferred
to PVDF membranes (Millipore Co., Billerica, MA) blocked
with 5% non-fat dry milk in phosphate buffered saline–
Tween-20 (0.1%, vol/vol) for 1 hour. The membranes were
then incubated with a primary antibody against FOXO1
(1:1,000, C29H4, Cell Signaling Technology, Beverly, MA),
hypoxia inducible factor-1 (HIF-1; 1:500, H167, BD 
Biosciences, San Jose, CA), vascular endothelial growth 
factor (VEGF; 1:1,000, C1, Santa Cruz Biotechnology, Santa
Cruz, CA), SIRT1 (1:1,000, H300, Santa Cruz Biotechnology),
or -actin (1:1,000, C4, Santa Cruz Biotechnology). Horserad-
ish peroxidase-conjugated anti-rabbit IgG (1:2,000, Santa
Cruz Biotechnology) or anti-mouse IgG (1:2,000, Santa Cruz
Biotechnology) was used as a secondary antibody. Enhanced
chemiluminescence (Amersham, Arlington Heights, IL) was
used to detect the immunoreactive proteins. Equal protein
loading was confirmed by -actin. 

3. Lentivirus-mediated short hairpin RNA silencing of
FOXO1

Lentiviral particles containing FOXO1 short hairpin RNA
(shRNA) or non-targeting shRNA, control shRNA, were 
purchased (Sigma, St. Louis, MO). The sequence of FOXO1
shRNA was 5-CCGGGCCTGTTAT CAATCTGCTAAACTC
GAGTTTAGCAGATTGAT AACAGGCTTTTTG-3. The
control shRNA particles contain four base pair mismatches
within the short hairpin sequence to any known human or
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mouse gene. Viral infection was introduced by incubating
GC cells in the culture medium containing lentiviral particles
for 12 hours in the presence of 5 µg/mL Polybrene (Santa
Cruz Biotechnology). Pooled puromycin (2 µg/mL)-resistant
cells were used for further analysis. 

4. Luciferase reporter assay

To determine FOXO1 nuclear DNA-binding activity, 
luciferase reporter assay was used as previously described
with slight modifications [10,11]. Two oligonucleotides
(GCAAAACAAACTTATTTTGAAGCAAAACAAACT
TATTTTGA AGCAAAACA AACT TATTTTGAA and TTCA
AAATAAGTTTGTTTTGCTTCAAAATAAGTTTGTTTTG
TT CAAAATAAGTTTGTTTTGC) were annealed and lig-
ated into the pGL4.27-Promoter vector (Promega, Madison,
WI) to create 3XIRS-luciferase (Cosmo GENETECH, Seoul,
Korea). This construct has three tandem repeats of a FOXO1
binding element, the insulin-responsive sequence (IRS), 
inserted upstream of the luciferase reporter gene. It is widely
used as an indicator of FOXO1 transcriptional activity. GC
cells were cotransfected transiently with 0.4 µg 3XIRS-
luciferase vector and 0.4 µg pSV--galactosidase vector
(Promega), an internal control, using Lipofectamine Plus
(Life Technologies). Twenty-four hours after transfection, 
assays for luciferase and -galactosidase were carried out
using a Dual-Luciferase Reporter Assay System (Promega).
FOXO1 luciferase activity was measured on an AutoLumat
LB 9505c luminometer (Berthold Analytical Instruments,
Nashua, Germany) and was normalized by -galactosidase
activity.

5. Assessment of cell viability

SNU-638 (2.5104 cells) and SNU-601 cells (2.5104 cells)
were seeded into each well of 24-well plates and were 
allowed to grow for 0 to 24 hours. Cell numbers were meas-
ured indirectly using the method reported by Kim et al. [12].
Cells were stained with 0.2% crystal violet aqueous solution
in 20% methanol for 10 minutes, dissolved in 10% SDS, trans-
ferred into 96-well plates, and the absorbance was measured
at 570 nm using an enzyme-linked immunosorbent assay
reader (Bio-Rad, Hercules, CA).

6. Mouse xenograft model

All animal procedures were performed in accordance with
the procedures described in the Seoul National University
Laboratory Animal Maintenance Manual (approval No.
SNU-120412-5). Six-week-old male nude mice (BALB/cSlc-
n/n) were purchased from SLC Inc. (Hamamatsu, Shizuoka,
Japan) and maintained under specific pathogen-free condi-

tions. For subcutaneous implantation, tumors were estab-
lished by injecting SNU-638 GC cells expressing either con-
trol shRNA or FOXO1 shRNA at the density of 5106 cells in
100 µL of Matrigel (R&D Systems, Minneapolis, MN) subcu-
taneously into the left flank of each mouse. Mice were 
divided into two groups by FOXO1 expression in GC cells:
control shRNA or FOXO1 shRNA. Tumor volumes were
measured every two days using a caliper, and were calcu-
lated by the equation V (mm3)=(lengthwidthheight)
(/6). Animals were sacrificed 48 days after cell implanta-
tion, and tumor xenografts were removed and prepared for
immunohistochemistry or Western blot analysis.

7. Patients and tissue array methods

Four hundred and seventy-one surgically resected human
GC specimens were obtained from the Department of Pathol-
ogy, Seoul National University College of Medicine from 
January 2 to December 29, 2006. Nine paraffin tissue array
blocks were prepared as previously described [13]. This 
protocol was reviewed and approved by the Institutional 
Review Board of the Seoul National University (approval
No. C-1006-035-320). 

8. Tumor histology and immunohistochemistry

Tissue specimens from clinical GC samples and xenograft
tumors derived from GC cells were fixed with 10% neutral-
buffered formalin, and 4-µm paraffin sections were prepared.
After rehydration, sections were stained with hematoxylin
and eosin for histologic assessment, or were immunostained
after antigen retrieval using a Bond-max automated immun-
ostainer (Leica Microsystems, Newcastle upon Tyne, UK).
The primary antibodies used were against FOXO1 (1:40,
C29H4, Cell Signaling Technology), phospho-FOXO1Ser256

(pFOXO1; 1:60, Cell Signaling Technology), CD31 (1:100,
M20, Santa Cruz Biotechnology), HIF-1 (1:50, provided by
Dr. Jong-Wan Park at Seoul National University), VEGF
(1:200, C1, Santa Cruz Biotechnology), and SIRT1 (1:100,
H300, Santa Cruz Biotechnology). Antibody binding was 
detected with the Bond Polymer Refine Detection Kit (Leica
Microsystems). All immunostained sections were lightly
counterstained with Mayer’s hematoxylin. Throughout the
above analysis, negative controls were prepared by omitting
the primary antibody. The results of immunostaining were
evaluated by two pathologists (Y.K. and J.-S.P.), who were
blinded to the origin of the samples. For statistical analysis,
the results of immunostaining for proteins were considered
positive if immunoreactivity was seen in  10% (cytoplasmic
pFOXO1 and nuclear SIRT1) or  5% (nuclear HIF-1) of the
neoplastic cells.
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9. Quantification of microvessel areas 

Microvessel areas (MVAs) in subcutaneous xenograft 
tumors were determined by light microscopy/optical image
analysis after immunostaining xenograft tumor sections with
anti-CD31 as described previously [10]. The three most
highly vascularized areas in areas of tumors near the tumor–
normal tissue interface were selected. Photographs of CD31-
immunopositive vessels in tumor sections were taken under
a light microscope, and the cross-sectional areas of CD31-
immunopositive structures (i.e., microvessel areas) were
quantified by capturing images, converting them to grey
scale, and analyzing CD31-stained areas using NIH Image
Analysis software after setting one consistent intensity
threshold for all slides. CD31-positive areas were expressed
as pixels squared per high-power field and were measured
for all tumors.

10. Statistical analysis

For cell culture and animal experiments, data were ana-
lyzed using GraphPad Prism software for Windows 7 (ver.
4, GraphPad Software, San Diego, CA). A two-tailed 
Student’s t test was used to rule out the role of chance in the

results. For tissue array analysis, statistical analyses were
conducted using SPSS ver. 19.0 (IBM Co., Chicago, IL), and
the chi-squared test was used to determine the relationship
between the expressions of pFOXO1Ser256, SIRT1, and HIF-1.
Results were expressed as mean value±standard deviation.
Null hypotheses of no difference were rejected if p-values
were less than 0.05.

Results

1. FOXO1 shRNA expression effectively inhibited FOXO1
expression and transcriptional activity in GC cell lines

To investigate the molecular effects of FOXO1 in GC, we
initially examined the expression level of FOXO1 in GC cell
lines. The protein contents of FOXO1 varied in five different
cell lines (Fig. 1A). To observe the effect of FOXO1 silencing
in the GC cell, SNU-638 and 601 cell lines with high levels of
FOXO1 expression were selected, and FOXO1 expression
was suppressed using RNA interference. Western blot analy-
sis (Fig. 1B) and luciferase reporter assay (Fig. 1C) verified
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Fig. 1. Effect of forkhead transcription factors of the O class 1 (FOXO1) expression on hypoxia inducible factor-1 (HIF-1) expression
in cultured gastric cancer (GC) cells. (A) Western blot analysis shows that the protein contents of FOXO1 varied in GC cell lines. (B)
FOXO1 expression in GC cells (SNU-638 and SNU-601) was silenced by infection with lentiviral particles containing non-targeting
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that transfection of FOXO1 shRNA effectively inhibited
FOXO1 expression and its transcriptional activity in both cell
lines.

2. FOXO1 silencing increased the protein expression of
HIF-1 in GC cells under hypoxic conditions, but not
under normoxic conditions

HIF-1, which regulates many genes involved in adapting
to a hypoxic environment, is important in promoting gastric
tumor growth and angiogenesis [14]. Therefore, we per-
formed cell culture experiments using GC cell lines SNU-638
and SNU-601 to examine the direct relationship between the

expressions of FOXO1 and HIF-1. GC cells expressing 
control shRNA or FOXO1 shRNA were cultured under 
normoxic or hypoxic conditions. By Western blot, FOXO1
down-regulation corresponded with increased HIF-1
protein expression under hypoxic conditions, but not under
normoxic conditions, in both cell lines (Fig. 1D). 

3. FOXO1 silencing increased GC cell viability under 
hypoxic conditions 

Fig. 1A shows that FOXO1 expression was higher in 
SNU-601 cells than in SNU-638 cells. In contrast, we found
that cell growth rate was higher in SNU-638 cells than in
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Fig. 3. Forkhead transcription factors of the O class 1 (FOXO1) shRNA (shFOXO1) promotes tumor growth and angiogenesis in sub-
cutaneous gastric cancer (GC) xenografts. (A) SNU-638 cells expressing control shRNA (shCtrl) or shFOXO1 were subcutaneously
injected into the left flanks of nude mice. Representative photos of mice were taken after killing at day 48 (left). Tumors were harvested,
then weighed (right) (n=5 per group). *p < 0.05, compared to shCtrl tumors. The arrows indicate xenografted tumors in mouse flanks.
(B) Tissue sections were obtained from the xenograft tumors and immunostained for FOXO1, CD31, hypoxia inducible factor-1
(HIF-1) and vascular endothelial growth factor (VEGF) (left). Microvessel area were quantified by measuring areas of blood vessels
immunostained for CD31 (right). *p < 0.05, compared to shCtrl cells. (C) Protein expressions of FOXO1, HIF-1–VEGF, and SIRT1 in
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SNU-601 cells, which became more evident under hypoxic
conditions (Fig. 2A). To confirm the growth-inhibitory role
of FOXO1, we compared the viability of GC cell lines under
normoxic and hypoxic conditions. At 24 hours of hypoxic 
exposure, in both GC cell lines FOXO1 knockdown increased
cell viability under hypoxic conditions, but not under 
normoxic conditions (p < 0.05) (Fig. 2B and C). These data
suggest that the effect of FOXO1 on GC cell growth needs a
hypoxic environment.

4. FOXO1 silencing increased tumor growth, MVA and the
expression of HIF-1, VEGF, and SIRT1 proteins in a nude
mouse model of subcutaneous GC xenografts

Fig. 2A shows that SNU-638 cells grow faster than 
SNU-601 cells. Thus, to examine the role of FOXO1 in GC
growth, we injected SNU-638 cells rather than SNU-601 cells
into nude mice. Stable SNU-638 cells expressing non-target-
ing (control) or FOXO1-targeting shRNA were used. We
found that tumors were successfully formed in all mice. The

tumor weights were markedly higher in mice injected with
FOXO1 shRNA expressing cells than those injected with 
control shRNA expressing cells (p < 0.05) (Fig. 3A). 

Next, tumor tissues were removed and prepared for 
immunohistochemistry (Fig. 3B, left) and Western blot analy-
sis (Fig. 3C). FOXO1 shRNA tumors showed much lower
FOXO1 protein expression than the control shRNA tumors
(Fig. 3B, top row), verifying the direct inhibitory role of
FOXO1 in tumor growth. Angiogenesis in xenografted 
tumors was assessed using immunohistochemistry for CD31,
a specific marker of vascular endothelial cells. CD31 
immunoreactivity increased in FOXO1 shRNA tumors 
compared to control shRNA tumors (Fig. 3B, second row).
Optical image analyses showed that the CD31-positive MVA
was noticeably larger in FOXO1 shRNA tumors (mean,
18.56103 pixels2) than in control shRNA tumors (mean,
3.25103 pixels2) (Fig. 3B, right). Thus, FOXO1 silencing 
increased MVA in GC xenografts. In addition, FOXO1
shRNA increased the expression of HIF-1 and VEGF, both
of which promote GC tumor growth [15], angiogenesis [15]

Fig. 4.  Representative immunohistochemical findings in human gastric cancer (GC) tissue specimens. (A) GC cells showing
cytoplasmic phospho-FOXO1Ser256 (pFOXO1) expression with or without nuclear staining. (B) GC cells showing nuclear SIRT1
expression. (C) GC cells showing nuclear hypoxia inducible factor-1 (HIF-1) expression with or without cytoplasmic stain-
ing. (D) GC cells without cytoplasmic pFOXO1 expression. (E) GC cells without nuclear SIRT1 expression. (F) GC cells with-
out nuclear HIF-1 expression (A-F, 400).

A B C

D E F
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and metastasis [16] (Fig. 3B, third and fourth rows; Fig. 3C,
second and third rows). These results strongly suggest that
FOXO1 functions to inhibit tumor growth through negative
regulation of tumor angiogenesis mediated by the HIF-1–
VEGF pathway.

In addition, the association found between FOXO1 and
SIRT1 was observed in xenografted tumors. Western blot
analysis showed that FOXO1 shRNA-tumors showed higher
SIRT1 expression than control shRNA-tumors (Fig. 3C).

5. FOXO1 shRNA knock-down in GC cells up-regulated
the expression of SIRT1 

SIRT1 increases gastric tumor growth and angiogenesis
[17]. Thus, we examined the relationship between the expres-
sions of FOXO1 and SIRT1. In immunohistochemical tissue
array analysis of human GC samples, pFOXO1 (Fig. 4A and
D), SIRT1 (Fig. 4B and E), and HIF-1 (Fig. 4C and F) were
expressed in both the nuclei and cytoplasm of tumor cells.
Regarding pFOXO1 expression, cells showing distinct cyto-
plasmic staining, with or without the presence of nuclear
staining, were considered to express the inactive form of
FOXO1 constitutively. With SIRT1 and HIF-1 expressions,
nuclear staining was considered to indicate activation of
these two molecules. We analyzed the association between
FOXO1 inactivation (pFOXO1 expression) and the activa-
tions of SIRT1 and HIF-1 in 471 human GC specimens.
Table 1 shows that cytoplasmic pFOXO1 expression was
found in 359 (77%), nuclear SIRT1 expression in 178 (38%)
and nuclear HIF-1 expression in 108 of the 471 (23%) of
human GC cases. This result shows positive associations 
between pFOXO1 and SIRT1 (p < 0.001) and HIF-1
(p < 0.001). Moreover, a positive association was found 
between SIRT1 and HIF-1 (p < 0.001).

Discussion

Though important tumorigenic processes such as cell 
proliferation or anti-apoptosis are often targeted in conven-
tional anticancer treatments, tumor angiogenesis is consid-
ered the most important predictor of overall survival in GC
[18]. Therefore, it is obvious that finding a potent therapeutic
target should be preceded by a detailed understanding of the
mechanisms underlying angiogenesis. However, the mech-
anisms underlying GC angiogenesis are far from understood.
A major goal of this study was to confirm our previous 
hypothesis that FOXO1 has an anti-angiogenesis effect
through inhibition on angiogenesis-related molecules. 

Growing evidence shows that FOXOs are significant in 
angiogenesis. FOXOs are involved intimately in endothelial
cell development and angiogenesis [19]. Several possible
pathways might explain FOXOs in angiogenesis. In part,
FOXOs interact with HIF-1 at multiple levels as hypoxia-
induced FOXO-dependent Cited2 expression blocks HIF-1 at
transcriptional level [20]. In our previous study, FOXO1 was
negatively related to several angiogenesis-related molecules
such as HIF-1 and VEGF in 272 surgical samples of GC [1].
In the present study, FOXO1 silencing in GC cell lines 
increased HIF-1 expression and cell viability under hypoxic
conditions. Consistently, animal studies showed that FOXO1
shRNA-tumors grew faster and developed larger MVA as
well as higher expressions of HIF-1 and VEGF than control
shRNA-tumors. Thus, these data confirm the inhibitory role
of FOXO1 in the tumor growth and angiogenesis in GC. 

SIRT1 acts paradoxically in tumor angiogenesis, both 
inhibiting [6] and activating [21] angiogenesis. Regarding
GC, an earlier study showed that VEGF silencing down-reg-
ulated the expression of SIRT1 as well as tumor growth in a
nude mouse model of subcutaneous xenografts [22]. In the
present study, a positive association was found between the
nuclear expressions of SIRT1 and HIF-1 by immunohisto-

Table 1. Expression of pFOXO1, SIRT1, and HIF-1 in human GC specimens

Variable pFOXO1 p-value SIRT1 p-value
Positive Negative Positive Negative  

Total 359 (77) 108 (23) 178 (38) 293 (62)
SIRT1
Positive 152 (86) 25 (14) < 0.001 - - -
Negative 207 (71) 83 (29) - -

HIF-1
Positive 100 (93) 8 (7) < 0.001 68 (64) 39 (36) < 0.001
Negative 260 (72) 101 (28) 110 (30) 254 (70)

Values are presented as number (%). pFOXO1, phospho-FOXO1Ser256; HIF-1, hypoxia inducible factor-1; GC, gastric cell.
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chemical tissue array analysis of 471 human GC specimens,
suggesting a positive regulatory role of SIRT1 in GC angio-
genesis. 

During oxidative stress, FOXOs translocate to the nucleus
and interact with SIRT1, resulting in the deacetylation of
FOXOs. FOXOs may be tightly modulated by SIRT1 during
tumorigenesis [23,24]. Dependent upon the post-transla-
tional changes on FOXOs, SIRT1 can inhibit FOXO activity
to protect cells from oxidative stress [23] or increase the 
activity of FOXOs to lead to gene activation [24]. The present
study showed a positive association between the expression
of inactive form of FOXO1 and nuclear expression of SIRT1
in human GC specimens. Furthermore, animal studies
showed that FOXO1 silencing increased SIRT1 expression in
GC xenografts. Thus, our data and those from a previous
study [22] indicate that FOXO1 suppresses GC angiogenesis
through HIF-1/SIRT1 pathway. Although the relationships
between FOXO1 and HIF-1 and that of SIRT1 and HIF-1
have been reported [1,6], the FOXO1-SIRT1 pathway that ties
to regulation of angiogenesis in GC or any type of cancer has
not been. FOXO1 may suppress tumors through different
strategies depending on the tumor type. For the first time,
we report that FOXO1 suppresses angiogenesis through the
HIF-1 and VEGF and FOXO1-SIRT1 pathway.

The pursuit of understanding the mechanisms that regu-
late vascular growth in tumors will continue to expand and
deliver new ideas for therapeutic exploration. Regulation of
FOXO1-SIRT1 pathway in GC promises great potential for
investigating the pathogenesis of GC and identifying a novel
therapeutic target, as well as a useful biomarker. 

Conclusion

In conclusion, this study provided an insight into the 
biological behavior of FOXO1 in GC angiogenesis. Since
FOXO1 is functionally inactivated in a high percentage of
GCs, inhibition of angiogenesis through restoration of
FOXO1 expression and subsequent inactivation of HIF-1,
VEGF and/or SIRT1 may be an attractive approach for treat-
ment of GC.
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Antitumor Activity of HM781-36B, Alone or in Combination with
Chemotherapeutic Agents, in Colorectal Cancer Cells
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Purpose
HM781-36B is a novel and irreversible pan-human epidermal growth factor receptor (HER)
inhibitor with TEC cytoplasmic kinase inhibition. The aim of this study is to evaluate the 
antitumor activity and mechanism of action for HM781-36B in colorectal cancer (CRC) cell
lines.

Materials and Methods
The CRC cell lines were exposed to HM781-36B and/or oxaliplatin (L-OHP), 5-fluorouracil
(5-FU), SN-38. The cell viability was examined by Cell Titer-Glo luminescent cell viability assay
kit. Change in the cell cycle and protein expression was determined by flow cytometry and
immunoblot analysis, respectively. Synergism between two drugs was evaluated by the com-
bination index.

Results
The addition of HM781-36B induced potent growth inhibition in both DiFi cells with epider-
mal growth factor receptor (EGFR) overexpression and SNU-175 cells (IC50, 0.003 µM and
0.005 µM, respectively). Furthermore, HM781-36B induced G1 arrest of the cell cycle and
apoptosis, and reduced the levels of HER family and downstream signaling molecules, pERK
and pAKT, as well as nonreceptor/cytoplasmic tyrosine kinase, BMX. The combination of
HM781-36B with 5-FU, L-OHP, or SN-38 showed an additive or synergistic effect in most
CRC cells. 

Conclusion
These findings suggest the potential roles of HM781-36B as the treatment for EGFR-over-
expressing colon cancer, singly or in combination with chemotherapeutic agents. The role
of BMX expression as a marker of response to HM781-36B should be further explored. 
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Introduction

Colorectal cancer (CRC) is one of the major types of cancer
worldwide, in terms of both morbidity and mortality. 
Despite continuous improvements in adjuvant therapy, the
outcomes of treatment for locally advanced and metastatic
disease remains disappointing, with 5-year survival rates of

lower than 10% in patients with metastatic cancer [1]. There-
fore, it is fundamentally important to develop novel agents
with reliable biomarkers predicting the responses to such
agents.  

CRC is frequently associated with a high expression of 
epidermal growth factor receptors (EGFRs). In some studies,
it has been reported that the overexpression of EGFR in colon
cancer may be involved in potential metastasis and poor
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prognosis [2]. EGFR, member of a family of four ErbB recep-
tor tyrosine kinases (EGFR[HER1]/ErbB1, HER2/ErbB2,
HER3/ErbB3, and HER4/ErbB4), plays a crucial role in the
regulation of cell proliferation, differentiation, angiogenesis,
metastasis, and tumor invasiveness. These groups of recep-
tors are activated by the binding of ligands to the external
domain of receptors to form homo- or hetero-dimers with
each other, which leads to the phosphorylation of the tyro-
sine kinase domain and the subsequent activation of multiple
downstream signaling molecules involved in mitogenic and
survival signaling pathways [3]. Therefore, the blockade of
EGFR-mediated signaling pathways have been proposed as
a specific therapeutic approach for metastatic CRC. 

The agents that target EGFR are composed of monoclonal
antibodies (mAbs), such as cetuximab and panitumumab,
and small molecule tyrosine kinase inhibitors (TKIs), such as
gefitinib and erlotinib [4,5]. Specifically, cetuximab has 
improved overall survival in patients with KRAS wild-type
metastatic CRC and erlotinib has been approved for the treat-
ment of advanced lung cancers but has not been extensively
studied in CRC. Also, a subset of patients with colorectal and
lung cancer, who initially responded to anti-EGFR agents,
develop secondary resistance after the initial benefit [6]. 
Extensive research based on the mechanisms of resistance to
EGFR inhibitors has led to the development of the next-
generation EGFR TKIs, more efficient anti-EGFR mAbs, and
combination therapy with drugs targeting other ligands and
downstream effectors.

The next generation of EGFR TKIs includes EGFR and
HER2 reversible dual inhibitor, lapatinib, for the treatment
of HER2-positive breast cancer, and a dual irreversible EGFR
and HER2 TKI, BIBW-2992, which is capable of overcoming
gefitinib resistance via acquired mutation (T790M) of EGFR
[5,7]. The other irreversible EGFR TKIs, such as EKB-569 and
CI-1033, can also block a gefitinib- and erlotinib-resistant 
mutant of EGFR (T790M), demonstrating further therapeutic
efficacy for the irreversible inhibitors [8]. Currently, several
irreversible EGFR TKIs are in clinical development for the
remedy of various cancers. However, a previous clinical
study reported that CI-1033 is associated with severe toxicity,
suggesting that further development of the drug seems 
unlikely [9].

Previously, it has been reported that HM781-36B, 1-[4-[4-
(3,4-dichloro-2-fluorophenylamino)-7-methoxyquinazolin-
6-yloxy]-piperidine-1-yl] propenone hydrochloride, is a
novel and irreversible TKI of EGFR, HER2, and HER4, and
has more favorable pharmacokinetic properties than that of
BIBW-2992, as indicated by a lower effective dosage as 
previously outlined in an animal model study [10]. More-
over, HM781-36B partially acts as a TEC cytoplasmic kinase
inhibitor [11]. At present, HM781-36B is in phase I and II clin-
ical trials for the treatment of various solid tumors and non-

small cell lung carcinoma with T790M mutation, refractory
to first-line EGFR TKIs, either alone or simultaneously with
chemotherapeutic drugs [10,11]. However to date, there have
been no studies conducted to investigate the anticancer prop-
erties of pan-HER inhibitors in CRC cells, either as a single
agent, or in combination with other cytotoxic agents.

In this study, we evaluated the effect of HM781-36B, a
small-molecular and quinazoline-based pan-HER inhibitor,
in CRC cell lines, with and without other cytotoxic drugs. We
also attempted to find the mechanism of response and pre-
dictive biomarker of response to HM781-36B.

Materials and Methods

1. Reagents

The irreversible pan-HER inhibitor, HM781-36B, was pro-
vided by the Hanmi Pharmaceutical Company. 5-Fluo-
rouracil (5-FU) was purchased from Sigma-Aldrich (St.
Louis, MO). Oxaliplatin (L-OHP) and SN-38 were provided
by Sanofi-Aventis Korea Co. Ltd. (Seoul, Korea) and CJ Phar-
maceutical Company (Seoul, Korea), respectively.

2. Cell lines and culture conditions

The human CRC cell lines Caco-2, COLO-320DM, DLD-1,
HCT-8, HCT-15, HT-29, LoVo, SW480, SNU-C2B, SNU-C5,
and SNU-175 were purchased from the Korean Cell Line
Bank (Seoul, Korea). The DiFi cell line was kindly provided
by Dr. J. O. Park (Samsung Medical Center, Seoul, Korea).
The KRAS mutation status of all cell lines are summarized in
Table 1 [12-15]. All cell lines were cultured in RPMI-1640
medium (Gibco, Grand Island, NY), supplemented with 10%
fetal bovine serum (FBS; Gibco) and 1% penicillin/strepto-
mycin solution (WelGENE Inc., Daegu, Korea), and were
maintained at 37°C in 5% atmospheric CO2.

3. Cell growth inhibition assay

Cells were seeded at 3,000-5,000 cells/well in 96-well
plates. After an overnight incubation, cells were treated with
HM781-36B (0.001-10 µM), 5-FU (1-100 µM), and L-OHP 
(0.1-50 µM) for 72 hours. The cell viability was determined
using the Cell Titer-Glo luminescent cell viability assay kit
(Promega, Madison, WI), according to the manufacturer’s 
instructions. Luminescence was measured using a LMAXII
384 microplate reader (Molecular Devices, Toronto, ON,
Canada). The half-maximal inhibitory concentration (IC50)
values were calculated using the sigma plot software. The 
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effects of treatments were measured by conducting three 
independent experiments, each of which was repeated six
times.

4. Assessment of combination effects

The simultaneous exposure of cells to HM781-36B, com-
bined with other cytotoxic agents (5-FU, L-OHP, or SN-38),
was examined by serial dilutions of each individual drug and
combining them at fixed ratios using doses that closely cor-
responded to the individual IC50 values. After 72 hours of 
exposure, the viable cell growth was measured using the Cell
Titer-Glo luminescent cell viability assay kit (Promega). The
synergistic effect was analyzed by the multiple drug-effect
equation and quantified by the combination index (CI), using
CalcuSyn software ver. 2.1 (Biosoft, Cambridge, UK) [16].
The CI values between 0.9 and 1.1 indicated an additive 
effect; values between 0.7 and 0.9 indicated moderate syner-
gism; values below 0.7 indicated clear synergism; and antag-
onism was indicated by CI values above 1.1.

5. Cell cycle analysis

Cells were treated with HM781-36B (0.001, 0.01, and 0.1
µM) for 48 hours. They were harvested and processed by a
cell cycle phase determination kit (Abnova Co., Taipei, 
Taiwan), following the manufacturer’s protocol. In brief, the
cell pellet was resuspended at a density of 106 cells/mL in
the assay buffer, followed by an addition of 1 mL of fixative.
After a minimum of 2 hours, cells were incubated in dark-
ness, in a 0.5 mL of propidium iodide staining solution, 
containing 10 µL of RNase A, for 30 minutes. Cells were then
analyzed using a FACSCalibur flow cytometer (Becton Dick-

inson, Heidelberg, Germany) with CellQuest-Pro software
(10,000 events were recorded for each sample).

6. Western blot analysis

Cells were incubated with HM781-36B, at concentrations
of 0.001, 0.01, and 0.1 µM, in 10% FBS media. After 48 hours,
cells were washed rapidly with ice-cold phosphate buffered
saline (PBS) and lysed in a 1 lysis buffer (Cell Signaling
Technology, Danvers, MA) containing 1 mM of the protease
inhibitor PMSF (Amresco, Solon, OH). The cell extracts were
centrifuged at 13,000 rpm for 20 minutes. Protein concentra-
tion of the supernatant was measured using a BCA reagent
(Pierce, Rockford, IL). For each sample, equal amounts of
protein were denatured and fractionated by 10% sodium 
dodecyl sulphate–polyacrylamide gel electrophoresis, and
then transferred onto a nitrocellulose membrane. Mem-
branes were blocked by placing them in a 5% skimmed milk
powder solution made up in TBS with 0.1% Tween (TBST)
for 1 hour. Membranes were then incubated overnight at 4°C
with primary antibodies against p-HER2 (pY1221/1222), 
p-AKT (pS473), p-ERK (p44/p42), EGFR, HER2, ERK, AKT,
Bcl-2, cleaved caspase-3, cleaved caspase-9, poly(ADP-
ribose) polymerase (PARP), -actin (Cell Signaling Technol-
ogy), BMX (Santa Cruz Biotechnology, Santa Cruz, CA), and
p-EGFR (pY1092) (Abcam, Cambridge, MA). After three
washes with TBST, membranes were incubated with the 
appropriate HRP-conjugated secondary antibodies for 1 hour
(Santa Cruz Biotechnology). Detection of bound antibodies
was carried out using ECL reagents (Amersham Pharmacia
Biotech, Buckinghamshire, UK) and an X-ray film (AGFA,
Mortsel, Belgium). 

7. Fluorescence in situ hybridization analysis

Each cell line was detached and washed in PBS. After 
centrifugation, the sediment was fixed in 95% ethyl alcohol,
followed by a second centrifugation. The packed sediment
was then wrapped in lens paper and embedded in paraffin
in accordance to conventional histological techniques. Five
consecutive 4-µm-thick sections were cut from the cell block
of all six lines and processed by fluorescence in situ
hybridization (FISH) analysis to analyze gene amplification.
FISH analysis was performed using the Vysis EGFR/CEP 7
FISH probe kit (Abbott Molecular, Downers Grove, IL) and
the PathVysion assay (HER2 Spectrum Orange/CEP17 Spec-
trum Green, Abbott Molecular) in accordance with the man-
ufacturers’ instructions. Shortly after deparaffinization, the
FFPE specimens were incubated in the pre-treatment solu-
tion (Abbott Molecular) at 80°C for 30 minutes, and then 
digested with a protease solution (Abbott Molecular) for 20
minutes at 37°C. The slides were incubated at 80°C for 10

Table 1. KRAS mutation status in human colorectal can-
cer cell lines

Cell line KRAS mutation Reference 
HCT-15 G13D [15,17] 
DiFi wt [16,17]
HCT-8 G13D [17]
DLD-1 G13D [15-17]
SNU-C2B G12D [17]
LoVo G13D, A14V [15-18]
Caco-2 wt [15,17]
SW480 G12V [15-17]
COLO-320DM wt [15,17]
SNU-175 A59T [16]
SNU-C5 wt [18]
HT-29 wt [15-17]

wt, wild type.
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minutes for co-denaturation of the chromosomal and DNA
probes, followed by a hybridization for 24 hours at 37°C.
After post-hybridization washing, the slides were then coun-
terstained with 4,6-diamidino-2 phenylindole (DAPI) and
analyzed using a fluorescent microscope. An average of 100
nuclei was counted for each sample. The EGFR gene was
considered to be amplified if the EGFR/CEP 7 ratio was 
 2.0. An average of 20 nuclei was counted for FISH analysis
of HER2, and the HER2 gene was considered to be amplified
if the HER2/CEP 17 ratio was  2.0. 

8. Statistical analysis

All experiments were repeated in duplicate or triplicate.
All data were presented as the mean±standard error of the
mean. A statistical significance was determined by a Stu-
dent’s t test, and the differences with p-values of < 0.05 were
accepted as statistically significant.

Results

1. The effect of HM781-36B on the viability of CRC cell
lines

A total of 12 CRC cell lines were used to determine the
growth inhibitory ability of HM781-36B. The addition of
HM781-36B inhibited the growth activity of all cell types in
a dose-dependent manner (Fig. 1). In particular, DiFi and
SNU-175 cells had a highly sensitive response to the addition
of HM781-36B. The IC50 levels of HM781-36B for DiFi and
SNU-175 cells were 0.003 and 0.005 µM, respectively, which
was about 500-7,000 fold lower than the IC50 levels of the
other CRC cells (Table 2).

2. The effect of HM781-36B on the cell cycle and apoptosis
of colorectal tumor cell lines

We examined the changes in distribution of the cell cycle
in six CRC cell lines treated with HM781-36B at different
doses (0.001, 0.01, and 0.1 µM), using fluorescence-activated
cell sorting analysis (Fig. 2A). As expected, there was a con-
siderable dose-dependent increase in the sub G1 phase and
G1 phase fraction, and a decrease in the S phase fraction for
drug-sensitive DiFi cells. Furthermore, we observed a slight
increase in the G1 fraction and a reduced S phase fraction in
SNU-175 cells; however, an increase in the sub G1 phase was
not detected. In the case of drug-insensitive COLO-320DM
cells, there were no statistically significant differences in the
proportion of cells in all phases of the cell cycle.
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Fig. 1.  The growth inhibitory effect of HM781-36B on a
panel of human colorectal carcinoma cell lines. The cells
were treated with increasing doses of HM781-36B (0.001-
10 µM) for 72 hours. The number of viable cells after the
treatment was measured using the luminescent Cell Titer-
Glo assay and expressed as percentage viable cells. Data
represents the mean±standard error of the mean of three
independent experiments (n=3), each of which was repli-
cated six times.

Table 2. Comparison of cell growth inhibition activity of
HM781-36B

Cell line IC50 (M)
HCT-15 5.28 
DiFi 0.003 
HCT-8 7.57 
DLD-1 6.48 
SNU-C2B 8.48 
LoVo 2.54 
Caco-2 14.85 
SW480 12.16 
COLO-320DM 21.58 
SNU-175 0.005 
SNU-C5 7.11 
HT-29 5.21 
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The apoptotic effect of HM781-36B was also assessed by a
Western blot analysis in CRC cells (Fig. 2B). The addition of
HM781-36B to drug-sensitive DiFi and SNU-175 cells 
up-regulated the expression of pro-apoptotic proteins, i.e.,
cleaved caspase-3, -9, and PARP, and down-regulated the 
expression of the pro-survival protein Bcl-2. Taken together,
these observations suggest that HM781-36B induces G1 cell
cycle arrest and apoptosis in pan-HER inhibitor-sensitive
CRC cell lines.

3. The effect of HM781-36B on the HER family and its
downstream signaling molecules

Prior to establishing the underlying mechanism of HM781-
36B action, we confirmed the basic protein expression level
of EGFR, HER2, and BMX in six colon cancer cell lines using
a Western blot and amplification of EGFR and HER2 by FISH
analysis. The phosphorylation of the HER family and BMX
was induced in all cell lines. In particular, pEGFR was over-
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Fig. 2. Analysis of the cell cycle and apoptosis in colorectal carcinoma cell lines after HM781-36B treatment. The cells were treated
with the indicated concentrations of HM781-36B for 48 hours. (A) Distribution of the cell cycle was examined by propidium iodide
staining and analyzed using fluorescence-activated cell sorting. The mean percentage of cells in the sub G1, G1, S, and G2/M phases
of the cell cycle for duplicate independent experiments were plotted. Data represents the mean±standard error of the mean. Sample
means were compared using a Student’s t test. *p < 0.01 compared with the control. (B) Apoptosis-related proteins were visualized
by Western blotting using anti–cleaved caspase-3, anti–cleaved caspse-9, anti–poly(ADP-ribose) polymerase (PARP), and anti–Bcl-2
antibodies. Equal loading was identified by showing the total -actin levels. The results are representative of two independent 
experiments (n=2).



expressed in DiFi cells, and BMX was highly expressed in
SNU-175 and COLO-320DM cells (Fig. 3A). Moreover, only
DiFi cells showed EGFR amplification with a copy number
ratio of 12, while none of the other CRC cell lines had a copy
number ratio > 1.8 (Table 3, Fig. 3B). The amplification of the

HER2 gene was not detected in any of the CRC cell lines
(data not shown). 

Subsequently, we examined the changes in protein expres-
sions of the HER family and in the downstream signaling
pathways, after treatment with HM781-36B. As predicted,
the expression of pEGFR and pHER2 was decreased by
HM781-36B in EGFR-overexpressing DiFi cells in a dose-
dependent manner. In SNU-175 cells, reduced expression of
pEGFR and pHER2 was also observed (Fig. 4). 

Treatment with HM781-36B inhibited downstream signal-
ing molecules in DiFi and SNU-175 cells, as shown by 
decreased protein levels of pERK, pAKT, and BMX, which is
a member of the TEC family nonreceptor/cytoplasmic tyro-
sine kinases. In contrast, in COLO-320DM and HCT-15 cells,
which are relatively resistant to HM781-36B, the protein 
levels of pEGFR, pERK, pAKT, and BMX were not changed
in response to HM781-36B treatment, and only the level of
pHER2 was down-regulated (Fig. 4). 
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Fig. 3.  Basal level expression of the HER family and BMX, and fluorescence in situ hybridization (FISH) analysis in CRC cell
lines. (A) The basal protein levels of epidermal growth factor receptor (EGFR), HER2, and BMX were evaluated in six col-
orectal cancer cell lines by Western blotting. (B) Hybridization of prepared cell lines with Vysis EGFR/CEP 7 FISH probe kit
was performed, as described in the Materials and Methods section. The amplification of EGFR is positive in DiFi cells (left)
and negative in the SNU-175 cells (right) (100).

Table 3. EGFR and HER2 gene copy number by FISH
analysis in colorectal cancer cell lines

Cell line EGFR/CEP 7 ratio HER2/CEP 17 ratio  
DLD-1 0.91 0.96
COLO-320DM 0.99 1.29
HT-29 1.69 1.78
SNU-175 1.02 1.02
DiFi 12 1.32

EGFR, epidermal growth factor receptor; FISH, fluores-
cence in situ hybridization.
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4. The effect of the co-administration of HM781-36B with
clinically relevant chemotherapeutic drugs in CRC cell
lines

We investigated the effect of combining HM781-36B with
cytotoxic drugs (L-OHP, 5-FU, and SN-38) on six CRC cell
lines. We established the IC50 values of CRC cells for cyto-
toxic drugs, and determined the fixed dose ratios of drug
combinations based on these IC50 values (Table 4). Synergistic

or additive effects between the two drugs were displayed, in
accordance with the CI values at the 50% fraction affected
(Fa; the range of cell kill level).

The simultaneous exposure to HM781-36B with chemothe-
rapeutic agents produced an additive or synergistic effect in
most CRC cells (Fig. 5). The antagonistic activity was only
observed where COLO-320DM cells were treated with a
combination of HM781-36B and L-OHP. In particular, EGFR-
overexpressing DiFi cells had the highest concentration of
IC50 values for all the chemotherapeutic agents studied. 
Furthermore, a strong synergistic effect was observed in
these cells when HM781-36B was combined with other
agents.

Discussion

Our study provides the first data available that demon-
strates the growth inhibitory effect of the irreversible pan-
HER inhibitor, HM781-36B, and its mechanism of action in
CRC cell lines. The HM781-36B inhibitor had potent antitu-
mor activity in DiFi and SNU-175 cells (IC50, 0.003 µM and

Table 4. The IC50 values for chemotherapeutic drugs
against human colorectal cancer cells

Cell line IC50 (M) 
L-OHP 5-FU SN-38

HCT-15 8.64 75.76 0.006
DiFi 10.95 92.41 0.39
DLD-1 8.65 4.53 0.09
COLO-320DM 5.38 38.84 0.10
SNU-175 1.51 5.81 0.004
HT-29 5.22 29.51 0.08

5-FU, 5-fluorouracil.

Control   0.001   0.01    0.1 Control   0.001   0.01    0.1 Control   0.001   0.01    0.1 Control   0.001   0.01    0.1
DiFi

HM781-36B (µM)

pEGFR

EGFR

pHER2

HER2

BMX

pERK

ERK

pAKT

AKT

!-Actin

SNU-175 COLO-320DM HCT-15

Fig. 4. Protein expression of the HER family and downstream signaling molecules in colorectal cancer cells following treatment with
HM781-36B. Cells were treated with increasing concentrations of HM781-36B (0.001, 0.01, and 0.1 M) for 48 hours. Cells were lysed,
and proteins were analyzed by Western blotting with the indicated antibodies. Results are representative of two independent exper-
iments (n=2). -Actin was used as a loading control.
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0.005 µM, respectively) (Table 2, Fig. 1). We observed the sup-
pression of Bcl-2 and the induction of the cleaved forms of
caspase-3, -9, and PARP, and an increase in the G1 phase
fraction after the treatment of HM781-36B in two drug-sen-
sitive cell lines (Fig. 2A and B). Therefore, we propose that
HM781-36B induced G1 arrest of the cell cycle and that this
resulted in apoptosis. HM781-36B also down-regulated the
level of pEGFR, pHER2, pERK, pAKT, and BMX in EGFR-
overexpressing DiFi and SNU-175 cells (Fig. 4). Moreover,
HM781-36B, in combination with chemotherapeutic agents
such as L-OHP, 5-FU, or SN-38, exerted a synergistic or an
additive effect in almost all CRC cells studied (Fig. 5).

During the last two decades, novel strategies that target
EGFR have been evaluated in CRC. The monoclonal antibod-
ies directed against EGFR leads to antitumor activity in
CRCs. The ATP-site-directed, small molecule TKIs are 
distinct advantages over monoclonal antibodies by the lower
cost of care, oral bioavailability, and the ability to target 
multiple signaling pathways. However, manifold early-
phase trials of EGFR TKIs failed to prove antitumor efficacy
in CRC [17]. The TKIs in combination with standard
chemotherapy also did not show a significant benefit and
were associated with increased toxicities [18]. Other EGFR
TKIs have been developed, including lapatinib, EKB-569, 
CI-1033, AEE788, and ZD6474. These TKIs are multi-targeted
agents that act through the inhibition of ErbB 1/2 and vas-
cular endothelial growth factor receptors. Although these
have been examined in phase I/II trials for patients with var-
ious solid tumors, these data regarding efficacy in patients
with CRC have not yet been determined [19].

Many studies have reported that DiFi cells are EGFR-over-
expressing cell lines, and we have also confirmed the levels
of EGFR expression in DiFi cells using Western blot and FISH
analyses (Table 3, Fig. 3). Whether EGFR expression can be
used as a predictive marker of response to anti-EGFR mAbs
has been a matter of controversy. In earlier studies, the 
addition of cetuximab in CRC patients with EGFR overex-
pression was significantly correlated with survival. How-
ever, other studies found no relationship between EGFR
expression and cetuximab response [20]. Some studies have
suggested that the expression of other growth factor recep-
tors, like HER2, HER3 and IGF-IR, EGFR gene amplification,
mutations in exons 18 to 21 of the kinase domain of EGFR,
and mutations of KRAS or PTEN might be associated with
the response/resistance to therapy with the EGFR inhibitors
[21,22].

It has been shown that HM781-36B is both a receptor and
a nonreceptor/cytoplasmic TKI. The irreversible HER TKIs
are capable of potently inhibiting the TEC family of nonre-
ceptor/cytoplasmic tyrosine kinases, including BMX [11,23].
Other members of the TEC family includes Btk, Tec, Txk, and
Itk. Unlike other TEC family kinases that are predominantly
expressed in hematopoietic cells, BMX is expressed in vari-
ous cell types, such as endothelial, epithelial, and impor-
tantly, metastatic carcinoma cells. BMX mediates various
signaling pathways and plays a critical role in several cellular
functions [23]. In our study, the basal level of BMX was 
up-regulated in COLO-320DM and SNU-175 cells (Fig. 3A).
Moreover, HM781-36B inhibited the phosphorylation of
BMX in EGFR-overexpressing DiFi and SNU-175 cells 
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(Fig. 4). Interestingly, although SNU-175 is an EGFR non-
amplified cell line with KRAS mutation, the growth of SNU-
175 was inhibited by the irreversible EGFR inhibitor, HM781-
36B, which may likely be a result of the inhibition of
cytoplasmic kinase, BMX. 

HM781-36B, a quinazoline-based irreversible pan-HER
TKI, has already shown potent antitumor activity in EGFR-
and HER2-amplified cancer cell lines [10,11,24]. Furthermore,
it exerted synergistic effects with chemotherapeutic agents
on the HER2-amplified and some non-amplified cancer cell
lines [10,24]. Our study shows that HM781-36B exerted a
synergistic, or an additive effect, in almost all CRC cells stud-
ied when combined with a clinically relevant cytotoxic agent,
such as L-OHP, 5-FU, or SN-38 (Fig. 5). In particular, 
although DiFi cells were the most resistant cell line to all of
the chemotherapeutic drugs studied, these cells showed a
potent synergistic effect in combination therapy with
HM781-36B. In addition, HM781-36B alone did not inhibit
the growth of non-EGFR–amplified cells, with the exception
of SNU-175 cells. However, HM781-36B, in combination with
chemotherapeutic agents, resulted in synergistic effects in
both EGFR amplified and non-amplified cells, including two
cell lines with KRAS mutations (DLD-1, HCT-15, SNU-175)
and one cell line with BRAF mutations (HT-29). 

Limitations of our study include few numbers of cell lines
used in the experiment, especially only one CRC cell line
with EGFR overexpression was used. Also, we cannot con-
clude on the role of BMX in the response of CRC cells to
HM781-36B because we did not perform various functional
experiments for BMX inhibition. However, there is a possi-

bility that phosphoinositide 3-kinase (PI3K)/AKT or STAT
can be one of the mechanisms to explain the role of BMX in
response to HM781-36B because BMX was associated with
survival signaling pathways, such as PI3K/AKT or STAT,
which are well-established targets for anti-cancer therapy
[25].

Conclusion

To summarize, we showed that HM781-36B is a potential
upcoming anticancer drug that acts through the irreversible
inhibition of both the EGFR family of tyrosine kinases and
the TEC family of nonreceptor/cytoplasmic tyrosine kinases
for the treatment of CRC. In addition, our findings suggest
that the administration of HM781-36B, when combined with
chemotherapeutic drugs, may be effective in EGFR-overex-
pressing colorectal cancer. Further studies are needed to elu-
cidate the role of BMX expression as a marker of response to
HM781-36B in colon cancer.
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Medical Costs and Healthcare Utilization among Cancer Decedents in
the Last Year of Life in 2009

Original Article

Purpose
The purpose of this study was to evaluate the cancer care cost during the last year of life of
patients in Korea.

Materials and Methods
We studied the breakdown of spending on the components of cancer care. Cancer dece-
dents in 2009 were identified from the Korean Central Cancer Registry and linked with the
Korean National Health Insurance Claims Database. The final number of patients included
in the study was 70,558.

Results
In 2009, the average cancer care cost during the last year of life was US $15,720. Patients
under age 20 spent US $53,890 while those 70 or over spent US $11,801. Those with
leukemia incurred the highest costs (US $43,219) while bladder cancer patients spent the
least (US $13,155). General costs, drugs other than analgesics, and test fees were relatively
high (29.7%, 23.8%, and 20.7% of total medical costs, respectively). Analgesic drugs, reha-
bilitation, and psychotherapy were still relatively low (4.3%, 0.7%, and 0.1%, respectively).
Among the results of multiple regression analysis, few were notable. Age was found to be
negatively related to cancer care costs while income level was positively associated. Those
classified under distant Surveillance, Epidemiology, and End Results stages of cancer and
higher comorbidity level also incurred higher cancer care costs.

Conclusion
Average cancer care costs varied significantly by patient characteristics. However, the study
results suggest an underutilization of support services likely due to lack of alternative 
accommodations for terminal cancer patients. Further examination of utilization patterns
of healthcare resources will help provide tailored evidence for policymakers in efforts to 
reduce the burdens of cancer care.
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Neoplasms, Terminal care, Health care costs
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Introduction

The burden of cancer and cancer care in developed coun-
tries is projected to rise due to both higher prevalence and
advancing medical technology [1,2]. In Korea, cancer has
been the leading cause of death since the year 2000 [3] and
cancer incidence is expected to rise from 202,053 in 2010 to
270,809 in 2015 [4]. In other words the societal burden of 
cancer in Korea is substantial and increasing rapidly.

Cancer care costs vary by the clinical care phase, and a 
significant portion of the expenditure occurs in the last year
of life, consistent with the intensity of care [1,5,6]. Chastek et
al. [6] noted that terminal cancer patients spent US $74,212
on average during their last 6 months of life, which is 
considerably higher than the average medicare beneficiary’s
expenditure of US $35,156 in the last year of life [7] (both in
2009 US $) and likely attributable to costly cancer treatments. 

However, studies on end-of-life medical expenditures for
cancer are relatively limited in Korea. Yi et al. [8] investigated
cancer care costs by the site of cancer and survival time but
did not fully explore other possible predictors of costs. The
study by Choo et al. [9] focused on the effects of education
level on cancer care cost but failed to examine other cost-
determining factors, such as comorbidities and survival time.
Choi et al. [10] compared cost differences between receiving
hospice care and conventional care. However, it focused
mainly on comparing medical expenses between a small 
patient group (n=529) who used hospice care and a compar-
ison group (n=1,908) who did not, and it was limited in terms
of estimating cancer care costs in a representative sample.
Lastly, none of these studies provided a breakdown of
spending on the components of cancer care.

In the current study, we assess the cancer care cost in the
last year of life by treatment component to examine health-
care utilization patterns of terminal cancer patients. In addi-
tion to variables that Yi et al. [8] and Choi et al. [10] found to
affect the cancer care cost, we incorporated monthly insur-
ance premium level, Surveillance, Epidemiology, and End
Results (SEER) cancer stage, and Charlson comorbidty index
level into our analysis. We examined each variable’s effect
on the cancer care cost, including income level, represented
by the insurance premium level, which is known to cause 
inequalities in health care utilization by cancer patients in
Korea [11]. Also, we observed few representative variables
of a cancer patient’s health care utilization pattern, including
the frequency of diagnostic imaging that is non-negligible
contributor to the overall cancer care cost [12]. To secure 
reliable data, we used the Korean National Health Insurance
(KNHI) database. KNHI is a nationwide population-based
database in which nearly all treatment-related information
is available because medical providers are paid on a fee-

for-service basis in Korea. Using this unique data set, we 
estimated cancer care costs during the last year of life accord-
ing to patient characteristics and the components of cancer
care treatment, which, in turn, enabled us to identify health-
care utilization patterns of the terminal cancer patients.

Materials and Methods

1. Data sources and study patient identification

The two major data sources used were the Korean Central
Cancer Registry (KCCR) and the KNHI claims database.
KCCR is a nationwide cancer registry program sponsored by
the government in which more than 180 hospitals participate.
The completeness of registration for 2009 was estimated to
be 97.2% of cancer cases [13]. For each patient, the KCCR 
included information on gender, age at diagnosis, date of 
diagnosis, cancer site, histology, and the SEER summary
stage. Among 878,834 cancer cases in the KCCR in 2009,
72,563 cancer decedents were selected. Patients with incom-
plete death information (n=1,836) and those with no medical
claims history (n=139) were excluded, leaving 70,558 patients
in the study (Fig. 1). The study subjects were matched with
the KNHI claims. KNHI scheme was launched by the 
government in 1989 as a mandatory universal health insur-
ance program for the whole population, and the KNHI data-
base contains claims data for medical services in Korea. It
includes information on patient gender, age, health insur-
ance premiums, residential area, comorbid diseases, specific
surgical procedures, and medical expenditures [14].

Cancer patients were classified by tumor type for those
with a cancer diagnosis of stomach, lung, liver, colon and 
rectum, breast, cervix uteri, thyroid, gallbladder, pancreas,
bladder, prostate, kidney, esophagus, ovary, leukemia, oral
cavity, larynx, melanoma of skin, brain and central nervous
system, non-Hodgkin’s disease, Hodgkin’s disease, multiple
myeloma, testis, corpus uteri, nasopharynx, and other phar-
ynx. All other tumor types were grouped as “others.”

This study was approved by the Korean National Cancer
Center Institutional Review Board. The requirement for 
informed consent was waived, because the study was based
on routinely collected administrative or registry data.

2. Variables and outcomes

The following patient characteristics were included: 
gender, age, insurance premium level, residential area, med-
ical utilization, SEER summary stage, Charlson comorbidity
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index, survival time, and site of cancer.
Patient age at death was divided into five categories: < 20,

20-49, 50-59, 60-69, and  70 years. Based on income levels,
we identified individuals in the insurance premium cate-
gories of below poverty line (lowest), I, II, III, IV, and V (high-
est) to create income groups with approximately equal
numbers of subjects. KNHI contribution was used as a proxy
measure for actual household income because it is calculated
based on the income, property, and private auto taxes for
each household [11]. Patients were grouped into three resi-
dential area categories of metropolitan, urban, and rural, 
according to Korean ZIP code. We also used the SEER 
summary stage information within the KCCR data which
categorizes how far a cancer has spread from its origin. The
four categories of Summary Staging information available in
the KCCR data are localized, regional, distant, and unknown.
Localized cancer refers to a malignancy limited to the organ
of origin. Regional stage refers to a state where a tumor 
extends beyond the limits of the organ of origin. Distant
stage includes tumors that have spread to areas of the body
distant from the primary tumor. Lastly, cases for which 
sufficient evidence is not available to adequately assign stage
are categorized under unknown [15]. The Charlson comor-
bidity index, which is a single index of comorbidity burden
developed to assess the relative risk of a patient’s comorbid
conditions for determining patient outcome after a critical 
illness, was used to group patients into four categories 
according to the index score: 0, 1-2, 3-4, and  5 (the most 
severe). Survival time was defined as the period from the
date of cancer diagnosis to that of death or end of follow-up.
The date of diagnosis was obtained from the KCCR. For cases
in which patients were diagnosed with multiple cancers, we
classified patients according to the last diagnosis.

We classified medical institutions as clinics and small 
hospitals, general hospitals, tertiary hospitals, or tertiary 
referral hospitals. Clinics are small, private medical facilities

dedicated to outpatient services and equipped with up to 30
beds. Small hospitals are equipped with more than 30 beds.
General hospitals provide specialist care and are equipped
with more than 100 beds. Tertiary hospitals are general 
hospitals that are usually affiliated with universities, provide
a certain quality of care, perform research, and act as teach-
ing institutions. Tertiary referral hospitals are those that 
provide outstanding medical care [11].

Patterns of healthcare utilization were also assessed.
Namely the mean number of inpatient days/visits, outpa-
tient days/visits, and emergency department visits and the
use of computed tomography (CT), positron emission 
tomography (PET), and magnetic resonance imaging (MRI)
were examined. In addition, the components of cancer care
costs were examined as follows: identifying costs associated
with radiotherapy, chemotherapy, surgeries (e.g., resection),
general tests (e.g., lab tests and X-rays), diagnostic imaging
(e.g., CT, PET, MRI, angiography, nuclear medicine imaging,
and bone densitometry), analgesic drugs (e.g., morphine and
nonsteroidal anti-inflammatory drugs), drugs other than
analgesics, general costs (e.g., fees for physician consulta-
tions, inpatient admission, meals, basic treatment such as 
incisions and dressings), rehabilitation, and psychotherapy.

The last year of life was defined as the final 12 months of
life, and the mean medical cost in the last year of life was 
calculated by combining the medical claims for each individ-
ual [8]. All cost measures were computed as combined 
insurer and co-payment amounts for each claim and were
adjusted to 2009 US $ using an annual average exchange rate
of 1,164.5 Korean won in 2009.

3. Statistical analyses

Descriptive analyses were performed for the categories of
decedent gender, age, insurance premium level, residential
area, SEER stage, Charlson comorbidity index, survival time,
emergency department use, site of cancer, and medical 
utilization. Multiple linear regression analyses were per-
formed to estimate the association between mean cancer care
cost during the last year of life and decedent's demographic
and clinical characteristics. To correct for the skewed distri-
bution of the medical cost data, we used the log-transformed
mean cancer care cost as the outcome variable. All analyses
were performed using SAS software ver. 9.2 (SAS Institute
Inc., Cary, NC). Two-sided p-values of  0.05 were consid-
ered to indicate statistical significance.

Cnacer cases in the Korean Cencer Registry in 2009 (n=878,834)

   Non-decendents (n=806,271)

   Patients with incomplete
     death information (n=1,836)

   Patients with no medical
     claims history (n=139)

Subjects included in study (n=70,558)

Fig. 1.  Disposition of study subjects.
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Table 1. Demographic and clinical characteristics of patients

Characteristic No. (%) Mean±SD (US $)
Sex
Male 44,884 (63.6) 15,668±14,045
Female 25,674 (36.4) 15,810±14,810

Age (yr) 
< 20 323 (0.5) 53,890±39,099
20-49 6,389 (9.1) 23,743±21,218
50-59 10,305 (14.6) 20,240±16,413
60-69 16,801 (23.8) 17,730±13,238
 70 36,740 (52.1) 11,801±9,998
Mean±SD 68.0±13.4        -

Insurance premium, quintiles
Below poverty line (lowest) 8,680 (12.3) 15,094±12,851
I 9,343 (13.2) 15,054±14,625
II 8,327 (11.8) 15,590±13,738
III 10,452 (14.8) 16,484±14,826
IV 12,889 (18.3) 16,256±15,097
V (highest) 20,002 (28.4) 15,654±14,298

Residential area 
Metropolitan 37,300 (52.9) 16,702±15,231
Urban 20,947 (29.7) 15,166±13,714
Rural 12,298 (17.4) 13,694±12,094

SEER stage
Localized 12,283 (17.4) 15,134±13,239
Regional 16,067 (22.8) 15,668±11,696
Distant 22,549 (32.0) 17,911±17,224
Unknown 7,853 (11.1) 13,289±12,076

Charlson comorbidity index 
0 32,981 (46.7) 15,771±15,298
1-2 25,747 (36.5) 15,434±13,550
3-4 8,796 (12.5) 15,759±12,995
 5 3,034 (4.3) 17,471±13,382

Survival time (yr)
< 1 37,007 14,777±13,524
1-2 13,111 18,864±16,371
2-5 13,808 16,135±14,197
> 5 6,632 13,897±13,636
Mean±SD 1.8±2.1 -

Emergency department use
No 45,810 (64.9) 13,345±12,239
Yes 24,748 (35.1) 20,115±16,682

Site of cancer
Stomach 11,044 (15.7) 13,260±10,532
Lung 14,070 (19.9) 15.596±11,329
Liver 11,290 (16.6) 13,584±11.296
Colon and rectum 7,671 (10.9) 14,224±11,287
Breast 1,798 (2.6) 17,650±11,918
Cervix uteri 981 (1.4) 16,587±13,424
Thyroid 638 (0.9) 14,858±14,723
Gallbladder 3,171 (4.5) 13,363±9,621
Pancreas 3,693 (5.2) 13,467±9,034
Bladder 1,221 (1.7) 13,155±11,366
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Results

1. Characteristics of the study population

Patient demographic and clinical characteristics are 
summarized in Table 1. Individuals 70 years of age or older
accounted for 52.1% of the patients, and the mean age was
68.0 years (standard deviation [SD], 13.4 years). There were
8,680 patients (12.3%) below poverty line, and the largest 
percentage (28.4%) was in the highest income class (V). Over
80% of patients lived in a metropolitan or urban area. 
Because the study population consisted of decedents, most
(n=22,549, 32.0%) were classified under the distant SEER
summary stage. However, most of the patients (n=58,728,
83.2%) scored  2 on the Charlson comorbidity index, 

suggesting a relatively low level of comorbidity. Of the 
subjects, 35.1% used the emergency department at least once
during the last year of life. Lung cancer was the most 
frequent type of cancer (n=14,070, 19.9%), followed by liver
(n=11,290, 16.0%) and stomach (n=11,044, 15.7%) cancers.
The mean survival time was 1.8 years (SD, 2.1 years).

2. Cancer care cost and healthcare utilization

Cancer care costs and healthcare utilization of patients in
the last year of life are presented in Table 1. We observed
considerable variation in cancer care costs. Patients younger
than 20 years spent the most while those 70 years or older
spent the least. The effects of residential area were also 
examined, revealing that patients living in metropolitan
areas had higher costs than those in urban and rural areas.

Table 1. Continued

Characteristic No. (%) Mean±SD (US $)
Prostate 1,558 (2.2) 13,252±10,758
Kidney 863 (1.2) 17,297±13,288
Esophagus 1,436 (2.0) 16,587±12,928
Ovary 780 (1.1) 19,250±13,766
Leukemia 1,407 (2.0) 43,219±38,636
Oral cavity 495 (0.7) 16,198±12,811
Larynx 418 (0.6) 13,908±13,072
Melanoma of skin 204 (0.3) 15,069±11,494
Brain and central nervous system 921 (1.3) 24,232±18,029
Non-Hodgkin’s disease 1,364 (1.9) 28,012±25,440
Hodgkin’s disease 51 (0.1) 23,918±20,452
Multiple myeloma 679 (1.0) 26,491±21,125
Testis 17 (0.0) 25,714±14,283
Corpus uteri 255 (0.4) 17,675±13,765
Nasopharynx 187 (0.3) 17,573±13,185
Other pharynx 399 (0.6) 18,076±14,941
Others 3,947 (5.6) 17,183±18,797
Total 70,558 (100)

Phase of care
Entire cancer experience - 23,379±22,273
Last year of life - 15,720±14,328

Healthcare utilization (mean±SD)
Inpatient days/visits 71±70/6±5 -
Outpatient days/visits 40±34/63.6±58.7 -
Emergency room visits 0.7±1.3 -
CT use 4.0±3.1 -
PET/CT use 0.6±0.9 -
MRI use 0.8±1.6 -

SD, standard deviation; SEER, Surveillance, Epidemiology, and End Results; CT, computed tomography; PET, positron emis-
sion tomography; MRI, magnetic resonance imaging.



Over half of the decedents had survival times of less than 
1 year, and those surviving 1 to 2 years incurred the highest
costs (US $18,864), whereas patients surviving more than 
5 years incurred the lowest costs (US $13,897). Patients with
leukemia incurred the highest mean medical costs (US
$43,219), followed by non-Hodgkin’s disease (US $28,012),
multiple myeloma (US $26,491), testicular cancer (US $25,714),
and brain and central nervous system cancers (US $24,232).
On average, patients were hospitalized for 71 days, spent 40
days equivalent time using outpatient services, visited the
emergency department 0.7 times, and underwent CT, PET,
and MRI 4, 0.6, and 0.8 times, respectively (Table 1).

3. Cancer care costs according to the category of service and
type of hospitals

The distribution of cancer care costs by the category of
service is presented in Fig. 2A. The majority was attributable
to inpatient costs (US $12,385, 78.8%), followed by outpatient
costs (US $2,483, 15.8%) and drug costs (US $851, 5.4%). 
Fig. 2B presents the distribution of cancer care costs by the
type of medical institution. Among total cancer care costs (US
$1,048 million), those at tertiary referral hospitals were the
highest ($578 million, 55.1%), followed by tertiary hospitals
($347 million, 29.3%), general hospitals ($96 million, 9.2%),
and clinics ($27 million, 2.6%), indicating a higher rate of
larger hospital use by terminal cancer patients.

4. Cancer care costs according to the time before death

Cancer care costs evaluated according to the time before
death are shown in Fig. 3. Costs increased steadily as the 
patient approached death, from $644 in the 12th month to
$2,480 in the last month before death. The highest medical
costs occurred 2 months prior to death ($2,665, 17.0%), and
69.5% of the total medical expenditure during the last year
of life was spent in the last 6 months.

5. Cancer care costs according to treatment type

Fig. 4 presents cancer care costs by the type of treatment
component and survival time. On average, general costs
were the highest (29.7%), followed by other drugs (23.8%),
general tests (14.3%), chemotherapy (11.6%), imaging tests
(6.4%), surgery (4.7%), analgesia (4.3%), radiotherapy (2.9%),
rehabilitation (0.7%), and psychotherapy (0.1%). Costs asso-
ciated with chemotherapy, surgery, radiotherapy, and imag-
ing tests were higher in patients with shorter survival time,
although the differences were small. And costs associated
with psychotherapy and rehabilitation, which are supportive
care services, were very low regardless of patients’ survival
time.
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6. Predictors of cancer care costs

The predictors of cancer care costs are presented in 
Table 2. In our study population, older age was negatively
associated with cancer care costs. Higher income level, indi-
cated by the insurance premium, was positively associated
with cancer care costs, although insurance premium levels
III and IV showed no statistically significant association.
Compared with patients living in metropolitan areas, those

in urban and rural areas were more likely to have lower
costs. As would be expected, having more progressed cancer
and higher comorbidity scores were also associated with
higher mean medical costs. Survival time was positively 
associated with cancer care costs, although surviving more
than 5 years was associated with lower costs, albeit not sta-
tistically significantly so. Finally, using the emergency 
department in the last year of life resulted in relatively high
costs.

Discussion

Estimating disease-specific medical costs is of longstand-
ing interest in the fields of health policy and health econom-
ics [16]. At the macro-level, such estimates can provide
references for budget planning [17] and are necessary for
monitoring the flow of national health expenditures. The 
estimates of phase-specific medical costs presented in this
study may be used to evaluate the cost-effectiveness of 
cancer control policies.

In our study, the average medical cost varied by the dece-
dent’s characteristics. Those younger than 20 years had the
highest mean medical costs, consistent with previous results
[8] showing that lower age was associated with higher cancer
care costs. This is associated with the tendency of younger
cancer patients to seek more aggressive surgical care and 
adjuvant treatment [18] compared with older patients. Also,
medical costs increased with insurance premium levels, 
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Table 2. Predictors of cancer care costs during the last year of life

Variable
Unadjusted          Adjusted

Coefficient p-value Coefficient p-value
Sex
Male
Female –0.0071 0.340 –0.0469 < 0.001

Age (yr)
< 20
20-49 –0.8314 < 0.001 –0.5149 < 0.001
50-59 –0.9518 < 0.001 –0.5747 < 0.001
60-69 –1.0741 < 0.001 –0.6089 < 0.001
 70 –1.5490 < 0.001 –0.7465 < 0.001

Insurance premium, quintile
Below poverty line (lowest)
I –0.0666 < 0.001 0.0520 < 0.001
II –0.0218 0.132 0.0702 < 0.001
III 0.0422 0.002 0.0851 < 0.001
IV 0.0232 0.077 0.0801 < 0.001
V (highest) 0.0018 0.881 0.0983 < 0.001

Residential area
Metropolitan
Urban –0.1032 < 0.001 –0.0458 < 0.001
Rural –0.2027 < 0.001 –0.0787 < 0.001

SEER cancer stage
Localized
Regional 0.0951 < 0.001 0.0002 0.978 
Distant 0.1879 < 0.001 0.0452 < 0.001
Unknown –0.2154 < 0.001 –0.0048 0.735 

Charlson comorbidity index 
0
1-2 0.0751 < 0.001 0.0207 < 0.001
3-4 0.1306 < 0.001 0.0486 < 0.001
 5 0.2632 < 0.001 0.1129 < 0.001

Survival time (yr)
< 1
1-2 0.2192 < 0.001 0.0958 < 0.001
2-5 0.0300 0.001 0.0783 < 0.001
 5 –0.2480 < 0.001 0.0924 < 0.001

Emergency department use
No
Yes 0.5355 < 0.001 0.1451 < 0.001

Healthcare utilization
Inpatient days 0.5754 < 0.001 0.4843 < 0.001
Outpatient days 0.2698 < 0.001 0.1451 < 0.001
CT use 0.1705 < 0.001 0.0637 < 0.001
PET/CT use 0.2960 < 0.001 0.0595 < 0.001
MRI use 0.1853 < 0.001 0.0322 < 0.001
Adjusted-R 0.7202

Multivariable adjusted models were adjusted for gender, age, insurance premium, residential area, insurance type, level of
disability, Charlson score, Surveillance, Epidemiology, and End Results (SEER) stage, survival time, and cancer type. CT,
computed tomography; PET, positron emission tomography; MRI, magnetic resonance imaging.
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accounted for by high-income patients using inpatient and
outpatient care more frequently than those from lower 
income groups [11]. However, the medical expenditures of
insurance premium level groups I and II were statistically
significantly lower than those below poverty line, indicating
the underutilization of healthcare services by the near-poor,
because income level and healthcare use are generally posi-
tively associated. It may also indicate that the near-poor have
insufficient access to healthcare services in Korea. Finally, 
patient populations in metropolitan areas spent more than
those in rural areas, consistent with the previous study by
Kim and Park [19], who noted higher cancer care costs in
urban populations.

Examining the distribution of expenses by the type of
service revealed a disproportionate result, in that nearly 80%
of medical costs were attributable to inpatient care. Although
Chastek et al. [6] reported that inpatient costs accounted for
the largest proportion of end-of-life costs in the United States
(55%), we found that this proportion was much higher
(78.7%) in the Korean population. It is believed that the rela-
tive lack of alternative accommodation for terminal cancer
patients (such as home care) in Korea contributed to a higher
rate of hospitalization.

Additional research is warranted to assess hospital utiliza-
tion patterns in terminal cancer patients in Korea. In our
analysis, 35.1% of decedents had visited the emergency 
department at least once in the last year of life. The study by
Keam et al. [20] reported a similar rate of emergency depart-
ment use in Korea (33.6%) which is noted to be much higher
than that reported in the United States (9.2% in 1996) and
suggesting inadequate functioning of regional medical facil-
ities in Korea. It is also noted that establishing a continuing
cancer care system based on the family physician setting [20]
may lower the emergency room visit rate. 

The distribution of expenses according to the type of 
hospital was also disproportionate. Over half of total medical
costs incurred at tertiary referral hospitals, which are 
preferred by patients with serious diseases such as cancer [9].
However, this may represent inappropriate hospital use and
unnecessary medical costs, simply because most terminal
cancer patients do not require the specialized care provided
by tertiary referral hospitals.

Our study showed that 11.6% and 2.99% of medical costs
during the last 6 months of life were spent on chemotherapy
and radiotherapy, respectively. This is consistent with the 
report by Chastek et al. [6], who noted that terminal cancer
patients spent 10% and 5% of their medical costs during the
last 6 months on chemotherapy and radiotherapy, respec-
tively. The tendency to administer aggressive chemotherapy
until the end of life in Korea was noted by Keam et al. [20],
who showed that as many as 94.6% of patients received
chemotherapy during the last 6 months of life, much higher

than that reported in the United States (33%). The cost of
chemotherapy was highest in patients surviving 1 to 2 years.
Previous studies [21,22] noted that rehabilitation and 
psychotherapy can make meaningful contributions, even to
terminal cancer patients. Specifically, Yoshioka [22] noted
that almost all study subjects experienced at least some relief
from certain types of discomfort, such as pain, dyspnea, and
leg edema. According to a report published by the Irish 
Cancer Society [23], 9% and 6% of participants surveyed 
incurred costs for physiotherapy and counseling, respec-
tively. However, patients in the current study spent 1% and
0% of their medical costs on rehabilitation and psychother-
apy, respectively, which may indicate underutilization of
such services in Korea.

In our study, on average, patients underwent 4 CT, 0.6
PET, and 0.8 MRI scans in the last year of life, representing
6.4% of mean cancer care costs. In comparison, Dinan et al.
[12] noted that patients with lymphoma underwent the 
highest number of imaging procedures, and an average 
lymphoma patient in 2006 had six CT scans, one PET scan,
and one MRI within 2 years of diagnosis. Moreover, using
the cost data of this study, Yang and Czernin [24] estimated
that imaging expenditures in 2006 accounted for 4.6% of
overall medicare cancer care costs. Considering that our
study subjects were terminal cancer patients, who require
relatively less diagnostic imaging, and that the hospital 
utilization pattern was examined over a 1-year period, the
use of diagnostic imaging in Korea may be excessive; this
should be investigated further.

There are several limitations to our study. First, we used
an administrative claims database, which contains the cost
of billed services only, not including costs associated with
loss of patient/caregiver productivity/wages, travel to/from
treatment, over-the-counter medications, and other cancer-
related expenses [6]. However, the results of this study were
consistent with previous studies that used KNHI claims data,
demonstrating high costs during the last year of life for many
conditions, including cancer. Second, rather than computing
expenditures specifically related to cancer care, this study 
estimated all medical expenditures incurred by patients
dying of cancer. However, a previous study [25] noted that
most expenditures incurred by cancer patients during the
last year of life were attributable to cancer care. Thus, it is
likely that this was true in our study as well. Third, in this
study we accounted for expenditures for services that are
covered by KNHI only. Therefore, cost estimates of this
study do not reflect additional healthcare costs that are not
covered by KNHI or costs to society due to premature death
and lost productivity. Despite these limitations, our study
was strong in that the study population represented a large
segment (97%) of cancer mortality cases in Korea in 2009.



Conclusion

To our knowledge, this is the first report to document the
breakdown of spending on the components of cancer care
during the last year of life in Korea. Our study results
demonstrate that cancer care costs during this time are a 
significant burden to patients and illustrate the need for 
further research on costs associated with the components of
cancer care. Examining possible overutilization and under-
utilization of healthcare resources will help provide tailored
evidence for policymakers in efforts to reduce the burdens
of cancer care.
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Consequences of Incomplete Smoke-Free Legislation in the Republic
of Korea: Results from Environmental and Biochemical Monitoring:
Community Based Study

Original Article

Purpose
In some countries with high smoking prevalence, smoke-free legislation has only been 
implemented in specific public places, as opposed to a comprehensive ban on smoking in
all public places. The purpose of this study was to provide valid data on second-hand smoke
(SHS) exposure that reflect the consequences of incomplete smoke-free legislation, and
provide a rationale for expanding this legislation.

Materials and Methods
Indoor and outdoor environmental exposure (fine particulate matter [PM2.5], air nicotine,
and dust 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone [NNK]) was monitored in 35 public
places where smoking is prohibited by law in Goyang, Republic of Korea. Biomarkers of SHS
exposure (urinary cotinine, hair nicotine, and urinary 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol) were measured in 37 non-smoking employees. Geometric means and standard
deviations were used in comparison of each measure.

Results
Considerable exposure of SHS was detected at all indoor monitoring sites (PM2.5, 95.5 µg/m3

in private educational institutions; air nicotine, 0.77 µg/m3 in large buildings; and dust NNK,
160.3 pg/mg in large buildings); environmental measures were higher in private or closed
locations, such as restrooms. Outdoor measures of SHS exposure were lowest in nurseries
and highest in government buildings. Biochemical measures revealed a pattern of SHS 
exposure by monitoring site, and were highest in private educational institutions.

Conclusion
The evidence of SHS exposure in legislative smoke-free places in Korea suggests that 
incomplete smoke free legislation and lack of enforcement of it might not protect people
from exposure to smoke. Therefore, active steps should be taken toward a comprehensive
ban on smoking in all public places and its enforcement.

Key words
Secondhand smoking, Health policy, Environmental health
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Introduction

“Forced smoking” or second-hand smoke (SHS) is consid-
ered a critical issue in the demand for tobacco control meas-
ures. SHS exposure is also considered to confer a high risk
of adverse health consequences among those who have 
consciously chosen not to smoke. For this reason, countries
on the forefront of successful smoke-free legislation have
launched unprecedented public awareness campaigns, and
mobilized to advocate a comprehensive smoking ban in 
public places. Such measures lead to a substantial reduction
in smoking prevalence and SHS exposure [1]. However, 
the total number of smokers worldwide continues to increase
due to population growth; 40% of children, 33% of non-
smoking men, and 35% of non-smoking women are still 
exposed to SHS [2]. The Western Pacific region has the high-
est rate of SHS exposure, though many countries in the 
region show a downward trajectory in smoking prevalence
due to recent tobacco control efforts. 

Tobacco control policies in the Republic of Korea have
been continuously strengthened since the adoption of the
National Health Promotion Act in 1995 [3]. These policies
have been accelerated by smoke-free legislation that pro-
hibits smoking in specific public places, and two increases in
the tax on tobacco products in 2002 and 2004, respectively.
This has led to a rapid decline in smoking prevalence among
males over the last two decades (from over 70% in the 1990s
to 39% in 2011) [4]. Nevertheless, Korea still has the highest
smoking prevalence among male adults worldwide, and 
reports have shown a relatively high rate of SHS exposure
among non-smokers in Korea, which is gradually increasing
(42.1% in males and 31.6% in females, in 2007; 45.9% in males
and 33.8% in females in 2010) [5,6]. Interestingly, these 
results come from studies conducted after the implementa-
tion of smoke-free policies in Western Pacific countries
where tobacco control efforts, including smoke-free legisla-
tion, are in the same initial stage as in Korea [2]. This has
sparked debate on the effectiveness of smoke-free legislation,
and laid the foundation for arguments against mandates that
prohibit smoking in specific public places. Therefore com-
prehensive, valid data on SHS exposure are needed in order
to evaluate the effect of smoke-free legislation, and to pro-
vide a rationale for their expansion. 

Recently, various environmental measures of tobacco 
constituents have become available for assessment of SHS
exposure, including vapor-phase nicotine and fine particu-
late matter (PM2.5) levels, as well as biochemical measures
such as urinary cotinine concentration and hair nicotine con-
centration. In addition, it has been suggested that levels of
tobacco-specific nitrosamines such as 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone (NNK) concentration in environ-

mental dust, and 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol (NNAL) concentration in urine are excellent markers
of SHS exposure, and show good specificity for tobacco-
related health risks [7].

In the current study environmental (PM2.5 levels, air nico-
tine concentration, and dust NNK concentration) and 
biochemical (e.g., hair nicotine concentration, urinary coti-
nine concentration, and NNAL concentration) measures
were used to evaluate SHS exposure in public places where
incomplete smoke-free legislation has been applied in Korea.

Materials and Methods

1. Study design and setting

From June to September 2011, PM2.5 levels, air nicotine 
concentration, and dust NNK concentration were measured
in 35 public places where smoking is prohibited by law,
which were used as monitoring sites: government buildings
(10), large buildings (11), nurseries (6), and private educa-
tional institutions (8). There were 115 monitoring locations
across the 35 monitoring sites, including lobbies, working 
offices, elevators, restrooms (male and female), and indoor
parking lots. Measurements were also taken from outdoor
areas within 1 m of the entrance of each monitoring site.
Monitoring sites were randomly sampled from Goyang, a
residential satellite city of the capital Seoul, by location and
population. Monitoring equipment was concealed, and
therefore monitoring was carried out unbeknown to those
within the buildings (employees, visitors, etc.). During the
monitoring period, one air nicotine sampler was lost in a
government building, and three were lost in private educa-
tional institutions. Dust NNK concentration was under the
limit of detection (LOD) in one nursery and one private 
educational institution.

At each monitoring site, field researchers completed an 
observational questionnaire to document active smoking 
evidence (smell of cigarette smoke, presence of cigarette
butts, and witnessing people smoking). They also adminis-
tered a building questionnaire regarding building character-
istics and smoking policy to either the building manager or
other appropriate personnel. A reference monitoring site was
also chosen. Smoking was banned throughout the grounds
of the reference monitoring site, and all employers there 
declared they were non-smokers.

Informed consent was obtained from 37 non-smokers who
worked in the different monitoring sites (15 from govern-
ment buildings, four from large buildings, 15 from nurseries,
and three from private educational institutions). Relevant 
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biological samples were obtained for measurement of 
biochemical markers of SHS exposure (urinary cotinine, hair
nicotine, and urinary NNAL concentrations) in non-smoking
employees. Cross-sectional comparison of environmental
and biochemical measures by monitoring sites and locations
was performed. The current study was approved by the 
Institutional Review Board of National Cancer Center, Korea.      

2. Environmental measures of SHS exposure

PM2.5 levels were measured using a MetOne Acrocet 531
Aerosol Particulate Profiler (Grants Pass, OR). Indoor and
outdoor PM2.5 monitoring was carried out for a minimum of
30 minutes at each monitoring site, as well as for 10 minutes
before entering and after exiting the monitoring site. PM2.5

data were multiplied by 8.33 to adjust for the underestima-
tion of the machine to monitor gravimetric PM2.5 concentra-
tion [8].

Air nicotine concentration was measured by a passive 
sampler: a 37-mm polystyrene sampling cassette holding a
Teflon-coated glass fiber filter treated with 4% sodium bisul-
fate and 5% ethanol. To avoid air circulation (i.e., “dead
spots”), the passive samplers were hung in the middle of the
monitoring location, 1-2 m from the floor, and at least 1 m
away from an open window or a ventilation system, and
were not visible or accessible to people. They were hung
under the eaves of the entrance, or of windows for outdoor
air monitoring. The sampling rate was 24 mL/min and the
calculated limit of detection was 0.05 µg/m3 over the 7-day
sampling period [9]. The exposed filters were extracted and
nicotine was analyzed by gas chromatography using a nitro-
gen phosphorous detector (7820A, Agilent Technologies,
Santa Clara, CA). For quality control purposes, 10% of the
samples were duplicates. Final air nicotine concentrations
were determined by subtraction of background levels from
the blank samples.

Dust NNK concentration was measured using dust sam-
ples collected from interior ledges and exterior frames of
doors and windows. Filter paper soaked in 50% MeOH and
left to dry was used to collect the dust samples. After collec-
tion, 4 mL of 100 mM ammonium acetate was added to 
extract samples from the paper. Samples were analyzed
using an Agilent 1260 rapid resolution liquid chromatogra-
phy (Agilent Technologies) coupled with a triple quadruple
mass spectrometer equipped with a Turbo Ion Spray TM
source (AB SCIEX, Framingham, MA). Standard curves were
made from a blank dust, which was originated by spiking a
blank matrix with 100 mM ammonium acetate. The LOD and
limit of quantification (LOQ) for NNK concentration were 5
pg/mg (S/N 3.2), 25 pg/mg (S/N 7.2), respectively. Preci-
sion (both within- and between-day) of the method was
found to be acceptable (coefficient variance < 10%).

3. Biochemical measures of SHS exposure

A sample of 1 mg of hair was finely cut for measurement
of nicotine level, and washed for 1 hour with 1 mL
dichloromethane. The high-performance liquid chromatog-
raphy system and tandem mass spectrometer used were an
HP 1100 series (Agilent Technologies) and an API 4000 
(Applied Biosystems/MDS Sciex, Toronto, Canada)
equipped with an atmospheric pressure chemical ionization
interface. The LOD and LOQ for hair nicotine concentration
were 0.16 and 0.28 ng/mg, respectively. 

Urinary cotinine concentration was measured using a 
liquid chromatography–tandem mass spectrometry system
on an API 4000 using the TurboIonSpray interface and 
multiple reaction monitoring (Applied Biosystems/MDS
Sciex). The LOD and LOQ for urinary cotinine concentration
were 1 ng/mL and 2 ng/mL, respectively. 

A highly sensitive liquid chromatography–tandem mass
spectrometry method was developed to determine urinary
NNAL concentration. The method involves liquid-liquid 
extraction followed by conversion to hexanoate ester deriv-
ative, which facilitates separation from interfering urinary
constituents by extraction and chromatography, and 
enhances detection with electrospray ionization mass spec-
trometry. The LOD and LOQ for urinary NNAL concentra-
tion were 0.1 pg/mL and 0.2 pg/mL, respectively. The
precision of all three of these methods was found to be 
statistically acceptable.

4. Statistical analysis

Descriptive statistics including the geometric mean and
standard deviation were produced for PM2.5 level, air nico-
tine concentration, and dust NNK concentration across each
monitoring site, including indoor and outdoor locations, and
then subdivided by monitoring location. Statistical analyses
were performed using SAS ver. 9.2 (SAS Inc., Cary, NC).

Results

Considerable PM2.5 levels (95.5 µg/m3 in private educa-
tional institutes), air nicotine concentrations (0.77 µg/m3 in
large buildings), and dust NNK concentration (160.3 pg/mg
in large buildings) were detected, and biochemical measures
showed evidence of SHS exposure. All considered environ-
mental measures of SHS exposure were lowest in nurseries
and private educational institutions, whereas the highest
measures were observed in large buildings (Table 1). Air
nicotine and dust NNK concentrations in large buildings
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were 2.9-fold that in private educational institutions, and
17.6-fold that in nurseries. PM2.5 levels in private educational
institutions were 6-fold that in nurseries, and more than 
approximately 4-fold that of World Health Organization
guidelines (25 µg/m3 for 24 hours). In the reference monitor-
ing site, even air nicotine and NNK should not be detected
in places where there is no exposure to smoke, air nicotine 
concentration was not detected, and the PM2.5 level was 
relatively low, while, unexpectedly, the dust NNK concen-
tration was slightly higher than that in nurseries (Table 1). 

Air nicotine concentration did not differ markedly across
the open monitoring locations of the different monitoring
sites. However, it was quite high in private or closed loca-
tions, such as restrooms, elevators, and indoor parking lots.
Similar patterns were observed for dust NNK concentration.
The higher dust NNK concentration in the reference moni-
toring site was caused by the high concentration in some of
the monitoring locations, such as restrooms and elevators
(Table 2). 

PM2.5, air nicotine concentration, and dust NNK concen-
tration were detected outdoors at all monitoring sites. 
Outdoor measures of SHS exposure were lowest in nurseries
and highest in government buildings. Air nicotine concen-
tration was higher in outdoor than in indoor areas of 
government buildings, and a similar pattern was observed
in PM2.5 levels. Dust NNK concentration was higher in 

outdoor areas of nurseries and private educational institu-
tions (Table 3).

Of all monitoring sites, the non-smoking policy was strictly
enforced in 16.7% (6 sites), cigarettes could be purchased at
19.4% (7 sites), and evidence of active smoking was found in
25% (9 sites). None of the environmental measures differed
when these factors were taken into account, nor was any 
consistency found among the three environmental measures
(data not shown).

The hair nicotine concentrations, urinary cotinine concen-
trations, and urinary NNAL concentrations observed in the
current study suggested the existence of SHS exposure. The
results of these biochemical measures were the highest
among those who worked in private educational institutions
and the lowest in those who worked in nurseries (Fig. 1).

Discussion

In many countries where smoking prevalence is still high
and smoke-free legislation is in its initial stages, governments
may consider passing less strict smoke-free legislation, or
only partial smoking bans, with a promise to strengthen
these policies gradually. This approach is sometimes used to

Table 1. PM2.5 level, air nicotine concentration, and dust NNK by type of monitoring site
Monitoring site No. Mean SD GM GSD Min 25th Median 75th Max
PM2.5 level (µg/m3)
Government 10 44.5 19.9 35.9 2.48 3.12 30.2 45.9 62.5 67.7
Large building 10 34.2 27.5 23.5 2.67 5.25 9.41 25.0 54.2 74.5
Nursery center 6 19.3 11.5 15.9 2.10 5.25 8.33 19.8 28.2 34.4
Private educational institutes 7 138.6 118.1 95.5 2.65 25.0 43.7 68.7 291.6 297.8
Reference site 1 10.9 - 10.9 - - - - - -

Air nicotine concentration (µg/m3)
Government buildings 10 0.47 0.16 0.39 2.26 0.04 0.46 0.50 0.52 0.69
Large buildings 10 0.85 0.44 0.77 1.56 0.45 0.55 0.68 0.93 1.83
Nurseries 6 0.48 0.05 0.48 1.10 0.43 0.44 0.49 0.51 0.55
Private educational institutions 7 0.44 0.28 0.27 3.76 0.04 0.04 0.53 0.65 0.72
Reference monitoring site 1 ND - ND - - - - - -

Dust NNK (pg/mg)
Government buildings 10 189.4 137.5 146.9 2.19 46.4 80.8 153.4 257.1 483.6
Large buildings 11 198.5 116.6 160.3 2.17 27.5 107.2 210.3 288.4 422.8
Nurseries 5 14.7 13.8 9.09 3.24 2.25 3.73 8.48 28.1 30.9
Private educational institutions 7 45.4 33.2 34.8 2.29 12.5 12.6 50.5 62.7 105.5
Reference monitoring site 1 12.6 - 12.6 - - - - - -

PM2.5, fine particulate matter; NNK, nicotine-derived nitrosamine ketone; SD, standard deviation; GM, geometric mean; GSD,
geometric standard deviation; Min, minimum; Max, maximum; ND, non-detection.
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minimize negative societal reaction, including that of smok-
ers or tobacco companies [10]. The current study provides
evidence of continued SHS exposure in public places where
smoking is prohibited by law in Korea, a country that has
passed the kind of incomplete smoke-free legislation 

described above. In addition, the monitoring results reported
in this study showed that there are negative consequences to
incomplete smoke-free legislation, and to lack of enforcement
of such legislation. 

According to the National Health Promotion Act of Korea,

Table 2. PM2.5 level, air nicotine concentration, and dust NNK by monitoring location at different monitoring sites

PM2.5 level Air nicotine concentration Dust NNK 
(µg/m3) (µg/m3) (pg/mg)

Monitoring site Monitoring location GM GSD GM GSD GM GSD
Government buildings Working office 35.6 2.43 0.42 2.31 79.7 3.22

Lobby 48.7 1.43 0.46 1.13 150.1 2.17
Restroom (male) 46.8 1.48 0.49 1.12 69.6 2.92
Restroom (female) 34.1 2.54 0.46 1.18 160.6 3.41
Total 35.9 2.48 0.39 2.26 146.9 2.19

Large buildings Working office 15.9 2.26 0.39 2.39 85.1 2.18
Restroom (male) 33.1 3.62 1.09 1.99 294.9 2.58
Restroom (female) 15.8 2.43 0.85 1.75 156.4 3.05
Elevator 41.7 3.19 0.57 1.23 91.0 2.11
Indoor parking lot 13.3 2.90 0.42 3.19 84.9 3.14
Total 23.5 2.67 0.77 1.56 160.3 2.17

Nurseries Nursery class room 15.9 2.10 0.48 1.10 9.09 3.24
Private educational institutions Class room 95.5 2.65 0.27 3.76 34.8 2.29
Reference monitoring site Lobby 10.9 - ND - 12.0 -

Restroom (male) - - ND - 19.1 -
Restroom (female) - - ND - 8.34 -
Elevator - - ND - 16.2 -
Indoor parking lot - - ND - 7.17 -
Total - - - - 12.6 -

PM2.5, fine particulate matter; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; GM, geometric mean; GSD, geometric
standard deviation; ND, non-detection.

Table 3. Comparison of PM2.5 level, air nicotine concentration, and dust NNK in indoor and outdoor locations

PM2.5 level Air nicotine concentration Dust NNK 
(µg/m3) (µg/m3) (pg/mg)

Monitoring site Monitoring location GM GSD GM GSD GM GSD
Government buildings Indoor 35.9 2.48 0.39 2.26 146.9 2.19

Outdoor 55.8 4.20 0.44 2.38 78.1 3.33
Large buildings Indoor 23.5 2.67 0.77 1.56 160.3 2.17

Outdoor 12.1 1.72 0.34 3.44 87.1 3.41
Nurseries Indoor 15.9 2.10 0.48 1.10 9.09 3.24

Outdoor 30.7 1.53 0.33 2.85 9.57 3.90
Private educational institutions Indoor 95.5 2.65 0.27 3.76 34.8 2.29

Outdoor 86.1 2.14 0.26 4.21 37.9 4.97

PM2.5, fine particulate matter; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; GM, geometric mean; GSD, geometric
standard deviation.
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smoking in central and local government buildings (since
2003), large buildings (since 1995), and private educational
institutions (since 1995) is prohibited by law. The entirety of
nurseries and their grounds are non-smoking areas (since
2003). This smoke-free legislation was established according
to the articles of the World Health Organization Framework
Convention on Tobacco Control, and applied at the national
level [3,6,11]. However, in our study the environmental and
biochemical measures of SHS exposure indicated the pres-
ence of SHS exposure in all of the sites investigated. In 
particular, the fact that private educational institutions and
nurseries showed a significant level of SHS exposure should
be considered for stricter enforcement of the smoke free law,
because these places are intended for children and adoles-
cents who should be protected from SHS exposure.  

We monitored indoor and outdoor PM2.5 levels, air nicotine
concentration and dust NNK concentration, and the results
showed similar patterns by monitoring site and monitoring
location, particularly for air nicotine concentration and dust
NNK concentration. The mean PM2.5 level, which is widely
used when monitoring for SHS exposure, was higher than
the guidelines set by the World Health Organization for 
outdoor air quality, and higher than results from a previous
study of sites where smoking is prohibited by law in Scot-
land [12,13]. Air nicotine concentrations were lower than
those found in Argentina (2.60 [1.43-2.99] µg/m3), but similar
or higher than those found in the same types of sites in other
countries in Latin America (i.e., < LOD [< LOD–0.004] µg/m3

in Panama, and 0.01 [< LOD–0.05] µg/m3 in Guatemala) and
China (0.48 [0.21–1.23] µg/m3) [14-16]. In particular, a con-
siderable dust NNK concentration was detected at all moni-
toring sites including the reference monitoring site. 

Worse, no strict enforcement of the smoking prohibition
was identified in some monitoring sites. The environmental
measures were much higher in relatively private or closed
locations such as restrooms, elevators, and indoor parking
lots. At large buildings, nurseries, and private educational
institutions, some environmental measures were higher out-
doors than indoors. Incomplete smoke-free legislation, which
designates specific public places as smoke-free as opposed
to a comprehensive ban on smoking in all public places,
could lead smokers working or visiting in smoke-free build-
ings to smoke more frequently at any locations inside of the
buildings to avoid eyes of others or outside of buildings
which are not included in the legislation but close to legisla-
tive smoke-free buildings. It might be a kind of ‘balloon 
effect’ caused by incomplete smoking-free legislation, and
the lack of enforcement of this legislation. It leaves people
without protection from SHS exposure, and might also 
explain why the rate of SHS exposure has been gradually 
increasing in Korea in spite of smoke-free legislation. 

As a meaningful finding of the current study, measure of
dust NNK, which is the strongest of the nitrosamine carcino-
gens, suggested the potential for indirect SHS exposure
(third-hand smoke) due to cumulative smoking rather than
current smoking as well as more frequent illegal smoking
[17,18]. At the reference site, where smoking had been
banned by institutional rule for over a decade, thus, it is 
unlikely that any active smoking took place, higher dust
NNK concentration was found in restrooms and elevators,
where employees and visitors likely stop after smoking 
outside the building, implicating the possibility of third-hand
smoke exposure. On the other hand, higher dust NNK 
concentration in more private or closed locations at each site
could be evidence of more frequent illegal smoking in 
legislative smoke free buildings. 

In this study smoking-specific biochemical measures, such
as hair nicotine concentration, urinary cotinine concentration
and urinary NNAL concentration were detected in non-
smoking employees, although the concentrations were not
high. The concentrations of these biochemical measures
among non-smokers are useful for evaluation of overall 
personal exposure [19]. While each marker has a different
half-life, and it is possible that subjects had other sources of
SHS exposure, the concentrations of hair nicotine, urinary 
cotinine, and NNAL showed similar patterns by monitoring
site, which suggests possible long- and short-term SHS 
exposure in these public places where smoking is prohibited
by law. 

Despite these meaningful implications, there are a few 
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Fig. 1.  Geometric mean of hair nicotine concentration, uri-
nary cotinine concentration, and urinary NNAL concen-
tration in non-smoking full-time employees. NNAL,
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol.
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limitations in this study. First, because the current study has
a cross-sectional design, the results cannot compare SHS 
exposure reduction before and after smoke-free legislation
came into effect. However, rather than identify the reduction
in SHS exposure after the introduction of smoke-free legis-
lation, the current study focused on whether considerable
SHS or potential thirdhand smoke exposure exists in the
areas where smoking is now prohibited by law. To do this
we compared our data with that of a reference site where
smoke-free legislation has been strictly enforced since its
launch, in addition to collecting various standardized envi-
ronmental and biochemical monitoring data [7]. Second, we
could not identify a meaningful difference in monitoring 
results according to enforcement of smoke-free legislation or
active smoking evidence, although evaluation of how smoke-
free legislation is implemented and its effect on SHS expo-
sure is important. This lack of meaningful difference might
be caused by inaccurate information on the implementation
and enforcement of smoke-free legislation due to masking
the lack of implementation, which is illegal, or to how ques-
tions on how smoking policy was to be implemented or 
enforced were asked. Evidence of active smoking was also
observed in our study, but in normally non-smoking areas it
is rare to find cigarette butts or smokers; therefore, most 
active smoking evidence was based on the presence of ciga-
rette odor. However, this limitation would not affect the
study results and implications, which suggest the necessity
of a comprehensive smoking ban and strict enforcement of
smoke-free policies. Third, the environmental and biochem-
ical measures did not exactly correspond by monitoring site,
which created difficulties in explaining the results, even if
overall the results showed similar patterns across monitoring
sites. This lack of correspondence could be explained by dif-
ferences in monitoring duration, i.e., PM2.5 level was meas-
ured for 30 minutes with active absorption of air; air nicotine
concentration for 7 days with a passive sampler; and dust
NNK was a one-time measure, though it consisted of dupli-
cate samples [7]. The different particles or substances tar-
geted by each environmental measure could also be involved
in this lack of correspondence; PM2.5, for example, is not a 
tobacco-specific measure and can be significantly affected by
any other particles of similar size and outdoor air pollutants,
therefore, assessing the impact of SHS directly may be diffi-
cult, whereas the other measures such as air nicotine and
dust NNK are tobacco-specific measures and cannot be 
affected by other factors [7]. Last, the number of participants
who provided samples for biochemical measures varied by 
monitoring site, depending on the total number of employ-
ees, the number of non-smokers among employees, and the
number of people who agreed to participate and signed 
informed consent forms. However, refusal to participate is
very rare and should not have affected the study results. 

Indeed, biochemical measures and environmental measures
showed corresponding patterns.

Conclusion

The evidence of SHS exposure in legislative smoke free
places in Korea, suggests that incomplete smoke free legis-
lation and lack of enforcement might not protect people from
exposure to smoke. Therefore, active steps should be taken
toward a comprehensive ban on smoking in all public places
and its enforcement. 

Furthermore, to the best of our knowledge, this study 
represents the first comprehensive field monitoring study to
provide comprehensive scientific evidence for continuous
SHS exposure and potential third-hand smoke exposure in
the Western Pacific region, where the rate of smoking is 
the highest in the world and the population is accustomed
to a smoking environment. In addition, the negative conse-
quences of incomplete smoke-free legislation and less strict
enforcement of that legislation were introduced. Therefore,
the current study results might provide a considerable refer-
ence to understanding what type of legislation and policies
are effective in creating smoke-free environments, and which
policies can have a real health benefit for the populations of
countries in situation similar to that of Korea.
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Purpose
This study aimed to examine the following questions: to what extent do patients and care-
givers perceive their family members to be avoidant of communication regarding patient’s
cancer, and to what extent do these perceptions interrelate; and how do such perceptions
influence their own and each other’s communication behaviors, communication outcome,
mental health, and quality of life. 

Materials and Methods
A national survey was performed with 990 patient-caregiver dyads (participation rate,
76.2%). To examine the dyadic interaction, we developed linked patient and family member
questionnaires, including the Family Avoidance of Communication about Cancer (FACC)
scale. 

Results
The mean scores (standard deviations) of patient- and caregiver-perceived FACC were low
at 10.9 (15.5) and 15.5 (17.5), respectively (p < 0.001), and concordance was low, a well
(Spearman’s rho, 0.23). Patient-perceived FACC was associated with lower levels of disclo-
sure and behaviors of holding back communication, as well as lower levels of mental health
outcome and quality of life. The same was true for caregivers (all p < 0.05). Patient-perceived
FACC was associated with caregiver holding back, caregiver’s depression level, and caregiver
quality of life (all p < 0.05). Both patient- and caregiver-perceived FACC were independently
associated with communication difficulty within the family.

Conclusion
Future research would benefit from the measurement of FACC from both patients and care-
givers, and promote family intervention to enhance openness to communication, which
would be helpful for improving mental health and quality of life for both patients and care-
givers. 
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Neoplasms, Caregivers, Communication, Avoidance, Openness 
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Introduction

Cancer has become a chronic disease characterized by
long-term management and ambulatory care. Therefore, con-
stant interaction between patients and caregiver is becoming
increasingly important, and the role of the caregiver is 
becoming crucial for optimal cancer care. Strong communi-
cation between patient and caregiver is vital for the success
of this relationship; however, the role of communication in
patient outcomes is only now beginning to be recognized [1].

Previous studies have found that patients and caregivers
often do not communicate openly about cancer. Namely,
both parties tend to hide concerns and fears from the other
[2-7], even if both consider the relationship to be highly sat-
isfying [5]. Both patients and caregivers want to protect each
other from psychological distress, and many caregivers 
believe that it is harmful for patients to discuss the negative
aspects of their illness [5,8-10]. Furthermore, some caregivers
avoid such discussion due to their own fear about cancer
[11]. 

Prior studies have consistently demonstrated that higher
levels of open communication between patients and care-
givers show an association with positive psychological out-
comes, whereas avoidance of family communication may
have a negative impact on both parties [2,9]. Such studies 
investigated the openness of communication regarding can-
cer, measured by either the patient or caregiver self-reported
experience or perception of experience [2,9,10]. Given that a
direct observation of actual communication avoidance 
between patients and caregivers would not be feasible, self-
report of one’s own perception of communication avoidance
may offer some information about actual communication
[12,13]. In addition, it is one’s own perception of communi-
cation that may influence future behaviors in cancer man-
agement and may ultimately influence health outcomes.
However, family communication as perceived by patients
may differ from patient communication as perceived by fam-
ily members. Thus far, researchers have not granted system-
atic attention to communication avoidance between patients
and caregivers [12,14]. Moreover, mutual influence of com-
munication avoidance as perceived by patients and care-
givers on each other’s outcome has been rarely examined
[15].

In addition, the majority of previous studies have focused
on breast and prostate cancer patients and their married part-
ners in Western countries [1], and many are limited by qual-
itative designs, with relatively small sample size. Therefore,
a quantitative research that focuses on diverse relationships,
larger sample size, and diverse ethnic backgrounds is neces-
sary. 

This study expands upon previous work by investigating

the following research questions: (1) to what extent do 
patients and caregivers perceive their family to be avoidant
of communication regarding cancer, and to what extent do
these perceptions interrelate; (2) how do such perceptions 
influence their own and each other’s communication behav-
iors, communication outcome, mental health, and quality of
life.

Materials and Methods

1. Study design and subjects

This study was conducted as part of Cancer Patient Expe-
rience (CaPE) Study, which is an annual nationwide survey
of cancer patient experience in Korea. In 2011, the study was
conducted with patient-caregiver dyads, to explore medical
care and treatment views of cancer patients and family care-
givers. The National Cancer Center and the nine govern-
ment-designated Regional Cancer Centers in Korea partic-
ipated in the survey. The study was approved by the Insti-
tutional Review Board of the National Cancer Center, Korea.

Patients accompanied by family caregivers in outpatient
waiting areas or inpatient wards were recruited for this study
and provided explanations of the purpose and procedure 
of the survey. Inclusion criteria for patients were as follows:
(1) over 18 years of age, (2) cancer diagnosis, (3) currently 
receiving cancer treatment or follow-up care, and (4) physi-
cally and mentally healthy to complete the study question-
naire. Inclusion criteria for caregivers were as follows: (1) an
accompanying family member of a cancer patient and 
(2) over 18 years of age. 

Patient-caregiver dyads were enrolled when both the 
patient and family member agreed to participate. We 
approached 1,299 dyads and enrolled a total of 990 (partici-
pation rate, 76.2%) cases. Consenting patients and their fam-
ily members were instructed to independently complete the
questionnaires in a separate area to avoid influencing their
answers. Medical baseline data, including primary cancer 
diagnosis, Surveillance, Epidemiology, and End Results
(SEER) stage, and time since cancer diagnosis, were retrieved
from hospital information systems at the participating cen-
ters.

2. Measures 

To examine the dyadic interaction, we developed linked
patient and family member questionnaires. Both patients and
caregivers were administered with the Family Avoidance of
Communication about Cancer (FACC), which was originally
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Table 1. Characteristics of the 990 dyads of patients and caregivers

Characteristic Patients (n=990) Caregivers (n=990)
Age (mean±SD, yr) 59.5±12.9 50.0±14.5
Sex
Male 459 (46.4) 375 (37.9)
Female 531 (53.6) 615 (62.1)

Marital status
Married 820 (82.8) 793 (80.1)
Unmarried 169 (17.1) 197 (19.9)
Missing 1 (0.1) 0 (

Education 
Less than high school (< 9 yr) 454 (45.9) 246 (24.8)
High school and above ( 9 yr) 532 (53.7) 740 (74.7)
Missing 4 (0.4) 4 (0.4)

Monthly income (KRW) 
< 2 million 574 (58.0) 465 (47.0)
 2 million 406 (41.0) 520 (52.5)
Missing 10 (1.0) 5 (0.5)

Cancer type
Stomach 111 (11.2) -
Lung and bronchus 108 (10.9) -
Liver 47 (4.7) -
Colorectal 163 (16.5) -
Breast 226 (22.8) -
Cervix and uterus 58 (5.9) -
Other 277 (28.0) -

SEER cancer stage (current)
In situ and local 279 (28.2) -
Regional 295 (29.8) -
Distant 383 (38.7) -
Unknown/missing 33 (3.3) -

Time since diagnosis (mean±SD, yr) 1.6±2.3 -
< 1 594 (60.0) -
1-5 327 (33.0) -
> 5 69 (7.0) -

Current treatment status
Under initial treatment 562 (56.8) -
On regular follow-up after treatment 196 (19.8) -
On regular follow-up after cure 26 (2.6) -
Under treatment for metastasis or Recurrence 198 (20.0) -
Not sure 4 (0.4) -
Other (e.g., treatment for second primary cancer) 4 (0.4) -

Relationship with patient
Spouse - 544 (54.9)
Son/daughter - 185 (18.7)
Son-/daughter-in-law - 47 (4.7)
Parent - 146 (14.7)
Sibling - 42 (4.2)
Other - 14 (1.4)
Missing - 12 (1.2)

Living with patient
Yes - 737 (74.4)
No - 253 (25.6)

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; SEER, Surveillance, Epidemiology,
and End Results.
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developed for patients with breast cancer [13]. We adapted
the sentences to make it suitable for caregivers. The original
authors of FACC suggested measuring both patient and care-
giver perceptions of avoidance in order to determine the 
optimal focus for interventions [13]. The FACC scale is a 
single construct measure, and consists of five items that
measure the individual’s perception of the extent to which
his/her family avoids talking about the cancer experience.
Each item is measured on a 5-point Likert scale (1, less avoid-
ance; 5, more avoidance), and its score was transformed to
range from 0 to 100. The FACC score of individual patients
is calculated as the mean score for each item. The Cronbach’s
alpha for the original version was 0.92. The present data 
produced a similar internal consistency coefficient, 0.88 and
0.92 for patient and caregiver, respectively.

We also measured self-reported communication behavior
of disclosure and holding back, each by a single item meas-

ure [4,15]. Disclosure was measured by asking the respon-
dent to answer the sentence, “I do honestly disclose my feel-
ings, emotions, and thoughts about cancer to my family/the
patient” on a 5-point Likert scale (1, never; 5, definitely).
Holding back was probed by the following question: “Do
you hide anything about your/the patient’s status from your
family/the patient?" This question was answered by a
yes/no and scored dichotomously.

We used four outcome measures. The 18-item Cancer
Communication Assessment Tool for Patients and Families
(CCAT-PF) scale, which measures communication difficulty
between patients and caregivers, was administered to exam-
ine communication outcomes [16]. The Hospital Anxiety and
Depression Scale (HADS) was used to measure both patient
and caregiver depression and anxiety. The European Organ-
ization on Research and Treatment on Cancer–Quality of Life
Questionnaire core module (EORTC QLQ C30) and Care-

Table 2. Perception of Family Avoidance of Communication about Cancer (FACC) between patients and their family care-
givers

FACC items (Cronbach =0.88 for patient; 0.92 for caregiver) Patient Caregiver Correlation between dyads
response response Spearman’s  p-value

1. Family members discourage me from talking about the cancer 11.2±19.0 15.6±20.1 0.13 < 0.001
2. In my family, the motto about cancer is ‘don’t ask, don’t tell’ 9.0±16.7 13.0±18.7 0.16 < 0.001
3. If I start talking about cancer, family members change the subject 10.2±17.9 15.1±19.5 0.20 < 0.001
4. Almost no one in my family will talk with me about the cancer 12.1±20.5 18.1±22.7 0.19 < 0.001
5. Family members get upset with me if I talk about cancer 11.9±19.6 15.7±20.1 0.13 < 0.001
Mean score 10.9±15.5 15.5±17.5 0.23 < 0.001

Values are presented as mean±standard deviation or number. Higher score reflects higher levels of avoidance (range, 0-100). 

Table 3. Associations between patient- and caregiver-perceived family avoidance and their communication behavior 

Variable Descriptive Patient-perceived FACC Caregiver-perceived FACC
statistics Mean±SD Spearman's  p-value Mean±SD Spearman's  p-value

Patient communication 
behavior
Disclosure (range, 1-5) 3.7±1.3 - –0.616 < 0.001 - –0.027 0.396
Holding back
Yes (%) 4.4 1.91±0.93 - < 0.001 1.79±0.97 - 0.134
No (%) 95.6 1.40±0.59 - 1.62±0.69 -

Caregiver communication 
behavior
Disclosure (range, 1-5) 3.3±1.2 - –0.05 0.116 - –0.1506 < 0.001
Holding back
Yes (%) 10.2 1.75±0.90 - < 0.001 1.99±0.86 - < 0.001
No (%) 89.8 1.39±0.56 - 1.53±0.63 -

FACC, Family Avoidance of Communication about Cancer; SD, standard deviation.
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giver Quality of Life Scale were used to measure the quality
of life of patients and caregivers, respectively.

3. Statistical analyses 

Descriptive statistics for patient and family caregiver 
responses were obtained. The extent of concordance between
patient- and caregiver-perceived FACC was determined by
the Spearman’s rho. Analyses were performed to examine
the relationship between patient- and caregiver-perceived
FACC and self-reported communication behavior, i.e., 
disclosure (by spearman correlation) and holding back 
(by independent t test). 

A series of multivariable linear regression analyses were
conducted to examine the influence of patient- and caregiver-
perceived FACC on communication, mental health, and
quality of life. As the correlation between patient- and care-
giver-perceived FACC was low (0.23), both were included in
a multivariable model along with other covariates (both 
patient’s and caregiver’s age, sex, educational level, cancer
stage, and caregivers’ relationship to patients), which was 
selected based on both theoretical background [17,18] and
statistical associations with outcome variables in our data.

Assumptions for linear regression were tested by residual
plots. All statistical analyses were conducted using the
STATA ver. 12.0 (Stata Corp., College Station, TX), and 
p-values of < 0.05 was considered statistically significant.

Results

1. Baseline characteristics 

Table 1 shows the sociodemographic and health status
characteristics of the 990 patient-family dyads. Patients’ 
average age was 59.5 years and were slightly more likely to
be female (53.6%) than male. The majority of patients (60%)
had their diagnosis less than a year, and slightly more than
half were in the initial treatment phase (56.8%). Caregivers
were somewhat younger, better educated, more likely to be
female, and more financially secure. Slightly more than half
of caregivers (54.9%) were spouses, 18.7% were adult chil-
dren, and 14.7% were parents of the patient. 

Table 4. Summary statistics of outcome variables 

Outcome Possible range Minimum Maximum Mean Standard deviation
Cancer communication
CCAT-PF 0-90 1 60 23.7 8.7

Mental Health (HADS)
Patients' anxiety 0-21 0 21 6.0 4.2
Patients' depression 0-21 0 21 9.7 4.2
Caregivers' anxiety 0-21 0 21 6.6 4.3
Caregivers' depression 0-21 0 21 9.7 4.2

Quality of life
Patients' quality of life (EORTC QLQ C30)
Physical function 0-100 0 100 61.0 26.0
Role function 0-100 0 100 64.4 31.4
Emotional function 0-100 0 100 69.9 26.8
Cognitive function 0-100 0 100 70.2 26.4
Social function 0-100 0 100 65.0 29.2
Overall quality of life 0-100 0 100 54.1 22.4

Caregiver's quality of life (CQOL)
Burden 0-40 0 40 22.8 8.4
Positive adaptation 0-28 0 26 13.5 5.2
Disruptiveness 0-28 3 28 18.6 5.9
Financial concern 0-12 0 12 7.4 3.5
Total scorea) 0-140 17 130 81.4 20.0

CCAT-PF, Cancer Communication Assessment Tool for Patients and Families; HADS, Hospital Anxiety and Depression Scale;
EORTC QLQ 30, European Organization on Research and Treatment on Cancer–Quality of Life Questionnaire core module.
a)Sum of individual CQOL domain is not 140 as not all 35 items load on a domain. 
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2. Patient- and caregiver-perceived family avoidance of
communication about cancer 

The mean scores of patient- and caregiver-perceived FACC
were low at 10.9 and 15.5, respectively. However, the stan-
dard deviation was relatively high, with 15.5 and 17.5 on a
0-100 scale. Caregiver-perceived FACC was larger than that
of patients (p < 0.001, paired samples t test). Concordance 
between patient- and caregiver-perceived FACC was low
with the Spearman’s rho of 0.23 (Table 2).

3. Associations with communication behavior 

Patient-perceived FACC was associated with lower levels
of disclosure and holding back communication behavior of
patients, and the same was true for caregivers (all p < 0.001).
Patient-perceived FACC was associated with caregiver hold-
ing back (p < 0.001), but not with disclosure. Caregiver-
perceived FACC was not associated with patient’s disclosure
or holding back (Table 3). 

4. Influence on communication, mental health, and quality
of life outcomes

Summary statistics of outcome variables are presented in
Table 4. In a multivariable analysis, both patient- and care-
giver-perceived FACC were independently associated with
communication difficulty as measured by CCAT-PF (both p
< 0.001). Patient-perceived FACC was associated with all 
domains of patient’s own mental health and quality of life,
and the same was applied for caregiver-perceived FACC, 
except for financial concern domain. Patient-perceived FACC
was significantly correlated with caregiver’s depression level
and all domains of caregiver quality of life (all p < 0.05).
Caregiver-perceived FACC was not associated with patient
mental health or most domains of quality of life, except for a
non-significant but noteworthy association with patient 
depression (p=0.094) (Table 5).

Table 5. Communication, mental health, and quality of life outcomes of family avoidance of communication about cancer 

Outcome Patient-perceived FACC Caregiver-perceived FACC
Beta SE p-value Beta SE p-value

Cancer communication
CCAT-PF 0.077 0.018 < 0.001 0.060 0.016 < 0.001

Mental Health (HADS)
Patients' anxiety 0.077 0.009 < 0.001 –0.001 0.008 0.849
Patients' depression 0.062 0.009 < 0.001 0.013 0.008 0.094
Caregivers' anxiety 0.024 0.009 0.005 0.040 0.008 < 0.001
Caregivers' depression 0.013 0.008 0.116 0.050 0.007 < 0.001

Quality of life
Patients' quality of life (EORTC QLQ C30)
Physical function –0.209 0.054 < 0.001 0.057 0.048 0.239
Role function –0.295 0.065 < 0.001 –0.050 0.058 0.388
Emotional function –0.449 0.054 < 0.001 0.014 0.048 0.778
Cognitive function –0.287 0.055 < 0.001 0.013 0.049 0.792
Social function –0.372 0.059 < 0.001 0.000 0.053 0.999
Overall quality of life –0.243 0.047 < 0.001 0.052 0.041 0.207

Caregiver's quality of life (CQOL)
Burden –0.073 0.017 < 0.001 –0.038 0.016 0.015
Positive adaptation 0.027 0.011 0.011 –0.052 0.010 < 0.001
Disruptiveness –0.038 0.012 0.002 –0.043 0.011 < 0.001
Financial concern –0.028 0.007 < 0.001 –0.009 0.006 0.160
Total score –0.141 0.042 0.001 –0.187 0.038 < 0.001

Multivariable linear regression analyses were performed adjusting for patient’s and caregiver’s age, sex, educational level,
cancer stage, and caregivers’ relationship to patients. FACC, Family Avoidance of Communication about Cancer; SE, standard
error; CCAT-PF, Cancer Communication Assessment Tool for Patients and Families; HADS, Hospital Anxiety and Depression
Scale; EORTC QLQ 30, European Organization on Research and Treatment on Cancer–Quality of Life Questionnaire core
module.
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Discussion

Communication is a transactional process in which indi-
viduals create, share, and regulate meaning. Given that 
research on communication between cancer patient-care-
giver dyads has been sparse to date, our data offers an 
advantage of investigating both patients and caregiver-per-
ceived FACC simultaneously, and analyzing the mutual 
influence on patient and caregiver outcomes.

In general, contrary to our expectations, the level of per-
ceived avoidance between patients and caregivers about can-
cer was found to be generally low. Unlike earlier studies
performed in the 20th century [5-7], recent studies similarly
showed relatively low prevalence of perceived family avoid-
ance of communication [13] and consequently high levels of
disclosure with one another [19]. However, there were wide
variations between families in their reports of avoidance
level, indicating that a minority of patients or caregivers 
acknowledged substantial communication difficulties [13].
The mean FACC scores were lower than those reported from
the original validation study (10.9 vs. 13.2), in which the tool
had been administered to patients with advanced lung can-
cer and their families [13]. This may be due to the inclusion
of relatively healthy cancer patients and their caregivers in
the present study. Specifically, family communication 
becomes tense as the disease progresses in severity [9]. 
Although we did not intentionally exclude terminally ill 
patients, most patients were recruited from ambulatory 
setting, and were often in treatment or follow-up. Another
possible explanation could be cultural difference. In an Israeli
study, caregivers born in Europe or America displayed 
significantly more communication difficulties with patients
compared to those born in Israel and Asia/North Africa [10].
Individuals from non-Western cultures tend to be more 
family-oriented, and show emotional co-dependence and
strong relationships between family members. Such cultural
factors may have reduced avoidance behaviors in our sam-
ple.

Interestingly, caregivers’ perceived level of communica-
tion avoidance was higher than that of patients. Similarly, in
geriatric populations, it has been reported that caregivers 
experienced more difficulty in discussing patients’ illness
than the patients themselves (37.3% vs. 22.3% for caregivers
and patients, respectively) [20]. In a study of gastrointestinal
cancer patients that investigated self-reported disclosure and
holding back behavior, patients showed lower degree of 
disclosure (2.79 vs. 3.59, on 0-5 scale) and similar level of
holding back regarding cancer-related concern (1.19 vs. 1.03)
[15]. Caregivers often have more concerns regarding the 
patients’ health status and feelings than the patient, and
thereby avoid discussions with patients for this reason [5].

There was weak concordance between patients and care-
givers in their perceptions of FACC. It seems to be quite 
natural that patients and caregivers frequently have different
perceptions regarding the openness of communication
within a given family. Bachner and Carmel [9] showed 
that caregivers’ perceived level of open communication is 
explained mostly by the caregivers’ own characteristics, such
as optimism, self-efficacy, and their own fear of death and
dying. This implies that the perceived level of avoidance may
be influenced more by personal characteristics than actual
communication. Similarly, in a geriatric study with 162 
patient-caregiver dyads, an agreement with the statement
about the perceived difficulty in talking about patient’s 
illness was low, with a kappa value of 0.192 [20]. In a study
of gastrointestinal cancer patients, correlation between 
patient and spouse were 0.25 (p=0.09) for disclosure and 0.26
(p=0.08) for holding back [15]. This means that openness of
family communication during cancer trajectory should be
evaluated from the perspective of both patients and care-
givers in order to better understand the dyadic interaction.
Indeed, Mallinger et al. [13] suggested interventions to facil-
itate open communication in the event that both patients and
caregivers perceive high avoidance and interventions to help
the patient evaluate his or her expectation in the event that
only the patient perceives high avoidance. However, optimal
use of dyadic evaluation in interventions should be evalu-
ated in future research.

For both patients and caregivers, self-perceived FACC was
associated with their own non-disclosure and holding back
communication behavior. This indicates that if one perceives
an avoidant atmosphere within their family, they refrain
from open communication. However, patient- and caregiver-
perceived FACC was not generally associated with each
other’s communication behavior, except for a significant 
association between patient-perceived FACC and caregiver
holding back. In this case, it is likely that patient’s caregiver
is actually holding back some information regarding the 
patient’s status, and the patient is likely to recognize it [21].

In our examination of the influence of perceived FACC on
communication, both patient- and caregiver-perceived
FACC were independently associated with communication
difficulty, as measured by the CCAT-PF. This means that
FACC perceived either by the patient or caregiver reflects
communication problems within the family, and the health
care professionals should view the family as a “unit of care”
in their effort to improve family communication [1,22].

Both patient- and caregiver-perceived FACC was associ-
ated with their respective mental health and quality of life.
This is not surprising and is in line with previous studies.
Specifically, patient-perceived avoidance has been associated
with patient low self-esteem, depression, and negatively 
associated with well-being [23,24]. Caregiver-perceived
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avoidance has been reported to be associated with care-
giver’s depression level [9], emotional exhaustion [9], and
caregiver burden [20]. It is likely that mutual communication
acts as an important facilitator of individual emotional 
adjustment [3] and early mutual recognition of the problem
[8-10].

Patient-perceived FACC was significantly correlated with
the caregiver depression level and quality of life. In addition,
although non-significant, there was a nevertheless notewor-
thy correlation between caregiver-perceived FACC and 
patient depression. In other words, each party’s perceived
FACC affect other party’s psychological health and quality
of life suggesting the importance of an open communication
between patients and their families regarding their thoughts
about cancer [10]. While Porter et al. [15] concluded that
there was only limited support for their hypotheses that 
patient disclosure would be positively associated with
spousal adjustment, there were significant correlations 
between patient holding back and spouse level of avoidance
of thought and reminders of patient’s cancer, and between
spouse disclosure and improved doctor-patient relation-
ships. Further research is necessary to investigate the influ-
ence of patient and caregiver communication perception and
behaviors on each other’s adjustment and health outcomes. 

Several limitations of the present study should be acknowl-
edged. First, it is not possible to determine the causality from
this cross-sectional study. However, it is likely that these 
associations are bidirectional in nature, as suggested in a 
previous study [15]. While it is possible that patients with
fewer symptoms and better quality of life, and caregivers
with lesser burden and better quality of life may feel less 
restricted in disclosing their thoughts and feelings related to
their cancer experience, it is also plausible that such disclo-
sure can increase intimacy in their relationship, and conse-
quently aid in the adjustment process [15,23]. Second, like
most prior research, we considered only one family member,
perceived as the primary caregiver, as the subject of our 
research, and could not consider the interconnectedness 
between multiple family members [1].

Conclusion

Despite the limitations, our study imparts important 
implications for future development of dyadic models in 
cancer communication research and practice. Our findings
suggest that future research would benefit from the meas-
urement of perceived avoidance of cancer communication
from both patients and caregivers to depict a more compre-
hensive understanding of the caregiver-patient dynamic. In
addition, our findings suggest that openness to communica-
tion may be a key modifiable target for future family inter-
vention aimed at improving mental health and quality of life
for patients, caregivers, and family members. Openness-
enhancing interventions at the family level that target both
patients and caregivers are warranted to facilitate effective
communication concerning the cancer process. Ultimately,
this may prove beneficial for optimal outcomes and height-
ened well-being for both patients and their caregivers [25].
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Pazopanib for Non-small Cell Lung Cancer: 
The First Case Report in Korea

Case Report

Pazopanib is a potent multitargeted tyrosine kinase inhibitor that has been shown to
have good efficacy in patients with renal cell carcinoma. A previous phase II trial
demonstrated that short-term pazopanib administration was generally well tolerated
and showed antitumor activity in patients with early-stage non-small cell lung cancer.
Herein, we report on the case of a 66-year-old man with simultaneous metastatic
squamous cell carcinoma of the lung and renal cell carcinoma who was treated with
pazopanib. The patient showed an unexpected partial response and experienced a
10-month progression-free survival without significant toxicity. To the best of the 
authors’ knowledge, this is the first report of pazopanib treatment in a non-small cell
lung cancer patient in Korea. The results in this patient suggest that pazopanib may
be a valid treatment option for advanced non-small cell lung cancer.

Key words
Lung neoplasms, Drug therapy, Tyrosine kinase inhibitor, 
Pazopanib

Introduction

Lung cancer is one of the most common cancers world-
wide, and roughly 75% of patients have metastatic disease
at the time of diagnosis [1]. However, aggressive cytotoxic
treatment is rendered difficult because of poor performance
status, multiple comorbidities, and advanced age. Therefore,
there is significant interest in finding potent new chemother-

apeutic agents with favorable safety profiles for treatment of
this disease. In this regard, novel agents targeting epidermal
growth factor receptor (EGFR) are widely used in treatment
of non-small cell lung cancer (NSCLC).

Pazopanib is a new oral angiogenesis inhibitor approved
for treatment of renal cell carcinoma (RCC). Several studies
to investigate the efficacy of pazopanib in other tumor types
including NSCLC are underway [2-5]. To the best of the 
authors’ knowledge, use of pazopanib in NSCLC patients in
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Korea has not been reported. Herein, we report on the case
of a NSCLC patient who achieved a partial response 
and 10-month progression-free survival (PFS) following 
pazopanib treatment.

Case Report

A 65-year-old man was admitted to the hospital with 
community-acquired pneumonia. Imaging studies, including
computed tomography (CT), detected a mass in the left lower

lobe of the lung. Further investigation revealed a mass meas-
uring 54 cm in the left kidney. Double primary cancers were
suspected. Histological examination of a left bronchial
biopsy specimen obtained by bronchoscopy resulted in a 
diagnosis of squamous cell carcinoma (Fig. 1). A needle
biopsy was obtained from the mass in the left kidney, which
enabled diagnosis of clear cell RCC (T1bN0M0) (Fig. 1). On
chest CT, multiple lung nodules indicative of metastatic
NSCLC were observed in both sides of the lung. The patient
declined surgical intervention for the RCC because of the
presence of stage IV NSCLC. Thus, palliative chemotherapy
for NSCLC was initiated. After one year of chemotherapy
treatment consisting of four cycles of first-line gemcitabine-
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Fig. 1.  Histological findings of the non-small cell lung cancer and renal cell carcinoma. (A) Lung: sheets or islands of large
polygonal malignant cells with pink cytoplasm and distinct cell borders consistent with squamous cell carcinoma are 
observed (H&E staining, 200). (B) Kidney: biopsy specimen of the renal mass showed alveolar growth of large polygonal
cells with clear cytoplasm, uniform round nuclei, and inconspicuous nucleoli (H&E staining, 200). Neoplastic cells have
clear cytoplasm and are arranged in nests with intervening blood vessels, consistent with clear cell carcinoma.

A B

Fig. 2.  Computed tomography findings of the renal cell carcinoma (RCC). (A) A lobulating contoured RCC mass measuring
54 cm located in the left kidney is observed at the time of pazopanib initiation. (B) After 8 months of pazopanib treatment,
the response of the RCC is considered to be stable disease (5.54.8 cm).

A B
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carboplatin and six cycles of second-line docetaxel, the
NSCLC showed a partial response. However, the RCC
showed progression of disease. Considering this, chemother-
apy for the was suspended, and pazopanib (800 mg per day)
was initiated for the RCC.

At the time of pazopanib initiation, the patient, who was a
former 100 pack-year smoker, was receiving an oral antihy-
perglycemic agent for type 2 diabetes. His blood pressure,
pulse rate, and body temperature were all normal. He had
good performance status without limitations of ordinary
physical activity. Physical examination revealed no abnormal
findings. Results of the laboratory tests were as follows:
white cell count, 5,600/mm3; hemoglobin, 13.0 g/dL; platelet
count, 270,000/mm3; albumin, 4.1 g/dL; aspartate amino-
transferase (AST), 50 U/L; alanine aminotransferase (ALT),
87 U/L; alkaline phosphatase, 291 U/L; blood urea nitrogen,
16.7 mg/dL; serum creatinine, 1.0 mg/dL; and urinalysis,
normal. 

At 8 months after initiation of pazopanib, the RCC had
progressed slightly but was within the range of stable disease
according to Response Evaluation Criteria in Solid Tumor
ver. 1.1 (Fig. 2). However, the NSCLC showed an unexpected
partial response (Fig. 3). During administration of pazopan-
ib, the patient frequently experienced grade 2 elevations in
AST and ALT, which improved within 1-2 weeks following
therapy cessation. Despite this, pazopanib was well tolerated
during the treatment period. At 10 months following initia-
tion of pazopanib, both the NSCLC and RCC showed 
progression. Pazopanib was interrupted, and the patient 
received palliative chemotherapy with gefitinib for the
NSCLC.

Discussion

Lung cancer is a leading cause of cancer death worldwide,
and, despite the advent of several novel therapeutic 
approaches, only minimal improvements in survival have
been achieved. Indeed, the 5-year survival rate is only 
approximately 15% in patients with lung cancer, and late 
diagnosis is considered to be a major contributor to poor
prognosis [6]. As a result, most lung cancer patients are not
candidates for surgery, and, thus, palliative chemotherapy is
an important and widely adopted treatment option. 

During the past decade, the development of novel agents,
particularly molecular targeted agents and agents targeting
pathways related to cancer pathophysiology, has led to 
innovated cancer therapy. In this regard, efforts to offer 
individualized therapeutic strategies based on the molecular
characteristics of the tumor and patient are continuing. In 
advanced NSCLC, EGFR-targeting agents such as gefitinib
and erlotinib have been shown to be beneficial in terms of
overall survival and symptom control. Gefitinib and erlotinib
are approved as first-line therapy in NSCLC patients with
EGFR mutations [7,8]. However, development of resistance
to these agents is a major clinical problem. The development
of second- and third-generation EGFR tyrosine kinase 
inhibitors has been unsuccessful in overcoming resistance.
In addition, the clinical applicability of these agents is limited
by their lower efficacy compared with first-line agents. ErbB
family members such as vascular endothelial growth factor
receptor (VEGFR), platelet-derived growth factor receptor
(PDGFR), fibroblast growth factor receptor (FGFR), and
anaplastic lymphoma kinase are associated with the various
stages of NSCLC pathogenesis, and agents targeting this

Fig. 3.  Computed tomography findings of the squamous cell lung cancer. (A) A mass measuring 73 cm is observed in the
left lower lobe of the lung at the time of pazopanib initiation. (B) The mass decreases in size to approximately 3.51.5 cm
after 8 months of pazopanib treatment. The squamous cell cancer shows an unexpected partial response to pazopanib.

A B



family have shown promising results. Tumor angiogenesis
plays a critical role in neoplastic growth and metastasis. Sev-
eral VEGFR-targeting agents have been developed for inhi-
bition of tumor angiogenesis and have demonstrated efficacy
in several tumor types [3,9]. VEGFR is overexpressed in a
large proportion of NSCLCs, and VEGFR and PDGFR levels
have been shown to be correlated with lymph node metas-
tasis and poor prognosis [10]. Thus, the antiangiogenesis
agent bevacizumab, which targets VEGFR, has been used in
combination with conventional chemotherapy for metastatic
non-squamous cell lung cancer [11]. However, most patients
will eventually experience disease progression due to the 
development of resistance. 

Following the approval of bevacizumab, multitargeted 
antiangiogenesis agents were developed in an effort to over-
come resistance to anti–vascular endothelial growth factor
therapy due to compensatory upregulation of other angio-
genic pathways, including those mediated by PDFGR and
FGFR, and several trials using these agents for NSCLC have
been initiated [10]. Pazopanib is a new oral antiangiogenesis
agent that targets VEGFR, PDGFR, FGFR, and c-Kit through
competitive inhibition of ATP. Pazopanib is mainly metabo-
lized by CYP3A4 and eliminated slowly in the feces. It has
been shown to have both therapeutic benefits and a favorable
tolerability profile in patients with metastatic RCC, sarcoma,
and other tumor types [2,3,5,12,13]. In an initial phase I clin-
ical trial of pazopanib in advanced cancer patients, the most
common adverse events were hypertension, diarrhea, hair
depigmentation, and nausea. Abnormal AST, ALT, and
bilirubin were reported in 38%, 24%, and 13% of patients, 
respectively [14]. Altorki et al. [4], who conducted a phase II
trial to investigate preoperative pazopanib monotherapy in
early-stage NSCLC, found that 30 (86%) and three (8.6%) 

patients achieved preoperative volume reduction and partial
response with short-term preoperative pazopanib treatment,
respectively. Easily manageable grade 1-2 hypertension, 
diarrhea, fatigue, and elevated transaminase level were 
common adverse events. 

In a phase Ib trial of concurrent pazopanib (400-800 mg
once daily) and erlotinib (100-150 mg once daily) adminis-
tration in 26 patients with various types of cancer, three (12%;
all NSCLC) and 10 patients (38%) had partial response and
stable disease with a manageable toxicity profile, respec-
tively [15]. To date, there is no solid evidence regarding the
efficacy of new antiangiogenesis inhibitors for NSCLC, and
it is possible that a yet undiscovered biomarker might help
to improve treatment response in select patients. In the 
current case, pazopanib was not administered for treatment
of lung cancer but rather for palliative treatment of RCC. 
Unexpectedly, the NSCLC showed a partial response and the
patient achieved a 10-month PFS of the squamous cell carci-
noma following pazopanib treatment. Pazopanib was well
tolerated throughout the treatment period.

Patient outcome in our report is consistent with the 
outcomes reported in the phase II trial by Altorki et al. [4].
To the best of our knowledge, this is the first report on the
use of pazopanib for treatment of lung cancer in Korea. 
Considering our findings, further study of pazopanib as a
potential therapeutic agent for NSCLC is warranted.
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SEC31A-ALK Fusion Gene in Lung Adenocarcinoma

Case Report

Anaplastic lymphoma kinase (ALK) fusion is a common mechanism underlying patho-
genesis of non-small cell lung carcinoma (NSCLC) where these rearrangements 
represent important diagnostic and therapeutic targets. In this study, we found a new
ALK fusion gene, SEC31A-ALK, in lung carcinoma from a 53-year-old Korean man.
The conjoined region in the fusion transcript was generated by the fusion of SEC31A
exon 21 and ALK exon 20 by genomic rearrangement, which contributed to genera-
tion of an intact, in-frame open reading frame. SEC31A-ALK encodes a predicted 
fusion protein of 1,438 amino acids comprising the WD40 domain of SEC31A at the
N-terminus and ALK kinase domain at the C-terminus. Fluorescence in situ hybridiza-
tion studies suggested that SEC31A-ALK was generated by an unbalanced genomic
rearrangement associated with loss of the 3-end of SEC31A. This is the first report
of SEC31A-ALK fusion transcript in clinical NSCLC, which could be a novel diagnostic
and therapeutic target for patients with NSCLC.

Key words
Lung neoplasms, Anaplastic lymphoma kinase, 
SEC31A, Genetic translocation
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Introduction

Point mutation and gene amplification events may 
enhance oncogenic activity of anaplastic lymphoma kinase
(ALK); however, the most common genetic alteration involv-
ing ALK in tumors is genomic rearrangement [1]. Thus far,
various translocations and inversions involving the 2p23
chromosomal locus harboring the ALK gene have been 
reported. These rearrangements result in fusion genes 
involving fusion of the 3-end of ALK to the 5-end of various
partners [1]. The NPM-ALK chimeric gene, originally iden-
tified in patients with anaplastic large cell lymphoma, was
the first reported fusion involving the ALK tyrosine kinase
domain. Various other ALK chimeric proteins have recently
been identified in several tumor types. 

Interestingly, most oncogenic ALK fusion genes share 
common features. First, expression of the ALK fusion gene is
regulated by the promoter of the 5-end partner gene, which
usually encodes a protein widely expressed in healthy tissues
[1]. Second, most N-terminal fusion partners contain 
domains that could be involved in oligomer formation,
which is essential for the oncogenic activation of the ALK 
fusion protein [1]. Such oligomerization domains likely allow
ligand-independent dimerization of ALK kinase domain and
lead to constitutive kinase activation and aberrant activation
of downstream signaling pathways for carcinogenesis [2,3]. 

Recent studies have demonstrated the important role of
ALK in the pathogenesis of non-small cell lung cancer
(NSCLC), where various ALK fusion genes have been iden-
tified. In particular, EML4-ALK [4] appeared as an oncogenic
target in 6%-7% of NSCLC patients. In addition, kinesin 
family member 5B (KIF5B)–ALK, TRK-fused gene (TFG)–
ALK, kinesin light chain 1 (KLC1)–ALK, protein tyrosine
phosphatase and non-receptor type 3 (PTPN3)–ALK, hunt-
ingtin interacting protein 1 (HIP1)–ALK [5], and translocated
promoter region (TPR)–ALK [6] have been found in lung
adenocarcinoma by several research groups worldwide, 
including our group. 

The oncogenic role of SEC31A-ALK fusion protein was
well established in rare cases of ALK-positive large B-cell
lymphomas [7,8] and inflammatory myofibroblastic tumor
[9]; however, its occurrence in NSCLC has not been previ-
ously reported. Here, we report on the first case of SEC31A-
ALK as an oncogenic target in NSCLC.

Case Report

A 53-year-old Korean man was diagnosed with NSCLC. 

A computed tomography (CT) scan of the chest was 
performed, and an unusual mass measuring 1.51.0 cm2 was
identified in the lower lobe of the right lung (Fig. 1A). 
Microscopic evaluation of the lesion showed a poorly differ-
entiated adenocarcinoma (Fig. 1B and D). Immunohisto-
chemistry for ALK (1:50, clone 5A4, Novocastra, Newcastle
upon Tyne, UK) showed diffuse cytoplasmic and granular
staining (Fig. 1E and F). Fluorescence in situ hybridization
(FISH) analysis for ALK using the Vysis ALK FISH Break-
apart Probe Kit (Abbott Molecular, Abbott Park, IL) showed
clear splitting between the 5- and 3-probe signals (Fig. 1C).
Fifteen months after lobectomy of the tumor mass, CT scans
did not show any evidence of recurrence or metastatic dis-
ease.     

During screening for ALK fusion genes in the lung adeno-
carcinoma tumor using a single-tube multiplexed assay 
previously developed by our group [10], we found that the
tumor tissue showed elevated expression of an ALK fusion
transcript. Using Anchored Multiplex polymerase chain 
reaction (PCR) for ALK, RET, and ROS1 (Enzymatics Inc.,
Boulder, CO), followed by next generation sequencing on
MiSeq (Illumina, San Diego, CA) and reverse transcription
polymerase chain reaction, we found that the tumor 
expressed a novel SEC31A-ALK rearrangement bearing a 
fusion junction between SEC31A exon 21 and ALK exon 20,
which could contribute to production of an intact, in-frame
open reading frame (Fig. 2). Further genomic PCR showed
that SEC31A-ALK occurred via genomic recombination 
between nucleotide 83764951 (nucleotide 664 downstream of
the SEC31A exon 21) on chromosome 4 and nucleotide
29447585 (nucleotide 1167 upstream of the ALK exon 20) on
chromosome 2 (Fig. 2). 

FISH with SEC31A break-apart probes [7] showed one 
co-localized red and green signal and one red signal alone in
neoplastic cells (Supplementary Fig. S1). This pattern indi-
cated loss of the 3-end of SEC31A covered by BAC clones 
labeled in SpectrumGreen (RP11-251L03/RP11-450H10/RP11-
791G16/RP11-331E09) (Supplementary Fig. S2). The SEC31A-
ALK fusion gene was eventually demonstrated using a
combination of the SpectrumOrange-labeled 5-end probes
of SEC31A (RP11-163O17/RP11-93E17/RP11-66E15/RP11-
353M17) and the SpectrumGreen-labeled 3-end of ALK (P1
clone 1111H1) [11], which were co-localized in neoplastic
cells (Supplementary Fig. S3). These FISH findings suggest
that the SEC31A-ALK rearrangement was generated not by
a reciprocal t(2;4)(p23;q21), but by complex and/or imbal-
anced genomic rearrangement, like those in the previously
reported cases [7-9]. 

The new SEC31A-ALK fusion transcript described in this
study encodes a predicted protein of 1,438 amino acids with
a WD40 domain encoded by the 5-end of SEC31A and a 
tyrosine kinase domain encoded by the 3-end of ALK
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(Fig. 2A). Although this type of fusion gene was previously
identified in large B-cell lymphoma and inflammatory 
myofibroblastic tumor (IMT), to the best of our knowledge,
for the first time we discovered the SEC31A-ALK fusion gene
in NSCLC. In contrast to the intact in-frame fusion between
SEC31A exon 24 and ALK exon 20 in the previous fusion
transcript identified in ALK-positive large B-cell lymphoma
[7,8], the SEC31A-ALK fusion gene found in the reported case
was formed by intact in-frame fusion between SEC31A exon
21 and ALK exon 20 at the fusion transcript level. However,
all of these fusions harbored the same two intact functional
domains (WD40 and tyrosine kinase), strongly suggesting
that they play similar oncogenic roles [7,8]. We deposited the
cDNA sequence for the new fusion transcript spanning the
conjoined region at the transcript level into the NCBI 
Genbank under accession number KJ495955.

Discussion

Lung cancer is the leading cause of cancer-related deaths

in the world. ALK has recently emerged as a novel molecular
target for therapeutic strategies in lung adenocarcinoma. 
Tumors with translocations involving ALK usually express
chimeric transcripts containing the 3-end region of ALK
encoding tyrosine kinase domain and the 5-end region of
various partner genes [12]. The known ALK partner genes in
lung adenocarcinoma include EML4 [4], TFG, KIF5B, KLC1,
and PTPN3 [13]. Our research group recently reported two
novel fusion genes, HIP1-ALK and TPR-ALK, in lung adeno-
carcinoma [5,6].  

We report here on a new SEC31-ALK fusion variant iden-
tified in a case of ALK-positive lung adenocarcinoma. Our
FISH assay with break-apart probes for ALK and SEC31A
suggested that the chimeric gene was not generated by 
a reciprocal t(2;4)(p23.2;q21.22), but by an unbalanced 
rearrangement associated with loss of 3 SEC31A.          

The SEC31A gene, which is known to be ubiquitously 
expressed in human cells, encodes for a SEC31A (alias
SEC31L1) protein found within vesicular structures, which
are distributed throughout the cell and are especially c
oncentrated at the perinuclear region. SEC31A is a compo-
nent of the coat protein complexes involved in mediating
transport from the endoplasmic reticulum to the Golgi 

Fig. 1.  (A) Computed tomography scan of the chest showing a solid nodule with a speculated margin (arrow) measuring
1.5-cm in size in the lower lobe of the right lung. (B) Anaplastic lymphoma kinase (ALK) immunohistochemical staining
showing cytoplasmic staining of tumor cells (100). (C) Fluorescence in situ hybridization assay of ALK showing ALK
genomic rearrangement by split 5- and 3-probe signals (arrows). (D-F) Hematoxylin and eosin staining showing adenocar-
cinoma (D, 100), and a mixture of acinar pattern (E, 200) and solid pattern (F, 200).

A B C
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complex [14]. Such cellular localization of SEC31A may 
explain a diffuse cytoplasmic and granular expression 
pattern of SEC31A-ALK observed in the current case of lung
adenocarcinoma.  

Oncogenic potential of SEC31A-ALK was previously
demonstrated in vitro by Van Roosbroeck et al. [7], who
showed that the fusion transforms interleukin 3 (IL-3)–
dependent Ba/F3 cells to growth factor-independence and
that kinase activity of SEC31A-ALK and its downstream 
signaling activity are reduced by NVP-TAE-684, the selective
ALK inhibitor. In addition, suppression of Ba/F3 cell growth
by NVP-TAE-684 was inhibited by treatment with IL3, thus
reverting cell growth back to an IL-3 dependent pathway.
The oncogenic tyrosine kinase activity of the SEC31A-ALK
fusion protein is probably induced by the WD40 domain 
located at the N-terminus, which interacts with SEC13 and
other proteins [9,14,15]. In the case of the SEC31L1-ALK vari-
ant identified in IMT, its fusion protein structure contained
the same functional domains (WD40 and tyrosine kinase) [9].

SEC31A-ALK is a new ALK fusion gene in NSCLC. As 
previously demonstrated, the fusion harboring two intact
functional domains, WD40 and ALK tyrosine kinase, is onco-
genic and sensitive to NVP-TAE-684, an inhibitor of the ALK
kinase [7]. Therefore, the SEC31A-ALK fusion gene is a 

potential driving rearrangement and diagnostic and thera-
peutic target for patients with NSCLC. In addition, our study
confirms that NSCLC and ALK-positive lymphomas and
IMT share the same ALK rearrangements.

Electronic Supplementary Material

Supplementary materials are available at Cancer Research
and Treatment website (http://www.e-crt.org).

Conflicts of Interest

M. Lira and M. Mao are current and former employees of
Pfizer, Inc., respectively. D. Mann, J. Stahl, and A. Licon are
employees of Enzymatics Inc.

SEC31A

  Exon 21

  4q21.22 SEC31A intron
664 bp

ALK intron
1,167 bp

ALK

  Exon 20  

2p23  

....ACAGC ....ATACCTGGACACATTT.... TGTAC........

A

SEC31A WD40

B

SEC31A-ALK WD40 Kinase

KinaseALK

C D

SEC 31A intron

SEC31A-ALK chromosomal rearrangement

ALK intron
Chr4 Chr2

A A T  A A  T  T  A T  A  C  C  T  G  G  A C  A C  A T  T  T  C  A A T  T  C  A

SEC31A exon 21

SEC31A-ALK fusion transcript

ALK exon 20
A T  C  C  A C  A  G C  C  A  C  A  G C  T  G T A C  C  G C  C  G  G A  A G C

Fig. 2.  Schematic (A) showing the intron containing and surrounding the conjoined region for genomic rearrangement for
the SEC31A-ALK fusion gene encoding the fusion protein (B) harboring the WD and tyrosine kinase functional domains as
well as the adjacent exons. (C, D) DNA sequence chromatograms showing the conjoined regions at the genomic DNA 
sequence level (C) and cDNA sequence level (D) of the SEC31A-ALK fusion gene.



402 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2016;48(1):398-402

Acknowledgments

This work was supported by grants from the National 
Research Foundation of Korea (NRF) funded by the Ministry
of Science, ICT & Future Planning (MSIP) (NRF-2013M3C8A
1078501, NRF-2013R1A2A2A01068922 and No. 2011-0030001
for the Global Core Research Center [GCRC]). 

Author Details

1Department of Pharmacy, College of Pharmacy, Seoul 
National University, Seoul, 2Tumor Microenvironment

Global Core Research Center, Seoul National University,
Seoul, 3Department of Pathology, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, 4Lab-
oratory of Cancer Genomics and Molecular Pathology, Sam-
sung Biomedical Research Institute, Samsung Medical
Center, Seoul, 5Samsung Advanced Institute for Health Sci-
ences and Technology, Sungkyunkwan University School of
Medicine, Seoul, Korea, 6Oncology Research Unit, Pfizer
Worldwide Research and Development, San Diego, CA, 
7Enzymatics, Boulder, CO, USA, 8Department of Thoracic
Surgery, Samsung Medical Center, Sungkyunkwan Univer-
sity School of Medicine, Seoul, Korea, 9Department of Pathol-
ogy, Baylor University Medical Center at Dallas, Dallas, TX,
USA, 10Department of Human Genetics, KU Leuven, Leuven,
Belgium

1. Ardini E, Magnaghi P, Orsini P, Galvani A, Menichincheri M.
Anaplastic lymphoma kinase: role in specific tumours, and
development of small molecule inhibitors for cancer therapy.
Cancer Lett. 2010;299:81-94.

2. Webb TR, Slavish J, George RE, Look AT, Xue L, Jiang Q, et
al. Anaplastic lymphoma kinase: role in cancer pathogenesis
and small-molecule inhibitor development for therapy. Expert
Rev Anticancer Ther. 2009;9:331-56.

3. Drexler HG, Gignac SM, von Wasielewski R, Werner M, Dirks
WG. Pathobiology of NPM-ALK and variant fusion genes in
anaplastic large cell lymphoma and other lymphomas.
Leukemia. 2000;14:1533-59.

4. Soda M, Choi YL, Enomoto M, Takada S, Yamashita Y,
Ishikawa S, et al. Identification of the transforming EML4-
ALK fusion gene in non-small-cell lung cancer. Nature.
2007;448:561-6.

5. Hong M, Kim RN, Song JY, Choi SJ, Oh E, Lira ME, et al.
HIP1-ALK, a novel fusion protein identified in lung adeno-
carcinoma. J Thorac Oncol. 2014;9:419-22.

6. Choi YL, Lira ME, Hong M, Kim RN, Choi SJ, Song JY, et al.
A novel fusion of TPR and ALK in lung adenocarcinoma. J
Thorac Oncol. 2014;9:563-6.

7. Van Roosbroeck K, Cools J, Dierickx D, Thomas J, Vanden-
berghe P, Stul M, et al. ALK-positive large B-cell lymphomas
with cryptic SEC31A-ALK and NPM1-ALK fusions. Haema-
tologica. 2010;95:509-13.

8. Bedwell C, Rowe D, Moulton D, Jones G, Bown N, Bacon CM.
Cytogenetically complex SEC31A-ALK fusions are recurrent
in ALK-positive large B-cell lymphomas. Haematologica.
2011;96:343-6.

9. Panagopoulos I, Nilsson T, Domanski HA, Isaksson M, Lind-
blom P, Mertens F, et al. Fusion of the SEC31L1 and ALK
genes in an inflammatory myofibroblastic tumor. Int J Cancer.
2006;118:1181-6.

10. Lira ME, Kim TM, Huang D, Deng S, Koh Y, Jang B, et al. 
Multiplexed gene expression and fusion transcript analysis to
detect ALK fusions in lung cancer. J Mol Diagn. 2013;15:51-61.

11. Mathew P, Sanger WG, Weisenburger DD, Valentine M,
Valentine V, Pickering D, et al. Detection of the t(2;5)(p23;q35)
and NPM-ALK fusion in non-Hodgkin's lymphoma by 
two-color fluorescence in situ hybridization. Blood. 1997;89:
1678-85.

12. Kwak EL, Bang YJ, Camidge DR, Shaw AT, Solomon B, Maki
RG, et al. Anaplastic lymphoma kinase inhibition in non-
small-cell lung cancer. N Engl J Med. 2010;363:1693-703.

13. Ou SH, Bartlett CH, Mino-Kenudson M, Cui J, Iafrate AJ.
Crizotinib for the treatment of ALK-rearranged non-small cell
lung cancer: a success story to usher in the second decade of
molecular targeted therapy in oncology. Oncologist. 2012;17:
1351-75.

14. Tang BL, Zhang T, Low DY, Wong ET, Horstmann H, Hong
W. Mammalian homologues of yeast sec31p: an ubiquitously
expressed form is localized to endoplasmic reticulum (ER) exit
sites and is essential for ER-Golgi transport. J Biol Chem.
2000;275:13597-604.

15. Shugrue CA, Kolen ER, Peters H, Czernik A, Kaiser C, Matov-
cik L, et al. Identification of the putative mammalian ortho-
logue of Sec31P, a component of the COPII coat. J Cell Sci.
1999;112(Pt 24):4547-56.

References



Cancer Res Treat. 2016;48(1):403-408

pISSN 1598-2998, eISSN 2005-9256

http://dx.doi.org/10.4143/crt.2014.165   

Open Access

Effective Treatment of Solitary Pituitary Metastasis with 
Panhypopituitarism in HER2-Positive Breast Cancer by Lapatinib

Case Report

Brain metastasis affects one third of patients with HER2-positive breast cancer after
treatment with trastuzumab. Surgical resection and radiation therapy are often 
unsuccessful at accomplishing complete control of metastasis. Lapatinib is presumed
to cross the blood-brain barrier, and exhibits clinical activities for treatment of HER2-
positive breast cancer. A 43-year-old woman was treated for early breast carcinoma
with total mastectomy, axillary lymph-node dissection, and adjuvant chemotherapy
with cyclophosphamide plus doxorubicin. After the end of adjuvant trastuzumab ther-
apy, she was diagnosed with panhypopituitarism due to pituitary metastasis. Surgical
removal and whole brain radiation therapy were performed, but a portion of viable
tumor remained. Only taking lapatinib, the size of the metastatic lesion began to
shrink. Trastuzumab may have controlled the micro-metastasis of breast cancer, but
it was unable to control its progression to the central nervous system. Lapatinib is a
possible option for HER2-positive metastatic breast cancer patients with brain metas-
tasis.
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Introduction

Overexpression of human epidermal growth factor recep-
tor 2 (HER2) results in an aggressive form of breast cancer
[1]; however, the introduction of trastuzumab has signifi-
cantly improved the poor prognosis of this population of 
patients [2]. Although trastuzumab-based regimens are 
associated with improved control of HER2-positive metasta-
tic breast cancer, one third of trastuzumab-treated patients

still develop brain metastasis [3,4]. Trastuzumab is a large
monoclonal antibody, therefore, the drug cannot cross the
blood-brain barrier [5]. 

Pituitary metastasis is an unusual event of cancer progres-
sion, representing only 1% of pituitary lesions [6]. Approxi-
mately 30% of pituitary metastasis cases are from primary
breast cancer, and less than 10% are symptomatic. Most 
common signs of pituitary metastasis are diabetes insipidus,
hypopituitarism, visual difficulty, and headache [6,7]. There
are multiple treatment modalities for pituitary metastasis.
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Surgical resection, however, is difficult due to tumor vascu-
larity and local invasiveness [8], and radiation therapy is 
associated with substantial neurocognitive toxicity.

Lapatinib, an oral dual tyrosine kinase inhibitor of HER2
[9], has demonstrated activity in combination with capecit-
abine for treatment of HER2-positive metastatic breast cancer
that progresses after treatment with trastuzumab-containing
regimens [10-12].

Here, we report on the case of a patient with HER2-posi-
tive early breast cancer, who developed solitary pituitary
metastasis after treatment with trastuzumab. After incom-
plete surgery and whole brain radiation therapy, the metas-
tasis was controlled with lapatinib.

Case Report

A 43-year-old woman presented with polydipsia, general
weakness, gait disturbance, somnolence, and headache in
September, 2012. She was diagnosed with a stage II breast
cancer in April, 2011; a pathology report based on samples
taken during total mastectomy with axillary lymph-node 
dissection showed invasive ductal carcinoma of pT2N0M0,
which was estrogen receptor positive (moderate, 10%), prog-
esterone receptor negative, and HER2-positive (2+ by 
immunohistochemistry and amplification index 5.0 by fluo-
rescence in situ hybridization). Four cycles of adjuvant

chemotherapy with cyclophosphamide 600 mg/m2 plus 
doxorubicin 60 mg/m2 were administered, followed by one
year of adjuvant trastuzumab and daily tamoxifen therapy.
The patient presented with the same symptoms—polydipsia,
general weakness, gait disturbance, somnolence, and
headache—1 month after completing the last cycle of adju-
vant trastuzumab therapy.

Bitemporal hemianopsia was noted after her physical 
examination. No organomegaly or lymphadenopathy was
found. As shown in Table 1, laboratory investigations were
in line with the diagnosis of panhypopituitarism. Magnetic
resonance imaging (MRI) of the patient’s brain showed 
an enhancing mass in the sellar and suprasellar regions 
(Fig. 1A). She started taking hormone replacement therapy
(desmopressin acetate 50 µg twice a day, prednisolone 7.5 mg
a day, in divided doses every morning and afternoon, and
levothyroxine 75 µg a day).

Because tumor adhesion was suspected from the brain
MRI, partial removal of the tumor was performed via tran-
scranial approach. In the surgical field, the right optic nerve
was squeezed by the tumor, compressed downward by the
suprasellar main mass and upward by the stalk lesion. The
tumor was fibrous and adhesive to surrounding vessels and
nerves, therefore complete dissection of the margin was 
difficult. Pathologic reports indicated metastatic carcinoma,
which clinically originated from the breast: estrogen receptor
positive (30%), progesterone receptor negative, HER2-posi-
tive (3+ by immunohistochemistry) (Fig. 2). Whole brain 
radiation therapy (30 Gy in 12 fractions) was applied (Fig. 1B),

Table 1. Blood and urine laboratory results

Laboratory tests Value Normal value
Urine
Specific gravity 1.004 ( 1.000-1.030
Sodium (mmol/L) 11 (
Osmolality (mOsm/kg) 109 ( 20-1200
24-hr urine free cortisol (µg/day) 39.3 (L) 58-403

Serum
Osmolality (mOsm/kg) 324 ( 289-308
Sodium (mEq/L) 159 ( 135-145
Glucose (mg/dL) 143 ( 70-110
Prolactin (ng/mL) 18.7 ( 2.74-19.64
Free thyroxine (fT4) (ng/dL) 0.73 ( 0.70-1.48
Free triiodothyronine (T3) (ng/dL) 0.90 ( 0.58-1.59
Thyroid-stimulating hormone (mIU/mL) 0.04 (L) 0.35-4.94
Follicle-stimulating hormone (mIU/mL) 2.2 (L) 16.74-113.59
Luteinizing hormone (mIU/mL) < 0.2 (L) 10.87-58.64
Estradiol (pg/mL) < 20 (L) 20-40
Adrenocorticotropic hormone (pg/mL) 7.67 ( 7.2-63.3
Cortisol (µg/dL) 0.9 (L) 6.7-22.6

L, low.

404 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2016;48(1):403-408



Youngmok Park, Solitary Pituitary Metastasis of Breast Cancer

VOLUME 48  NUMBER 1  JANUARY  2016 405

Fig. 1.  Magnetic resonance imaging of metastatic pituitary lesion. (A) At the time of diagnosis, a 35-mm strongly enhancing
mass was observed in the sellar and suprasellar regions (September 2012). (B) Even after partial removal of the tumor via
craniotomy and whole brain radiation therapy, viable tumor remained (27 mm, November 2012). (C) The size of the enhanc-
ing lesion had increased slightly (29 mm) 4 months after discontinuation of lapatinib and capecitabine due to gastrointestinal
sepsis (June 2013). (D) After re-starting lapatinib monotherapy, the size of the enhancing mass decreased (25 mm, September
2013).

A B

C D

Fig. 2.  (A) Histology of invasive ductal carcinoma showing a predominantly trabecular pattern, high nuclear atypia, and
high mitotic activity (H&E staining, 100). (B) Histology of invasive ductal carcinoma metastasis to the brain, showing 
infiltration of malignant cells to the parenchyma (H&E staining, 100).

A B



406 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2016;48(1):403-408

followed by weekly paclitaxel chemotherapy, but the patient
was unable to finish the second cycle of paclitaxel due to 
toxicity (grade 3 nausea, somnolence, and loss of memory).

Lapatinib (1,250 mg daily) plus capecitabine (2,000 mg/m2

on days 1 through 14 of a 21-day cycle) was started from 
January 2013. During the third cycle, the patient visited the
emergency room with severe septic shock due to gastroin-
testinal toxicity of lapatinib and capecitabine combination
regimen. This was an expected adverse event of the regimen.
In addition to poor general condition, her serum sodium
level changed rapidly despite treatment with desmopressin
as panhypopituitarism originated from the metastatic brain
lesion (Fig. 3). In addition, osmotic demyelination syndrome
occurred, and her mentality changed from deep stupor to
semi-comatose status for 2 months.

It took more than 3 months of rehabilitation for restoration
of the patient’s neurocognitive function; chemotherapy was
withheld during this period. Repeated MRIs showed a mild
increase in the size of the enhancing lesion in the sella,
suprasella, and the right basal ganglia (Fig. 1C). Because a
20% dose reduction of capecitabine still evoked adverse 
effects (general weakness and electrolyte imbalance),
chemotherapy with lapatinib alone was started. 

After 2 months of lapatinib monotherapy, the follow-up
MRI showed a decrease in the size of the enhancing lesion
(Fig. 1D). Repeated computed tomography of the patient’s
chest, abdomen, and pelvis did not show recurrence of 
disease in any other extra-cranial locations. The patient 
continued to suffer from visual loss and hypothalamic 

dysfunctions, including hypothermia, weight gain, and loss
of memory. However, by steadily taking lapatinib, she now
maintains a daily activity of 1 to 2 Eastern Cooperative 
Oncology Group performance score.

Discussion

This is a case involving early recurrence of breast cancer
manifested with panhypopituitarism due to metastasis to the
pituitary, pituitary stalk, and hypothalamus. The pituitary
gland is a rare site of metastasis for all neoplasms (metastasis
makes up less than 1% of pituitary tumors), and less than
10% of pituitary metastases are symptomatic [6,7]. Therefore,
the clinical history of the patient shows a rare pattern of
breast cancer metastasis.

Brain metastasis developed despite previous treatment
with trastuzumab in early stage breast cancer. Recent studies
have suggested that trastuzumab may not be active in the
central nervous system [5], which could be a potential sanc-
tuary site for disease progression in trastuzumab-treated 
patients with HER2-positive breast cancer. According to 
previous reports regarding pituitary metastasis from breast
cancer, most patients are elderly, and have clinical and/or
radiologic evidence of widespread disease, mainly to the
lymph nodes, lung and bone, at the time they are diagnosed
with pituitary metastasis [13,14]. In this case, trastuzumab
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Fig. 3.  Due to gastrointestinal sepsis, the patient’s serum sodium level changed radically (March to April, 2013), and it was
stabilized after the tumor was controlled by lapatinib (November 2013).
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may have controlled the micro-metastasis of breast cancer
after the initial total mastectomy and lymph-node dissection,
however, brain metastasis still occurred. Therefore, the 
patient experienced solitary central nervous system progres-
sion without evidence of extra-cranial lesions.

Surgery and radiation could not completely control the 
pituitary metastasis of the breast cancer. Metastatic pituitary
lesions tend to be firm, diffuse, invasive, vascular, and hem-
orrhagic; total resection of tumor is difficult [6]. Tumor 
debulking is beneficial for alleviating local symptoms, espe-
cially visual field defect and headache, whereas symptoms
such as diplopia and those related to pituitary failure remain
unaffected [6]. The patient’s quality of life was significantly
affected; she had been required to take hormone replacement
therapy every day from the time of diagnosis with pituitary
metastasis, and still suffers from loss of memory, hypother-
mia, weight gain, and complete visual loss.

Lapatinib is proven to be as active as first-line treatment
of brain metastasis from HER2-positive breast cancer in com-
bination with capecitabine [12]. It has low molecular weight,
and therefore is assumed to be able to cross the blood-brain
barrier [15]. Lapatinib and capecitabine treatment are some-
times associated with grade 3 and grade 4 toxicity (most
commonly, diarrhea and hand-foot syndrome) [12], 
however, adjustment of regimen can overcome these issues.

Widespread use of trastuzumab for treatment of HER2-
positive breast cancer leaves patients with an increased risk
of brain metastasis [3,4]. The median survival period after
central nervous system progression is about 13 months [3,4].
More follow-up is required; however, even 16 months after
the initial diagnosis of brain metastasis, the patient’s brain
lesion is well controlled with lapatinib monotherapy. There-
fore, we suggest that lapatinib is beneficial for improving the
survival and quality of life for patients with HER2-positive
brain metastasis.

Pituitary metastasis is an uncommon but serious event of
cancer progression because it can lead to pituitary insuffi-
ciency. Life-long hormone replacement therapy and deteri-
orated quality of life are inevitable. Lapatinib can be an
effective alternative therapy for managing brain metastasis
of HER2-positive breast cancer, in cases that cannot be 
completely controlled by surgery and/or radiation therapy.
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A Case of von Hippel–Lindau Disease with Colorectal 
Adenocarcinoma, Renal Cell Carcinoma and Hemangioblastomas

Case Report

von Hippel–Lindau (VHL) disease is an autosomal dominant inherited tumor syn-
drome associated with mutations of the VHL tumor suppressor gene located on chro-
mosome 3p25. The loss of functional VHL protein contributes to tumorigenesis. This
condition is characterized by development of benign and malignant tumors in the
central nervous system (CNS) and the internal organs, including kidney, adrenal
gland, and pancreas. We herein describe the case of a 74-year-old man carrying the
VHL gene mutation who was affected by simultaneous colorectal adenocarcinoma,
renal clear cell carcinoma, and hemangioblastomas of CNS.

Key words
von Hippel-Lindau disease, Colorectal neoplasm, 
Renal cell carcinoma, Hemangioblastoma

Introduction

von Hippel–Lindau (VHL) disease is an autosomal domi-
nant inherited tumor syndrome associated with mutations
of the VHL tumor suppressor gene located on chromosome
3p25 [1,2]. The loss of functional VHL protein contributes to
tumorigenesis [3]. This condition is characterized by devel-
opment of benign and malignant tumors in the central nerv-
ous system (CNS) and the internal organs, including kidney,

adrenal gland, and pancreas [1]. We herein describe the case
of a 74-year-old man carrying the VHL gene mutation who
was affected by simultaneous colorectal adenocarcinoma,
renal clear cell carcinoma, and hemangioblastomas in CNS.
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Case Report

In January 2013, a 74-year-old man was admitted to the 
Department of Neurosurgery at Yonsei University College
of Medicine due to gait disturbance and tingling sensation
of both legs. The patient was receiving beta-adrenergic 
antagonist and calcium channel blocker for arterial hyper-
tension. He had lost his vision in the left eye due to cataract
and amblyopia in the right eye due to retinitis which had 
occurred 30 years ago. The patient’s family history included
a mother with a brain tumor of unconfirmed pathology, and
both brothers with renal cell carcinoma with VHL gene 
mutation (Fig. 1). Serum carcinoembryonic antigen (CEA)
was elevated to 11.78 ng/mL (normal value, 0.0 to 5.0
ng/mL). Although he had no history of diabetes mellitus,
serum glucose level was 462 mg/dL and HbA1c was 11.7%,
which led to a new diagnosis of diabetes mellitus, and initi-
ation of insulin therapy. Whole spine magnetic resonance 
imaging (MRI) showed multiple enhancing nodular lesions
of the spinal canal suspected leptomeningeal metastasis of
unknown primary malignancy (Fig. 2A). Positron emission
tomography whole body scan showed intense fludeoxyglu-
cose uptake in a 3-cm-sized heterogeneous mass in the right
kidney and focal mural thickening in the sigmoid colon 
(Fig. 2B and C). Colonoscopy showed a 5-cm-sized ulceroin-
filtrative lesion in the sigmoid colon and a polypoid lesion
in the rectum. Subsequent histological examination con-
firmed the diagnosis of adenocarcinoma and high grade 
tubular adenoma with focal carcinoma in situ transformation,
respectively. Incisional biopsy of the spinal mass was per-
formed and the histological examination revealed heman-
gioblastoma.

The patient underwent laparoscopic right partial nephrec-
tomy, laparoscopic anterior resection of the sigmoid colon,
and transanal endoscopic operation of the rectum. Histologic
examination of the kidney revealed renal clear cell carcinoma
(size, 1.91.7 cm), Fuhrman nuclear grade 3 (pT1aN0M0;
stage I). In the sigmoid colon, gross pathology showed an 
ulcerofungating tumor (size, 4.23.6 cm) and 3 of 23 exam-
ined regional lymph nodes were metastasis. Subsequent 
histological examination confirmed typical features of colon
adenocarcinoma (pT3N1bM0; stage IIIB). The rectum speci-
men was confirmed to be a 0.5-cm-sized well differentiated
adenocarcinoma (pT1N0M0; stage I). The postoperative CEA
level was 4.24 ng/mL. 

Regarding clinical decision processes, we initially sus-
pected VHL disease. Subsequently, polymerase chain reac-
tion (PCR) sequencing analysis of VHL gene showed
p.Glu70Lys (c.208G > A) mutation in exon 1, confirming 
the diagnosis of VHL disease (Fig. 3). Result of endocrine
hormonal evaluation for pheochromocytoma was within

normal range.
His two sons were screened for VHL disease using PCR

sequencing analysis, and one progenity showed p.Glu70Lys
(c.208G > A) mutation in exon 1, identical to his father. He
underwent ophthalmic examination, abdomen-pelvic com-
puted tomography scan and blood test for catecholamine
metabolites, but there were no abnormal findings. 

After 3 weeks from discharge, he was admitted to hospital
complaining of worsened gait disturbance and numbness 
of both soles. Brain MRI showed three enhancing lesions in
bilateral cerebellar hemispheres and left cerebellar tonsil,
suggesting hemangioblastomas (Fig. 4). The patient under-
went gamma knife surgery in cerebellar lesions and pallia-
tive radiotherapy to T9-S1 spine with a total of 45 Gy in 25
daily fractions. 

After one month, follow-up imaging studies showed stable
lesions in the brain and spine, but there was a newly devel-
oped hepatic metastasis in S6 and an enlarged aortocaval
lymph node (Fig. 5). Concurrent serum CEA level increased
to 19.54 ng/mL. The multidisciplinary team decided to per-
form surgery, laparoscopic wedge resection of liver and 
excision of aortocaval lymph node. Histologic examination
of liver revealed a 1.61.2-cm-sized metastatic adenocarci-
noma, moderately differentiated, clinically from colon.
Pathologic finding indicated that the aortocaval lymph node
was metastatic carcinoma, favoring renal clear cell carci-
noma. He is on regular follow-up in the outpatient clinic and
imaging studies show no evidence of recurrence and CEA
level is stabilized within normal range.

Patients with mutation (VHL) and clinical disease (arrow: case patient) 

Subjects with mutation without clinical disease

Healthy subjects

Brain tumor

75 yr 70 yr
RCC

46 yr 44 yr 40 yr
Brain

hemorrhage

Hematologic
malignancy

79 yr
RCC

Pancreatic
cancer

Fig. 1.  Pedigree presenting VHL gene mutation status and
malignancy. Both brothers were diagnosed with renal cell
carcinoma (RCC) with VHL gene mutation and one of his
sons was confirmed VHL mutation without clinical mani-
festation. 
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Fig. 2. (A) Spine magnetic resonance imaging showed multiple enhancing nodular lesions of the spinal canal suspected lep-
tomeningeal metastasis of unknown primary malignancy. Positron emission tomography computed tomography whole
body scan showed a 3-cm enhancing heterogenous mass in the right kidney (arrow) (B), focal mural thickening with intense
fludeoxyglucose uptake in the sigmoid colon (C).

B

A C

G C G C T C G G T G A A C T C G C G C G A A AG G T T T TG C C C C C C CCT

p.Glu70Lys (c.208G > A)

Fig. 3.  Polymerase chain reaction sequencing analysis of von Hippel–Lindau (VHL) gene showed a p.Glu70Lys (c.208G > A)
mutation in exon 1, confirming the diagnosis of VHL disease.
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Discussion

VHL disease is a familial multisystem syndrome associ-
ated with germline mutation of the VHL tumor suppressor
gene at chromosome 3p25. It occurs in approximately 1 in
36,000 live births [2]. The diagnosis of VHL can be made clin-
ically if a single VHL-associated tumor (that is a heman-
gioblastoma, pheochromocytoma, or renal clear cell carc-
inoma) occurs in an individual with a family history of VHL.
The diagnosis can also be made clinically in the absence of a
family history if a second VHL associated tumor occurs in an
individual with hemangioblastoma (that is two or more 
hemangioblastomas or both a hemangioblastoma and 
a pheochromocytoma or clear cell renal carcinoma). As 
approximately 20% of VHL disease results from de novo
mutations, the absence of a family history in no way excludes
the diagnosis [4]. The most common lesions are CNS (retinal

and cerebellar hemangioblastoma), kidney (renal clear cell
cell carcinoma and renal cyst), adrenal gland/paraganglia
(pheochromocytoma/paraganglioma), pancreas (neuroen-
docrine tumors, pancreatic cyst, or serous cystadenoma), and
middle ear (endolymphatic sac tumor) [5].

In this case report, we observed the coexistence of three
primary tumors at diagnosis: renal clear cell carcinoma and
CNS hemangioblastomas, which are known to present in
VHL disease, and colorectal adenocarcinomas. Because his
eyes were damaged too severely to evaluate for retina con-
dition, we presumed that he might have had retinal heman-
gioblastoma in the past. To date, only one case of colorectal
carcinoma in a patient with VHL syndrome has been desc-
ribed [6]. 

The mechanism of VHL syndrome in tumorigenesis is 
hypoxia inducible factors (HIF1 and HIF2). Either hypoxia
or absent or inactive VHL protein results in stabilization of
HIF1 and HIF2, which then acts as a transcription factor 

Fig. 4.  Brain magnetic resonance imaging showed three enhancing lesions (arrows) in bilateral cerebellar hemispheres (A,
B) and left cerebellar tonsil (C), suggesting hemangioblastomas.

A B C

Fig. 5.  Abdomen-pelvic computed tomography scan showed newly developed hepatic metastasis in S6 (A) and an enlarged
aortocaval lymph node (arrow) (B).

A B
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initiating cellular cascade for hypoxic response. This hypoxic
response affects glucose uptake and metabolism, angiogen-
esis, extracellular matrix formation, chemotaxis and cell 
proliferation, and then activates downstream targets, includ-
ing vascular endothelial growth factor (VEGF), platelet 
derived growth factor (PDGF), and transforming growth 
factor  [7]. 

Several studies offer evidence suggesting that down regu-
lation of VHL provides a proangiogenic impulse for devel-
opment of colorectal cancer. Xue et al. [8] suggested that
chronic increases in expression of HIF in colon initiate 
protumorigenic signaling. In addition, in the progression
from colorectal adenoma to carcinoma, VEGF plays an 
important role in formation of new capillaries to increase
oxygen and nutrient demands [9]. 

Nevertheless, in this case report, we have weight to explain
that synchronous colon and rectal adenocarcinomas devel-
oped sporadically in a patient with VHL disease. In Korea,
colon cancer is the third most common cancer overall, and
the second most common cancer in men [10]. In the general
population, the coexistence of primary malignancies of colon
and other organs is difficult to assess because the etiology 
is complex, including both genetic and environmental risk
factors.

Early detection and proper intervention currently offer the
best hope for minimizing the burden of VHL disease in order
to prevent avoidable morbidity and mortality. Either surgical
resection or radiation therapy has a role in management of
hemangioblastoma in CNS. However, no randomized clini-
cal trials comparing these approaches, or are any random-
ized trials addressing the optimal timing of therapeutic
intervention have been reported. The principle advantage 
of radiation therapy is that it is noninvasive and does not
carry the risks of conventional surgery, such as difficulty to

approach, infection, anesthetic complication, stroke, or 
neurologic deficits in CNS. In particular, in patients with
VHL disease, multiple hemangioblastomas tend to develop
over time within both the brain and spine, often necessitating
multiple operations over a patient's lifetime. Even though
these operations take successfully, the patients show gradual
disability. In such cases, radiation therapy may be a much
safer option [11]. In our case, the patient underwent multiple
steps of surgery and radiotherapy. In particular, heman-
gioblastomas in CNS are controlled safely under radiation
therapy regardless of symptoms.

There is no effective therapeutic agent in VHL disease. 
A small number of clinical trials were conducted, and further
study will be needed. For example, Kim et al. [12] reported
on sunitinib, tyrosine kinase inhibitor, which inhibits the
VEGF and PDGF receptors, and is administered in patients
who had metastatic renal cell carcinoma with complicating
VHL disease, and it prolonged the duration of response time.
As early detection and intervention in time is important for
VHL patients, routine surveillance and a multidisciplinary
appr-oach due to multisystem involvement are needed.
Thus, all VHL patients and relatives who are at risk should
be entered into comprehensive screening programs at special
referral centers (for example see Table 1 [13]).
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Table 1. Example of a routine surveillance protocol for von Hippel–Lindau disease

Protocol
Screen for retinal angioma
Annual ophthalmic examinations (direct and indirect ophthalmoscopy), beginning in infancy or early childhood

Screen for CNS hemangioblastoma
MRI scans of the head for every 12-36 months, beginning in adolescence

Screen for renal cell carcinoma and pancreatic tumors
MRI (or ultrasound) examinations of the abdomen every 12 months, beginning from the age of 16 years

Screen for pheochromocytoma
Annual blood pressure monitoring and 24-hour urine studies for catecholamine metabolites
More intense surveillance (e.g., annual measurement of plasma normetanephrine levels, adrenal imaging, beginning from 
the age of 8 years should be considered in families at high-risk for pheochromocytoma)

Adopted from Maher’s paper [13], Curr Mol Med. 2004;4:833-42, with permission of Bentham Science Publishers. CNS, central
nervous system; MRI, magnetic resonance imaging. 
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A Unique Case of Erdheim-Chester Disease with Axial Skeleton, 
Lymph Node, and Bone Marrow Involvement

Case Report

Erdheim-Chester disease is a rare non-Langerhans–cell histiocytosis with bone and
organ involvement. A 76-year-old man presented with low back pain and a history of
visits for exertional dyspnea. We diagnosed him with anemia of chronic disease, 
cytopenia related to chronic illness, chronic renal failure due to hypertension, and 
hypothyroidism. However, we could not determine a definite cause or explanation for
the cytopenia. Multiple osteosclerotic axial skeleton lesions and axillary lymph node
enlargement were detected by computed tomography. Bone marrow biopsy revealed
histiocytic infiltration, which was CD68-positive and CD1a-negative. This report 
describes an unusual presentation of Erdheim-Chester disease involving the bone
marrow, axial skeleton, and lymph nodes.

Key words
Non-Langerhans-cell histiocytosis, Cytopenia, 
Axial skeleton, Lymph nodes

Introduction

Erdheim-Chester disease (ECD) is a rare non-Langerhans-
cell histiocytosis of unknown etiology involving infiltration
of bones and various organs by lipid-laden histiocytes with

foamy or eosinophilic cytoplasm. The histiocytes are CD68-
positive and CD1a-/S100-negative. Lipid-laden histiocytes
produce xanthogranulomas, which can be found in long tu-
bular bones, skin, lung, heart, kidney, retroperitoneal space,
orbit, and pituitary gland. 

ECD primarily affects adults. The mean age of the diseased
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population is 53 years [1], and there is a slight predominance
of males. Most patients have skeletal involvement at the time
of diagnosis; extra-skeletal involvement occurs in approxi-
mately 50% of patients. The bone involvement is constant
and includes symmetric osteosclerosis of long bones, espe-
cially of the low extremities. ECD rarely infiltrates the axial
skeleton and lymph nodes [2].

First described by Erdheim and Chester in 1930 [1], fewer
than 500 cases of ECD have been reported in the published
literature. In Korea, the first case of ECD was described in
1999 [3], and 15 cases have since been reported. Herein, we
report on a unique case of ECD with bone marrow, axial
skeleton, and lymph node involvement.

Case Report

In March 2009, a 76-year-old man with a 20-year history of
hypertension was referred to SMG-SNU Boramae Medical
Center with exertional dyspnea. Despite treatment with 
antihypertensive medication, his blood pressure was not well
controlled. Physical examination of the patient revealed mild
splenomegaly. White blood cell, hemoglobin, and platelet
counts were 3,180 cell/mm3, 7.4 g/dL, and 65,000/mm3, 
respectively. There was no albumin/globulin ratio reversal.
Serum and urine protein electrophoresis, immunoelec-
trophoresis, and immunofixation electrophoresis of serum
were normal. 

Serum blood urea nitrogen and creatinine levels were 43
and 2.3 mg/dL, respectively. There was heavy proteinuria
in 24-hour urine protein, and his 24-hour urine protein 
was 1,816 mg/day. Thyroid-stimulating hormone and free
thyroxine levels were 16.63 IU/mL and 0.71 ng/mL, respec-
tively. Chest radiograph was normal. Small-sized kidneys
and mild splenomegaly (13.2 cm) were observed by abdom-
inal ultrasonography. Cardiac contraction was normal with
an ejection fraction of 61.8% and a pattern of mild diastolic
dysfunction was observed by echocardiography. Bone 
marrow examination showed cellularity of 60%, which was
slightly hypercellular for the patient’s age, with slightly 
increased foamy histiocytosis (Fig. 1). Immunohistochemical
stains were negative for acid-fast bacilli, Oil Red O, and 
periodic acid Schiff, eliminating the likelihood of infectious
causes. The serum iron profile was suggestive of an anemia
of chronic disease. We diagnosed the patient with anemia of
chronic disease, cytopenia related to chronic illness, chronic

Fig. 1.  Result of bone marrow examination showed
slightly increased foamy histiocytosis (H&E staining, 200). 

Fig. 2.  Magnetic resonance imaging of the spine showed compression fractures of the T5 (A), L3, and L4 (B) vertebral bodies
on a T1-weighted image. Involvement of the metaphysis and diaphysis, with relative sparing of the epiphysis, was observed.
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renal failure due to hypertension, and hypothyroidism.
However, we could not determine a definite cause or expla-
nation for the cytopenia. We initiated treatment with
levothyroxine for the hypothyroidism.

In September 2009, the patient was admitted with exer-
tional dyspnea and generalized edema. Pretibial edema and
arrhythmia were observed. The patient’s complete blood
count was still compatible with anemia of chronic disease 
accompanied by mild thrombocytopenia, which was not 
significantly different from what was observed at the initial
visit 6 months earlier. Electrocardiography showed atrial 
fibrillation. Echocardiography showed normal systolic func-
tion, with an ejection fraction of 67%, and mild diastolic 
dysfunction, which was not different from what had been
observed previously. Coronary angiography showed 50%
stenosis in the left anterior descending branch of the left coro-
nary artery and right coronary artery. The patient was
treated with diuretics, which resulted in improvement of the
dyspnea and generalized edema. The patient was discharged

without coronary intervention and with plans to continue
medical therapy and follow-up in the nephrology and cardi-
ology departments.

In May 2011, the patient presented with progressive 
dyspnea and generalized edema, without additional symp-
toms. White blood cell, hemoglobin, and platelet counts were
5,190 cell/mm3, 7.2 g/dL, and 72,000/mm3. Serum blood
urea nitrogen and creatinine levels were 92 mg/dL and 6.4
mg/dL, respectively. Serum potassium levels were elevated
to 7.6 mEq/L. Liver function tests and thyroid function tests
were normal. When the bone marrow examination was 
repeated, cellularity was slightly decreased and histiocyte 
infiltration was increased when compared to the previous
examination. The patient’s renal function had deteriorated
to chronic renal failure stage V. Hemodialysis was initiated,
and the patient’s symptoms improved.

In January 2014, the patient presented with low back pain
that had originally started 2 years earlier and had recently
become aggravated. On physical examination, the patient

Fig. 3.  (A, B) Compression fractures were observed by a computed tomography scan of the patient’s chest at T5, T7-8, T12,
and L3-4 spines. (C) In addition, computed tomography imaging identified cardiomegaly and multiple prominent lymph
nodes in both axillae. (D) Irregular sclerotic change was observed in both femur necks.
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had multiple enlarged lymph nodes in both axillary areas
and did not show any signs of fever or weight loss. Complete
blood count and peripheral blood smear revealed normocytic
normochromic anemia and mild thrombocytopenia. The 
results of liver function tests, lipid profiles, and tumor mark-
ers (-fetoprotein, 1.66 ng/mL; carcinoembryonic antigen,
1.82 ng/mL; cancer antigen [CA]-19-9, 3.44 U/mL; CA-125,
10.7 U/mL) were normal. There was no albumin/globulin
ratio reversal. Urine test for Bence-Jones protein was nega-
tive. Serum and urine protein electrophoresis was normal.
Immunoelectrophoresis and immunofixation electrophoresis
of serum were normal. Serum free light chain was also 
normal. 

Compression fractures of the T5, L3, and L4 vertebral 
bodies were identified by magnetic resonance imaging of the
spine (Fig. 2A and B). In particular, the L3 vertebral body
showed extensive bone marrow edema and paravertebral
soft tissue swelling, with an anterior bulging contour 
suggestive of a pathologic etiology such as myeloma or
metastases. Involvement of the metaphysis and diaphysis,
with relative sparing of the epiphysis, was also observed. 
18F-Fluorodeoxyglucose positron emission tomography
showed diffuse hypermetabolic activity in the T5 and L3 
vertebral bodies, the right proximal humerus, and both axil-
lary lymph nodes. Technetium-99m bone scintigraphy
showed increased uptake in T5-6, T7-8, T12, and L3-5 and
both tibia. Plain radiography of the humerus showed scle-
rotic lesions in both anatomical neck areas of the humerus.
Compression fractures were observed by a computed tomog-
raphy (CT) scan of the patient’s chest in T5, T7-8, T12, and
L3-4 spines. In addition, CT imaging identified cardiomegaly
and multiple prominent lymph nodes in both axillae. Irreg-
ular sclerotic change was observed in both femur necks 
(Fig. 3). There were no significant focal lesions in the lung
parenchyma. Magnetic resonance imaging of the brain

showed unremarkable findings. The CT scan of the abdomen
was unremarkable, other than the observation of relatively
small sized kidneys and mild splenomegaly (14.4 cm). The
degree of splenomegaly was unchanged compared with 
previous studies. Bone biopsy of the L3 vertebral body and
lymph node biopsies were performed. Histopathological 
examination of the bone biopsy revealed marrow fibrosis
and granulated tissue, with infiltration of lipid-laden histio-
cytes. There was no evidence of malignancy or specific infec-
tion. Axillary lymph node biopsy revealed diffuse infiltration
of lipid-laden histiocytes (Fig. 4), which were found to be
positive for CD68 and negative for S100 and CD1a. There
were no mutations in BRAF V600E mutation-specific anti-
body stains of the bone and the axillary lymph node. In 
addition, mutation V600E of BRAF was not detected by direct
DNA sequencing of BRAF gene exon 15. Bone marrow
biopsy was also performed, which showed the same results
as the bone and axillary lymph node biopsy. With the suspi-
cion that bone marrow involvement of ECD had been pres-
ent since March 2009, we reviewed the results of the bone
marrow biopsy performed in March 2009. Immunohisto-
chemical stain of the bone marrow biopsy examined in
March 2009 showed that the infiltrating histiocytes were 
positive for CD68 (Fig. 5A) and negative for S100, CD1a 
(Fig. 5B and C), and BRAF (Fig. 5D). 

Based on the radiological and histopathological findings,
a diagnosis of ECD with involvement of the bone, bone 
marrow, and axillary lymph nodes was made. We also 
suspected ECD involvement of the heart and kidney; 
however, this could not be accurately confirmed without 
tissue analysis. The patient was administered prednisolone;
however, the treatment was not effective.

Fig. 4.  Histopathological examination of axillary lymph nodes revealed diffuse infiltration of lipid-laden histiocytes (A,
H&E staining, 200; B, H&E staining, 400).
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Discussion

ECD is a rare, non-Langerhans cell, histiocytic, infiltrative
disorder primarily involving the peripheral long bones. It
can also involve other organ systems, including the muscu-
loskeletal, central nervous, cardiac, pulmonary, and renal
systems. The pathological features of ECD are diffuse 
xanthogranulomatous infiltration of large foamy histiocytes,
rare Touton-like giant cells, and medullary fibrosis. In 
immunohistochemical staining, the tumor cells stain positive
for CD68 and negative for CD1a and S100. 

The most commonly involved bones in ECD are the femur,
tibia, and fibula; the ulna, radius, and humerus are less 
frequently involved. ECD involved bones are characterized
by bilateral and symmetric sclerosis of the metaphyseal 
regions of the long bones, while the epiphysis is spared. 
Approximately half of all patients have extra-skeletal mani-
festations, which can include retroperitoneal fibrosis, orbital
infiltration, interstitial lung disease [4], bilateral adrenal 
involvement [5], testis infiltration [6], and involvement of the
breast, the central nervous system [7], or cardiovascular 
systems [8]. The clinical presentation of ECD ranges from
asymptomatic to various and multiple symptoms related to
the involved organs. The clinical details of the largest 

number of reported cases to date were described retrospec-
tively by Veyssier-Belot et al. [2] and included 52 previously
reported cases and seven additional cases. In this report, 
patients with ECD most commonly presented with juxta-
articular bone pain, usually of the knees and ankles. 

It is very unusual for the lymph nodes, liver, spleen, or
axial skeletons to be affected in ECD [3]; however, these areas
are frequently affected in Langerhans cell histiocytosis and
Rosai-Dorfman disease (RDD). In the case presented herein,
the patient presented with an unusual pattern of involve-
ment of bone marrow, axial skeleton, and lymph nodes. 
Involvement of lymph nodes was first documented by Sheu
et al. [6] in a report on a 50-year-old white male who 
presented with hypogonadism and diabetes insipidus. 

Because the clinical characteristics of ECD are largely 
unknown and it is difficult to diagnose, it is important to be
clinically critical. Diagnosis of ECD is based on the patho-
logic evaluation of the involved tissue in combination with
the clinical context. Several differential diagnoses are gener-
ally possible based on the presenting features, resulting in
the necessity of a battery of investigations. It is important to
consider a number of differential diagnoses, including meta-
bolic and endocrine disorders, malignancies, multiple scle-
rosis, and thyroid abnormalities.

The primary differential diagnosis should include Langer-

Fig. 5.  Immunohistochemical examination of the previous bone marrow biopsy in March 2009 showed that the infiltrating
histiocytes were positive for CD68 (A) and negative for S100, CD1a (B, C), and BRAF (D).
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hans cell histiocytosis. Langerhans cell histiocytosis presents
with an infiltrate of histiocytes, which have a characteristic
reniform nuclear morphology and express the markers of
Langerhans cells, including CD1a, S100, and Langerin. In
contrast, ECD tumor cells lack central nuclear grooves and
Birbeck granules that are typical of Langerhans cell histiocy-
tosis. In addition, ECD cells do not express CD1a or S-100 [9].
The primary differential diagnosis should also include RDD,
which presents as a benign disorder with histiocyte accumu-
lation in the lymph nodes and occasionally in the skin. The
pathology of RDD is typified by prominent emperipolesis
and a mixed infiltrate with histiocytes that express S100.

ECD tumor cells have a similar immunohistochemical
staining pattern to juvenile xanthogranuloma (JXG) cells.
JXG cells express factors VIIIa and CD68 and are negative for
CD1a, Langerin, and S100. However, the clinical presentation
and age of our patient were not compatible with JXG. 
Systemic JXG occurs mainly in young children [10], whereas
ECD is a disease of middle-aged and elderly adults, with a
mean age at diagnosis of 53 years (range, 21 to 77 years). JXG
is usually benign and self-limiting and bone involvement is
more likely to be focal, and lytic. In contrast, ECD is often a
fatal disorder, with death occurring in more than 50% of 
patients. Death often occurs within one year of diagnosis.
Approximately 60% of patients died of ECD within 3 years
from initial presentation [2]. Prognosis is worse in patients
with extra-skeletal involvement [2]. Death often occurs as a
result of cardiac or respiratory failure resulting from heart or
lung involvement.

Optimal treatment for ECD has yet to be established. 
Systemic steroids, various cytotoxic agents [2], radiation ther-
apy, and autologous stem cell transplantation have all been
used in treatment of patients with this condition [11]. Gluco-
corticoids are reserved for patients who cannot tolerate more
aggressive systemic therapies and for patients with very mild
symptoms who wish to avoid the potential side effects asso-
ciated with more aggressive therapies. Radiotherapy may be
used for local palliation. A recent study reported that inter-
feron- is a valuable therapy in treatment of ECD patients
[12]. If interferon- fails, imatinib mesylate has been 
suggested as an experimental alternative therapeutic regi-

men by some investigators [13]. In addition, it has been 
suggested that treatment with a BRAF inhibitor could be a
useful therapy, as patients with multisystemic and refractory
ECD and the BRAF V600E gene mutations have demon-
strated partial clinical responses following treatment with
the BRAF inhibitor [14].

In summary, our patient underwent a bone marrow exam-
ination for diagnosis in March 2009 because of cytopenia in
the peripheral blood. Although bone marrow examination
revealed increased foamy histiocytosis, we failed to diagnose
ECD initially because there was no bone lesion or any other
symptoms that might be suspicious of ECD. In January 2014,
the patient was re-admitted to the hospital because multiple
bone lesions were newly detected and cytopenia could still
be detected in the peripheral blood examination. We 
performed bone marrow examination, bone biopsy, and
lymph node biopsy for diagnosis of ECD. In addition, we 
reviewed the bone marrow results examined in March 2009
with additional immunohistochemical stain, and we were 
finally able to confirm the diagnosis of ECD. Thus, cytopenia
resulted from bone marrow involvement of ECD. However,
axial skeleton and lymph node involvement were detected 5
years after the initial presentation. Unlike other cases of ECD,
our patient developed slow progression during a period of
more than 5 years. We thought that the cause of this slow
progression may be that despite having bone marrow 
involvement, there was no vital organ dysfunction.

ECD presenting with cytopenia resulting from bone 
marrow involvement, axial skeletal lesions rather than 
peripheral bone lesions, and involvement of lymph nodes
have been rarely described in the literature. Thus, we report
on a rare case of ECD with axial skeleton, lymph node, and
bone marrow involvement.

Conflicts of Interest

Conflict of interest relevant to this article was not reported.



Jin Lim, Atypical Involvement of Erdheim-Chester disease

VOLUME 48  NUMBER 1  JANUARY  2016 421

Rigolet A, et al. Pulmonary involvement in Erdheim-Chester
disease: a single-center study of thirty-four patients and a 
review of the literature. Arthritis Rheum. 2010;62:3504-12.

5. Haroche J, Amoura Z, Touraine P, Seilhean D, Graef C,
Birmele B, et al. Bilateral adrenal infiltration in Erdheim-
Chester disease: report of seven cases and literature review. J
Clin Endocrinol Metab. 2007;92:2007-12.

6. Sheu SY, Wenzel RR, Kersting C, Merten R, Otterbach F,
Schmid KW. Erdheim-Chester disease: case report with 
multisystemic manifestations including testes, thyroid, and
lymph nodes, and a review of literature. J Clin Pathol. 2004;57:
1225-8.

7. Lachenal F, Cotton F, Desmurs-Clavel H, Haroche J, Taillia H,
Magy N, et al. Neurological manifestations and neuroradio-
logical presentation of Erdheim-Chester disease: report of 6
cases and systematic review of the literature. J Neurol. 2006;
253:1267-77.

8. Haroche J, Amoura Z, Dion E, Wechsler B, Costedoat-
Chalumeau N, Cacoub P, et al. Cardiovascular involvement,
an overlooked feature of Erdheim-Chester disease: report of
6 new cases and a literature review. Medicine (Baltimore).
2004;83:371-92.

9. Dagna L, Girlanda S, Langheim S, Rizzo N, Bozzolo EP, 

Sabbadini MG, et al. Erdheim-Chester disease: report on a
case and new insights on its immunopathogenesis. Rheuma-
tology (Oxford). 2010;49:1203-6.

10. Weitzman S, Jaffe R. Uncommon histiocytic disorders: the
non-Langerhans cell histiocytoses. Pediatr Blood Cancer. 2005;
45:256-64.

11. Boissel N, Wechsler B, Leblond V. Treatment of refractory 
Erdheim-Chester disease with double autologous hematopoi-
etic stem-cell transplantation. Ann Intern Med. 2001;135:
844-5.

12. Haroche J, Amoura Z, Trad SG, Wechsler B, Cluzel P, Grenier
PA, et al. Variability in the efficacy of interferon-alpha in 
Erdheim-Chester disease by patient and site of involvement:
results in eight patients. Arthritis Rheum. 2006;54:3330-6.

13. Haroche J, Amoura Z, Charlotte F, Salvatierra J, Wechsler B,
Graux C, et al. Imatinib mesylate for platelet-derived growth
factor receptor-beta-positive Erdheim-Chester histiocytosis.
Blood. 2008;111:5413-5.

14. Haroche J, Cohen-Aubart F, Emile JF, Arnaud L, Maksud P,
Charlotte F, et al. Dramatic efficacy of vemurafenib in both
multisystemic and refractory Erdheim-Chester disease and
Langerhans cell histiocytosis harboring the BRAF V600E 
mutation. Blood. 2013;121:1495-500.



Cancer Res Treat. 2016;48(1):422-424

pISSN 1598-2998, eISSN 2005-9256

http://dx.doi.org/10.4143/crt.2015.175

Commentary on “A Case of Paratesticular Leiomyosarcoma 
Successfully Treated with Orchiectomy and Chemotherapy”

Edoardo Virgilio, MD1, Stefania Uccini, MD2, Paolo Marchetti, MD2, Paolo Mercantini, MD1
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We have read with great interest the article written by Ko et al. [1] on a particularly rare type of malignant mesenchymal
tumor, paratesticular leiomyosarcoma (LMS), and we appreciate the argumentation on the utility of adjuvant chemotherapy
in treatment of stage III disease. As for our experience, we would like to shed light on a very rare and little-known aspect sur-
rounding this neoplasm, which is the capability of dedifferentiation exerted in order to recur or metastasize.

In 2007, a 56-year-old male underwent right orchifunicolectomy for a LMS of the spermatic cord. No metastasis was detected
on preoperative whole body computed tomography scan. Histologically, the tumor measured 2.5 cm in diameter, was well
differentiated (G1 with a Ki-67 index of 10%), had disease-free surgical margins and the result was composed of neoplastic
spindle cells with elongated nuclei and prominent nucleoli arranged in interlaced fascicles; immunohistochemistry was positive
for smooth muscle actin (SMA) and vimentin but negative for S100 protein. In 2012, a para-aortic and right external iliac lym-
phadenectomy was performed because of two centimetric lymph nodes showing a maximum standardized uptake value 
(SUVmax), respectively, of 14 and 4 on 18-fluoro-2-deoxyglucose positron emission tomography–computed tomography 
(18F-FDG PET-CT) scan (Fig. 1A): such metastases had the same histopathological features previously described for LMS 
(Ki-67 index of 10% and staining positive for SMA but negative for S100 protein) (Fig. 1B) and adjuvant epirubicin-ifosfamide
was given for 4 months. In 2013, two centimetric nodules were removed from the perineal and sovrapubic area (SUVmax less
than 2.0 on 18F-FDG PET-CT scan) (Fig. 2A). Histology showed that both specimens were adipose tissue neoplasms consisting
of spindle cells with nuclei devoid of nucleoli interspersed with a few larger polynucleated elements as well as smaller cells
with plump nuclei; immunohistochemistry yielded the diagnosis of metastatic soft tissue tumor, but, of interest, excluded the
well differentiated leiomyosarcomatous in favour of a dedifferentiated liposarcomatous phenotype (G2, Ki-67 30%, SMA-neg-
ative but S100- and MDM2-positive) (Fig. 2B). Adjuvant radiotherapy was administered through five cycles and as of now the
patient has been disease-free for 2 years. Of note, all pathologic verifications were performed at the same department of
histopathology.

Sarcomas of the spermatic cord are rare tumors including mostly liposarcomas (LPSs) (50% with 110 cases as of 2014) and
LMSs (18%). Characterization is not simple because they sometimes present as hybrid tumors consisting of two or more cell
lines of differentiation: such an occurrence has generated some confusion regarding the nomenclature as well as the assessment
of pathobiological features of these neoplasms. The term malignant mesenchymoma (MM) has referred to different tumors
through the years: currently, it indicates a sarcoma with two or more unrelated, differentiated malignant components, such as
LPS or rhabdomyosarcoma combined with osteosarcoma [2]. When MM consists of a well-defined, low-grade LPS along with
a less differentiated high-grade component (such as fibrosarcoma or malignant fibrous histiocytoma), the name dedifferentiated
LPS (DDLS) should be used. DDLS can also present as heterologous areas of LMS in the dedifferentiated zone (DL-LMS). When
the biphasic pattern of MM is represented by the synchronous or metachronous coexistence of LPS with LMS, the term
lipoleiomyosarcoma (L-LMS) should be preferred [2]. Of note, only 11 cases of paratesticular L-LMS exist to date [3-5]. Histo-
logically, MMs differ from DDLSs because the two components are intermingled whereas in the latter they can be sharply dis-
tinguished from each other. Both L-LMS and DL-LMS have a poor prognosis: the former tends to recur, the latter to metastasize.
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As for our case, since both the original and recurrent cancer did not contain undifferentiated cell elements, we consider it an
instance of MM rather than a DDLS. And, differently from the other reported instances of L-LMS, our case showed an inverse
temporal sequence of the histological patterns (LMS anticipated LPS phenotype): of interest, no similar case has been reported
in the pertinent literature. Regarding the etiopathogenesis, we can speculate that the primitive tumor itself probably selected
different cellular clones in order to recur, developing a sort of acquired resistance to the administered chemotherapy. Its future
behaviour is unpredictable: considering the high frequency of local recurrences by this and other paratesticular sarcomas, we
strongly recommend careful and prolonged surveillance [2-5].

In conclusion, characterizing paratesticular soft tissue tumors is not a simple task: they can show single (LPS and LMS above
all) as well as multiple lines of differentiation (MM, L-LMS, DDLS, and DL-LMS). As for multilineage paratesticular sarcomas,
from the literature we know of cases of LPS hosting synchronous or metachronous LMS. The occurrence of the inverse event,
that is a LMS transforming into LPS in order to recur, is an unreported phenomenon which should alert oncologists to the 
aggressive potentiality and malignant evolution of paratesticular LMS.

Fig. 1.  (A) 18-Fluoro-2-deoxyglucose positron emission tomography–computed tomography scan showed two right external
iliac centimetric lymph nodes with an increased maximum standardized uptake value (of 14 and 4, red color with yellow
halo). (B) Immunohistochemistry of the metastases revealed leiomyosarcoma consistent with the histological findings of the
previous lesion of the spermatic cord (Ki-67 index of 10% and staining positive for smooth muscle actin but negative for
S100 protein) (cross section, H&E staining, 63).

A B

Fig. 2.  (A) 18-Fluoro-2-deoxyglucose positron emission tomography–computed tomography scan detected two centimetric
nodules in the perineal and sovrapubic area (maximum standardized uptake value less than 2.0, white color with green
halo). (B) Histological examination yielded the diagnosis of metastatic soft tissue tumor, but, of interest, excluded the well
differentiated leiomyosarcomatous in favour of a dedifferentiated liposarcomatous phenotype (G2, Ki-67 30%, smooth muscle
actin–negative but S-100- and MDM2-positive) (cross section, H&E staining, 63).

A B



Conflicts of Interest

Conflict of interest relevant to this article was not reported.

References

1. Ko BS, Kim NY, Ryu AJ, Kim DS, Gong SJ, Kim DK, et al. A case of paratesticular leiomyosarcoma successfully treated with orchiectomy
and chemotherapy. Cancer Res Treat. 2012;44:210-4.

2. Kessler S, Mirra JM, Ishii T, Thompson JC, Brien EW. Primary malignant mesenchymoma of bone: case report, literature review, and
distinction of this entity from mesenchymal and dedifferentiated chondrosarcoma. Skeletal Radiol. 1995;24:291-5.

3. Folpe AL, Weiss SW. Lipoleiomyosarcoma (well-differentiated liposarcoma with leiomyosarcomatous differentiation): a clinicopatho-
logic study of nine cases including one with dedifferentiation. Am J Surg Pathol. 2002;26:742-9.

4. Kaneko M, Koike H, Morishita H, Emura I. A case of lipoleiomyosarcoma of the spermatic cord. Hinyokika Kiyo. 2003;49:337-9.
5. Paul R, Leyh H, Hillemanns M, Hofler H, Hartung R. Giant malignant mesenchymoma of the spermatic cord with bidirectional dif-

ferentiation. Onkologie. 2001;24:73-5.

Cancer Res Treat. 2016;48(1):422-424

424 CANCER  RESEARCH  AND  TREATMENT



│ http://www.e-crt.org │ 425Copyright ⓒ 2016    by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2016;48(1):425       

pISSN 1598-2998, eISSN 2005-9256

http://dx.doi.org/10.4143/crt.2014.141.2

Open Access

ERRATUM: Role of Chemotherapy in Stage II Nasopharyngeal 
Carcinoma Treated with Curative Radiotherapy

Erratum 

Min Kyu Kang, MD1, Dongryul Oh, MD2, Kwan Ho Cho, MD3, Sung Ho Moon, MD3, Hong-Gyun Wu, MD4, Dae-Seog Heo, MD5, 
Yong Chan Ahn, MD2, Keunchil Park, MD6, Hyo Jung Park, MD2, Jun Su Park, MD2, Ki Chang Keum, MD7, Jihye Cha, MD7, 

Jun Won Kim, MD7, Yeon-Sil Kim, MD8, Jin Hyoung Kang, MD9, Young-Taek Oh, MD10, Ji-Yoon Kim, MD11, 
Sung Hwan Kim, MD12, Jin-Hee Kim, MD13, Chang Geol Lee, MD, PhD7

1Department of Radiation Oncology, Yeungnam University College of Medicine, Daegu, 2Department of Radiation Oncology, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, 3Proton Therapy Center, Research Institute and Hospital, National Cancer Center, Goyang, 

Departments of 4Radiation Oncology and 5Internal Medicine, Seoul National University College of Medicine, Seoul, 6Division of Hematology-Oncology,
Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, 7Department of Radiation Oncology, 

Yonsei University College of Medicine, Seoul, Departments of 8Radiation Oncology and 9Medical Oncology, Seoul St. Mary’s Hospital, 
College of Medicine, The Catholic University of Korea, Seoul, 10Department of Radiation Oncology, Ajou University School of Medicine, Suwon, 

11Departments of Radiation Oncology, Yeouido St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, 
12Department of Radiation Oncology, St. Vincent's Hospital, College of Medicine, The Catholic University of Korea, Suwon, 

13Department of Radiation Oncology, Dongsan Medical Center, Keimyung University School of Medicine, Daegu, Korea

In this article, an protocol number error was found in the last paragraph of the introduction part, page 872, 
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We apologize to readers for leading to confusion on the interpretation of the results.
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