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Health-Related Quality of Life in Non-Hodgkin Lymphoma Survivors: 
A Prospective Cohort Study

Original Article

   Purpose
We evaluated health-related quality of life (HRQOL) in long-term survivors of indolent and
aggressive non-Hodgkin lymphoma (NHL).

Materials and Methods
The HRQOL was assessed by the European Organization for Research and Treatment of Can-
cer Quality-of-Life Questionnaire Core 30 (EORTC QLQ-C30) at diagnosis in NHL patients 
between 2008 and 2011, and follow-up evaluation was conducted from June 2014 to Feb-
ruary 2015 using EORTC QLQ-C30 and the quality of life in cancer survivors (QOL-CS) ques-
tionnaire. We used linear mixed models to compare changes in HRQOL between indolent
and aggressive NHL over time.   

Results
The HRQOL of long-term survivors with aggressive NHL improved to the similar level of 
indolent NHL during the follow-up survey. However, survivors of NHL were found to fear the
probability of relapse and second malignancy, and the degree of fear was not different 
between survivors with aggressive stage I/II or III/IV NHL (p > 0.05). Furthermore, a half of
survivors reported impaired sense of psychosocial well-being regardless of aggressiveness
and stage during follow-up survey. More than 65% of survivors thought they did not receive
sufficient support from others, and patients who had financial difficulties at diagnosis were
more frequently associated with suffering from insufficient support. Impaired physical and
cognitive functioning at diagnosis was significantly associated with lack of life purpose in
long-term survivors.

Conclusion
The HRQOL of aggressive NHL survivors improved to a similar level to that of indolent NHL.
However, the majority of survivors still had fear of relapse, and psychosocial well-being 
remained unmet needs.  

Key words
Quality of life, Distress, Psychosocial well-being, 
Non-Hodgkin lymphoma, Survivors
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Introduction

Non-Hodgkin lymphoma (NHL) is a group of lymphoid
malignant disorders accounting for the most common hema-
tologic malignancies in Western and Asian countries. These
disorders are clinically classified into aggressive and indolent

NHL according to clinical course and outcome [1,2]. As a
whole, the survival outcomes of NHL patients have 
improved due to advances in treatment, including novel tar-
geted drugs [3-5]. For example, the treatment outcome of 
patients with diffuse large B-cell lymphoma (DLBCL) has 
improved since introduction of rituximab, a monoclonal 
antibody targeting the CD20 antigen [6]. Nevertheless, 



patients tend to be seriously concerned about their disease
once diagnosed with NHL, regardless of whether the aggres-
sive or indolent form. After completing treatment, patients
also commonly experience physical and psychological 
adverse events due to treatment-related toxicities. Problems
such as functional impairment, fatigue, post-traumatic stress,
and financial difficulties tend to be long term and impair the
health-related quality of life (HRQOL) of NHL survivors 
[7-10]. Because the number of long-term survivors of NHL is
continuously increasing, there is an increasing need for sur-
vivorship care among NHL survivors with impaired HRQOL
[9,11]. Indeed, patients receiving treatments such as chemo-
therapy were reported to have impaired physical functioning
and deteriorated psychological well-being in a previous
study evaluating the HRQOL of lymphoma [12,13]. The 
ultimate goal of survivorship care is basically restoring the
physical and psychological status of long-term cancer sur-
vivors to their previous healthy pre-diagnosis state. There-
fore, changes in HRQOL from diagnosis to after treatment
should be considered for appropriate management of long-
term survivors. However, there are limited data comparing
HRQOL between NHL diagnosis and survivorship [9,14,15].

In addition, while aggressive NHL survivors are expected to
have poor HRQOL due to various physical and psychologi-
cal problems during treatment, previous studies did not
compare HRQOL between aggressive and indolent NHL
survivors. Thus, this study compares HRQOL at diagnosis
to that of long-term follow-up among survivors of aggressive
and indolent NHL. Furthermore, the specific psychological,
social, and spiritual well-being of NHL survivors with high
unmet needs was assessed. 

Materials and Methods

1. Study participants

This is an add-on study of the Samsung Medical Center
Lymphoma Cohort Study (SMC-LCS, NCT00822731) con-
ducted from June 2014 to February 2015 at Samsung Medical
Center, Seoul, Korea. The SMC-LCS recruited patients diag-
nosed with Hodgkin and NHL from September 2008 to 
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Fig. 1. Consort diagram. QoL, quality of life; HRQOL, health-related quality of life; NHL, non-Hodgkin lymphoma.

Non-Hodgkin lymphoma patients (n=883)
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December 2011 with the aim of developing a prediction
model for progression and outcomes of patients with lym-
phoma. The SMC-LCS evaluated all risk factors including 
diagnostic information, treatment information, and pre-treat-
ment HRQOL at diagnosis. For this add-on study, trained
oncology nurses contacted all living SMC-LCS participants
who were at least 3 years since diagnosis either by phone or
when patients visited the hematology-oncology clinic.
Nurses explained the study to participants. Inclusion criteria
were patients who were diagnosed with NHL, had baseline
HRQOL assessment, and were capable of answering HRQOL
questionnaires at the time of the survey. Once patients who
were contacted by phone decided to participate in the study,
informed consent and survey questionnaires were sent to 
patients with a return envelope. At out-patient clinics, oncol-
ogy nurses obtained informed consent, and patients were
asked to answer the survey questionnaire before they left the
clinic. There were 883 NHL patients enrolled in the SMC-
LCS. Among them, one patient withdrew informed consent
before the baseline assessment, 30 patients did not undergo
baseline HRQOL assessment, and 269 patients died before
the add-on study. Among 583 eligible participants, we were
unable to contact 74 patients, and 30 patients refused to par-
ticipate in the study. Among 479 survivors who agreed to
participate in the study, 109 (22.7%) did not return the survey
questionnaire. The final study sample comprised 370 NHL
survivors (Fig. 1). 

2. Measurements

The long-term HRQOL of study participants was evalu-
ated using a validated Korean version of the European 
Organization for Research and Treatment of Cancer Quality-
of-Life Questionnaire Core 30 (EORTC QLQ-C30), the ques-
tionnaire used for the original SMC-LCS to assess the quality
of life (QoL) of study participants at diagnosis [16]. The
EORTC QLQ-C30 is composed of five multi-item functional
scales that evaluate physical, role, emotional, cognitive, and
social function and one global health status/QoL scale. Three
symptom scales measure fatigue, pain, and nausea/vomit-
ing, and six single items assess other symptoms (dyspnea,
insomnia, appetite loss, constipation, and diarrhea) and 
financial difficulties. We scored the EORTC QLQ-C30 items
according to a scoring manual, and the data was linearly
transformed to yield scores from 0 to 100 [17]. Higher scores
indicate a better status in functioning domains but a worse
status in symptom domains. The threshold for impaired
function and symptoms that negatively affect HRQOL were
66 and 33, respectively [18]. As EORTC QLQ-C30 does not
address some important issues of survivorship, such as fear
of recurrence and social support, the quality of life in cancer
survivors (QOL-CS) questionnaire was included in the study.

The QOL-CS includes 41 items representing four domains
(physical, social, psychological, and spiritual well-being) of
cancer survivor-specific quality of life [19]. The sum of scores
in each domain was used as an outcome, and higher scores
indicated a better HRQOL. 

After we obtained permission from Dr. Ferrell, who origi-
nally developed the measurement, we validated the Korean
version of QOL-CS as previously reported [20]. Thus, trans-
lation, back-translation, content validity, and pilot tests were
performed before the study. Pilot tests with 20 adult sur-
vivors of lymphoma showed that Korean survivors were not
familiar with the 11-point Likert scale (0 to 10). This scale was
one of the main reasons survivors had difficulties answering
the questionnaire, so we decided to use a 4-point Likert scale
from 1 (not at all) to 4 (very much), in agreement with the
original developer (S1 Fig.). With our study participants, the
Korean version of QOL-CS was reliable in reporting Cron-
bach’s  for overall CS 0.89 and 0.73 to 0.82 for subdomains
[20]. Socio-demographic information including marital sta-
tus, education, employment, and health behaviors were 
obtained from survey. Clinical information including age,
gender, stage at diagnosis, body mass index, and comorbidi-
ties was collected from the electronic medical record.

3. Statistical analysis 

Subject characteristics and scores of EORTC QLQ-C30 and
QOL-CS were summarized using mean±standard deviation
for continuous variables and number (%) for categorical vari-
ables. Characteristics of each patients group were compared
using ANOVA for continuous variables and chi-square tests
for categorical variables. For EORCT QLQ-C30, beside 
reporting transformed score (from 0 to 100), the mean differ-
ence of each functioning and symptoms scores from the
threshold (66 for functioning and 33 for symptoms) were cal-
culated and presented to present how much worse or better
functioning and symptoms NHL survivors experience at dif-
ferent survivorship phase. In addition, to compare changes
in quality of life over time, we used linear mixed models. We
also tested the homogeneity of slope changes between at 
diagnosis and during survivorship, and the models were 
adjusted for age, Eastern Cooperative Oncology Group
(ECOG) status and sex. We conducted multivariable linear
regression to evaluate the association of three domains of
HRQOL in NHL survivors with age at diagnosis (continu-
ous), sex (male or female), disease type (aggressive and 
indolence), and length of survival (continuous). p-values of
< 0.05 were considered significant, and two-sided tests were
used in all calculations. Statistical analyses were performed
using STATA ver. 13.0 statistical software (StataCorp LP,
College Station, TX) and IBM PASW ver. 18.0 package (SPSS
Inc., Chicago, IL). 
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4. Ethical statement

This study was approved by the Institutional Review
Board of Samsung Medical Center, Seoul, Korea and all 
patients provided written informed consent prior to study
participation (No. 2013-03-051).

Results

1. Patients 

The median age of patients was 51 years (range, 18 to 82
years), and 44.5% were female. The majority was married
(n=302, 81.6%), and 51.6% of patients were working at the
time of survey. Median time from diagnosis to follow-up sur-

vey was 4.0 years (range, 1.7 to 17.4 years). In patients with
aggressive NHL (n=273), the proportion of DLBCL (n=186)
was much higher than that of peripheral T-cell lymphoma
(n=14). Marginal zone lymphoma (n=67) and follicular lym-
phoma (n=27) accounted for the majority of indolent NHL
(n=97). Among cases of aggressive NHL, 42.9% were stage
III/IV (n=117), and 57.1% were stage I/II (n=156). None of
the socio-demographic characteristics were different 
between aggressive and indolent NHL (Table 1). ECOG per-
formance status was worse in patients with stage III/IV 
aggressive NHL than in patients with stage I/II aggressive
NHL or indolent NHL. Primary treatment for aggressive
NHL was mainly systemic chemotherapy, while 30.9% of 
patients with indolent NHL received radiation therapy
(Table 1). At the time of analysis, 12.4% of patients relapsed
after their primary treatment, and relapse was more frequent
in stage III/IV aggressive NHL (Table 1).  
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Total Aggressive NHL Aggressive NHL Indolent 
Characteristic (n=370) Stage III/IV Stage I/II NHL p-value

(n=117) (n=156) (n=97)
Female sex, mean±SD (yr) 164 (44.3) 45 (38.5) 67 (42.9) 52 (53.6) 0.08
Age at diagnosis (yr) 51 (18-82) 50 (20-82) 53 (18-81) 51 (18-82) 0.64
Marital status (married) 302 (81.6) 97 (82.9) 125 (80.1) 80 (82.5) 0.80
Education ( college) 178 (48.1) 51 (43.6) 78 (50.0) 49 (50.5) 0.21
Monthly family income ( $4,000) 147 (39.7) 41 (35.0) 63 (40.4) 43 (44.3) 0.42
Current working status 191 (51.6) 55 (47.4) 83 (53.9) 53 (54.6) 0.42
(employed or self-employed)

Smoking status 
Never 225 (60.8) 72 (61.5) 89 (57.1) 63 (64.9) 0.13
Past 122 (33.0) 43 (36.8) 53 (34.0) 27 (27.8)
Current 21 (5.7) 2 (1.7) 12 (7.7) 7 (7.2)

Drinking status 
Never 166 (44.7) 45 (38.5) 69 (44.2) 52 (53.6) 0.03
Past 66 (17.8) 30 (25.6) 28 (17.9) 8 (8.3)
Current 137 (37.0) 41 (35.0) 59 (37.8) 37 (38.1)

Previous cancer (yes) 19 (5.1) 9 (7.7) 6 (3.9) 4 (4.1) 0.32
Co-morbidity at diagnosis (yes) 228 (61.6) 75 (64.1) 97 (62.2) 56 (57.7) 0.62
ECOG ( 2) at diagnosis 30 (8.1) 21 (18.0) 8 (5.1) 1 (1.0) < 0.01
Time since diagnosis, median (range, yr) 4.0 (1.7-17.4) 3.9 (1.7-17.4) 4.1 (1.7-6.0) 4.2 (1.8-5.8) 0.64
Treatment history 

Chemotherapy (yes) 318 (85.9) 117 (100) 155 (99.4) 46 (47.4) < 0.01
Radiation therapy (yes) 84 (22.7) 10 (8.6) 44 (28.2) 30 (30.9) < 0.01
Surgery (yes) 43 (11.6) 9 (7.7) 26 (16.7) 8 (8.3) 0.22
Autologous stem cell transplantation (yes) 37 (10.0) 28 (23.9) 9 (5.8) 0 ( < 0.01

Relapse after primary treatment 46 (12.4) 22 (18.8) 13 (8.3) 11 (11.3) 0.03

Table 1. Sociodemographic and medical characteristics of subjects

Values are presented as numbers (%) unless otherwise indicated. NHL, non-Hodgkin lymphoma; SD, standard deviation;
ECOG, Eastern Cooperative Oncology Group.
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Fig. 2.  (A) Comparison of health-related quality of life at diagnosis and during follow-up in aggressive or indolent non-
Hodgkin lymphoma (NHL). (Continued to the next page)
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Fig. 2.  (Continued from the previous page) (B) Comparison of symptoms at diagnosis and during follow-up in aggressive or 
indolent NHL.  (Continued to the next page)
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2. HRQOL at diagnosis and during survivorship

A comparison of HRQOL at diagnosis shows that patients
with stage III/IV aggressive NHL had significantly worse
general health status, physical functioning, and role function-
ing than patients with stage I/II aggressive or indolent NHL
(p < 0.001) (Fig. 2A, S2 Table). However, the follow-up sur-
vey showed no difference in HRQOL among NHL survivors
regardless of aggressiveness or stage (Fig. 2A, S2 Table).
Thus, the follow-up survey showed improvement of EORTC
QLQ-C30 symptom scores compared to that of diagnosis
scores in survivors of both aggressive and indolent NHL
(Fig. 2B, S2 Table). Although survivors of aggressive NHL,
especially stage III/IV disease, experienced more serious 
fatigue, pain, dyspnea, insomnia, and appetite loss than sur-
vivors with indolent NHL at the time of diagnosis, they 
reported improved symptoms at the follow-up survey and
their symptom scores improved up to those of indolent NHL.
As a result, symptom scores of long-term survivors with
NHL were similar for aggressive and indolent NHL at the
time of the follow-up survey (Fig. 2B, S2 Table).

3. Distress and fear of survivors  

The QOL-CS survey showed that more than 60% of 
patients experienced distress when they were diagnosed
with NHL for the first time, and the degree of distress was
not significantly different among patients with aggressive or
indolent NHL (p=0.98) (Fig. 3). Thus, diagnosis of NHL itself
is a significantly stressful event to lymphoma patients 
regardless of whether the diagnosis is aggressive or indolent
NHL. However, patients with aggressive NHL showed more
distress about NHL treatment than patients with indolent
NHL. This result suggests that patients with aggressive NHL
were more concerned about their treatment (Fig. 3). Con-
versely, survey results on fear of the probability of disease
relapse, metastasis, and second malignancy showed no sig-
nificant differences among patients with aggressive or indo-
lent NHL (p > 0.05) (Fig. 3). Thus, survivors of NHL were
suffering from their fear of relapse and second malignancy,
and the degree of fear was not different between survivors
with aggressive stage I/II or III/IV NHL (Fig. 3).   

4. Psychosocial, social, and spiritual well-being of sur-
vivors  

Accordingly, 40%-50% of survivors were not happy or sat-
isfied with their life. Among negative answers to question-
naires about psychosocial well-being, more than 60% of
survivors were not satisfied with their present ability to con-
centrate or remember things (Table 2). This impaired sense
of psychosocial well-being was found at the time of the fol-
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Fig. 2. (Continued from the previous page)
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low-up survey in survivors with aggressive NHL of stage
I/II or III/IV, as well as survivors with indolent NHL (Table 2).
In an assessment of social well-being, less than 10% of sur-
vivors reported that their continuing health care interfered
with their personal relationships. This result did not differ
among aggressive and indolent NHL (Table 2). Activities 
including employment, home activities, and sexuality were
impaired in less than 15%-20% of survivors. However, more
than 65% of survivors thought they did not receive sufficient
support from others, and more than 15% survivors had 
financial burdens incurred as a result of NHL (Table 2). A
higher number of survivors with stage III/IV aggressive
NHL (12.8%) reported isolation, although this was not sta-
tistically significant (p=0.08) (Table 2). Answers to questions
about spiritual well-being were similar among survivors
with aggressive or indolent NHL. In particular, 40% of sur-
vivors did not feel hopeful and reported a lack of life purpose
(Table 2). Regardless of stage or aggressiveness, a substantial
number of NHL survivors had problems with psychosocial,
social, and spiritual well-being, especially, impaired concen-
tration and memory, insufficient support, and lack of life
purpose.   

5. Associations between HRQOL at diagnosis and psycho-
logical, social, and spiritual well-being during survivor-
ship

We analyzed factors influencing psychosocial, social, and
spiritual well-being of long-term survivors under the hypo-
thesis that HRQOL at diagnosis might be associated with 

impaired well-being during survivorship. Thus, the baseline
characteristics and HRQOL data at diagnosis were compared
with respect to the aforementioned three main problems of
well-being: impaired concentration and memory, insufficient
support, and lack of life purpose (Table 3). Demographic and
clinical characteristics at diagnosis, including age, perform-
ance status, aggressive NHL, treatment, and co-morbidities,
were not significantly associated with the above-mentioned
problems (Table 3). Instead, patients with financial difficul-
ties (odds ratio [OR], 1.11; 95% confidence interval [CI], 1.02
to 1.20) at diagnosis were more frequently associated with
suffering from insufficient support. Patients with a poor gen-
eral health status and impaired HRQOL at diagnosis were
found to have impaired ability to concentrate and impaired
memory, and this result was significantly significant (OR,
0.85; 95% CI, 0.77 to 0.93) (Table 3). Impaired functioning
such as physical, role, and cognitive functioning was signif-
icantly associated with problems of concentration and mem-
ory. Impaired HRQOL, including function at diagnosis, was
also significantly associated with lack of life purpose in long-
term survivors (OR, 0.89; 95% CI, 0.81 to 0.98) (Table 3).
Long-term survivors with more symptoms represented by
higher symptom scores showed a higher incidence of prob-
lems in concentration and memory as well as a lack of life
purpose (Table 3). When we re-analyzed using domain 
instead single item as outcome variables, the trend was sim-
ilar as Table 3 (S3 Table).
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Fig. 3.  Distress and fear in aggressive or indolent non-Hodgkin lymphoma.
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Discussion

This study evaluated the HRQOL of long-term survivors
during survivorship. The study population included patients
diagnosed with aggressive or indolent NHL. Because
HRQOL at diagnosis was evaluated when patients were reg-
istered in the prospective cohort study, the HRQOL of long-
term survivors during survivorship was compared with that
of patients at diagnosis. The comparison of HRQOL at diag-
nosis showed that patients with stage III/IV aggressive NHL
had significantly worse HRQOL than those with stage I/II
aggressive or indolent NHL (Fig. 2A). However, this differ-

ence was lost in long-term survivors because the EORTC
QLQ-C30 symptom scores became similar between aggres-
sive and indolent NHL at the time of the follow-up survey
(Fig. 2B). This result implies that patients with aggressive
NHL, even stage III/IV, can recover without prolonged 
deterioration of HRQOL. This result is consistent with a pre-
vious study reporting similar HRQOL between survivors of
indolent and aggressive NHL [21]. Additionally, we found
that NHL survivors reported a much lower HRQOL than
that of the general population. A cross sectional study, which
used the EORTC QLQ-C30 to measure the HRQOL of in the
general population, demonstrated that the physical, role,
emotional, cognitive, and social function scores of the general

Cancer Res Treat. 2018;50(4):1051-1063

OR (95% CI)
Problem with Insufficient Lack of 

concentration/memory support life purpose
Female sex 1.39 (0.90-2.17) 0.83 (0.57-1.32) 0.79 (0.52-1.21)
Age at diagnosis (> 50 yr) 1.36 (0.64-2.85) 1.22 (0.58-2.55) 1.59 (0.76-3.27)
History of cancer (yes) 1.47 (0.50-4.28) 0.59 (0.22-1.57) 2.01 (0.76-5.29)
Relapse (yes) 1.70 (0.93-3.51) 1.24 (0.62-2.48) 1.58 (0.83-2.99)
Type of diagnosis (aggressive type) 1.22 (0.74-2.00) 0.75 (0.46-1.24) 0.88 (0.54-1.42)
History of treatment

Chemotherapy (yes) 2.33 (0.99-5.45) 1.67 (0.70-3.96) 1.81 (0.79-4.11)
Radiation therapy (yes) 0.83 (0.49-1.39) 0.60 (0.36-1.01) 0.63 (0.37-1.06)

Baseline ECOG ( 2) 2.24 (0.88-5.70) 0.91 (0.41-2.03) 1.82 (0.83-3.92)
Length of survival at second survey (yr) 1.03 (0.84-1.27) 1.18 (0.97-1.44) 0.84 (0.68-1.03)
Co-morbidity 1.42 (0.90-2.23) 1.36 (0.86-2.14) 1.54 (0.98-2.40)
General health status/QoL 0.85 (0.77-0.93)a) 0.91 (0.83-1.00) 0.89 (0.81-0.98)a)

Functioning
Physical functioning 0.73 (0.62-0.85)a) 0.94 (0.82-1.07) 0.81 (0.72-0.92)a)

Role functioning 0.85 (0.78-0.93)a) 0.96 (0.89-1.04) 0.92 (0.85-0.99)a)

Emotional functioning 0.88 (0.80-0.97)a) 0.98 (0.90-1.08) 0.96 (0.88-1.05)
Cognitive functioning 0.75 (0.66-0.86)a) 0.94 (0.84-1.06) 0.89 (0.79-0.99)a)

Social functioning 0.90 (0.83-0.98)a) 1.00 (0.93-1.08) 0.96 (0.89-1.03)
Symptoms

Fatigue 1.23 (1.12-1.36)a) 1.02 (0.93-1.11) 1.08 (1.00-1.18)a)

Nausea and vomiting 1.21 (1.04-1.41)a) 0.99 (0.88-1.14) 1.05 (0.92-1.20)
Pain 1.09 (0.99-1.19) 1.00 (0.93-1.09) 1.04 (0.96-1.12)
Dyspnea 1.12 (1.02-1.23)a) 1.04 (0.96-1.14) 1.04 (0.96-1.12)
Insomnia 1.11 (1.03-1.20)a) 0.99 (0.92-1.07) 1.08 (1.01-1.16)a)

Appetite loss 1.08 (1.00-1.16)a) 0.99 (0.93-1.07) 1.09 (1.02-1.17)a)

Constipation 1.02 (0.94-1.11) 1.00 (0.92-1.09) 1.02 (0.94-1.10)
Diarrhea 1.15 (1.03-1.30)a) 1.06 (0.96-1.17) 1.05 (0.96-1.15)
Financial difficulties 1.14 (1.05-1.24)a) 1.11 (1.02-1.20)a) 1.05 (0.98-1.13)

Table 3. Associations between pre-treatment QoL and long-term psychosocial problems in survivors of NHL 

OR and 95% CI for % of problems defined by “not at all” and “a little” were calculated using logistic regression adjusted for
age at diagnosis (continuous), sex (male or female), disease type (aggressive and indolence), and length of survival (contin-
uous). QoL, quality of life; NHL, non-Hodgkin lymphoma; OR, odds ratio; CI, confidence interval; ECOG, Eastern Cooper-
ative Oncology Group. a)Parameters that are significantly associated with psychosocial problems. 
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population were on average 85.1, 88.0, 83.4, 86.5, and 92.5,
respectively [10] which were much higher than the scores of
the indolent NHL survivors we measured. In our study, we
found that functioning and symptoms at diagnosis were sig-
nificantly associated with long-term HRQOL both in aggres-
sive and indolent NHL survivors. Given that HRQOL at
diagnosis could be one of prognostic predictors in NHL 
patients [22], the assessment of HRQOL at the time of diag-
nosis as well as the appropriate management based on the
follow-up assessment of HRQOL during survivorship may
be necessary in both aggressive and indolent NHL patients
[23]. 

The majority of long-term survivors in this study reported
fear of relapse or second malignancy as their most distressing
problem, regardless of NHL aggressiveness or stage. Indo-
lent NHL survivors experienced the same level of fear of 
relapse or second malignancy as stage III/IV aggressive
NHL survivors. These results are consistent with a previous
review of cancer survivors reporting that fear of relapse
could be the primary concern of cancer survivors regardless
of cancer type, stage at diagnosis, disease progression, or
length of survivorship [24]. Thus, cancer survivors constantly
live anxiously about their recurrence potential, especially
when they have any symptoms such as fatigue, new pains,
and feeling of weakness [25,26]. Therefore, adequate educa-
tion about the probability of relapse and second malignancy
is required. Indeed, a previous Dutch population-based
study has shown more information about the disease and
post-treatment care might improve stress in patients with
lymphoma [27]. For effective education for patients as well
as survivors, adequate doctor-patient relationship is impor-
tant because it is at the crux of cancer care. The National Can-
cer Institute stated that patient-centered care should be based
on mutual trust, respect, and commitment, and care could be
facilitated by communication [28]. Nevertheless, physicians
still focus on detecting relapses through regular imaging
rather than managing HRQOL-associated problems in clini-
cal practice. Indeed, many survivors adhere to surveillance
testing, and feel reassured when they get negative results.
Physicians can also be reassured by negative test results and
be more confident in reassuring the patients. However, lym-
phoma is a basically curable disorder by chemotherapy and
the majority of relapses occur within 2 years after the com-
pletion of treatment. Thus, the probability of relapse in long-
term survivors of lymphoma is low and surveillance imaging
was reported to lack clinical utility in lymphoma patients
[29,30]. Actually, routine imaging such as surveillance com-
puted tomography scans could be a source of anxiety and
fear of relapse in lymphoma survivors without improving
post-treatment survival [31,32]. Therefore, proper monitor-
ing and symptom management needs to be embedded in the
routine practice of long-term survivor care because psycho-

logical interventions such as Mindfulness Based Stress 
Reduction, Mindfulness Based Cognitive Therapy, and 
Acceptance and Commitment Therapy might be helpful to
reduce fears of relapse [33,34]. 

This study also assessed the psychosocial, social, and spir-
itual well-being of long-term survivors during survivorship.
Three main problems were identified, including impaired
memory and ability to concentrate, insufficient support, and
lack of life purpose (Table 2). Thus, regardless of aggressive-
ness and stage, a substantial number of long-term NHL sur-
vivors seemed to suffer from those problems. Impaired
memory and ability to concentrate and lack of life purpose
were significantly associated with HRQOL at diagnosis. 
Patients with poor HRQOL might suffer more from impaired
psychosocial and spiritual well-being although their HRQOL
and symptoms improve during survivorship. These findings
suggest that patients with poor HRQOL at diagnosis should
be more appropriately managed to improve their psychoso-
cial and spiritual well-being. In an assessment of social well-
being, more than 65% of survivors thought they did not
receive sufficient support from others, and more than 15% of
survivors incurred financial burdens as a result of NHL
(Table 2). This is consistent with a previous study reporting
that cancer patients continuously need supportive care [35].
Psychosocial care for cancer survivors after completing med-
ical treatment has been suggested because cancer survivors
are vulnerable to feeling a loss of safety [36]. In our study,
patients with financial difficulties at diagnosis more fre-
quently reported that they had a lack of sufficient supportive
care (Table 3). Thus, intervention for patients with financial
problems should be considered to improve social well-being
during survivorship. 

However, this study has several limitations. First, we only
analyzed subjects who participated to the survey in this
study. However, 22.7% of subjects did not return the survey
questionnaire among 479 survivors who agreed to partici-
pate in the study although this response rate was similar to
that of other studies [9]. This means this study might be 
influenced by selection bias because it would be possible that
subjects with good HRQOL might more respond than sub-
jects with impaired HRQOL and psychosocial problems.
Thus, HRQOL of the NHL survivors in our study would be
better than those in actual survivors. Second, the results of
our study were absolutely based on self-reported outcomes
of subjects. Thus, the results might be influenced by individ-
ual sensitivity. However, we used the validated and stan-
dardized instruments to assess study outcomes to overcome
the limitation of self-reported outcome-based study. Third,
when we evaluated the association of pre-treatment HRQOL
with long-term psychosocial problems, we only adjusted for
age, sex, and diagnosis due to relatively small sample size.
Thus, further study with larger study population should be
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done to identify the risk factors for long-term survivors of
NHL. 

In conclusion, long-term survivors of NHL reported 
improved HRQOL during survivorship. Thus, the HRQOL
of survivors of aggressive NHL improved to a similar level
to that of survivors of indolent NHL. However, most of the
long-term NHL survivors still live with fear of relapse, 
insufficient social support, and lack a purpose in life. Thus,
adequate education and guidance for long-term survivors
are warranted and recommended during survivorship. 
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The Prognostic Significance of Notch1 and Fatty Acid Binding Protein 7
(FABP7) Expression in Resected Tracheobronchial Adenoid Cystic 
Carcinoma: A Multicenter Retrospective Study
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Purpose
Adenoid cystic carcinoma (ACC) of the trachea and bronchus is a rare tumor. Although MYB-
NFIB oncogene fusion and Notch1 mutation have been identified in ACC, little is known
about the expression and clinical significance of Notch1 and its target gene fatty acid binding
protein 7 (FABP7) in tracheobronchial ACC.

Materials and Methods
Primary tracheobronchial ACC that were resected between 1998 and 2014 were identified
through the pathology and oncology database from five thoracic oncology centers in China.
A tissue array was constructed from the patients’ samples and the expressions of Notch1
and FABP7 were evaluated by immunohistochemistry. The association between the expres-
sion of both markers and survival was determined.

Results
Overexpression of Notch1 and FABP7, detected in 37.8% and 38.3% of 368 patients with
tracheobronchial ACC, respectively, was an independent prognostic indicator for recurrence-
free survival (RFS) by multivariable Cox proportional hazard model (p=0.032 and p=0.048,
respectively). Overexpression of Notch1, but not of FABP7, predicted overall survival (OS)
(p=0.018). When categorized into four groups according to coexpression of Notch1 and
FABP7, patients with overexpression of both Notch1 and FABP7 belonged to the group with
the shortest RFS and OS (p=0.01 and p=0.048, respectively).

Conclusion
Expression of Notch1 and FABP7, and coexpression of Notch1 and FABP7, is strongly 
associated with poor survival in resected tracheobronchial ACC. These data are consistent
with the hypothesis that poor differentiation of tracheobronchial ACC correlates with the 
activation of Notch signaling.  
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Introduction

Adenoid cystic carcinoma (ACC) of the trachea and
bronchus is a rare type of cancer [1]. This histology exhibits
perineural invasion and the rate of local recurrence and late
metastasis is relatively high. Tubular, cribriform, and solid
subtypes were three main histological growth patterns [2].
Surgical resection is the main treatment for patients with
ACC. The 5-year survival rate of patients with resected tra-
cheobronchial ACC were 52% [3,4]. Complete resection is
achieved in approximately 50% of patients due to mucosal
invasion [5]. Radiotherapy is recommended for patients with
positive resection margin [6]. Tracheobronchial ACC is
rather prone to recur locally or distantly after the surgical 
resection [7]. However, the prognostic factors of tracheo-
bronchial ACC remain unknown. 

A diagnostic feature of ACC is a t(6;9) rearrangement that
translocates MYB to the NFIB locus [8-12]. Most ACCs over-
express MYB, only 30% harbor fusion transcript [13]. ACCs
harbor activating Notch1 mutations [14]. MYB coordinates
with Notch in ACC [8]. Notch activation by gain-of-function
mutation underlies the switch to poorly differentiated his-
tology and worse clinical outcome. Fatty acid binding protein
7 (FABP7) is a target gene of Notch and related to poor prog-
nosis in ACC of the salivary glands [15,16]. We assume that
ACCs with high expression of Notch1 and FABP7 have an a
ggressive phenotype and poor prognosis. In order to test this
hypothesis, we investigated the expression of both Notch1
and FABP7 of resected tracheobronchial ACC in a large ret-
rospective study. The aim of this study is to investigate the
association between expression of Notch1 and FABP7 and
survival.

Materials and Methods

1. Patients selection

The multicenter study of rare thoracic cancer is a coop-
erative multicenter group composed of five hospitals in
China (The First Affiliated Hospital of Guangzhou Medical
University, The First Affiliated Hospital of Tsinghua Univer-
sity, Sun-Yet Sen University Cancer Center, The First Affili-
ated Hospital, Sun-Yet Sen University, and Guangdong
General Hospital). All resected tracheobronchial ACC at the
participating institutions from January 1998 to July 2014 were
registered. Microscopic involvement of tracheal or bronchial
margin was accepted if the airway was normal on gross 
inspection and no further length of airway could be resected.

Radiotherapy of 54 Gy was administered 6 weeks after sur-
gical resection. Patients who died of postoperative compli-
cations during the 30 days following the surgery, had history
of primary ACC at other sites or secondary tumor were 
excluded. 

2. Clinicopathological data

We analyzed the association between clinicopathological
characteristics and patterns of recurrence and overall sur-
vival. Clinicopathological variables included age, sex, loca-
tion of the tumor, histologic subtype, tumor size, lymph node
involvement, resection margin, and postoperative treatment. 

3. Immunohistochemical assay

After dewaxing in xylene and rehydrating stepwise in
ethanol, sections were subjected to heat-induced antigen 
retrieval. Endogenous peroxidase activity and nonspecific
binding were blocked with 3% H2O2 and nonimmune sera,
respectively. Sections were then incubated with primary 
antibodies overnight at 4°C. The primary antibodies were
used as below: cleaved Notch1 (Val1744) antibody from Cell
Signaling (Danvers, MA) and FABP7 antibody from Abcam
(Ab32423, Cambridge, MA). The next day, primary antibody
was detected by Streptavidin-Biotin kit (Maixin Biotechnol-
ogy, Fuzhou, China). Immunolabeled sections were visual-
ized with 3,3´-diaminobenzidine, counterstained with hema-
toxylin, dehydrated, mounted and observed by means of a
DM2000 microscope. Images were analyzed with Image J
software. The analysis was performed by two independent
pathologists (Y.G. and X.F). Scoring of Notch1 and FABP7
was calculated according to the staining intensity (0, no stain-
ing; 1+, weak staining; 2+, moderate staining; and 3+, strong
staining) and the percentage of tumor cells showing staining
(< 25%, 25%-50%, and > 50%). To determine the cut-off point
for immunohistochemical staining of Notch1 and FABP7, the
cohort was divided into "training set" and "validation set."
Cut-off points were determined based on the results from the
training set and were then proved in validation set. H-Score
> 150 was considered high expression of Notch1 and FABP7.
This method has been described by Hilsenbeck et al. [17] to
reduce the risk of type 1 error associated with multiple test-
ing for optimal cut-off points.

4. Fluorescent in-situ hybridization 

MYB/NFIB rearrangements were detected by fluorescent
in-situ hybridization. In nuclei containing the MYB-NFIB 
fusion, green and red signals from the MYB and NFIB genes
overlap in a red/green (yellow) signal. Details are available
in the supplementary data.
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5. Statistical analysis

The expressions of Notch1 and FABP7 were categorized
into either "low" or "high" scores according to the criteria 
described above. Survival data were collected from a system-
atic follow-up database. Chi-squared tests were used to eval-
uate the association between expression of Notch1 and FABP7
and clinicopathological parameters. Recurrence-free survival
(RFS) was defined as the time period from the date of surgery
until recurrence. The overall survival (OS) was calculated
from the date of diagnosis to the date of death caused by
ACC or December, 2015, the follow-up cut-off date. Patients
who died of causes other than ACC and patients who still
alive at the time of the follow-up cut-off were censored. Sur-
vival curves were estimated using the Kaplan-Meier method
and compared using the log-rank test. The Cox proportional
hazard regression model was used for univariate and multi-
variate analyses of survival. Significant variables (p < 0.1) in
univariate analysis were included in multivariate analysis.
All the statistical tests were two-sided. p-value  0.05 was 
regarded as significant. SPSS software ver. 19.0 (SPSS Inc.,

Chicago, IL) was used for statistical analyses.

6. Ethical statement

Ethical approval was obtained from each participating 
institution through institutional review board (IRB). Written
informed consent for tumor sample collection and analysis
was obtained from all patients.

Results

1. Patients 

Patients with tracheobronchial ACC who received surgical
resection have been retrospectively reviewed in five thoracic
cancer center. Four hundred eleven medical records were 
reviewed. Twenty-three patients were excluded due to his-
tory of primary ACC at other sites or secondary tumor and

Fig. 1.  Representative immunohistochemical staining intensity of Notch1 (left column) and FABP7 (right column) in patients
with tracheobronchial adenoid cystic carcinoma. 0, no staining; 1+, mild; 2+, moderate; 3+, strong intensity of staining (200).
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20 patients were excluded due to either the unavailability of
an formalin fixed paraffin embedded material from our
archives or the quality of the material. A total of 368 patients
between January 1998 to July 2014 were included in this
study. Demographics and clinical features are shown in 
S1 Table. The median age at presentation was 50.2 years
(range, 17 to 82 years). Mean tumor size was 3.2 cm (range,
1.6 to 7.8 cm). Three hundred fifty-six patients (96.7%) were
symptomatic. The mean duration of symptoms was 11.9
months. Pathological features are described in S2 Table. The
types of resection for primary tracheobronchial ACC are
shown in S3 Table. Sixty-one point four percent (226/368) of
resected specimens had positive microscopic margins. Selec-
tive sampling lymph node metastases were found in 22.0%
(81/368) of patients, most from peritracheal and subcarinal
stations; nodal biopsies were not obtained in 30.7% (113/368)
of resected patients. One hundred forty patients (38.0%) had
no postoperative treatment. Two hundred twenty-eight 
patients (62.0%) received postoperative therapy. One hun-
dred eighty-three patients (49.7%) received postoperative 

radiotherapy alone and 45 patients (12.3%) received the post-
operative sequential radiotherapy followed by chemother-
apy. MYB-NFIB gene fusion was identified in 186 patients
(50.5%) (S4 Fig.).

2. Association of clinicopathological parameters with 
expression of Notch1 and FABP7

Representative immunostaining of Notch1 and FABP7 in
tracheobronchial ACC tissues are shown in Fig. 1. Activated
Notch1 were nuclear stained in cancer cells. The staining pat-
terns of FABP7 were most nuclear and cytoplasm in cancer
cells. No expression was observed in normal bronchial 
epithelium. Among 368 patients who had pathological slides
for central review, 139 patients (37.8%) showed Notch1 over-
expression and 141 patients (38.3%) showed FABP7 overex-
pression. Associations between expression of Notch1 and
FABP7 and clinicopathological characteristics (age, sex,
tumor size, lymph node involvement, histologic subtype, tra-
cheobronchial location, and MYB-NFIB gene fusion) are

Characteristic
Notch1 expression FABP7 expression

Low High p-value Low High p-value
Age (yr)

< 50 126 66 0.381 129 63 0.533
 50 103 73 98 78

Sex
Male 128 75 0.863 123 80 0.367
Female 101 64 104 61

Histologic subtype
Cribriform/Tubular 207 87 0.006 200 94 0.012
Solid 22 52 27 47

Margin status
Negative 127 69 0.472 119 77 0.639
Positive 102 70 108 64

Lymph node involvement
Negative 122 52 0.027 114 60 0.034
Positive 33 48 35 46
No biopsy 74 39 78 35

Location
Trachea 100 66 0.176 105 61 0.062
Bronchus 129 73 122 80

Tumor size (cm)
< 3 172 89 0.010 159 102 0.468
 3 57 50 68 39

MYB-NFIB gene fusion
Yes 70 116 0.016 65 121 0.013
No 159 23 162 20

Table 1. Association between Notch1 and FABP7 expression and clinicopathological characteristics in 368 patients with 
resected tracheobronchial adenoid cystic carcinoma 
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shown in Table 1. Notch1 expression was significantly asso-
ciated with solid pattern (p=0.006), lymph node involvement
(p=0.027) and large tumor size (p=0.01). FABP7 expression
was associated with solid pattern (p=0.012) and lymph node
involvement (p=0.034). Both Notch1 (p=0.016) and FABP7
(p=0.013) expressions were associated with MYB-NFIB gene
fusion. 

3. Expression of Notch1 and FABP7 as prognostic factors in
patients with tracheobronchial ACC

With a median follow-up period of 65 months (range, 18
to 156 months), the OS for all resected ACC patients was
72.0% at 5 years and 45.6% at 10 years. The 5-year and 
10-year RFS was 43.2% and 12.1%. 

Kaplan-Meier survival analysis was performed to evalu-
ated the prognostic value of individual marker in the whole

Variable
Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value
Age (yr)

< 50 1.00 0.435
 50 1.18 0.74-1.55

Sex
Male 1.00 0.746
Female 0.97 0.75-1.24

Tracheobronchial location
Trachea 1.00 0.722
Bronchus 0.96 0.61-1.53

Lymph node involvement
Negative 1.00 0.062
Positive 1.09 0.89-1.45

Tumor size (cm)
< 3 1.00 0.013 1.00 0.118
 3 1.67 1.44-1.88 1.18 0.97-1.43

Margin status
Negative 1.00 0.003 1.00 0.007
Positive 2.35 1.91-2.65 1.90 1.63-2.21

Histologic subtype
Cribriform/Tubular 1.00 0.001 1.00 0.008
Solid 2.36 1.63-2.99 1.92 1.70-2.13

Postoperative therapy
Yes 1.00 0.003 1.00 0.010 
No 2.02 1.52-2.78 1.83 1.47-2.19

Notch1 expression
Low 1.00 0.009 1.00 0.032
High 1.90 1.68-2.25 1.39 1.16-1.76

FABP7 expression
Low 1.00 0.040 1.00 0.048
High 1.37 1.11-1.63 1.34 1.11-1.62

Notch1/FABP7 expression
Notch1lowFABP7low 1.00 0.010 1.00 0.036
Notch1highFABP7low 1.15 0.67-1.55 1.08 0.66-1.56
Notch1lowFABP7high 1.28 0.96-1.74 1.19 0.67-1.89
Notch1highFABP7high 1.85 1.28-2.62 1.37 1.12-1.89

Table 2. Univariate and multivariate analysis of recurrence-free survival in 368 patients with resected tracheobronchial ade-
noid cystic carcinoma

HR, hazard ratio; CI, confidence interval.
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cohort. Univariable analysis for all other variable is shown
in Tables 2 and 3. The results show that Notch1 expression
had significant impact on both RFS (p=0.009; hazard ratio
[HR], 1.90; 95% confidence interval [CI], 1.68 to 2.25) 
(Fig. 2A) and OS (p=0.01; HR, 1.67; 95% CI, 1.38 to 2.12) 
(Fig. 3A). FABP7 showed a trend towards poor RFS (p=0.04;
HR, 1.37; 95% CI, 1.11 to 1.63) (Fig. 2B). No statistical rela-
tionship was found between OS and FABP7 (p=0.167) 
(Fig. 3B). There was no significant difference of OS between

tracheobronchial ACC patients with or without MYB-NFIB
rearrangement (p=0.109) (S5 Fig.).

Variables with p-value of 0.1 or less were entered in Cox
regression model for multivariable analysis. Both Notch1 and
FABP7 were independent predictors of survival. For RFS, the
five variables that remained independently substantially 
associated with RFS were positive resection margin
(p=0.007), solid pattern (p=0.008), without postoperative
therapy (p=0.010), Notch1 overexpression (p=0.032), and

Variable
Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value
Age (yr)

< 50 1.00 0.440
 50 1.22 0.74-1.56

Sex
Male 1.00 0.638
Female 0.95 0.73-1.18

Tracheobronchial location
Trachea 1.00 0.431
Bronchus 0.92 0.71-1.60

Lymph node involvement
Negative 1.00 0.591
Positive 1.16 0.99-1.29

Tumor size (cm)
< 3 1.00 0.323
 3 1.29 0.83-1.79

Margin status
Negative 1.00 0.007 1.00 0.026
Positive 1.91 1.70-2.19 1.52 1.32-1.79

Histologic subtype
Cribriform/Tubular 1.00 0.002 1.00 0.023
Solid 2.38 1.92-2.82 1.45 1.18-1.97

Postoperative therapy
Yes 1.00 0.005 1.00 0.021
No 2.15 1.87-2.45 1.66 1.37-1.93

Notch1 expression
Low 1.00 0.010 1.00 0.018
High 1.67 1.38-2.12 1.59 1.27-1.90

FABP7 expression
Low 1.00 0.167 1.00 0.375
High 1.10 0.93-1.37 1.16 0.83-1.48

Notch1/FABP7 expression
Notch1lowFABP7low 1.00 0.048 1.00 0.164
Notch1highFABP7low 1.16 0.88-1.63 1.07 0.67-1.58
Notch1lowFABP7high 1.22 0.86-1.79 1.13 0.85-1.71
Notch1highFABP7high 1.47 1.15-1.94 1.32 1.09-2.15

Table 3. Univariate and multivariate analysis of overall survival in 368 patients with resected tracheobronchial adenoid
cystic carcinoma

HR, hazard ratio; CI, confidence interval.
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FABP7 overexpression (p=0.048) (Table 2). In multivariate
analysis for OS, the four variables that remained independ-
ently substantially associated with OS were positive resec-
tion margin (p=0.026), solid pattern (p=0.023), without pos-
toperative therapy (p=0.021), and Notch1 overexpression
(p=0.018). 

4. Prognostic prediction using combined Notch1 and
FABP7 staining

We divided 368 patients into four groups according to the
expression of Notch1 and FABP7: Notch1highFABP7high (n=100),
Notch1lowFABP7low (n=89), Notch1highFABP7low (n=96), and

Fig. 3.  Kaplan-Meier analysis of overall survival (OS) in patients with tracheobronchial adenoid cystic carcinoma. (A) OS in
patients with Notch1 low versus high expression. (B) OS in patients with FABP7 low versus high expression.
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Fig. 2.  Kaplan-Meier analysis of recurrence-free survival (RFS) in patients with tracheobronchial adenoid cystic carcinoma.
(A) RFS in patients with Notch1 low versus high expression. (B) RFS in patients with FABP7 low versus high expression.
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Notch1lowFABP7high (n=83). Survival curves were generated
by Kaplan-Meier method and differences between these four
groups were compared by log-rank test. The results showed
that patients with high expression of both Notch1 and FABP7
had significantly shorter RFS (p=0.01) (Fig. 4) and OS
(p=0.048) (Fig. 5). In multivariate analysis, patients with high
expression of both Notch1 and FABP7 (Notch1high FABP7high)
had significantly shorter RFS (p=0.036; HR, 1.37; 95% CI, 1.12
to 1.89) (Table 2), but not OS (p=0.164; HR, 1.32; 95% CI, 1.12
to 1.89) (Table 3).

Discussion

Primary tumor of the upper airway is relatively rare. ACC
is the second most frequent histologic type of tracheal tumor.
ACC often develops in a relatively major airway between the
trachea and the lobular bronchus [18]. Several poor prognos-
tic factors of recurrence and metastasis have been reported.
However, these prognostic factors remain uncertain [19,20]. 

In this study, we investigated the prognostic significance
of Notch1 and FABP7 expression in patients with resected tra-
cheobronchial ACC. Our results showed that the expression
of Notch1 and FABP7 was significantly associated with
shorter RFS in primary tracheobronchial ACC. In multivari-
able analysis, Notch1 was an independent factor for both

worse RFS and both OS. FABP7 was only associated with
shorter RFS. Overexpression of both Notch1 and FABP7 were
associated with the worst outcome. Absence of expression of
Notch1 and FABP7 identified a best prognostic group,
whereas expression of one of these two markers conferred
an intermediate prognosis. 

In this study analyzing 368 patients with primary tracheo-
bronchial ACC, 139 patients (37.8%) showed Notch1 overex-
pression and 141 patients (38.3%) showed FABP7 over-
expression. The solid subtype was the most undifferentiated
form in ACC [2]. Our study showed that Notch1 and FABP7
overexpression was associated with more solid subtype.

The Notch pathway is involved in maintenance of stem
cells, cell proliferation, and angiogenesis [21]. Whole exome
sequencing of ACC samples showed Notch pathway alter-
ations occurred in 11% to 29% of patients [22,23]. Ferrarotto
et al. [24] found that majority of Notch1 mutations in ACC
were activating. The association between Notch1 mutation
and solid subtype suggests that Notch1 drives the pro-
metastatic phenotype in ACC [25-27]. Canonical Notch sig-
naling relies on a series of ligand-dependent proteolytic
cleavages, and releases the Notch intracellular domain
(NICD), which translocates to the nucleus and regulates tran-
scription of targeted genes. Immunohistochemical staining
of cleaved Notch1 was sensitive to identify Notch1 activation
[24].

Notch1 and SOX10 is essential for proliferation in ACC
[28]. Knockdown of Notch1, SOX10, and downstream effector

Fig. 4.  Kaplan-Meier analysis of recurrence-free survival
in patients with tracheobronchial adenoid cystic carci-
noma stratified according to the expression of both Notch1
and FABP7.
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Fig. 5.  Kaplan-Meier analysis of overall survival in pati-
ents with tracheobronchial adenoid cystic carcinoma strat-
ified according to the expression of both Notch1 and
FABP7.
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FABP7 inhibited tumor formation, and induced cell death.
FABP7 belongs to a large family of hydrophobic proteins
[29]. High expression of FABP7 were observed in glioblas-
toma, breast cancer and renal cancer, and its expression was
significantly associated with poor survival. FABP7 is regu-
lated differently by homeobox 1 (EN1) and MYB and was
correlated with poor prognosis in salivary ACC. ACC with
solid subtype had strong positive immunostaining of FABP7
[16].    

Current study shows the significant benefit of both RFS
and OS from postoperative therapy by multivariate analysis.
A high proportion (61.4%) of resected specimens had posi-
tive microscopic margins. Forty-eight point seven percent 
patients received postoperative radiotherapy and 12.3% 
patients received postoperative radiotherapy followed by
chemotherapy. Both high expression of Notch1 and FABP7
showed a trend towards poor RFS. Combinatorial high 
expression of Notch1 and FABP7 was able to distinguish 
patients with worse prognosis regarding recurrence. There-
fore, Notch1 and FABP7 may be useful for identifying 
patients with a high risk of recurrence who may benefit from
postoperative therapy. Our findings clearly indicate Notch1
and FABP7 are independent prognostic factors of survival

time and clinical indication of postoperative therapy espe-
cially radiotherapy in ACC of trachea and bronchus. 

In conclusion, this study demonstrated the expression of
Notch1 and FABP7 in a fraction of primary ACC of trachea
and bronchus. Patients with high expression of Notch1 and
FABP7 showed a significantly increased risk of recurrence
and disease related mortality. Further prospective study with
internal and external validation is necessary.  
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   Purpose
As the recent term of “financial toxicity” implies, cancer causes a treatment-related financial
harm. Financial Aid Program for Cancer Patient (FAPCP) is a government’s financial support
for low-income patients in the Republic of Korea. This study aimed to describe FAPCP 
applicants’ condition and to investigate factors influencing financial burden, which would
provide the basis for implementing a strategy for FAPCP administration. 

Materials and Methods
The telephone survey results from 2,700 FAPCP participants were analyzed, including 
demographic, socioeconomic, and disease characteristics and experiences associated with
financial burden and the actions or measures to cope with them. 

Results
Overall, 87.6% experienced financial burden more than moderate degree, 39.2% got finan-
cial help/a loan, 17.8% disposed of their property, and 10.2% changed or stopped treatment
owing to medical costs. Monthly household income was connected to financial burden, and
the highest income group was associated with the lowest financial burden (odds ratio [OR],
0.21; 95% confidence interval [CI], 0.11 to 0.38) and the lowest rate of changing/stopping
care (OR, 0.23; 95% CI, 0.05 to 1.00). Parents of childhood cancer patients got financial
help/a loan (OR, 2.24; 95% CI, 1.03 to 4.88) and disposed of their property (OR, 3.18; 95%
CI, 1.40 to 7.22) more frequently, and Medical Aids applicants showed the highest rate of
changing/stopping care (OR, 3.01; 95% CI, 1.89 to 4.78). 

Conclusion
FAPCP targets low income groups; however, financial burden and the consequent actions
taken still exist disproportionately, depending on the income of the applicants. FAPCP should
focus on more vulnerable groups including Medical Aid applicants and parents of childhood
cancer patients, by increasing funds and expanding their support coverage.
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Neoplasms, Patients, Health care cost, Financial support, 
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Introduction

Apart from its high death rate, cancer is notorious for high
medical costs [1,2]. In most cases, patients need surgery and
chemotherapy, the requirement for which is usually urgent
owing to the rapid progress of the disease. Compared to 
patients with other chronic diseases, cancer patients spend
large amounts on treatment in a relatively short time period

[3] and pay more out-of-pocket (OOP) as copayment of unin-
sured services in the United States [4]. Perhaps it is for these
reasons that the term “financial toxicity” has been used to
describe the financial burden of patients receiving anti-can-
cer treatment [5]. In a recent survey by Korea Cancer Care
Alliance, Korean cancer patients answered that economic dif-
ficulty continued to increase although physical, psychologi-
cal and social difficulties reduced over time [6,7]. On an
average, uninsured anti-cancer drug spending was 4.24 mil-
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lion Korean won (KRW)/mo in the same survey.
A series of governmental policies, such as lowering copay-

ment rate of insured services to 10% in 2005 and even to 5%
in 2009, were carried out in the Republic of Korea to reduce
OOP payment of cancer patients. However, low-income
households still experienced catastrophic health expenditure
[8], particularly in case where the cancer patient was the
breadwinner of the household and lost his or her job [9]. It is
not only because the National Health Insurance (NHI) pro-
vides limited benefit coverage but because uncovered serv-
ices have extended rapidly, resulting in a higher OOP
payment. In 2016, public health care expenditure in Korea
remained as low as 56.4% (Organization for Economic 
Co-operation and Development [OECD] average, 72.5%) and
OOP payment share was as high as 36.8% of the total expen-
diture (OECD average, 20.3%) [10]. 

Financial Aid Program for Cancer Patients (FAPCP) is a
public financial assistance program for cancer patients that
has an expanded beneficiary base and eligibility since its
launch in 2002 (Table 1) [11]. Initially, FAPCP funded only
pediatric leukemia patients under 15, but it now covers var-
ious target groups including all childhood cancer patients
below 120% of the median household income, adult cancer
patients who are Medical Aid recipients, lung cancer patients
who fall into the lower half of the insurance bracket, and can-
cer patients diagnosed through the National Cancer Screen-
ing Program (NCSP) who are in the lower half of the
insurance bracket. As each beneficiary group was included
into FAPCP for distinct reasons, the overall applicants of
FAPCP come from various socioeconomic backgrounds and
the maximum limit of the amount of funding depends on the
application type. In 2016, FAPCP funded roughly 34.0 billion
KRW for 49,400 adult patients and 16.2 billion KRW for 3,400
childhood patients [12]. For childhood cancer patients and

Medical Aid beneficiaries, FAPCP supports uninsured serv-
ices in addition to copayment of insured services, with dif-
ferent maximum limits for each applicant group. 

As FAPCP currently supports various applicant types with
limited financial resources, it would be more effective to
focus on the groups in urgent need and fund them ade-
quately. Thus, a detailed description of the applicants’ con-
ditions and their financial burden would provide a basis to
verify the target group. The present study investigated the
FAPCP recipients’ situations including financial burden and
the consequent actions or measures taken to afford medical
expenses, and analyzed factors associated with them. In
doing so, the study aimed to provide the basis for imple-
menting a strategy for FAPCP’s administration going for-
ward.

Materials and Methods

1. Study population 

The study used retrospective data derived from the annual
satisfaction survey of FAPCP recipients. Eligible participants
for the telephone survey were cancer patients, parents of
childhood cancer patients, and family members of cancer 
patients who applied to FAPCP for financial support and
submitted the written informed consent for the survey from
2014 to 2016. The participants were clearly informed that the
assistance from FAPCP would be independent of their deci-
sion to participate in the survey. The participants were col-
lected from the electronic database of FAPCP by propor-
tional stratified random sampling. The subjects were sam-

Type of Supporting Maximum payment Supporting 
application cancer type (thousand KRW) period
NCSPa) Stomach, breast, colon, 2,000/yr Consecutive 3 years from

cervix uteri, liver (copayment of covered item) initial application
Medical Aid All types 1,200/yr (copayment in covered item) Consecutive 3 years from 

and 1,000/yr (uncovered item) initial application
Lung cancerb) Lung 2,000/yr Consecutive 3 years from 

(copayment of covered item) initial application
Childhood cancerc) Leukemia 30,000/yr  18 years old

Others 20,000/yr  18 years old

Table 1. Overall scheme of FAPCP

FAPCP, Financial Aid Program for Cancer Patient; KRW, Korean won. a)NCSP, Patients diagnosed by National Cancer Screen-
ing Program, b)Lung cancer patients whose insurance bracket below 50%, c)Only if the income and property levels of patients
meet the criteria (below 120% of the median household income).

Hye Sook Min, Financial Burden of Cancer Patients in Korea



pled randomly from each public health center (254 adminis-
trative districts), according to the ratios of gender, regi-
stration type (newly registered applicant or existing appli-
cant for the current year), and applicant type (childhood can-
cer patient, Medical Aid recipient, lung cancer patient, and
cancer patient diagnosed through NCSP) that reflected the
true ratio of the collective applicant base each year. Initially,
the percentages of application type were obtained in the
whole applicants who were supported, and the target num-
bers of samples (5 times of final samples) were calculated
considering the ratio of registration type (newly registered
vs. existing) excluding 2014 in each application type, while
maintaining the ratios of application type on the whole. Then
the same number of samples was allocated to 254 districts
considering the gender ratio of the whole population. Those
without telephone numbers or registration cards and those
who were not funded for various reasons were dropped
from the study. For a more comprehensive analysis, the 
3-year (2014-2016) data were pooled and the final generated
dataset of 2,700 respondents was used. 

Although a beneficiary of FAPCP is selected based on var-
ious criteria including cancer type and diagnostic path, 
income or property levels are the common base for being
funded. The median household income/property and the
NHI brackets serve as filter criteria for childhood cancer 
patients, patients diagnosed by NCSP, and lung cancer 
patients. Cancer patients receiving Medical Aid are obvi-
ously low-income patients who passed the strict criteria of
the means test. Thus, although the applicants of FAPCP are
from various generations and socioeconomic statuses, a com-
mon denominator of the FAPCP applicants would be rela-
tively low income.

2. Survey

A cross-sectional survey by telephone was performed 
annually at the end of each year. The survey questionnaire
consisted of (1) demographic, socioeconomic, and disease
characteristics of participants and (2) participants’ experi-
ences associated with financial burden and the actions or
measures taken to cope with them. The questionnaire was
drafted and revised based on the literature review and con-
sultation, and Cronbach’s  value was measured as 0.72 [13].
As two questions (income level and applicant’s registration
time) had not been asked in 2014, those variables were omit-
ted in 900 study subjects from 2014. 

3. Variables

Among the independent variables, demographic and 
socioeconomic characteristics included sex, age (< 50, 50-59,
60-69, or  70 years), registration type (new or existing), 

education level (less than middle school, middle to high
school, college or higher), average monthly household 
income (< 1 million, 1-3 million, or > 3 million KRW/mo),
location (metropolitan city or province), and FAPCP appli-
cant type (childhood cancer patient, Medical Aid, lung can-
cer patient, or cancer patient diagnosed through NCSP). In
addition, information of private medical insurance status
(yes or no) and cancer stage (stage 1, stages 2-3, or stage 4)
was obtained. 

The FAPCP survey asked the participants about the pres-
ence and degree of financial burden of cancer care, as the 
existence of financial burden implied financial difficulties of
both economical and psychological meanings that the cancer
patients and their families experience [13,14]. Apart from
quantitative measures including monthly average income,
financial burden would also represent both objective and
subjective conditions of the patients. The extent of financial
burden and the consequent actions or measures taken to 
afford medical expenses were operationalized by four ques-
tions: (1) “How would you rate your financial burden as a 
result of cancer care?” (4-point scale answer: none, low, mod-
erate, high), (2) “Have you needed financial help from others
or taken a loan to cover the cost?” (yes or no), (3) “Have you
had to dispose your property to afford cancer care?” (yes or
no), and (4) “Have you ever changed or stopped the treat-
ment, tests, or clinic visits because of financial constraints?”
(yes or no).

4. Statistical analysis

Categorical variables (sex, age, education, average mon-
thly household income, location, applicant type, registration
type, private medical insurance status, cancer stage, financial
burden, experience of getting financial help/a loan, disposal
of property, and changing/stopping cancer treatment) are
expressed as frequencies or percentages. The 4-point scale
answer for the question about financial burden was dicho-
tomized into none/low and moderate/high for the analysis.
Pearson correlations were calculated to determine the degree
of correlation between the independent variables. A chi-
squared test and logistic regression with or without adjust-
ment were performed using SAS ver. 9.4 (SAS Institute Inc.,
Cary, NC). For the multivariate analysis, sex, age, location,
applicant type, registration type, education, income, and can-
cer stage were adjusted. All analyses were made using a 
p-value of 0.05 was considered to be statistically significant,
designated with odds ratio (OR) and 95% confidence inter-
vals (CIs) in case of need.
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5. Ethical statement

The study protocol was reviewed and approved by the 
Institutional Review Board of the National Cancer Center in
Korea (approval number: NCCNCS-09-252) and performed
in accordance with the principles of the Declaration of
Helsinki. Written informed consents were obtained.

Results

1. Characteristics of subjects according to the application
type 

Table 2 presents the descriptive statistics for the full sam-

Sociodemographic NCSPa) (%) Medical Aid Lung cancer Childhood Total p-valuefactor (n=1,185) (n=760) (n=585) cancerb) (n=170) (n=2,700)
Sex

Male 572 (48.3) 384 (50.5) 394 (67.4) 96 (56.5) 1,446 (53.6) -
Female 613 (51.7) 376 (49.5) 191 (32.6) 74 (43.5) 1,254 (46.4)
Total 1,185 (43.8) 760 (28.1) 585 (21.6) 170 (6.3) 2,700 (100)

Age (yr)
< 50 88 (7.4) 83 (10.9) 19 (3.3) 170 (100) 360 (13.3) < 0.001
50-59 308 (25.9) 144 (19.0) 92 (15.7) 0 ( 544 (20.1)
60-69 472 (39.8) 200 (26.3) 220 (37.6) 0 ( 892 (33.0)
 70 317 (26.8) 333 (43.8) 254 (43.4) 0 ( 904 (33.5)
Total 1,185 (43.8) 760 (28.1) 585 (21.6) 170 (6.3) 2,700 (100)

Location
Metropolitan city 539 (45.5) 359 (47.2) 235 (40.2) 60 (35.3) 1,193 (44.2) -
Province 646 (54.5) 401 (52.8) 350 (59.8) 110 (64.7) 1,507 (55.8)
Total 1,185 (43.8) 760 (28.1) 585 (21.6) 170 (6.3) 2,700 (100)

Registration type
New 297 (36.0) 217 (42.9) 159 (44.8) 42 (36.5) 715 (39.7) -
Old 527 (63.9) 289 (57.1) 196 (55.2) 73 (63.5) 1,085 (60.3)
Total 824 (45.8) 506 (28.1) 355 (19.7) 115 (6.4) 1,800 (100)

Education
Below middle school 522 (45.0) 434 (58.3) 339 (59.4) 59 (35.3) 1,354 (50.2) < 0.001
Middle to high school 453 (39.1) 234 (31.4) 174 (30.5) 49 (29.3) 910 (33.7)
College or higher 184 (15.9) 77 (10.3) 58 (10.2) 59 (35.3) 378 (14.0)
Total 1,159 (43.9) 745 (28.2) 571 (21.6) 167 (6.3) 2,642 (100)

Income (KRW)c)

< 1 million 461 (55.9) 446 (88.1) 250 (70.4) 19 (16.5) 1,176 (65.3) < 0.001
1 million-3 million 303 (36.8) 56 (11.1) 86 (24.2) 80 (69.6) 525 (29.2)
> 3 million 60 (7.2) 4 (0.8) 19 (5.4) 16 (13.9) 99 (5.5)
Total 824 (45.8) 506 (28.1) 355 (19.7) 115 (6.4) 1,800 (100)

Private insurance 
No 430 (36.3) 574 (75.5) 316 (54.0) 61 (35.9) 1,381 (51.2) < 0.001
Yes 755 (63.7) 186 (24.5) 269 (46.0) 109 (64.1) 1,319 (48.9)
Total 1,185 (43.8) 760 (28.1) 585 (21.6) 170 (6.3) 2,700 (100)

Cancer stage
1 505 (45.4) 249 (40.2) 181 (33.8) 15 (21.1) 950 (40.6) < 0.001
2-3 534 (47.9) 262 (42.3) 228 (42.6) 25 (35.2) 1,049 (44.9)
4 74 (6.7) 109 (17.6) 126 (23.6) 31 (43.6) 340 (14.5)
Total 1,113 (45.6) 620 (26.5) 535 (22.9) 71 (3.0) 2,339 (100)

Table 2. General characteristics of participants according to the application type

a)NCSP, patients diagnosed by National Cancer Screening Program, b)Childhood cancer, parents of childhood cancer patients,
c)Average monthly income.
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ple (n=2,700), categorized by the application type of FAPCP.
The proportions of sex, location, and registration type (new
or existing) were initially adjusted during the multi-stratified
sampling process. Except for the adjusted variables, age, 
education, income level, private insurance status, and cancer
stage of applicants represented the distinctive features of the
FAPCP application type. The applicants receiving Medical
Aid and those with lung cancer were older than the NCSP
group, and less educated than the NCSP group and the
group comprising parents of childhood cancer patients.
Overall education and income levels of all study subjects
seemed to be low, as more than half of the applicants (50.2%
and 65.3%, respectively) were included in the lowest tiers of
education (below middle school) and income (< 1 million
KRW/mo). A greater proportion of the parents of childhood
cancer patients belonged to higher tiers of education and 
income level compared to the other groups. Although 63.7%
of the NCSP group and 64.1% of the parents of childhood
cancer patients purchased private health insurance, the over-
all private insurance purchase rate (48.9%) is a far lower fig-
ure than that of the general population (78.1% in 2014) [15].
Cancer was more progressed in the lung cancer group, which
may reflect that lung cancer is difficult to detect in early
stages.  

2. Factors related to financial burden and the subsequent
behaviors in study subjects 

Overall, 87.6 % of applicants (n=2,366) had experienced 
financial burden that was more than moderate, 39.2%
(n=1,059) had received financial help/a loan, and 17.8%
(n=481) had disposed of their property to afford the cost. A
total of 10.2% (n=276) had changed or stopped treatment due
to the medical cost.

Although most applicants experienced a financial burden,
the cost of cancer care was a major financial burden for
males, younger applicants, parents of childhood cancer 
patients, low-income groups, applicants who did not have
private insurance, and applicants with late-stage cancer
(Table 3). 

Younger applicants, parents of childhood cancer patients,
and the higher education group got financial help/a loan and
disposed of their property more frequently due to medical
expenses. As all the parents of childhood cancer patients
were under the age of 50 and the group was relatively better
educated (Table 2), it was plausible that the parents felt more
financial distress and took more measures to cover their chil-
dren’s care cost than other groups. The proportions of chang-
ing or stopping treatment due to the cost were not signifi-
cantly different across sex, age groups, locations, and educa-
tion levels (range, 9.4% to 11.4%). In contrast, the frequency
of changing or discontinuing medical care differed according

to application type, registration type, income level, private
insurance status, and cancer stage. The figure was the lowest
in the highest tier of income level (2%), and the highest in
stage-4 cancer patients (17.9%) and Medical Aid applicants
(16.1%). 

In a multivariate analysis (Table 4), higher income (OR,
0.21;95% CI, 0.11 to 0.38; in the highest tier) and private 
insurance (OR, 0.62; 95% CI, 0.43 to 0.89) groups were asso-
ciated with significantly lower financial burden, and the 
applicants of stage-4 cancer were associated with higher bur-
den (OR, 2.41; 95% CI, 1.28 to 4.51). As in the univariate
analysis, the parents of childhood cancer patients got finan-
cial help/a loan (OR, 2.24; 95% CI, 1.03 to 4.88) and disposed
of their property (OR, 3.18; 95% CI, 1.40 to 7.22) more fre-
quently than any other group. Interestingly, existing appli-
cants had gotten financial help/a loan less frequently than
newly registered applicants (OR, 0.38; 95% CI, 0.31 to 0.48)
but had a higher property disposal rate (OR, 1.42; 95% CI,
1.07 to 1.87). Higher income groups got financial help/a loan
(OR, 0.56; 95% CI, 0.43 to 0.74; 1 million-3 million tier) less
than lower income groups (< 1 million KRW/mo), and 
applicants with private insurance answered that they got 
financial help/a loan (OR, 3.05; 95% CI, 2.36 to 3.95) more
than those without private insurance. 

As for changing or stopping cancer treatment, applicants
in their 50s (OR, 1.32; 95% CI, 0.60 to 2.91), Medical Aid 
applicants (OR, 3.01; 95% CI, 1.89 to 4.78), existing applicants
(OR, 1.68; 95% CI, 1.15 to 2.46), and stage-4 cancer applicants
(OR, 2.76; 95% CI, 1.67 to 4.56) showed higher ORs compared
to each reference group (Table 4). In contrast, the highest 
income group was the least likely to change or stop care (OR,
0.23; 95% CI, 0.05 to 1.00) compared to the reference group. 

Discussion

New technologies for cancer diagnosis, treatment, and fol-
low-up have increased its medical costs tremendously [16].
Lower income groups are likely to suffer rather than benefit
from such medical progress, since they pay a higher propor-
tion of their whole resources for treatment than higher 
income groups do [5,17]. The current study investigated the
experience of financial burden among FAPCP applicants in
both objective and subjective senses that include personal
and emotional aspects, factors related to financial burden,
and consequent actions or measures taken by the applicants
to mitigate such burden. The results showed that monthly
household income was closely connected to financial burden,
and parents of childhood cancer patients and the Medical
Aid group were the most burdened among the various 
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applicant groups.  
Income level was seen to be the main factor associated with

financial burden, experience of getting financial help/a loan
or changing/stopping treatment. Even after the adjustment
of education level and applicant type, the lowest income
group continued to experience heavy financial burden
roughly 5 times and changing/stopping care 4.3 times more
than the highest income group. This showed that the appli-
cants underwent financial burden disproportionately and
tool measures depending on income levels, despite the pres-
ence of FAPCP assistance. Conversely, education level was
not linked to the proportions experiencing a financial bur-
den, getting help/a loan, disposing of property, and chang-
ing/stopping treatment. 

One of the most critical groups is the one that opted to
change/stop treatment for financial reasons. Variables 
including application type, registration type, income, and
cancer stage were linked to that decision. Of all variables, the
decision to change/stop care heavily depended on the appli-
cant type. Medical Aid group decided to change/stop treat-
ment 3.1 times more than NCSP applicants. The absolute
proportion of changing/stopping treatment ranged from 2%
in the highest income group (> 3 million KRW/mo) to 16.1%
in the Medical Aid group, showing a major difference 
between two groups. Besides the Medical Aid group, the
lung cancer, existing applicants, lower income, and stage-4
cancer groups changed or stopped treatment more fre-
quently than each reference group. As treatment for lung
cancer costs more than any other cancer treatment in Korea
[3], the result was sufficiently convincing. Regardless of 
income levels, the results showed that FAPCP needs to sup-
port applicants with lung cancer and continue to assist exist-
ing applicants.

The results clearly showed that parent of childhood cancer
patients form a special group of applicants. The vulnerability
of this group is evident from the perspective of a lifespan as
well as simple financial distress of the household. Although
young parents of childhood cancer patients are relatively bet-
ter off than other applicants (Table 2), the treatment of com-
mon types childhood cancers such as leukemia and brain
tumors continues to be expensive even with FAPCP assis-
tance. Parents felt a heavy financial burden, got financial help
or a loan, and disposed of the property at higher rates than
any other applicant types, but they were the least likely to
discontinue treatment (Table 3). Proper treatment of pedi-
atric patients is directly linked to various physical functions
in the entire life cycle as well as a specific survival period,
because of which children’s care is the most urgent matter
for parents.

Notably, a greater proportion of newly registered appli-
cants got financial help or went into debt than existing 
applicants, but existing applicants tended to dispose of prop-

erty and change/stop cancer care more frequently than new
applicants. As most newly registered applicants in FAPCP
are likely to be newly diagnosed cancer patients, the results
may suggest some sequential economic actions that cancer
patients take to afford treatment cost. Patients may initially
receive help from their family or borrow money if they can-
not afford treatment on their own; however, as cancer is
treated and monitored over a long period of time, the 
patients dispose of their property (such as selling their house
and valuables or cancelling installment savings) and some-
times decide to change or stop treatment if it is unsustain-
able. It suggests that large expenses are continuously
incurred during treatment despite FAPCP assistance. 
Although it was reported that the medical cost is the highest
in the first year of cancer diagnosis and decreases thereafter
[3], the cost seems to remain burdensome for FAPCP appli-
cants. As FAPCP only supports direct medical cost and
mainly copayment of insured cost with an upper limit, the
applicants are required to pay the rest including uncovered
services, transportation, accommodation, and attendance, 
besides incurring indirect costs such as loss of job.  

Meanwhile, the implications of getting financial help/a
loan and disposing of property are not straightforward 
[18-20]. To dispose of property, one should own property
such as real estate and financial assets. Likewise, the appli-
cants should have close family members, small communities,
or social networks that can help each other, or they should
qualify for loans to borrow money from banks. Thus, it may
not always be feasible for those in the lower income groups
to get help from others, and they are not as likely to get 
financial help/a loan as the higher income groups. Interest-
ingly, a greater proportion of applicants with a college
diploma or higher education sought financial help/a loan or
disposed of property than the lower education group, in the
univariate analysis (Table 3). 

It should take into account different sides to interpret the
result that private insurance members got financial help/
a loan more frequently than uninsured. More utilization of
medical service in private insurance members might drive
excess expenses and resulting debt; however, the association
between medical utilization and private insurance is still a
controversial issue in Korea [21-23]. Kang et al. [24] reported
that cancer patients who had private insurance were likely
to utilize medical service more than uninsured, but it was not
clear whether this relationship was caused by the effect of 
insurance or the high income level. A closer examination
with distinction between fixed-benefit and indemnity type
of insurance would help to analyze the service utilization
pattern and medical expenses. Besides, a more practical 
explanation would be that those who had private insurance
could get a loan on insurance premium which is available for
only the insured within the amount of the refund. Because
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the applicant did not need to be qualified for a loan addition-
ally, a loan on premium was likely to increase the proportion
of those who get a loan in our study.  

Lastly, as there was no information of income level and 
applicant’s registration time in 2014, the present results were
adjusted depending on 2-year data only. The ratios of appli-
cant’s registration type (newly registered applicant vs. exist-
ing applicant) in whole FAPCP applicants were relatively
constant (2:3) from 2014 to 2016, and the adjustment by 
2-year data might not significantly alter the outcome assum-
ing that the ratio of samples was not seriously biased by
chance. Still, it could not exclude the possibility that the out-
come was over- or under-adjusted by income level because
of a disproportionate distribution of income in the applicants
from 2014.

It was recently reported that financial distress exerted
greater influence on the risk of mortality than the influence
of socioeconomic status [14], and the researchers proposed
overall poorer well-being, impaired quality of life, and sub-
par quality of care as its mechanisms. The report suggested
that the experience of financial toxicity, ranging from psy-
chological distress to personal bankruptcy, is no less harmful
than the adverse effects of cancer treatment [5]. The results
of this study show that Medical Aid applicants, parents of

childhood cancer patients, and lower income groups other
than Medical Aid applicants underwent a significant finan-
cial burden, being in more need of assistance. To avoid the
impending risk of stopping cancer care and financial toxicity,
these financially vulnerable groups should be protected, and
FAPCP has strong public accountability for doing so.

Overall, low income was the most important factor for
those experiencing financial risk and burden in FAPCP 
applicants. FAPCP generally targets lower income groups;
however, financial burden and the consequent actions taken
still exist disproportionately, depending on the income of the
applicants. It seemed that the applicants were more likely to
face a financial crisis as time passed after cancer diagnosis,
resulting in the decision to change or stop care. The support
of that FAPCP provides is likely to be of insufficient help for
cancer patients of lower income groups. If FAPCP is a under
budget constraint, it should focus on more vulnerable groups
including Medical Aid applicants and parents of childhood
cancer patients by increasing funds and expanding their sup-
port coverage.
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Proposal of a Pretreatment Nomogram for Predicting Local Recurrence
after Intensity-Modulated Radiation Therapy in T4 Nasopharyngeal
Carcinoma: A Retrospective Review of 415 Chinese Patients 

Original Article

Purpose
Local relapse-free survival (LRFS) differs widely among patients with T4 category nasopha-
ryngeal carcinoma (NPC). We aimed to build a nomogram incorporating clinicopathological
information to predict LRFS in T4 NPC after definitive intensity-modulated radiation therapy
(IMRT).  

Materials and Methods
Retrospective study of 415 Chinese patients with non-metastatic T4 NPC treated with defin-
itive IMRT with or without chemotherapy at our cancer center between October 2009 and
September 2013. The nomogram for LRFS at 3 and 5 years was generated based on multi-
variate Cox proportional hazards regression, and validated using bootstrap resampling, 
assessing discriminative performance using the concordance index (C-index) and determining
calibration ability via calibration curves. 

Results
Five-year LRFS was 88.8%. We identified and incorporated four independent prognostic
factors for LRFS: ethmoid sinus invasion, primary gross tumor volume, age, and pretreat-
ment body mass index. The C-index of the nomogram for local recurrence was 0.732 (95%
confidence interval, 0.726 to 0.738), indicating excellent predictive accuracy. The calibration
curve revealed excellent agreement between nomogram-predicted and observed LRFS prob-
abilities. Risk subgroups based on total point score cutoff values enabled effective discrim-
ination of LRFS.

Conclusion
This pretreatment nomogram enables clinicians to accurately predict LRFS in T4 NPC after
definitive IMRT, and could help to facilitate personalized patient counselling and treatment
strategies.

Key words
Intensity-modulated radiation therapy, Recurrence, 
Nasopharyngeal carcinoma, Nomograms
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Introduction

Nasopharyngeal carcinoma (NPC), a malignant tumor that
originates in the nasopharyngeal epithelium, is endemic in
southern China and Southeast Asia where the age-standard-
ized incidence ranges from 20 to 50 per 100,000 person-years
[1]. Radiotherapy is the primary treatment modality for non-
disseminated NPC as a result of its complex anatomical 
location and high radiosensitivity [2,3]. The introduction of
intensity-modulated radiation therapy (IMRT) has greatly
improved locoregional control in NPC [4]. Recently, Wu et
al. [5] reported the 10-year local relapse-free survival (LRFS)
rates for patients with T1, T2, and T3 NPC receiving IMRT
were satisfactory (94.2%, 92.5%, and 91.4%, respectively; p >
0.05); however, the 10-year LRFS rate for T4 NPC remains
poor (79.3%, p < 0.05 vs. T1-T3 NPC). Recurrent NPC 
remains a challenging clinical problem and traditional man-
agement does little to limit local control and, more seriously,
frequently induces severe, life-threatening late complications
[6]. Thus, it is necessary to develop accurate prognostic mod-
els to identify patients with T4 NPC at high risk of local 
recurrence as early as possible; this may provide an oppor-
tunity establish more intensive treatment and follow-up
strategies for patients with T4 NPC at high risk of local 
recurrence.

The American Joint Committee on Cancer (AJCC)/Union
for International Cancer Control (UICC) TNM staging sys-
tem is the most widely used prognostic tool for predicting
the risk of recurrence and survival outcomes. Patients with
non-metastatic NPC are stratified according to tumor size,
invasion and lymph node involvement. However, significant
variations in local recurrence after definitive IMRT are 
observed within each individual T category [5]. This indi-
cates additional, more relevant variables should be inte-
grated to improve prognostication of clinical outcomes for
patients with T4 NPC. Previous research demonstrated a
number of independent prognostic factors such as such as
age, World Health Organization (WHO) histologic type, pri-
mary gross tumor volume (GTVp), and pretreatment lactate
dehydrogenase (LDH), can significantly predict local recur-
rence [7-9]. Therefore, a comprehensive tool that estimates
individual risk of recurrence by incorporating TNM stage
and clinicopathological information, including host factors,
treatment strategies, pathological factors, and anatomic fac-
tors, could represent a valuable decision-making tool for cli-
nicians.

Nomograms incorporate a variety of important prognostic
factors and have been accepted as useful predictive statistical
models for quantifying individual risk in several cancers
[10,11]. Nomograms have been demonstrated to have a better
ability to predict prognosis than TNM stage in many types

of cancer [10-12]. Hence, the present study aimed to establish
an effective prognostic pretreatment nomogram to enable 
individualized prediction of the risk of local recurrence in
patients with T4 NPC treated with IMRT.

Materials and Methods

1. Patient selection and staging evaluation

A total of 415 patients with NPC treated at Sun Yat-sen
University Cancer Center (Guangzhou, China) between 
October 2009 and September 2013 were enrolled in this ret-
rospective study. The eligibility criteria were as follows: (1)
newly diagnosed, pathologically proven, previously 
untreated NPC (2) no evidence of distant metastasis; (3)
stage T4N0-3M0 NPC; (4) treated with IMRT and completed
planned radiotherapy with good radiation treatment com-
pliance; and (5) complete clinicopathologic and treatment
data available. 

Pretreatment staging workup included a complete patient
history, physical and neurological examinations, hematology
and biochemistry profiles, fiberoptic nasopharyngoscopy,
magnetic resonance imaging (MRI) of the nasopharynx and
neck, chest radiography, abdominal ultrasonography, and
single positron emission tomography computed tomography
(PET-CT). Each patient was restaged according to the eighth
edition of the AJCC/UICC staging system. Two senior physi-
cians experienced in head and neck cancer (L.C. and W.F.L.)
separately evaluated all scans and all disagreements were 
resolved by consensus. 

2. T classification criteria and stage grouping according to
the eighth edition of the AJCC/UICC staging system and
proposed staging system

According to the eighth edition of the AJCC/UICC staging
system, tumors confined to the nasopharynx or with exten-
sion to the oropharynx and/or nasal cavity without parapha-
ryngeal involvement are classified as T1 disease; tumors with
extension to the parapharyngeal space and/or adjacent soft
tissue involvement (medial peterygoid, lateral pterygoid,
and prevertebral muscle) are classified as T2 disease; tumors
with infiltration of bony structures at the skull base, cervical
vertebra, pterygoid structures and/or paranasal sinus are
classified as T3 disease; tumors with intracranial extension,
involvement of the cranial nerves, hypopharynx or orbit or
extensive soft tissue involvement (beyond the lateral surface
of the lateral pterygoid muscle, parotid gland) are classified
as T4 disease.
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As T4 lesions could have coincidental lesions that should
belong to T1-3 categories, we investigated the association 
between such coincidental lesions and local recurrence in 
patients with T4 disease.

3. Treatment strategies

During the study period, institutional guidelines recom-
mended concurrent chemoradiotherapy with or without
neoadjuvant/adjuvant chemotherapy for stage IVA-IVB. All
patients were treated with fractionated IMRT 5 days/wk.
Target volumes were contoured according to the institutional
treatment protocol [13], in agreement with International
Commission on Radiation Units and Measurements Reports
50 and 62 [14]. The prescribed radiation doses were: total of
66-72 Gy at 2.12-2.43 Gy/fraction to the planning target vol-
ume (PTV) of the GTVp, 64-70 Gy/28-33 fractions to the 
involved nodal gross tumor volume PTV, 60-63 Gy/28-33
fractions to the PTV of CTV-1 (high-risk clinical target vol-
ume), and 54-56 Gy/28-33 fractions to the PTV of CTV-2
(low-risk clinical target volumes). A total of 192/415 patients
(46.3%) completed radiotherapy on schedule and 223/415
patients (53.7%) had prolonged radiotherapy schedules.

Concurrent chemotherapy was 30-40 mg/m2 cisplatin 
administered weekly or 80-100 mg/m2 cisplatin adminis-
tered on weeks 1, 4, and 7 of radiotherapy, beginning first
day of IMRT. Neoadjuvant chemotherapy was two or three
cycles of cisplatin (75 mg/m2) with docetaxel (75 mg/m2);
cisplatin (80 mg/m2) with 5-fluorouracil (1,000 mg/m2); or
cisplatin (60 mg/m2) with 5-fluorouracil (600 mg/m2) and
docetaxel (60 mg/m2) every 3 weeks.  

4. Follow-up and end-points

After completing IMRT, patients returned for follow-up
appointments at least every 3 months in the first three years
and every 6 months thereafter (or until death). Follow-up
was measured from first day of therapy to day of last exam-
ination or death. Patients who achieved a complete response
but developed recurrence at the primary site after complet-
ing IMRT were defined as suffering local recurrence. Con-
ventional examinations during follow-up were similar to the
pretreatment assessment. Local relapse was diagnosed via
MRI of the nasopharynx, biopsy, or both; PET-CT imaging
was used when necessary. The primary end-point was LRFS,
calculated from first day of therapy to date of local failure.
Patients whose attendance at recent follow-up examinations
was not recorded in their medical records were followed up
by telephone. 

5. Statistical analysis

This study aimed to establish an effective prognostic
nomogram for individualized prediction of local recurrence
and survival. SPSS ver. 22.0 (IBM Corp., Armonk, NY) was
used to identify independent prognostic factors for LRFS.
Forty-three candidate predictors were included in univari-
able analysis: age, sex, WHO pathologic type, N category,
family history of NPC, smoking, pretreatment hemoglobin,
body mass index (BMI), pretreatment viral capsid antigen
IgA, pretreatment early antigen IgA, pretreatment Epstein-
Barr virus DNA, pretreatment LDH; cumulative dose to the
GTVp; chemotherapy; pretreatment white blood cell (WBC)
count; pretreatment neutrophil (Neu) count; pretreatment
Neu/WBC ratio; pretreatment C-reactive protein; GTVp;
prolonged radiation treatment; nasal cavity invasion; oro-
pharyngeal invasion; parapharyngeal space invasion; medial
pterygoid invasion; lateral pterygoid invasion; prevertebral
muscle invasion; cervical vertebrae invasion; maxillary sinus
invasion; frontal sinus invasion; sphenoid sinus invasion;
ethmoidal sinus invasion; pterygopalatine fossa invasion;
foramen lacerum invasion; foramen ovale invasion; clivus 
invasion; petrous apex invasion; great wing of sphenoid
bone invasion; base of sphenoid bone invasion; cranial nerve
invasion; intracranial invasion; orbit invasion; hypopharynx
invasion and extensive soft tissue involvement (beyond the
lateral surface of the lateral pterygoid muscle, parotid gland).

LRFS curves were plotted using the Kaplan-Meier method.
Univariate and multivariate analysis were performed via
Cox proportional hazard regression. Variables achieving sig-
nificance (p < 0.05) were included in the Cox regression
model with backward elimination for multivariate analyses. 

A nomogram based on the results of the multivariate
analysis was formulated to provide visualized risk predic-
tion using the rms package of R ver. 3.2.5 (https://www.
r-project.org/). A final model was selected using a backward
stepdown process that incorporated Akaike’s information
criterion [15]. Nomograms were generated for the probabil-
ities of local recurrence at 36 and 60 months. 

The predictive accuracy of the nomogram was assessed by
comparing discrimination and calibration. Predictive accu-
racy was assessed over 1,000 bootstrap replicates [10,11]. The
discriminatory performance of the nomograms was meas-
ured using the concordance index (C-index) by comparing
nomogram-predicted versus observed Kaplan-Meier esti-
mates of survival probability, a variable equivalent to the
area under curve of receiver operating characteristic curves
for censored data. Maximum C-index (1.0) indicates a perfect
match between predicted and actual probabilities, while 0.5
indicates the random chance of the model correctly predict-
ing outcomes. Calibration of the nomograms for 3- and 
5-year LRFS was performed using a calibration curve incor-
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Table 1.  Clinical characteristics and treatment parameters of 415 patients with T4 nasopharyngeal carcinoma and association
with local recurrence-free survival in univariate analysis

Characteristic No. of patients (%) (n=415) p-valuea)

Age (yr)
 47 216 (52.0) 0.011
> 47 199 (48.0)

Sex
Male 328 (79) 0.659
Female 87 (21)

WHO pathology
Type I 5 (1.2) 0.168
Type II 15 (3.6)
Type III 395 (95.2)

N categoryb)

N0 46 (11.1) 0.589
N1 262 (63.1)
N2 70 (16.9)
N3 37 (8.9)

Family history of NPC
Yes 38 (9.2) 0.628
No 377 (90.8)

Smoking
Yes 180 (43.4) 0.985
No 235 (56.6)

Hb (g/L)
< 113 22 (5.3) 0.402
113-151 289 (69.6)
> 151 104 (25.1)

BMI (kg/m2)
< 22.2 204 (49.2) 0.003
 22.2 211 (50.8)

VCA-IgA
< 1:80 65 (15.7) 0.354
1:80-1:320 255 (61.4)
 1:640 95 (22.9)

EA-IgA
< 1:10 103 (24.8) 0.181
1:10-1:20 139 (33.5)
 1: 40 173 (41.7)

EBV-DNA (copy/mL)
< 11,600 206 (49.6) 0.245
 11,600 209 (50.4)

LDH (U/L)
< 245 370 (89.2) 0.564
 245 39 (9.4)

Cumulative dose to GTVp (Gy)
< 68 195 (47.0) 0.430
 68 219 (52.8)

Chemotherapy
None 7 (1.7) 0.066
Concurrent 104 (25.1)
Neoadjuvant±concurrent 304 (73.3)

(Continued to the next page)
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porating model-predicted and actual observed probabilities.
Biases of predictive performance were first estimated using
bootstrap sampling, then corrected with apparent measures
to produce bias-corrected values to avoid overfitting [12]. 
Patients were classified into three risk subgroups for local 
recurrence based on the scores calculated by the nomograms
using X-tile software [16]. Two-tailed p-values < 0.05 were
considered significant. 

6. Ethical statement

This study was approved by our institutional review board
(approve number: YB2017-032). As this was a retrospective
analysis of routine clinical data, a waiver of the requirement
for individual informed consent was granted by the institu-
tional ethics committee.

Results

1. Baseline characteristics, patterns of treatment failure, and
survival 

Median follow-up for the whole cohort was 59.8 months
(range, 3.3 to 84.4 months); median age was 47 years (range,
17 to 78 years). All 415 patients had T4N0-3M0 (stage IV) dis-
ease. Detailed clinicopathological characteristics and treat-
ment factors are summarized in Table 1. A total of 45/415
patients (10.8%) developed local recurrence by last follow-
up. The latency from the end of treatment to first recurrence
ranged from 3.4 months to 85.6 months. Three- and 5-year
LRFS were 91.6% and 88.8%, respectively. 

2. Independent prognostic factors for LRFS

Eleven factors including age, BMI, Neu, GTVp, orbit inva-
sion, foramen lacerum invasion, maxillary sinus invasion, 

Table 1.  Continued
Characteristic No. of patients (%) (n=415) p-valuea)

WBC (109/L)
< 4 14 (3.4) 0.135
4-0 345 (83.1)
 10 56 (13.5)

Neu (109/L)
< 2 17 (4.1) 0.048
2-7 334 (80.5)
 7 64 (15.4)

Neu/WBC
< 0.7 289 (69.6) 0.819
 0.7 126 (30.4)

CRP (g/mL)
< 1 92 (22.2) 0.336
1-3 127 (30.6)
 3 196 (47.2)

GTVp (cm3)
< 65.7 207 (49.9) 0.002
 65.7 208 (50.1)

Prolonged radiation treatment, total days
No 192 (46.3) 0.644
Yes 223 (53.7)

WHO, World Health Organization; NPC, nasopharyngeal carcinoma; Hb, hemoglobin; BMI, body mass index; VCA-IgA, viral
capsid antigen IgA; EA-IgA, pretreatment early antigen IgA; EBV, Epstein-Barr virus; LDH, pretreatment lactate dehydroge-
nase; GTVp, primary gross tumor volume; WBC, white blood cells; Neu, neutrophils; CRP, C-reaction protein. a)p-values were
calculated using univariate Cox regression analysis, b)According to the 8th edition of the American Joint Committee on Can-
cer/Union for International Cancer Control staging system.
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Table 2.  Lesions in T1-T4 category structures among 415 patients with T4 nasopharyngeal carcinoma and association with
local recurrence-free survival in univariate analysis

Structure No. of patients (%) (n=415) p-valuea)

Coincidental lesions in T1 category structures
Nasal cavity invasion

No 188 (45.3) 0.397
Unilateral 145 (34.9)
Bilateral 82 (19.8)

Oropharyngeal invasion
No 343 (82.7) 0.296
Unilateral 60 (14.5)
Bilateral 12 (2.9)

Coincidental lesions in T2 category structures
Parapharyngeal space invasion

No 50 (12.0) 0.638
Unilateral 252 (60.8)
Bilateral 113 (27.2)

Medial pterygoid invasion
No 152 (36.6) 0.385
Unilateral 235 (56.6)
Bilateral 28 (6.7)

Lateral pterygoid invasion
No 286 (68.9) 0.499
Unilateral 124 (29.9)
Bilateral 5 (1.2)

Prevertebral muscle
No 83 (20.0) 0.122
Unilateral 189 (45.5)
Bilateral 143 (34.5)

Coincidental lesions in T3 categories structures
Cervival vertebrae invasion

No 400 (96.4) 0.410
Unilateral 13 (3.1)
Bilateral 2 (0.5)

Maxillary sinus invasion
No 351 (84.6) 0.007
Unilateral 54 (13.0)
Bilateral 10 (2.4)

Frontal sinus invasion
No 414 (99.8) 0.825
Unilateral 1 (0.2)
Bilateral 0 (

Sphenoid sinus invasion
No 196 (47.2) 0.076
Unilateral 218 (52.5)
Bilateral 1 (0.2)

Ethmoidal sinus invasion
No 339 (81.7) < 0.001
Unilateral 43 (10.4)
Bilateral 33 (8.0)

(Continued to the next page)
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Table 2.  Continued
Structure No. of patients (%) (n=415) p-valuea)

Pterygopalatine fossa invasion
No 194 (46.7) 0.066
Unilateral 180 (43.4)
Bilateral 41 (9.9)

Foramen lacerum invasion
No 73 (17.6) 0.013
Unilateral 264 (63.6)
Bilateral 78 (18.8)

Foramen ovale invasion
No 169 (40.7) 0.069
Unilateral 226 (54.5)
Bilateral 20 (4.8)

Clivus invasion
No 36 (8.7) 0.246
Unilateral 378 (91.1)
Bilateral 1 (0.2)

Petrous apex invasion
No 43 (10.4) 0.004
Unilateral 255 (61.4)
Bilateral 117 (28.2)

Great wing of sphenoid bone invasion
No 175 (42.2) 0.041
Unilateral 209 (50.4)
Bilateral 31 (7.5)

Base of sphenoid bone invasion
No 28 (6.7) 0.095
Unilateral 384 (92.6)
Bilateral 3 (0.7)

Coincidental lesions in T4 categories structures
Cranial nerve invasion

Yes 137 (33.0) 0.457
No 278 (67.0)

Intracranial invasion
No 74 (17.8) 0.032
Unilateral 303 (73.0)
Bilateral 38 (9.2)

Orbit invasion 
No 356 (85.8) 0.019
Unilateral 54 (13.0)
Bilateral 5 (1.2)

Hypopharynx invsaion
No 393 (94.7) 0.159
Unilateral 16 (3.9)
Bilateral 6 (1.4)

Extensive soft tissue invasion (beyond lateral surface of 
lateral pterygoid muscle, parotid gland)
No 346 (83.4) 0.649
Unilateral 67 (16.1)
Bilateral 2 (0.5)

a)p-values were calculated using univariate Cox regression analysis.
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intracranial invasion, ethmoidal sinus invasion, petrous apex
invasion, and invasion of the great wing of the sphenoid
bone were significantly associated with local recurrence in
univariate analysis (Tables 1 and 2). 

The significant 11 factors from univariate analysis were 
included in Cox multivariate analysis of LRFS to adjust for
various prognostic factors. Ethmoidal sinus invasion, GTVp,

age, and pretreatment BMI were independent prognostic fac-
tors for LRFS in multivariate analysis. Bilateral ethmoidal
sinus invasion, large GTVp, old age, and low BMI were sig-
nificantly associated with poorer LRFS (Table 3).

Characteristic
LRFS

p-valuea) HR 95% CI
Ethmoidal sinus invasion

No Reference
Unilateral 0.087 1.999 0.905-4.415
Bilateral 0.010 2.798 1.285-6.090

GTVp (cm3) 0.015 2.277 1.170-4.430
< 65.7
 65.7

Age (yr) 0.010 2.243 1.215-4.142
 47
> 47

BMI (kg/m2) 0.020 0.459 0.239-0.883
< 22.2
 22.2

Table 3. Summary of multivariate analysis of independent prognostic factors for LRFS in T4 nasopharyngeal carcinoma

LRFS, local relapse-free survival; HR, hazard ratio; CI, confidence interval; GTVp, primary gross tumor volume; BMI, body
mass index. a)p-values were calculated using the Cox proportional hazards model.

Fig. 1. Nomogram for local recurrence in non-metastatic T4 nasopharyngeal carcinoma after radical intensity-modulated
radiation therapy. BMI, body mass index; GTVp, primary gross tumor volume.
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3. Development and internal validation of a nomogram for
local recurrence

The prognostic nomogram that incorporates all significant
independent factors for LRFS is presented in Fig. 1. The val-
ues for each of the model covariates were mapped to points
on a scale axis ranging from 0 to 100. By adding up the total
score for all variables and locating this value on the total
point scale, the probability of local recurrence can be deter-
mined by drawing a vertical line to the total score. The nomo-
gram indicates ethmoid sinus involvement has the most
significant effect on LRFS, followed by GTVp, age and BMI.
In Fig. 2, the x-axes denote the predicted probabilities of
LRFS from the nomograms, the y-axes denote actual proba-
bilities of LRFS calculated using the Kaplan-Meier method,
and the 45-degree line represents the ideal reference line
where nomogram-predicted and observed LRFS probabili-
ties are exactly the same. The calibration plots indicated 
excellent agreement between nomogram-predicted LRFS
and actual 3- and 5-year LRFS probabilities. The c-index of
the nomogram for local recurrence was 0.732 (95% confi-
dence interval [CI], 0.726 to 0.738), demonstrating the nomo-
gram represents a reasonable model for predicting local
recurrence.

Fig. 2.  Calibration curves for predicting local recurrence at 3 years (A) and 5 years (B). Nomogram-predicted probability of
local recurrence is plotted on the x-axis; actual observed local recurrence-free probability is plotted on the y-axis. 
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Fig. 3.  Kaplan-Meier local recurrence-free survival curves
for patients with T4 nasopharyngeal carcinoma based on
risk group stratification. Patients were classified into a
low-risk group (score < 123), intermediate-risk group (123-
202), and high-risk group (203-325) using total nomogram
point score cutoff values determined using X-tile software.
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4. Stratification of the risk of local recurrence for patients
with T4 NPC

Based on the cutoff values of the total point scores for local
recurrence determined using X-tile software, patients were
classified into a low-risk group (score < 123), intermediate-
risk group (123-202), and high-risk group (203-325). In sum-
mary, a total of 193 (46.5%), 152 (36.5%), and 70 (16.9%)
patients were assigned to the low-, intermediate-,  and high-
risk groups, respectively. Three-year LRFS for the low-, 
intermediate-, and high-risk groups was 97.9%, 90.1%, and
76.2%, respectively; and 5-year LRFS was 96.7%, 86.2% and
70.8%, respectively. Kaplan-Meier survival analysis demon-
strated this risk stratification effectively discriminated the
risk of LRFS in patients with T4 NPC treated with IMRT 
(p < 0.001) (Fig. 3).

Discussion

T category is not the sole risk factor for local recurrence in
NPC: the LRFS rates of patients with the same T category can
vary widely [5]. Thus, T category is not capable of accurately
predicting local recurrence in patients with NPC treated with
IMRT. Furthermore, while previous research demonstrated
no significant differences in LRFS between patients with T1,
T2, and T3 NPC; patients with T4 disease have a significantly
poorer local control rate [5]. Establishing a prognostic nomo-
gram for each T category may help to provide more individ-
ualized and accurate estimation of the risk of local recurrence
following IMRT; this would be especially significant for 
patients with T4 NPC who have the highest risk of local 
recurrence. More importantly, analysis of the risk of local 
relapse in T4 NPC is crucial for formulation of appropriate
treatment approaches; a nomogram may enable clinicians to
develop more individualized multidisciplinary treatment
and follow-up strategies.

To the best of our knowledge, this is the first study to 
develop a prognostic nomogram for LRFS based on widely-
assessed clinicopathological factors in patients with non-
metastatic T4 NPC treated with definitive IMRT. The multi-
variable Cox analyses demonstrated ethmoidal sinus inva-
sion, GTVp, age and BMI were independent prognostic fac-
tors for LRFS in non-metastatic T4 NPC. The resulting
nonograms demonstrated excellent discriminative ability
(0.732; 95% CI, 0.726 to 0.738) with excellent agreement 
between nomogram-predicted LRFS and actual LRFS prob-
abilities, as confirmed by the calibration curve. In addition,
the nomogram-generated scores enabled patients with T4
NPC to be further stratified into three distinct risk groups for

LRFS, and as expected, the proposed risk groups signifi-
cantly discriminated the risk of LRFS within T4 NPC, espe-
cially for the high-risk group. Thus, this nomogram may
represent a clinically useful tool to supplement the tradi-
tional TNM staging system. 

The nomogram revealed ethmoid sinus involvement had
the most significant association with LRFS, followed by
GTVp, age, and BMI. Consistent with numerous previous
studies, GTV-p was a significant prognostic factor for LRFS
in T4 NPC after IMRT [6,7,17,18]. A large GTVp was associ-
ated with poorer LRFS; the following factors may explain this
phenomenon. First, a large GTVp, which reflects a high
tumor burden, often indicates tumor hypoxia. Tumor hypo-
xia plays a key role in the development of radio- and che-
moresistance, and promotes disease progression such as local
recurrence [19-22]. Secondly, a large GTVp indicates the pri-
mary tumor is closer to critical normal organs at risk, which
negatively affects local radiation dose escalation to the 
involved areas.

However, Sakata et al. [23] reported that deep primary
tumor infiltration was a more important adverse prognostic
factor than a large GTVp. we found both ethmoid sinus 
invasion and a large GTVp were adverse independent prog-
nostic factors for local recurrence in T4 NPC, with ethmoid
sinus invasion having a greater contribution than GTVp to
local recurrence. The ethmoid sinus is located distant to the
nasopharynx and is a low-risk site of invasion in NPC. After
lesions in various anatomical structures belonging to the 
T1-T4 categories were incorporated into the analysis, we
found that only ethmoid sinus invasion was an adverse 
independent prognostic factor for local recurrence in T4
NPC. In fact, deep infiltration of the ethmoid sinus is a
marker of severe extension; therefore, ethmoid sinus inva-
sion is inherently associated a larger GTVp. 

BMI and age were also significant prognostic factors for
local recurrence in T4 NPC; older age (> 47-years-old) and
lower BMI (< 22.2 kg/m2) were associated with poor LRFS.
Consistent with these results, Cheng et al. [9] showed older
age (> 40-years-old) adversely affected locoregional control
in NPC after definitive conventional radiotherapy. More-
over, Tang et al. [24] demonstrated low pretreatment BMI
was associated with local and systemic recurrence. It is plau-
sible that lower BMI and older age may be associated with
poorer immune system function and reduced tolerance to 
intensive treatment, which may ultimately result poorer sur-
vival. 

The nomogram established in the present study has some
limitations. First, this was a retrospective analysis of medical
records; therefore, selection bias may exist. However, the rel-
atively large sample size should reduce the influence of such
bias. Secondly, the nomogram was not subject to external
verification due to the lack of an external validation cohort.
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However, we conducted internal validation via 1,000 boot-
strap replicates to avoid over-fitting of the data. In summary,
the nomogram developed in this study may enable clinicians
to make accurate predictions of LRFS for patients with T4
NPC after definitive IMRT. We hope the nomograms could
be applied to aid patient counseling or guide individual
treatment, which may help to further improve local control.
The prognostic value offered by this pretreatment nomogram
for predicting local recurrence could enable more aggressive
treatment protocols to be delivered to patients at high-risk
of local recurrence. Concurrent chemoradiotherapy (CCRT)
is now recommended as a standard treatment for T4N0-3M0
NPC. However, induction chemotherapy has been shown to
reduce the risk of locoregional recurrence [25]. Thus, induc-
tion chemotherapy combined with CCRT may be able to
achieve an improvement in local control for patients with T4
NPC, although further evidence is needed to prove this 
hypothesis. Additional studies are required to further vali-
date this nomogram in other patient cohorts. 
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Beliefs and Intentions to Undergo Lung Cancer Screening among 
Korean Males
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Purpose
Low-dose computed tomography (LDCT) has been reported as an effective screening
method for lung cancer in high-risk populations. We aimed to examine willingness to be
screened among Korean males using LDCT and to determine factors associated with lung
cancer screening intentions (LCS) based on the Health Belief Model (HBM). 

Materials and Methods
Data were obtained from the 2015 Korean National Cancer Screening Survey, a cross-sec-
tional survey that utilized nationally representative random sampling. The survey included
1,730 male participants 40-74-year-old. Respondents were questioned regarding their will-
ingness to undergo LCS and components of HBM. Factors associated with intentions to 
undergo screening were explored using logistic regression. 

Results
Among participants, 65.2% were current smokers. Among high-risk subjects, 60.6% of men
reported intentions to undergo LCS, compared to 49.9% of average-risk males. Men with
higher perceived susceptibility in the average- and high-risk groups were, respectively, 1.63
(95% confidence interval [CI], 1.39 to 1.91) and 2.30 (95% CI, 1.14 to 4.63) times more
likely to intend to undergo LCS compared to those with lower perceived barriers. Also, men
in the average- and high-risk groups with higher perceived barriers to screening were, 
respectively, 0.79 (95% CI, 0.68 to 0.91) and 0.52 (95% CI, 0.29 to 0.92) times less likely
to intend to undergo LCS compared to those with lower perceived barriers. 

Conclusion
Tailored interventions designed to promote accurate perceptions of susceptibility and risk,
as well as to reduce perceived barriers to screening, may effectively increase adherence to
recommendations for LCS among high-risk Korean men. 
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Lung neoplasms, Early detection of cancer, Intention 
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Introduction

According to GLOBOCAN 2012, South Korea has the third
highest lung cancer incidence worldwide. Among Korean
men, lung cancer ranks the third most common cancer [1]. In
2011, the National Lung Screening Trial (NLST) reported that
lung cancer screening by low-dose computed tomography
(LDCT) significantly decreased lung cancer mortality (6.7%)
and overall mortality (20%) among high-risk individuals [2].

According to Korean guidelines for lung cancer screening,
annual LDCT screening is recommended to current smokers
and ex-smokers (if less than 15 years have elapsed since
smoking cessation) aged 55 to 74 years with a smoking his-
tory of 30 pack-years or more [3]. 

Despite of the effectiveness of lung cancer screening by
LDCT, the harms thereof warrant consideration. In the
NLST, 96.4% of the positive results in the LDCT group were
false positive results across three rounds, and other studies
reported that more than 90% of nodules were benign [2,4,5].
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False-positive results lead to unnecessary examinations (both
noninvasive and invasive tests) and psychological distress
for participants. Additionally, cumulative radiation exposure
from annual LDCT screening and additional test procedures
could pose additional risk for lung cancer [6-8]. 

Few studies [9] have determined the feasibility of lung can-
cer screening in Korea. Accordingly, we conducted this
cross-sectional study of healthy Korean males aged 40 years
and older to examine intentions to be screened among the
study population after exposure to information on the bene-
fits and harms of lung cancer screening by LDCT. We also
sought to determine factors associated with strong intentions
to undergo lung cancer screening based on the Health Belief
Model [10].

Materials and Methods

1. Sample and sampling

Data were obtained from subjects included in the 2015 
Korean National Cancer Screening Survey (KNCSS). Since
2004, the KNCSS has been administered as an annual cross-
sectional survey to investigate screening rates among Kore-
ans for five common cancers (gastric, liver, colorectal, breast,
and cervix) through nationally representative random sam-
pling. Stratified multistage random sampling based on resi-

dent registration population data was conducted according
to geographic area, age, and sex. The specific methods of this
survey have been described elsewhere [11]. Eligibility criteria
of the KNCSS included cancer-free men aged 40 years and
older and women aged 20 years and older. Data were col-
lected through face-to-face interviews conducted by a pro-
fessional research agency. A total of 4,000 subjects partici-
pated in the KNCSS. The response rate after making contact
was 66.0%. Of the respondents, 1,730 men aged  40 years
were finally included in this study; since smoking prevalence
was too low in women. 

2. Measures 

Each participant was asked to complete a questionnaire 
designed to collect information on socio-demographic char-
acteristics, health-related characteristics, smoking status, and
beliefs and intentions to undergo lung cancer screening via
LDCT. Smoking status was measured by asking “Have you
smoked at least 100 cigarettes in your entire life?” and “Do
you now smoke cigarettes every day, some days, or not at
all?” to classify subjects into current smokers, former smok-
ers, and never smokers. Additionally, we also asked “num-
ber of packs of cigarettes smoked per day” and “number of
years smoked” to assess pack-years. Based on the definition
published by the Centers for Disease Control and Prevention
[12], smoking status was defined as follows: (1) current
smoker: respondents who reported smoking at least 100 cig-
arettes in their life time and who, at the time of survey,

Fig. 1. Adapted Health Belief Model constructs for lung cancer screening. a)Numbers in the parentheses indicate number of
questions to measure each constructs.

Modifying factorsIndividual perceptions Likelihood of action

Perceived susceptibility (3)a)

Perceived severity (3)a)

Cues to action (3)a):
Lung cancer screening recommendation, 
prior lung cancer screening experience

Perceived benefits (1)a)

Perceived barriers (3)a)

Modifying factors: 
Age, sex, income, education, insurance, 
  marital status

Health-related variables:
Chronic disease, regular, health check-up, 
  smoking status, family history of cancer, 
  accessibility to cancer screening center

Perceived threat
Intention to undergo 
lung cancer screening
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smoked either every day or some days; (2) former smoker:
respondents who reported smoking at least 100 cigarettes in
their life time and who, at the time of survey, did not smoke
at all; and (3) never smoker: respondents who reported never
having smoked 100 cigarettes.

Further, participants were divided in to high-risk and 
average-risk groups based on recommendations from 
Korean guidelines on lung cancer screening [3]. In the cur-
rent study, the high-risk (eligible to be screened) group was
defined as current smokers and ex-smokers (if less than 15
years had elapsed after smoking cessation) aged 55 to 74
years with a smoking-history of 30 pack-years or more. The
average-risk group was defined as men aged 40-74 years not
in the high-risk group.  

The Health Belief Model (HBM) comprises five constructs:
perceived susceptibility (three items), perceived severity
(three items), perceived benefits (one item), perceived barri-
ers (three items), and cues to action (three items). Each con-
struct is measured using valid and reliable Likert scales with
five response options ranging from “1=not at all or never” to
“5=very much or always,” except for cues to action. Adapted
HBM constructs are described in Fig. 1. 

To assess intentions to undergo lung cancer screening with
LDCT, a photo of an individual receiving an LDCT exami-
nation was provided to each participant to describe the test.
Participants were then explained the benefits of lung cancer
screening as follows: “Lung cancer is the leading cause can-
cer death worldwide. For smokers who have smoked a pack
of cigarettes per day over 30 years or who have smoked two
packs of cigarettes per day over 15 years, LDCT examination
may reduce lung cancer mortality by 20%. However, smok-
ers who have quit cigarettes for more than 15 years are not
recommended to undergo screening.” Then we asked “Do
you want to undergo lung cancer screening through LDCT
every year?” Also, we explained the harms of lung cancer
screening, after which we asked the participants to describe
their willingness to undergo annual lung cancer screening,
as follows: “Whenever you undergo an LDCT scan for lung
cancer screening, you might be exposed to radiation at a dose
higher than recommended and you might also be misdiag-
nosed. Do you want to undergo lung cancer screening via
LDCT every year?” There were four categories of responses:
“Definitely yes,” “Yes,” “No,” and “Never.” Then, intentions
to undergo lung cancer screening were categorized into two
categories as follows: (1) strong intention, respondents who
answered “Yes” or “Definitely yes” for both questions and
(2) weak/no intention, respondents who answered “No” or
“Never” for one of the two questions.

3. Statistical analysis

Descriptive statistics were used to analyze participant

characteristics, smoking status, the five constructs of the
HBM, and intention to undergo lung cancer screening. Cron-
bach’s alpha coefficient was calculated to examine the inter-
nal consistency of HBM constructs before conducting the
analysis [13]. Principal axis factor analysis using a Varimax
orthogonal rotation was conducted to classify each factor in
the HBM model. A rotated factor loading of 0.40 was used
to retain an item for further analysis. Factor scores were cal-
culated using mean scores of retained questions in each fac-
tor (perceived susceptibility, perceived severity, perceived
benefits, and perceived barriers). Due to two-point, Likert-
type scales, cues to action were not calculated for a factor
score, but categorized as dichotomous variables. 

Univariate logistic regression models were applied to 
examine associations between intentions to undergo lung
cancer screening with LDCT and variables in the conceptual
framework. Then, variables with a p-value less than 0.10
from univariate analyses were selected for the multivariable
analysis according to the average-risk and high-risk groups.
Sub-group analyses for smoking status in the average-risk
group were also conducted. All statistical analyses were per-
formed using STATA software ver. 12 (Stata Corp. L.P., Col-
lege Station, TX), and all p-values of < 0.05 were considered
statistically significant.

4. Ethical statement

Informed consent was obtained from all study partici-
pants, and this study was approved by the Institutional 
Review Board of the National Cancer Center, Korea.

Results

Table 1 shows the demographic characteristics of the study
population. Of 1,730 participants, there were 160 male 
respondents eligible for lung cancer screening based on 
Korean lung cancer screening recommendations, accounting
for 9.2% of the study population. High-risk participants were
found to be less educated, of lower socioeconomic status, of
worse health status, and more likely to live in a metropolitan
area, comparing to those in the average-risk group. 

Smoking-related characteristics are shown in Table 2.
Overall, 65% of participants in the average-risk group were
current smokers and 16.8% were former smokers. The mean
smoking pack-years for smokers in the average-risk group
was 13.6, while it is up to 43.1 among high-risk smokers. The
high-risk group also showed greater total years of smoking
(42.8 years) and fewer years since quitting smoking (9.6
years), compared to smokers in the average-risk group. 
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Characteristic Total Average High risk p-valuea)
(n=1,730) (n=1,570) (n=160)

Age group (yr)
40-54 1,016 (58.7) 1,016 (64.7) 0 ( -
55-74 714 (41.3) 554 (35.3) 160 (100)

Marital status
Without spouse 128 (7.4) 118 (7.5) 10 (6.3) 0.560
With spouse 1,602 (92.6) 1,452 (92.5) 150 (93.7)

Years of education
< 6 61 (3.5) 47 (2.3) 14 (8.8) <0.001
6-12 1,005 (58.1) 888 (56.6) 117 (73.1)
 13 664 (38.4) 635 (40.5) 29 (18.1)

Monthly household income
 2,999 409 (23.6) 340 (21.7) 69 (43.1) < 0.001
3,000-4,999 909 (52.5) 848 (54.0) 61 (38.1)
 5,000 412 (23.8) 382 (24.3) 30 (18.8)

Private health insurance
Yes 1,714 (99.1) 1,556 (99.1) 158 (1.3) 0.652
No 16 (0.9) 14 (0.9) 2 (98.7)

Residency
Metropolitan 776 (44.9) 659 (42.0) 117 (73.1) < 0.001
Non-metropolitan 954 (55.1) 911 (58.0) 43 (26.9)

Self-reported health status 
Good 1,031 (59.6) 954 (60.8) 77 (48.1) 0.005
Normal 640 (37.0) 566 (36.0) 74 (46.3)
Poor 59 (3.4) 50 (3.2) 9 (5.6)

Regular health check-ups 
Yes 567 (32.8) 505 (32.2) 62 (38.7) 0.091
No 1,163 (67.2) 1,065 (67.8) 98 (61.3)

Family history of cancer 
Yes 264 (15.3) 237 (15.1) 27 (16.9) 0.551
No 1,466 (84.7) 1,333 (84.9) 133 (83.1)

Accessibility to cancer center
Convenient 1,446 (83.6) 1,313 (83.6) 133 (83.1) 0.869
Inconvenient 284 (16.4) 257 (16.4) 27 (16.9)

Table 1. Demographic characteristics of the participants 

Values are presented as number (%). a)Comparing frequencies between average- and high-risk groups using chi-square test.

Variable Total Average risk High risk
(n=1,730) (n=1,570) (n=160)

Smoking history 
Never smoker 312 (18.0) 312 (19.9) NA
Former smoker 290 (16.8) 239 (15.2) 51 (31.9)
Current smoker 1,128 (65.2) 1,019 (64.9) 109 (68.1)

Smoking pack-years in former and current smokers NA 13.6±10.8 43.1±17.4
Years since quitting smoking among former smokers NA 11.9±7.4 9.6±6.9
Total smoking years in former and current smokers NA 31.9±8.4 42.8±6.7
Age at starting smoking NA 20.2±2.9 20.1±2.3

Table 2. Smoking-related characteristics of the participants according to the lung cancer risk

Values are presented as number (%) or mean±standard deviation. NA, not applicable.
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Table 3 demonstrates the mean scores of each question in
the HBM regarding lung cancer screening stratified by risk
group. From 13 questions, two items (one item to measure
perceived barriers and the other to measure cues to action)
were excluded due to factor analysis results. After orthogo-
nal rotation, four factors were retained. Men in the high-risk
group showed significantly higher perceived susceptibility
scores than men in the average-risk group. Further, the high-
risk group showed significantly higher percentages for
agreement with cues to action items than the average-risk
group. 

Table 4 displays high intention rates among the average-
and high-risk groups according to participant characteristics.
Overall, 49.9% and 60.2% of the average- and high-risk par-
ticipants, respectively, reported intentions to undergo lung
cancer screening with LDCT. Among average-risk partici-
pants, former smokers showed the highest intention rate
(57.7%) to undergo screening, while it was lowest among
non-smokers (39.1%). In the average-risk group, men who
were aged 40-54 years, living with spouse, of higher educa-
tion level, living in a metropolitan area, and with convenient
access to cancer screening units reported stronger intentions
to undergo lung cancer screening. Regarding items in the
HBM, men who had been recommended lung cancer screen-

ing and had previously underwent lung cancer screening
had stronger intentions to undergo screening than men who
did not. Also, men with higher susceptibility and severity
scores for lung cancer, as well as higher benefits scores for
lung cancer screening, reported stronger intentions to 
undergo lung cancer screening, whereas men who had
higher scores for barriers to lung cancer screening showed
the weakest intentions. Except for variables concerning
severity of lung cancer and benefits of lung cancer screening,
these tendencies were similar in the high-risk group.  

Factors associated with intentions to undergo lung cancer
screening with LDCT according to risk groups are presented
in Table 5. Among average-risk men, those who are living in
a metropolitan area, had convenient access to a cancer
screening unit, and current smokers were, respectively, more
than 1.57 (95% confidence interval [CI], 1.25 to 1.97), 1.43
(95% CI, 1.07 to 1.91), and 1.35 (95% CI, 1.02 to 1.79) times
more likely to report intentions to undergo lung cancer
screening compared to those of men living non-metropolitan
areas, had inconvenient access to a cancer screening unit, and
non-smokers. Additionally, those who had been recom-
mended lung cancer screening (adjusted odds ratio [aOR],
2.60; 95% CI, 1.54 to 4.38), had previously undergone lung
cancer screening (aOR, 1.91; 95% CI, 1.02 to 3.56), and had

Variable Average risk (n=1,570) High-risk (n=160) p-value
Agreea), n (%) Mean±SD Agreea), n (%) Mean±SD

Perceived susceptibility
Chance of getting lung cancer in lifetimeb) 388 (24.7) 2.92±0.86 60 (37.5) 3.21±0.77 < 0.001
Possibility of getting lung cancer compared 360 (22.9) 2.91±0.83 56 (35.0) 3.23±0.72 < 0.001
to similar age groupb)

Often worry about getting lung cancerc) 312 (19.9) 2.76±0.89 40 (25.0) 2.96±0.92 0.012
Perceived severity

Lung cancer leads to deathc) 1,220 (77.7) 3.68±1.11 135 (84.4) 3.78±0.94 0.776
Lung cancer treatment is expensivec) 1,168 (74.4) 3.66±0.96 120 (75.0) 3.64±0.85 0.483
5-Year survival is lowc) 1,037 (66.1) 3.46±1.09 100 (62.5) 3.36±1.12 0.325

Perceived benefits
LDCT helps detect and treat lung cancerb) 1,022 (65.1) 3.49±0.96 108 (67.5) 3.51±0.82 0.932

Perceived barriers
Concern about radiation exposure with LDCTb) 284 (18.1) 3.26±0.89 25 (15.6) 3.29±0.92 0.684
LDCT is painfulb) 763 (48.6) 2.76±1.07 92 (57.5) 2.64±1.10 0.187

Cues to action
Recommended to have lung cancer screeningd) 121 (7.7) NA 23 (14.4) NA 0.004
Prior lung cancer screening experienced) 88 (5.6) NA 17 (10.6) NA 0.011

Table 3. Descriptive statistics and Health Belief Model of lung cancer screening awareness  

SD, standard deviation; LDCT, low-dose computed tomography; NA, not applicable. a)Number of participants who answered
“Agree”/“Somewhat” or “Totally agree”/”Very much”, b)Comparing the mean scores between two groups using t test, c)Test-
ing differences in the distribution of variables between groups using Mann-Whitney test, d)Two-point Likert-type scale; com-
paring agreement rates between groups using chi-square. 
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Variable
Average risk (n=1,570) High-risk (n=160)

High intentiona) p-value High intentiona) p-value
Total 784 (49.9) 97 (60.6) 0.10b)

Age group (yr)
40-54 539 (53.1) 0.001 NA NA
55-74 245 (44.2) 97 (60.6)

Marital status
Without spouse 46 (39.0) 0.013 7 (70.0) 0.741
With spouse 738 (50.8) 90 (60.0)

Years of education
< 6 19 (40.4) < 0.001 8 (57.1) 0.953
6-12 397 (44.7) 71 (60.7)
 13 368 (58.0) 18 (62.1)

Monthly household income
 2,999 146 (42.9) 0.008 42 (60.9) 0.923
3,000-4,999 431 (50.8) 36 (59.0)
 5,000 207 (54.2) 19 (63.3)

Private health insurance
Yes 671 (51.0) 0.067 67 (62.0) 0.598
No 113 (44.7) 30 (57.4)

Residency
Metropolitan 376 (57.1) < 0.001 79 (67.5) 0.003
Non-metropolitan 408 (44.8) 18 (41.9)

Self-reported health status 
Good 483 (50.6) 0.612 43 (55.8) 0.406
Normal 279 (49.3) 49 (66.2)
Poor 22 (44.0) 5 (55.5)

Regular health check-ups 
Yes 246 (48.7) 0.504 45 (72.6) 0.014
No 538 (50.5) 52 (53.1)

Family history of cancer 
Yes 132 (55.7) 0.054 15 (55.6) 0.554
No 652 (48.9) 82 (61.7)

Access to cancer screening unit
Convenient 677 (51.6) 0.004 82 (61.7) 0.554
Inconvenient 107 (41.6) 15 (55.6)

Smoking status
Never smoker 122 (39.1) < 0.001 NA
Former smoker 138 (57.7) 33 (64.7) 0.470
Current smoker 524 (51.4) 64 (58.7)

Ever recommended lung cancer screening
Yes 96 (79.3) < 0.001 20 (87.0) 0.005
No 688 (47.5) 77 (56.2)

Prior lung cancer screening 
Yes 71 (80.7) < 0.001 15 (88.2) 0.014
No 713 (48.1) 82 (57.3)

Susceptibilityc) 3.05±0.76 < 0.001 3.25±0.66 0.005
Severityd) 3.68±0.75 < 0.001 3.62±0.68 0.291

Table 4. Intentions to undergo lung cancer screening among male participants according to lung cancer risk 

(Continued to the next page)
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higher scores for perceived susceptibility (aOR, 1.63; 95% CI,
1.39 to 1.91) were more likely to have intentions to undergo
lung cancer screening compared to those who had not been
recommended lung cancer screening, no previous lung can-
cer screening experience and lower scores for perceived sus-
ceptibility. In the high risk group, those who lived in a
metropolitan area (aOR, 5.98; 95% CI, 2.34 to 15.23), under-
went regular health check-ups (aOR, 2.88; 95% CI, 1.21 to
6.82), and higher perceived susceptibility (aOR, 2.30; 95% CI,

1.14 to 4.63) were more likely to report intentions to undergo
lung cancer screening compared to those who lived in non-
metropolitan area, irregular health check-ups and had lower
perceived susceptibility. However, both average- and high-
risk men with higher scores for barriers to lung cancer
screening were, respectively, 0.79 (95% CI, 0.68 to 0.91) and
0.52 (95% CI, 0.29 to 0.92) times less likely to have intentions
to undergo lung cancer screening compared to those had
lower perceived barriers scores. 

Variable
Average risk (n=1,570) High-risk (n=160)

High intentiona) p-value High intentiona) p-value
Benefitsc) 3.54±0.97 0.062 3.60±0.82 0.104
Barriersc) 2.90±0.77 < 0.001 2.87±0.80 < 0.001

Table 4. Continued

Values are presented as number (%) or mean±SD. NA, not applicable; SD, standard deviation. a)Percentage of people with
strong intentions among the average and high risk groups, b)p-value when comparing strong intention rate between the 
average- and high-risk groups, c)Comparing means between the strong and weak intention groups using t test, d)Testing dif-
ferences in the distribution of variables between the strong and weak intention groups using Mann-Whitney test.

Variable
Average risk High-risk

aOR 95% CI aOR 95% CI
Age group (reference: 40-54 yr) 0.83 0.65-1.06 NA NA
Marital status (reference: without spouse) 1.25 0.82-1.90 0.98 0.18-5.40
Years of education (reference:  6)

6-12 1.04 0.54-2.00 0.98 0.24-4.12
 13 1.47 0.75-2.86 1.28 0.21-7.64

Monthly household income (reference:  2,999)
3,000-4,999 1.07 0.81-1.43 0.73 0.29-1.85
 5,000 1.20 0.86-1.66 0.66 0.17-2.53

Residency (reference: non-metropolitan) 1.57 1.25-1.97 5.98 2.34-15.23
Family history of cancer (reference: no) 1.10 0.82-1.49 0.48 0.16-1.43
Regular health checkups (reference: no) 1.03 0.81-1.30 2.88 1.21-6.82
Accessibility to cancer center (reference: inconvenient) 1.43 1.07-1.91 0.96 0.33-2.73
Smoking status (reference: never smoker)

Former smoker 1.43 0.99-2.06 1.00 Reference
Current smoker 1.35 1.02-1.79 0.67 0.28-1.57

Ever recommended lung cancer screening (reference: no) 2.60 1.54-4.38 1.08 0.17-6.95
Cues to action 2: prior lung cancer screening  (reference: no) 1.91 1.02-3.56 10.20 0.92-112.8
Susceptibility 1.63 1.39-1.91 2.30 1.14-4.63
Severity 1.13 0.97-1.31 0.91 0.47-1.77
Benefits 1.02 0.91-1.14 1.38 0.86-2.24
Barriers 0.79 0.68-0.91 0.52 0.29-0.92

Table 5. Factors associated with intention to undergo lung cancer screening among eligible and ineligible male screenees

aOR, adjusted odd ratio; CI, confidence interval; NA, not available.
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Discussion

This study was conducted using data from the KNCSS
2015, an annual cross-sectional study employing a nationally
representative random sampling method. The average smok-
ing pack-years of eligible screenees for lung cancer screening
in this study (mean, 43.1 pack years; 95% CI, 40.5 to 45.9) was
lower than that for individuals who participated in the NLST
(NLST: 55.5 pack years in CT arm [2]). Previous studies have
reported that current smokers in the United States tend to be
from minority racial groups, of lower socioeconomic status,
and be less educated [14,15]. In this study, we also found that
high-risk individuals had significantly lower education lev-
els, as well as lower household income, lower health status,
and more chronic diseases than average-risk individuals.
These would pose significant barriers to participating in lung
cancer screening. Thus, invitation strategies need to be care-
fully devised to achieve equitable participation in lung can-
cer screening. 

In the average-risk group, current (51.4%) and former
smokers (57.7%) reported significantly stronger screening 
intentions than non-smokers (39.1%). The intention rates in
the current study were lower than those in previous studies
conducted in the United States (59.3%-98.2%) [14-18] and
other countries [19,20]. These differences can be partly 
explained by the definition of screening intention. In the cur-
rent study, we conservatively categorized a person with 
intentions to undergo lung cancer as those who answered
“Yes” or “Definitely yes” to two questions concerning their
intentions for lung cancer screening. Up to now, no evidence
has been reported on the efficacy of LDCT for lung cancer
screening among average risk individuals. Nevertheless, in
the present study, 50% of average-risk individuals indicated
strong intentions to undergo lung cancer screening. Accord-
ingly, we should stress the importance of educating the gen-
eral population on the possible benefits, limitations, and
known and uncertain harms, as well as screening criteria, for
lung cancer. Further, for those current smokers who did not
meet screening criteria, smoking cessation should be empha-
sized. 

The rate of intentions to undergo lung cancer screening
with LDCT in the high-risk group was higher than that in the
average-risk group (60.6% vs. 49.9%). Albeit men in the high-
risk group had the strongest intentions, this rate was still
lower than those in other studies assessing willingness to be
screened in high-risk populations [16,19,21]. The possible 
explanation is that, in the current study, we described both
the benefits and the harms of LDCT to the participants,
which might have weakened intentions. Among high-risk
men, those who underwent regular health check-ups were
more likely to have strong intentions to undergo screening

for lung cancer than those who did not (aOR, 2.88; 95% CI,
1.21 to 6.82). Also, men who had higher perceived suscepti-
bility of getting lung cancer were more likely to have strong
intentions to undergo lung cancer screening (aOR, 2.30; 95%
CI, 1.14 to 4.63) than those with lower perceived susceptibil-
ity. However, men facing greater perceived barriers to
screening reported weaker intentions to undergo lung cancer
screening (aOR, 0.52; 95% CI, 0.29 to 0.92) than those with
lower perceived barriers. These findings are similar to pre-
vious studies on high-risk populations [16,19,21,22]. In par-
ticular, our finding supports a previous study in which fear
of radiation exposure was found to be related to weaker 
intentions to be screened among smokers [18].

Although perceived susceptibility was found to be a sig-
nificant factor boosting intentions for lung cancer screening,
only around 35% of men in the high-risk group believed that
they had a higher risk of getting lung cancer than people of
similar age. Also, 25% of men in the high-risk group said that
they worried about lung cancer. In other words, around 65%-
75% of men in the high-risk group did not perceive that they
were highly susceptible to lung cancer. These low percep-
tions of lung cancer risk may be a factor affecting hesitation
with lung cancer screening in high-risk individuals. Thus,
there may be a need to educate people on determining their
lung cancer risk in order to increase adherence with lung
cancer prevention and early detection programs.  

Perceived barriers were found to be a significant factor 
affecting weaker intentions to undergo lung cancer screen-
ing. In the current study, approximately 58% of men in the
high-risk group perceived that the LDCT test would be
painful, compared to 49% of men in the average-risk group.
Even though we explained the features of LDCT to partici-
pants using a picture card, on average, half of the study par-
ticipants worried about pain during the examination. On the
contrary, there was less concern for radiation exposure from
LDCT in both groups. This suggests that education about the
LDCT test is required. We also considered the cost of LDCT
as a barrier to lung cancer screening; however, it was 
excluded from the final analysis due to low factor loading in
factor analysis. Nevertheless, if lung cancer screening can be
covered by national cancer screening programs, screening
costs would not be a potential barrier to lung cancer screen-
ing. 

Among other modifiable factors, residency area was asso-
ciated with lung cancer screening intentions in both average-
risk and high-risk groups. In particular, in high-risk men,
those who lived in a metropolitan area showed higher odds
of intending to undergo lung cancer screening (aOR, 5.98;
95% CI, 2.34 to 15.23) than those lived in a non-metropolitan
area. In the average-risk group, men with convenient access
to a cancer screening center were more likely to have strong
intentions to undergo lung cancer screening. This suggests
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that greater availability to LDCT may increase intentions to
undergo the test, which could lead to a moral hazard if LDCT
is widely provided without considering exposure of lung
cancer risk [23]. Thus, comprehensive education on the ben-
efits and harms of LDCT and eligibility criteria for lung can-
cer screening should be provided to the general population.
Interestingly, in the average-risk group, cues to action in
HBM were significantly associated with intentions to 
undergo lung cancer screening, whereas in the high-risk
group, they were not. Particularly, in the average-risk group,
those who had ever been recommended lung cancer screen-
ing were 2.60 times more likely to have intentions to undergo
lung cancer screening than those who had never been rec-
ommended. This suggests that a doctor's recommendation
has a tremendous influence on intentions to be screened in
average-risk populations. Thus, it is necessary for doctors to
provide clear information on lung cancer screening, espe-
cially for screening targets. 

This study was conducted to examine intentions to 
undergo lung cancer screening among the general Korean
male population. We used nationwide data in the context of
a stratified, multistage, random sampling procedure and
were representative of the general Korean male population.
We estimated that there were 160 eligible screenees for lung
cancer screening, accounting for 22.4% of people aged from
55-74 years in this study. Furthermore, we attempted to pro-
vide balanced information on the benefits and harms of
LDCT, and tried to assess participants’ decision making for
lung cancer screening based on this information. Neverthe-
less, our study has several limitations. First, data on demo-
graphic characteristics and smoking status were self-
reported; therefore, although the interviewers received stan-
dardized training, recall and interviewer biases remain
likely. Second, we employed a cross-sectional design, such
that it was not possible to discern causal relationships. 

Finally, we examined intentions rather than actual behaviors.
We could not calculate the percentage of the population who
would actually undergo the screening test. Future studies
could benefit from recording this information for use in
analyses. 

In the current study, among the five constructs of the
HBM, perceived susceptibility was found to be a significant
factor affecting lung cancer screening intentions. This sug-
gests a need to educate people on their lung cancer risk. Also,
perceived barriers (concerns for radiation exposure and pain
with LDCT) appeared to negatively affect lung cancer screen-
ing intentions. Our findings provide directions for develop-
ing psychological interventions to promote the use of LDCT
for lung cancer screening. Interventions designed to promote
accurate perceived susceptibility and risk, as well as to 
reduce perceived barriers, may effectively increase adher-
ence with lung cancer screening recommendations among
high-risk individuals. Furthermore, educating lower-risk 
individuals on their relative risk of developing lung cancer,
as well as the harms of LDCT for lung cancer screening, is
needed. In particular, smoking cessation interventions for
current smokers, both those who meet lung cancer screening
criteria and those who do not, should be provided within the
context of LDCT cancer screening. 
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Proximal Resection Margins: More Prognostic than Distal Resection
Margins in Patients Undergoing Hilar Cholangiocarcinoma Resection

Original Article

   Purpose
Even though the therapeutic gold standard of hilar cholangiocarcinoma (HCCA) resection is
cancer-free resection margin (RM), surgical treatment still remains challenging. This study
evaluated the prognostic significance of RM status in resected HCCA patients and identified
survival prognostic factors. 

Materials and Methods
We reviewed records of 96 HCCA patients who underwent surgery from 2001 to 2012 and
analyzed the RM status and prognostic factors that affecting survival.

Results
Negative RM (n=31, 33%) was significantly associated with better survival vs. positive RM
(n=65, 67%) (mean survival time [MST], 33 months vs. 21 months; p=0.011). Margins with
histological findings of non-dysplastic epithelium, low-grade dysplasia, and carcinoma in
situ were not associated with survival differences (MST, 33 months vs. 33 months vs. 30
months; p=0.452), whereas positive margins were associated with poorer survival relative
to carcinoma in situ (MST, 30 months vs. 21 months; p=0.050). Among patients with R0 
resection, narrow ( 5 mm) and wide (> 5 mm) margins were not associated with survival
differences (MST, 33 months vs. 30 months; p=0.234). Although positive proximal RM was
associated with poorer survival compared to negative RM (MST, 19 vs. 33; p=0.002), no
survival difference was observed between positive and negative distal RMs (MST, 30 vs.
33; p=0.628). Proximal RM positivity (hazard ratio [HR], 2.688; p=0.007) and nodal involve-
ment (HR, 3.293; p < 0.001) were independent survival prognostic factors.

Conclusion
A clear RM, especially proximal RM status, was significant prognosticator, and proximal bile
duct resection to the greatest technically feasible extent may be necessary, with careful
consideration of the potential morbidity and oncologic outcomes after resection. However,
an aggressive approach to obtain a negative distal RM might be controversial and should
be considered carefully, depending on the patient's status.
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Introduction

Hilar cholangiocarcinoma (HCCA) is an uncommon 
malignancy that affects the hepatic duct confluence and for
which surgical treatment remains challenging. Currently, the
therapeutic gold standard is complete macroscopic tumor 
resection, or curative resection, defined as the achievement

of histologically cancer-free resection margins (RM) [1,2].
Most centers have recently adopted protocols for R0 resec-
tion that comprise major hepatectomy combined with en bloc
resection of the extrahepatic bile duct and caudate lobe, thus
improving the likelihood of a cure, and selected patients
have also undergone pancreatoduodenectomy to ensure
complete resection of positive distal bile ducts [3,4]. Despite
aggressive surgical therapy, the location and tendency of
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HCCA to infiltrate closed vasculature and hepatic tissue
have maintained the difficulty of bile duct resection with his-
tologically clear surgical margins [5]. Therefore, several 
reports of cases with positive margins have described the
performance of additional resection to the extent of techni-
cally feasibility [6,7]. However, despite these efforts, relation
between RM status and survival benefit is still not well
known. Therefore, we conducted this study to evaluate the
prognostic significance of resection margin status in patients
who have undergone resection of HCCA and to identify the
prognostic factors affecting patient survival.

Materials and Methods

Between 2001-2012, 117 consecutive patients with tumors
involving the hepatic hilum underwent surgical interven-
tions with curative intent; of these, 103 underwent tumor 
resection (resectability rate, 88.3%). Seven of the latter were
excluded from the analysis because they died within 30 days
of surgery (6.7%). Therefore, 96 patients were enrolled in this
study. The 74 men and 22 women included in this study had
a mean age of 61.8 years (range, 36 to 85 years), and all had
adenocarcinoma arising from the hepatic ducts that involved
the biliary confluence.

Preoperative diagnoses were based on a combination of 
radiologic imaging findings, tumor marker (carbohydrate
antigen 19-9, carcinoembryonic antigen) analyses, and rou-
tine medical assessments. Degrees of tumor extension were
assessed using dynamic computed tomography and/or 
dynamic magnetic resonance imaging, and the biliary
anatomy and extent of biliary obstruction were evaluated
using endoscopic or percutaneous cholangiography. Positron
emission tomography was used to characterize cross-sec-
tional radiographic findings indicating suspected metastatic
disease. The longitudinal extents of resected tumors along
the bile duct were classified using a modified Bismuth clas-
sification as type I (n=18, 19%), II (n=15, 15%), IIIa (n=22,
23%), IIIb (n=12, 12%), or IV (n=30, 31%). Preoperative biliary
drainage was performed in 86 patients (89%). Endoscopic 
nasogastric biliary drainage (n=18, 20%), endoscopic retro-
grade biliary drainage (n=9, 12%), or percutaneous transhep-
atic biliary drainage (n=59, 68%) was performed to reduce
the cholestatic liver damage in cases with preoperative jaun-
dice for a median of 20 days (range, 4 to 56 days). The median
preoperative total bilirubin level after biliary drainage was
2.4 mg/dL (range, 0.3 to 9 mg/dL). Portal vein embolization
(n=9, 12%) of the liver segment to be resected was performed
to induce compensatory hypertrophy of the future remnant
liver if the estimated resection volume comprised < 30%-40%

of the whole liver.
The potential for complete removal of tumoral disease was

the major incentive for resection. All surgical resections 
included right hemihepatectomy (n=51, 53%), right triseg-
mentectomy (n=8, 8%), left hemihepatectomy (n=20, 21%),
left trisegmentectomy (n=2, 2%), and/or hilar bile duct 
resection with or without caudate lobectomy (n=10, 11%).
Pancreatoduodenectomy was also performed (n=5, 5%) if the
tumor had invaded the pancreatic head. No patients under-
went only bile duct resection. Routine lymphadenectomy 
included the dissection of lymph nodes located in the hepa-
toduodenal ligament, behind the pancreatic head, along the
common hepatic artery, and at the right side of the celiac 
artery root. Portal vein resection and anastomosis were con-
ducted in cases involving portal vein invasion (n=9, 12%).
Frozen tissue sections were used for intraoperative patho-
logical assessments of the proximal or distal bile duct tran-
section lines. If safety margin was proved to be positive,
addition hepatobiliary resection was done as far as techni-
cally feasible until R0 was obtained if possible. The mean 
operation time was 571 minutes (range, 340 to 900 minutes).
Intraoperative transfusion was performed in 27 patients
(28%). 

The extrahepatic bile duct was incised longitudinally from
the distal to the proximal margin for gross tumor identifica-
tion. Major bile ducts were serially cross-sectioned at 2-mm
intervals to identify any invasive carcinoma components and
to determine the depth of invasion. Specific attention was 
directed toward the deepest aspect of the tumor and its 
interfaces with the liver parenchyma, portal vein, hepatic 
artery branches, and perihilar soft tissue. The latter was thor-
oughly sectioned to examine radial margins and identify
lymph nodes. The radial and ductal margins of all resected
specimens were evaluated by one experienced pancreatobil-
iary pathologist. Histologically, RM statuses were classified
as follows: margin with non-dysplastic epithelium (NDE;
n=54, 56%), margin with low-grade dysplasia (LGD; n=5,
5%), margin with carcinoma in situ (CIS; n=6, 6%), or margin
with invasive carcinoma (n=31, 33%). High-grade dysplasia
was classified as CIS because these statuses were very diffi-
cult to distinguish. Surgical curability was defined by the
residual tumor status: a negative RM (n=65, 67%) indicated
a margin with NDE, LGD, or CIS, whereas a positive margin
(n=31, 33%) indicated the existence of invasive carcinoma in
the final pathologic review. Moreover, patients classed as R0
were further subdivided by negative margin length: the nar-
row margin group comprised those in whom the tumor was
found  5 mm from the cut surface but was not exposed
(n=43, 44%), whereas the wide margin group comprised
those in whom the free margin was > 5 mm from the cut sur-
face (n=22, 23%). Patients with positive RMs were also sub-
classified according to location: positive proximal margin
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only (n=20, 21%), positive distal margin only (n=5, 5%), and
both positive proximal and distal margins (n=6, 6%). Eight-
een patients with a positive RM (58%) underwent additional
resection surgeries. Given the technical challenges associated
with additional resection (e.g., biliary and vascular anom-
alies, insufficient liver remnant, comorbidities), however, a
negative RM could not be achieved in all 26 cases with posi-
tive RM, despite the performance of a maximal transection.
For patients with a positive distal margin only, cancer-free
margins were achieved by right-sided (n=4) or left-sided 
hepatectomy (n=1) with caudate lobectomy in the proximal
duct lesion. However, the positive margins remained. Five
patients did not undergo an additional pancreaticoduo-
denectomy because of comorbidities such as chronic obstruc-
tive pulmonary disease (n=1), congestive heart failure (n=2),
or poor nutritional and performance statuses (n=2), although
all patients (n=5) underwent additional resection surgery
(i.e., intrapancreatic bile duct resection).

All tumor specimens were examined pathologically and
classified as well , moderate  or poorly differentiated adeno-
carcinoma based on the predominant pathological grading
of differentiation. Perineural invasion, hepatic invasion, and
lymph node metastasis were also examined. The final HCCA
stage was determined pathologically using the International
Union Against Cancer TNM classification system of malig-
nant tumors, seventh edition [8]. After discharge, no patient
was lost during a median follow-up period of 19 months. 
Adjuvant therapy was administered to patients with positive
RM and/or nodal involvement according to the National
Comprehensive Cancer Network guidelines.

1. Statistical analysis

Survival data of all patients were obtained from our insti-
tution’s electronic/paper medical records. The Kaplan-Meier
method of survival analysis was implemented, and the log-
rank test was used for group comparisons. Univariate corre-
lations between clinicopathologic factors and cumulative
survival were also examined using the log-rank test to iden-
tify potential prognostic factors, and a Cox proportional haz-
ard regression analysis was used to determine factors
independently associated with cumulative survival. All sta-
tistical analyses were performed using STATA ver. 10.1 for
Windows (StataCorp., College Station, TX). All statistical test
results were two-sided, and a p-value < 0.05 was considered
statistically significant.

2. Ethical statement

This retrospective study protocol was approved by the 
Institutional Review Board of the National Cancer Center,
Korea (NCC2017-0044). The informed consent was waived.

Results

1. Survival according to the resection margin status

The overall median survival time (MST) among patients
with resectable HCCA was 27 months (range, 2 to 84
months), and the estimated overall survival rates at 1, 3, and

Fig. 1.  Overall survival of hilar cholangiocarcinoma (HCCA)
patients (resectable vs. unresectable).
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Fig. 2.  Survival of hilar cholangiocarcinoma patients accor-
ding to resection margin status.
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5 years were 79.2%, 32.1%, and 20.4%, respectively (Fig. 1).
Fig. 2 presents a survival analysis according to residual
tumor status. Of the 96 included patients, 65 (67%) had neg-
ative RMs and 31 (33%) had positive RMs, and the former
exhibited better survival relative to the latter (MST, 33
months vs. 21 months; p=0.011). We also evaluated survival
by margin histology and observed no differences among 
patients whose margins included NDE, LGD, and CIS (MST,
33 months vs. 33 months vs. 30 months; p=0.452). However,
patients with positive margins (i.e., invasive carcinoma) had
worse survival outcomes than did those whose margins con-
tained CIS (MST, 30 months vs. 21 months; p=0.050). 

2. Surgical free margin length

Fig. 3 demonstrates survival according to surgical free
margins. Among the 65 patients who underwent R0, 43 (44%)
had narrow surgical margins and 22 (23%) had wide mar-
gins. We observed no difference in survival after R0 resection
between these groups (MST, 33 months and 30 months, 
respectively; p=0.234). However, the narrow margin group
achieved significantly better survival than did the positive
RM group (MST, 30 months vs. 21 months; p=0.012). 

3. Positive resection margin location

Among the 31 patients with positive RMs, 20 (21%) had
positive proximal RMs only, and five (5%) had positive distal
RM only. In our survival analysis (Fig. 4), patients with pos-
itive proximal margins had worse survival outcomes than

did those with negative RMs (MST, 19 months vs. 33 months;
p=0.002). However, we observed no significant survival dif-
ference between those with positive distal margins and those
with negative proximal and distal margins (MST, 30 months
vs. 33 months; p=0.628).

4. Analysis of prognostic factors

We analyzed the prognostic significance of 18 clinico-
pathologic variables (Table 1). The univariate analysis 
revealed that resection margin status (MST, 33 months vs. 21
months; p=0.011), proximal RM positivity (MST, 33 months
vs. 19 months; p=0.002), lymph node involvement (MST, 32
months vs. 15 months; p < 0.001), adjuvant therapy (MST, 33
months vs. 21 months; p=0.01), and CA 19-9 level (MST, 32
months vs. 21 months; p=0.022) were significantly associated
with patient survival. A multivariate analysis confirmed that
proximal RM positivity (hazard ratio [HR], 2.688; p=0.007)
and lymph node involvement (HR, 3.293; p < 0.001) remai-
ned independently associated with survival.

Discussion

HCCA is still considered a disease with a dismal progno-
sis, and its local infiltrative characteristics and close continu-
ity to the main portal vein and its branches, as well as the
hepatic artery, render surgical resection a significant action.

Fig. 3.  Survival of hilar cholangiocarcinoma patients by
surgical free margin length.
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Factor No. Median HR Univariate Multivariate
survival (mo) (95% CI) p-value p-value

Sex
Male 21 22 - 0.444 -
Female 75 27

Age (yr)
< 60 61 28 - 0.242 -
 60 35 25

Bismuth type
I/II 18/15 33/32 - 0.188 -
III/IV 33/30 27/24

Biliary drainages
Yes 86 36 - 0.140 -
No 10 32

CA 19-9 (U/mL)
< 37 29 36 3.437 0.022 0.064
 37 67 22

Operation time (min)
< 500 46 26 - 0.340 -
 500 50 26

Transfusion
Yes 27 26 - 0.087 -
No 69 36

Cell differentiation (well/moderate/poor) 33/39/24 32/39/21 - 0.114 -
Tumor size (cm)

< 4 40 30 - 0.105 -
 4 51 26

Perineural invasion
Yes 25 25 - 0.394 -
No 71 28

Lymphatic invasion
Yes 30 25 - 0.180 -
No 67 36

Microvascular invasion
Yes 33 18 - 0.120 -
No 63 30

Resection margin
(–) 31 33 1.768 0.011 0.178
(+) 65 21

Length of negative margin (mm)
 5 22 33 - 0.234 -
< 5 43 30

Proximal margin status
(+) 20 19 2.688 0.002 0.007

(1.311-5.510)
(–) 65 33

LN metastasis
Yes 40 15 3.293 < 0.001 < 0.001

(1.686-6.434)
No 56 32

Table 1. Univariate and multivariate analyses of clinicopathologic factors for overall survival

(Continued to the next page)
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Recent studies have proposed that aggressive surgery, 
including major hepatic resection combined with en bloc 
extrahepatic bile duct resection and lymph node dissection,
is only the demonstrable factor associated with long-term 
patient survival. Jarnagin et al. [2] highlighted the impor-
tance of en bloc major hepatectomy in their study, where they
demonstrated a survival benefit incurred by patients who
underwent concomitant liver resection relative to those who
underwent only excision of the extrahepatic biliary tree
(MST, 42.9 months vs. 28.8 months; p=0.002). Kondo et al. [9] 
observed that patients who underwent extended hepatec-
tomy with resection of the biliary tree exhibited a quite 
remarkable median overall survival of 27 months and 3-year
survival rate of 40%. Likewise, Hemming et al. [10] achieved
a median survival of 40 months after major hepatectomy.
Our study regarding the routine performance of aggressive
hepatic resection with bile duct resection corroborated those
earlier reports, as we achieved a MST 27 months with a 
3-year survival rate of 32%. Actually, hepatectomy combined
with bile duct resection is mainly performed to increase the
likelihood of margin-negative resection. The majority of 
reports indicate that a positive resection margin strongly 
affects prognosis and emphasize the importance of achieving
a tumor-free RM. Hirano et al. [11] reported a correlation 
between the surgical margin status and survival, with 3- and
5-year survival rates (24.2% and 6%, respectively) among 
patients with histologically positive margins that were sig-
nificantly inferior to the corresponding rates (52% and 39.9%,
respectively) observed in patients with R0 resection
(p=0.009). Similarly, Seyama et al. [12] confirmed that sur-
vival differed significantly according to the bile duct margin
status and reported 5-year survival rates of 46.1%, 34.7%, and
0% after R0, R1, and R2 resections, respectively (p < 0.001).
The present study also revealed that patients with micro-
scopically positive RM had significantly worse survival,
compared to patients with clear margins (MST, 33 months
vs. 21 months; p=0.011). However, several authors have sug-
gested that patients whose positive ductal margins contain

carcinoma in situ could survive beyond 5 years. Shirai et al.
[13] evaluated ductal margin statuses in patients with extra-
hepatic cholangiocarcinoma who underwent resection and
demonstrated that invasive carcinoma, but not carcinoma in
situ, in ductal RM had a strong adverse effect on patient sur-
vival. We also studied this issue and found similar results.
In our study, we classified patients into four groups accord-
ing to resection margin histology: negative margin, margin
with LGD, CIS, and invasive carcinoma. The first three
groups did not differ significantly with respect to survival,
whereas those whose positive margins contained invasive
carcinoma had worse survival outcomes than did those with
CIS. Therefore, we defined CIS as a negative margin. We also
examined surgical margin lengths in patients with R0 resec-
tion to analyze the influence of resection margin on survival
outcome. Patients with narrow and wide negative RM exhib-
ited similar survival patterns, whereas those who underwent
R1 resection exhibited significantly worse survival outcomes
compared to patients with narrow negative resection mar-
gins. Several previous studies have associated a positive RM
status with an increased risk of worse survival. However, no
differences in prognostic patterns were observed between
patients with narrow ( 5 mm) vs. wide (> 5 mm) resection
margins. Murakami et al. [14] evaluated negative margin
lengths in 28 cholangiocarcinoma patients who underwent
R0 resection and found similar rates of recurrence among 
patients with margins  5 mm and > 5 mm (p=0.930). A mul-
ticenter analysis including 16 centers and 434 patients 
recently showed that survival was not influenced by the
length of a negative RM. In that study, the length of a nega-
tive margin appeared to have no long-term impact, as sur-
vival estimates of patients with a negative margin of 0.5-9
mm and those of patients with a negative margin > 1 cm
were similar (p=0.610), and both were significantly better
than those in patients with a positive margin (p=0.001) [15].

We further evaluated patient survival according to the 
location of the positive RM. Among our cases with proximal
resection margins, 22 patients (21%) had positive proximal

Factor No. Median HR Univariate Multivariate
survival (mo) (95% CI) p-value p-value

Stage (UICC 7th)
I/II/III 33/62/2 33/26/24 0.128 -

Adjuvant therapy
Yes 67 33 1.25 0.011 0.264
No 29 21

Table 1. Continued

HR, hazard ratio; CI, confidence interval; CA 19-9, carbohydrate antigen 19-9; LN, lymph node; UICC International Union
Against Cancer.
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RM only, and these patients had significantly worse survival
outcomes than did those with negative margins. However,
among cases with distal bile duct margins, we observed no
significant difference in survival between the positive and
negative duct margin groups. 

We further identified a positive proximal surgical margin
as one of the strongest independent risk factors for survival
among patients with resected HCCA and note that although
we assume that this finding is accurate, the effects of margin
location (proximal vs. distal margin) have not been well stud-
ied. However, some studies were conducted to evaluate the
prognostic relationship between RM location and survival in
patients with extrahepatic bile duct cancer. One recent study
by Konishi et al. [16] showed that a positive proximal ductal
margin correlated significantly with poor survival (HR, 1.72;
p=0.029) and anastomotic recurrence (HR, 6.39; p=0.008), but
found that a positive distal margin was not significant in
cases of extrahepatic cholangiocarcinoma. We attribute the
differences in survival prognosis between patients with a
positive distal RM and those with a positive proximal RM to
anatomical differences in the cause of death. Tumor progres-
sion in the proximal bile duct margin generally causes sepsis
due to cholangitis and hepatic failure. Here, tumor progres-
sion causes biliary strictures and obstruction of the hepati-
cojejunostomy site, leading to cholangitis. Furthermore, the
stenosis of multiple bile ducts fails to control the infection,
thus predisposing the patient to sepsis. In addition, residual
tumor progression in the proximal duct involves the invasion
of the surrounding blood vessels, leading to hepatic failure
and associated complications. Therefore, patients with posi-
tive proximal margins tend to die from sepsis or liver failure
before experiencing cancer progression. By contrast, the risk
of biliary complications is somewhat lower among patients
with a positive distal RM, even if the tumor has progressed.

Undoubtedly, the number of patients with a positive distal
RM is too small to allow us to draw valid conclusions or con-
duct further statistical analyses. Furthermore, prospective
studies involving larger numbers of enrolled patients are
needed to confirm the results of the present study. However,
the data presented herein suggest that the resection of HCCA
is rare, as this tumor has a poor prognosis, and few papers

have analyzed and categorized these cases according to the
RM location. Therefore, it would be meaningful to evaluate
prognostic tendencies according to the RM location.

Accordingly, if the proximal ductal margin is positive and
the distal margin is negative, every reasonable attempt
should be made to clear the proximal margin. However, in
cases with positive distal RMs, the use of an aggressive 
approach to obtain a negative distal RM might be controver-
sial and should be carefully considered according to each 
patient's status.

Our study was subject to some limitations. It was a retro-
spective study involving a limited number of patients. More-
over, by design, our study was based on more than 10 years
of experience with HCCA treatment. Advances in surgical
techniques and chemotherapy might have introduced an 
element of lead-time bias; in other words, patients treated
more recently may have better survival rates because of les-
sons learned from increased experience, better adjuvant ther-
apies, and better supportive care. Furthermore, most of our
patients had advanced Klatskin-type tumors (Bismuth’s clas-
sification types 3 and 4, 65.6%). Therefore, the applicability
of our results may be limited. However, this issue is clinically
important, and prospective studies enrolling larger numbers
of patients are required to confirm the results of this study
in future.

In conclusion, our findings demonstrate that achieving a
clear resection margin is among the most important prognos-
tic factors for survival in patients with resected HCCA, 
regardless of the surgical margin length, and identify proxi-
mal RM positivity as a significant independent risk factor for
survival. Thus, bile duct resection to the greatest technically
feasible extent may be necessary, with careful consideration
of the potential morbidity and oncologic outcomes after 
resection. However, the use of an aggressive approach to 
obtain a negative distal RM might be controversial and
should be carefully considered according to each patient's
status.

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

1. Bismuth H, Nakache R, Diamond T. Management strategies
in resection for hilar cholangiocarcinoma. Ann Surg. 1992;215:
31-8.

2. Jarnagin WR, Ruo L, Little SA, Klimstra D, D'Angelica M, 
DeMatteo RP, et al. Patterns of initial disease recurrence after

resection of gallbladder carcinoma and hilar cholangiocarci-
noma: implications for adjuvant therapeutic strategies. Cancer.
2003;98:1689-700.

3. Dinant S, Gerhards MF, Busch OR, Obertop H, Gouma DJ,
Van Gulik TM. The importance of complete excision of the

References

Cancer Res Treat. 2018;50(4):1106-1113



VOLUME 50 NUMBER 4 OCTOBER 2018  1113

caudate lobe in resection of hilar cholangiocarcinoma. HPB
(Oxford). 2005;7:263-7.

4. Kawahara R, Tanigawa M, Horiuchi H, Takahashi K, Shira-
hama T, Nakama Y, et al. A case of postoperative recurrent
hilar cholangiocarcinoma in the lower bile duct treated with
pancreatoduodenectomy. Gan To Kagaku Ryoho. 2014;41:
1518-20.

5. Geng XP, Zhu HG, Liu FB, Hou H, Zhang ZG, Zhao HC, et al.
Anatomy problems in the radical resection for hilar cholan-
giocarcinoma. Zhonghua Wai Ke Za Zhi. 2009;47:1167-70.

6. Shingu Y, Ebata T, Nishio H, Igami T, Shimoyama Y, Nagino
M. Clinical value of additional resection of a margin-positive
proximal bile duct in hilar cholangiocarcinoma. Surgery.
2010;147:49-56.

7. Ribero D, Amisano M, Lo Tesoriere R, Rosso S, Ferrero A, 
Capussotti L. Additional resection of an intraoperative mar-
gin-positive proximal bile duct improves survival in patients
with hilar cholangiocarcinoma. Ann Surg. 2011;254:776-81.

8. Zaydfudim VM, Clark CJ, Kendrick ML, Que FG, Reid-Lom-
bardo KM, Donohue JH, et al. Correlation of staging systems
to survival in patients with resected hilar cholangiocarcinoma.
Am J Surg. 2013;206:159-65.

9. Kondo S, Hirano S, Ambo Y, Tanaka E, Okushiba S, Morikawa
T, et al. Forty consecutive resections of hilar cholangiocarci-
noma with no postoperative mortality and no positive ductal
margins: results of a prospective study. Ann Surg. 2004;240:

95-101.
10. Hemming AW, Reed AI, Fujita S, Foley DP, Howard RJ. Sur-

gical management of hilar cholangiocarcinoma. Ann Surg.
2005;241:693-9.

11. Hirano S, Kondo S, Tanaka E, Shichinohe T, Tsuchikawa T,
Kato K, et al. Outcome of surgical treatment of hilar cholan-
giocarcinoma: a special reference to postoperative morbidity
and mortality. J Hepatobiliary Pancreat Sci. 2010;17:455-62.

12. Seyama Y, Kubota K, Sano K, Noie T, Takayama T, Kosuge T,
et al. Long-term outcome of extended hemihepatectomy for
hilar bile duct cancer with no mortality and high survival rate.
Ann Surg. 2003;238:73-83.

13. Shirai Y, Sakata J, Wakai T, Hatakeyama K. Intraoperative 
assessment of the resectability of hilar cholangiocarcinoma.
Hepatogastroenterology. 2012;59:2436-8.

14. Murakami S, Ajiki T, Okazaki T, Ueno K, Kido M, Matsumoto
I, et al. Factors affecting survival after resection of intrahepatic
cholangiocarcinoma. Surg Today. 2014;44:1847-54.

15. Ribero D, Pinna AD, Guglielmi A, Ponti A, Nuzzo G, Giulini
SM, et al. Surgical approach for long-term survival of patients
with intrahepatic cholangiocarcinoma: a multi-institutional
analysis of 434 patients. Arch Surg. 2012;147:1107-13.

16. Konishi M, Iwasaki M, Ochiai A, Hasebe T, Ojima H, Yanagi-
sawa A. Clinical impact of intraoperative histological exami-
nation of the ductal resection margin in extrahepatic cho-
langiocarcinoma. Br J Surg. 2010;97:1363-8.

Tae Yoo, Proximal Margin in Hilar Cholangiocarcinoma



│ http://www.e-crt.org │1114 Copyright ⓒ 2018 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/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2018;50(4):1114-1120

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2017.326 

Open Access

Effect of Smoking Cessation and Reduction on the Risk of Cancer in
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Purpose
The purpose of this study was to investigate the effect of smoking habit change on the risk
of cancer. 

Materials and Methods
From the Korean National Health Insurance Service database, we determined the change
in smoking habit between the first (2002 and 2003) and second (2004 and 2005) health
examination periods. A total of 143,071 men were categorized into baseline heavy ( 20
cigarettes per day), moderate (10-19 cigarettes per day), light (< 10 cigarettes per day) smok-
ers, quitters, and never smokers, after which the change in smoking status was determined
during the second health examination. The participants were then followed up from 2006 to
2013 for all cancer, smoking related cancer, and lung cancer.

Results
Compared to heavy continual smokers, heavy smokers who quit had reduced risk of smok-
ing related cancer (hazard ratio [HR], 0.74; 95% confidence interval [CI], 0.56 to 0.97) and
tended to have reduced risk of all cancer (HR, 0.87; 95% CI, 0.75 to 1.00). Moderate smok-
ers who reduced the amount of smoking to light levels had decreased risk of all cancer (HR,
0.82; 95% CI, 0.72 to 0.94), smoking related cancer (HR, 0.74; 95% CI, 0.59 to 0.93), and
lung cancer (HR, 0.55; 95% CI, 0.38 to 0.79) compared to heavy continual smokers.

Conclusion
Smoking reduction decreases the risk of all cancer, smoking related cancer, and lung can-
cer. While smoking cessation should be the treatment of choice for smokers, smoking 
reduction may serve as an alternative strategy for those who cannot quit.

Key words
Smoking cessation, Smoking reduction, Neoplasms
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Introduction

Smoking is associated with a wide range of serious ill-
nesses including cardiovascular disease [1], stroke [2], and
cancer [3]. Among them, cancer has age-standardized rates
for incidence and mortality of 290.5 and 87.9 per 100,000 in
Korea in 2013, respectively [4], highlighting the importance
of determining the role of modifiable risk factors for cancer.
Therefore, the changes in smoking habits, which include

smoking cessation and reduction, play a crucial role in alter-
ing the risk of cancer and determining the risk reducing 
effect of smoking habit change on cancer merits further 
research.

Smoking cessation has been proven to reduce the risk of
various types of cancer [5-7]. However, smoking cessation
methods have had limited success, with many smokers 
unable to abstain from tobacco use for longer than one year
[8]. Due to the low success rate of smoking cessation, smok-
ing reduction, decreasing the amount of cigarettes smoked
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per day, has been proposed as an alternate strategy to reduce
the risk of cancer [9]. Previous studies demonstrating the risk
reducing effect of smoking reduction on cancer only investi-
gated lung cancer and was based on a Western population
[10] or a specific population of Korean civil servants aged 
between 30 and 58 years [11]. Particularly, civil servants tend
to be younger and have better overall health than the general
population that is most susceptible to the development of
cancer. Therefore, studies determining the effect of smoking
reduction on the risk of cancer in a general Asian population
are needed.

Recently, the Korean National Health Insurance Service
(NHIS) developed a cohort of Korean citizens who under-
went general health screenings from 2002 to 2013, called the
National Health Insurance Service–National Health Screen-
ing Cohort (NHIS-HealS) [12,13]. As all Korean citizens aged
40 years or more enrolled in the NHIS undergo biannual gen-
eral health examinations, NHIS-HealS has the advantage of
representing the general population well. Therefore, we con-
ducted a longitudinal study to determine the association 
between smoking habit change and the risk of developing
cancer using the NHIS-HealS database.

Materials and Methods

1. Study population

The Korean NHIS provides mandatory health insurance
for Korean citizens covering nearly all forms of health care
services [14], including biannual health examinations for all
dependents aged 40 years or older [12]. Overall, 65.3% of
those eligible participate in the health examinations [15]. The
NHIS-HealS database includes data from hospital admis-
sions, outpatient department visits, the Korean diagnosis-
related group (DRG) code, and pharmaceutical prescriptions.
Data on demographic profiles, death registries, disability reg-
istries, and health examinations were merged with the claims
data and anonymized with strict confidentiality guidelines.
Numerous previous reports have used the NHIS-HealS data-
base to conduct epidemiologic studies, and its validity has
been demonstrated elsewhere [13,16,17].

Among 179,390 male participants aged between 40 and 82
years who underwent health examinations in both the first
(2002 and 2003) and second (2004 and 2005) periods, 6,140
smoking initiators (those who were never smokers during
the first period and current smokers during the second 
period) and 4,295 relapsers (those who were quitters during
the first period and current smokers during the second 
period) were excluded. Then, 12,073 men who were diag-

nosed with cancer before the index date of 1 January 2006
were excluded. Participants who died (n=500) and with miss-
ing values on covariates (n=468) were further excluded. 
Finally, in order to reduce the possibility of reverse-causality,
in which having worsening health conditions may have
prompted smoking cessation or reduction, 12,843 partici-
pants diagnosed with cancer within the first 4 years of fol-
low-up (from 1 January 2006 to 31 December 2009) were
excluded. Ultimately, 143,071 men were followed up from 1
January 2006 to 31 December 2013 for newly diagnosed can-
cer. A list of items included in reports of cohort studies 
according to the STROBE checklist can be found in the sup-
plementary materials (S1 Table).

2. Cancer events

The primary outcome was newly diagnosed all cancer,
smoking related cancer, and lung cancer, which was deter-
mined by the 10th Revision of the International Classification
of Diseases (ICD-10) code. All cancer was defined as any
ICD-10 code starting with C (malignant neoplasms). Smok-
ing related cancer was defined according to the 2014 Sur-
geon’s General Report, which included malignancies of the
head and neck (ICD-10 code C00-C14), esophagus (C15),
stomach (C16), colorectum (C18-C20), hepatocellular carci-
noma (C22.0), pancreas (C25), larynx (C32), trachea (C33),
bronchus and lung (C34), bladder (C67), kidney, kidney
pelvis, or ureter (C64-C66, C68), or acute myeloid leukemia
(C92.0) [18].

We defined an event of newly diagnosed cancer when a
participant visited the hospital with a diagnosis of an ICD-
10 code for cancer and met any of the following additional
criteria: (1) made at least three outpatient visits with the same
ICD-10 code, (2) was hospitalized for two or more days with
the code, (3) received any cancer treatments based on the
DRG code for malignancy, or (4) died due to causes related
to the code. The date of cancer diagnosis was the first hospi-
tal visit date among newly diagnosed cancer patients.

3. Smoking habit change and covariates

Participants were grouped according to the baseline smok-
ing status determined by a questionnaire during the first
health examination into heavy smokers ( 20 cigarettes per
day), moderate smokers (10-19 cigarettes per day), light
smokers (< 10 cigarettes per day), quitters, and never smok-
ers. Using the questionnaire from the second health exami-
nation, smokers were categorized into continual smokers
and quitters. Sustained quitters and never smokers were par-
ticipants who were quitters and never smokers for both
health examination periods, respectively. Ultimately, the
study population was categorized into heavy continual

Seulggie Choi, Smoking Habit Change and Cancer in Korean Men
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smokers, moderate continual smokers, light continual smok-
ers, heavy reducers to moderate levels, heavy reducers to
light levels, moderate reducers to light levels, heavy quitters,
moderate quitters, light quitters, sustained quitters, and sus-
tained never smokers.

Covariates, extracted between 2002 and 2005, included age,
household income, physical activity, alcohol consumption,
total cholesterol levels, blood pressure, fasting serum glu-
cose, body mass index (BMI), and Charlson comorbidity
index (CCI). Household income was categorized according
to each patient’s insurance premium status. CCI was calcu-
lated using the ICD-10 code diagnoses for major comorbidi-
ties between 2002 and 2005 [19].

4. Statistical analysis

We performed Cox proportional hazards regression analy-
ses to estimate hazard ratios (HRs) and 95% confidence 
intervals (CIs) between smoking habit change groups relative
to heavy continual smokers for cancer. The assumption of
proportionality for the Cox model was graphically tested and
verified using the Schoenfeld residual method. Smoking 
reduction was defined as the reduction in smoking amount
between heavy ( 20 cigarettes per day), moderate (10-19 cig-
arettes per day), and light (< 10 cigarettes per day) amounts.
HRs were adjusted for age (continuous, years), household 
income (categorical, first, second, third, and fourth quartiles),
physical activity (categorical, 0, 1-2, and 3 or more times per
week), alcohol consumption (categorical, 0, 0-1, 1-2, and 3 or
more times per week), BMI (continuous, kg/m2), systolic
blood pressure (continuous, mm Hg), diastolic blood pres-
sure (continuous, mm Hg), fasting serum glucose (continu-
ous, mg/dL), total cholesterol (continuous, mg/dL), and CCI
(continuous).

Statistical significance was defined as a p-value of less than
0.05 in a two-sided manner. We performed all statistical
analyses using STATA ver. 13.0 (STATA Corp., College Sta-
tion, TX).

5. Ethical statement

The study protocol was approved by the Institutional 
Review Board (IRB) of Seoul National University Bundang
Hospital (IRB number: X-1701/378-902). The requirement for
participant consent was waived as the NHIS-HealS database
is anonymized in adherence to strict confidentiality guide-
lines. 

Results

A total of 13,612 newly diagnosed cancer events were 
observed during 1,102,254 person-years. The distribution of
the study participants for each baseline characteristic respec-
tive to smoking habit change is shown in Table 1. Compared
to heavy continual smokers, sustained never smokers tended
to be older, have higher household income, exercise more,
consume less alcohol, and have higher CCI values. Com-
pared to heavy continual smokers, heavy smokers who quit
tended to have higher household income, exercise less, con-
sume alcohol less, and have higher CCI values.

Table 2 shows the effect of smoking habit change on the
risk of developing all cancer, smoking related cancer, and
lung cancer. Compared to heavy continual smokers, moder-
ate continual smokers and light continual smokers had 
decreased risk of all cancer (HR, 0.85; 95% CI, 0.78 to 0.94 for
moderate and HR, 0.88; 95% CI, 0.79 to 0.97 for light), smok-
ing related cancer (HR, 0.79; 95% CI, 0.67 to 0.93 for moderate
and HR, 0.69; 95% CI, 0.57 to 0.84 for light), and lung cancer
(HR, 0.63; 95% CI, 0.49 to 0.81 for moderate and HR, 0.49;
95% CI, 0.37 to 0.66 for light) in a dose-responsive manner.
Similarly, sustained quitters and sustained never smokers
had decreased risk of all cancer (HR, 0.79; 95% CI, 0.73 to 0.87
for quitters and HR, 0.76; 95% CI, 0.70 to 0.83 for never smok-
ers), smoking related cancer (HR, 0.60; 95% CI, 0.51 to 0.71
for quitters and HR, 0.47; 95% CI, 0.40 to 0.55 for never smok-
ers), and lung cancer (HR, 0.34; 95% CI, 0.26 to 0.44 for quit-
ters and HR, 0.25; 95% CI, 0.19 to 0.32 for never smokers) in
a dose-responsive manner.

Compared to heavy continual smokers, heavy quitters had
decreased risk of smoking related cancer (HR, 0.74; 95% CI,
0.56 to 0.97) and tended to have reduced risk of all cancer
(HR, 0.87, 95% CI, 0.75 to 1.00). Furthermore, moderate
smokers who reduced the amount of cigarettes to light levels
had reduced risk of all cancer (HR, 0.82; 95% CI, 0.72 to 0.94),
smoking related cancer (HR, 0.74; 95% CI, 0.59 to 0.93), and
lung cancer (HR, 0.55; 95% CI, 0.38 to 0.79).

Discussion

In this large-scale longitudinal study of Korean men, we
have shown that smoking reduction decreased the risk of 
developing all cancer, smoking related cancer, and lung can-
cer. The results of this study add to previous findings [10,11]
demonstrating the risk reducing effect of smoking reduction
on lung cancer by showing that smoking reduction 
decreased the risk of not only lung cancer but also all cancer
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and smoking related cancer among a large Asian population
that represents the general population well.

Recently, two cohort studies have investigated the associ-
ation between smoking reduction and cancer. In 2005, Godt-
fredsen and colleagues have shown that compared to
continual heavy smokers, reduction of the smoking amount
by 50% led to decreased risk of lung cancer (HR, 0.73; 95%
CI, 0.54 to 0.98) among 19,714 Danish men and women [10].
Similarly, in 2008, Song and colleagues have shown that 
reducing the amount of smoking from heavy to moderate
(HR, 0.72; 95% CI, 0.49 to 0.89) and heavy to light (HR, 0.63;
95% CI, 0.46 to 0.84) led to decreased risk of lung cancer
among 479,156 Korean civil servant men aged between 30
and 58 years [11]. Our results also demonstrate that smoking
reduction led to decreased risk of lung cancer. Furthermore,
we have also shown that smoking reduction was beneficial
for decreasing the risk of all cancer and smoking related can-
cer.

Contrary to the results from the study by Song and col-
leagues [11], smoking reduction was associated with 
decreased risk of not only lung cancer but also all cancer and
smoking related cancer in our study. There are several pos-
sible explanations for this discrepancy. First, while the study
populations from both studies are comprised of Korean men,
our study population is composed those aged between 40
and 82 years (compared to between 30 and 58 years) regard-
less of employment status (compared to civil servants). As
age is an important factor in determining the risk of cancer
and employment is directly associated with general health
status, the innate differences in the study populations in
terms of age and employment may have contributed to the
significant benefit of smoking reduction for all cancer and
smoking related cancer in our results.

While moderate reducers to light levels had decreased risk
of cancer, there was a lack of significant risk-reduction
among heavy smokers who reduced the amount of cigarettes
to moderate and light amounts, which is another difference
in our results compared to previous findings [10,11]. There
are several possible explanations for this finding. First, 
reducers may have failed to maintain the reduced amount of
cigarettes after the second health examination and relapsed
to the amount originally smoked [20]. A previous study 
examining carcinogenic biomarkers in reducers showed that
only two out of 23 smokers were able to maintain their smok-
ing reduction habits beyond 12 weeks [21]. Second, even
with successful reduction, the intensity at which the reducer 
inhales his or her cigarette may compensate for the decrease
in the number of cigarettes [22]. This concept, known as com-
pensatory smoking, is based on previous studies that 
revealed smoking reduction was not associated with a cor-
responding reduction in tobacco-related carcinogenic bio-
markers [21]. Therefore, factors such as failure to maintain

the reduced amount and compensatory smoking may have
contributed to the lack of significant risk-reducing benefit of
smoking reduction when comparing individual groups.

Several limitations must be considered when interpreting
the results from our study. First, the responses from the
smoking questionnaire may not accurately reflect the partic-
ipants’ actual smoking status, leading to incorrect categoriza-
tion of smoking status groups. Second, the follow-up
duration of eight years may not be sufficient to completely
reveal the effects of smoking habit change. Particularly, as
cancer is a slowly-developing chronic disorder, a longer fol-
low-up duration may be needed to fully determine the effect
of smoking reduction and cessation on the risk of cancer.
Therefore, future studies with longer follow-up durations are
needed to validate the findings of this study.

Finally, the event of newly diagnosed cancer was based on
the health claims data, which may be less accurate compared
to cancer events defined by the National Cancer Registry.
Nevertheless, a recent study comparing the incidence rates
of cancer between the National Cancer Registry and NHIS
data in Korea has shown that the incidence rate for cancer
using the NHIS data (363.1 per 100,000 people) was similar
to that from the National Cancer Registry (361.9 per 100,000
people) [23]. Furthermore, another previous study compar-
ing the correlation of breast cancer events between the claims
data and national cancer registry data in Japan showed pos-
itive predictive values of breast cancer events defined by the
claims data ranging from 65.8% to 90.7% [24]. Therefore,
while future studies using the National Cancer Registry data
are needed, previous studies showing high correlation 
between cancer events from the NHIS and National Cancer
Registry data suggest that using the claims data for defining
cancer events is appropriate.

Smoking reduction decreases the risk of all cancer, smok-
ing related cancer, and lung cancer. While smoking cessation
should be considered the primary management strategy for
smokers, smoking reduction may be considered an alternate
method of management for those who cannot quit in order
to reduce the risk of developing cancer.
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HBsAg-Negative, Anti-HBc–Negative Patients Still Have a Risk 
of Hepatitis B Virus–Related Hepatitis after Autologous Stem Cell
Transplantation for Multiple Myeloma or Malignant Lymphoma

Original Article

Purpose
Although hepatitis B surface antigen (HBsAg)–negative, hepatitis B core antibody (anti-HBc)–
negative patients are not considered to be at risk for hepatitis B virus (HBV)–related hepa-
titis, the actual risk remains to be elucidated. This study aimed to evaluate the risk of
HBV-related hepatitis in HBsAg-negative, anti-HBc–negative patients receiving autologous
stem cell transplantation (ASCT) for multiple myeloma (MM) or malignant lymphoma. 

Materials and Methods
We retrospectively reviewed data from 271 HBsAg-negative patients (161 anti-HBc–negative
and 110 anti-HBc–positive at the time of ASCT) who received ASCT for MM or lymphoma.
The risk of HBV-related hepatitis was analyzed according to the presence of anti-HBc. HBV
serology results at the time of ASCT were compared with those at the time of diagnosis of
MM or lymphoma. 

Results
Three patients (two anti-HBc–negative MMs and one anti-HBc–positive MM) developed
HBV-related hepatitis after ASCT. The rate of HBV-related hepatitis did not differ among 
patients with or without anti-HBc status (p=0.843). HBV-related hepatitis more frequently
occurred in MM patients than in lymphoma patients (p=0.041). Overall, 9.1% of patients
(16.7% with MM and 5.4% with lymphoma) who were HBsAg–negative and anti-HBc–pos-
itive at the time of diagnosis had lost anti-HBc positivity during chemotherapy prior to ASCT. 

Conclusion
Our data suggest that HBsAg-negative, anti-HBc–negative patients at the time of ASCT for
MM or lymphoma still might be at a risk for HBV-related hepatitis.

Key words
Hepatitis B core antibody, HBV-related hepatitis, 
Stem cell transplantation, Lymphoma, Multiple myeloma
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Introduction

Hepatitis B virus (HBV)–related hepatitis is a serious com-
plication resulting from HBV reactivation after immunosup-
pressive treatment in patients with resolved HBV. Resolved
HBV infections are usually defined as hepatitis B surface
antigen (HBsAg)–negative and hepatitis B core antibody
(anti-HBc)–positive status in individuals with low (< 200
IU/mL) or undetectable levels of HBV-DNA [1-3]. Patients
who are HBsAg-negative and anti-HBc–negative are often
classified as HBV naïve [1] and are not considered to be at a
risk of developing HBV-related hepatitis in clinical practice.

Autologous stem cell transplantation (ASCT) is an effective
approach for the treatment of multiple myeloma (MM) and
malignant lymphoma. However, MM and lymphoma are
known to increase the risk of HBV reactivation [4-6]. There-
fore, HBV-related hepatitis following HBV reactivation is an
important clinical concern in MM and lymphoma patients
with resolved HBV during or after ASCT. To prevent HBV-
related hepatitis, all patients with MM or lymphoma should
be screened for HBsAg and anti-HBc prior to ASCT [3,7,8].
HBV prophylaxis or HBV pre-emptive therapy according to
HBV-DNA results are recommended in HBsAg-negative,
anti-HBc–positive patients by the European Association for
the Study of the Liver (EASL) Clinical Practice Guidelines,
although the American Association for the Study of Liver
Diseases (AASLD) Practice Guidelines do not recommend
routine HBV prophylaxis for these patients [3,7]. In HBsAg-
negative, anti-HBc–negative patients, however, no guide-
lines suggest that these patients should be evaluated for the
risk of HBV-related hepatitis. Nevertheless, HBsAg-negative,
anti-HBc–negative patients prior to ASCT might still be at
risk of developing HBV-related hepatitis: For instance, 
although anti-HBc is generally known to persist throughout
one’s lifetime, impaired production of anti-HBc can occur
during chemotherapy prior to ASCT in patients who are
HBsAg-negative and anti-HBc–positive at the time of diag-
nosis of MM or lymphoma [9]. This may result in erro-
neously interpreting a patient’s HBV infection status at the
time of ASCT as HBV-naïve if there is no known previous 
information. However, to our knowledge, the risk of HBV-
related hepatitis in patients who are HBsAg-negative and
anti-HBc–negative has not been reported, and tends to be 
underestimated by physicians. Hence, we conducted this ret-
rospective study to clarify the risk of HBV-related hepatitis
in patients who are HBsAg-negative and anti-HBc–negative
at the time of ASCT for MM or lymphoma.

Materials and Methods

1. Patients and study design

Two hundred eighty-eight patients who were diagnosed
with MM or malignant lymphoma received ASCT at Sever-
ance Hospital, Seoul, Korea between November 2005 and
April 2014. All patients were tested for serologic markers of
HBV prior to ASCT as a baseline. Among them, HBsAg-neg-
ative patients were enrolled in this study retrospectively. 
Patients who were not tested for anti-HBc at baseline were
excluded (Fig. 1). Patients with HBsAg–negativity were not
tested for HBV-DNA levels and did not receive anti-HBV
agents, because reimbursement guidelines set by the Korean
government did not permit such testing and treatment in
these patients. We then analyzed the rates of HBV-related
hepatitis after ASCT according to baseline anti-HBc status.
As reconstitution of normal humoral and cellular immunity
after ASCT may require 1 year or more [10], we considered
HBV-related hepatitis that occurred within and more than 1
year after ASCT as early and delayed events, respectively.
Next, the results on serologic markers of HBV at baseline
were compared to those at the time of diagnosis of MM or
lymphoma. Additionally, we also assessed the potential 
impact of rituximab on changes in HBV serology in lym-
phoma patients in sub-analysis.

2. Definitions of hepatitis, HBV-related hepatitis, and
HBV-related death

Hepatitis was defined as a threefold or greater increase in
serum alanine transaminase (ALT) levels that exceeded the
reference range (5.0-46.0 U/L) or an absolute increase in ALT
to greater than 100 U/L [11]. HBV reactivation is usually 
defined as the appearance of HBV-DNA or a more than 
10-fold increase in serum HBV-DNA than that at baseline
[1,2]. As serum HBV-DNA was not tested regularly, unless
positive conversion of HBsAg (HBsAg reversion) was noted,
HBV reactivation could not be identified. Therefore, we 
defined hepatitis attributed to HBV (HBV-related hepatitis)
as the presence of HBsAg reversion with no clinical or labo-
ratory features of acute infection with acute hepatitis A or C,
any other systemic infection, or drug-induced hepatitis. The
definition of HBV-related death was defined as any death 
resulting from HBV-related hepatitis.

3. Determination of hepatitis and HBV-related hepatitis
after ASCT

After ASCT, liver function tests were conducted every 2
weeks for 3 months and monthly thereafter for at least 2
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years. HBV serologic markers were tested if HBV-related
hepatitis was clinically suspected. Serum HBV-DNA levels
were measured if HBsAg reversion was detected. Serum
HBV-DNA levels were quantified with a real-time poly-
merase chain reaction assay on a Cobas TaqMan 48 analyzer
(Roche Molecular Systems, Branchburg, NJ). The lower 
detection limit was 60 copies/mL.

4. Statistical analysis

Frequencies between groups were evaluated and com-
pared using chi-square or Fisher exact tests. Mann-Whitney
U tests were applied for continuous variables. A binary 
logistic regression test was applied for multivariate analysis.
Two-tailed p-values less than 0.05 were considered signifi-
cant. All statistical analyses were performed using SPSS soft-
ware ver. 20.0 (IBM Corp., Armonk, NY).

5. Ethical statement

The present study conformed to the ethical guidelines of
the World Medical Association Declaration of Helsinki and
was approved by the Institutional Review Board of Sever-
ance Hospital (IRB approval number: 4-2014-0958). Informed

consent was waived because the study was based on retro-
spective review of clinical data.

Results

1. Patient characteristics

Of the 288 patients who were initially screened, 274 were
HBsAg-negative. Of these, three patients were not tested for
anti-HBc at the time of ASCT and excluded from this study
(Fig. 1). The baseline characteristics of the remaining 271 
patients are summarized in Table 1. Information on previous
vaccinations could not be obtained. Most of the baseline fac-
tors were not significantly different between groups with or
without anti-HBc, except for gender, age, and hepatitis B sur-
face antibody (anti-HBs) positivity. The most common sub-
type of malignant lymphoma was diffuse large B-cell
lymphoma (DLBCL; n=96, 54.2%). The median follow-up 
duration was 683 days (range, 8 to 3,147 days) from the date
of ASCT.

Hyunsung Park, HBV-Related Hepatitis after ASCT

Fig. 1. The incidence of hepatitis and hepatitis B surface antigen (HBsAg) reversion in 271 HBsAg-negative patients within
and more than 1 year after autologous stem cell transplantation without hepatitis B virus (HBV) prophylaxis. Anti-HBc, hep-
atitis B core antibody; Anti-HBs, hepatitis B surface antibody; ASCT, autologous stem cell transplantation.

Anti-HBc unknown
at ASCT (n=3)

Anti-HBs–positive
at ASCT (n=114, 100%)

Anti-HBs–negative
at ASCT (n=47, 100%)

Anti-HBs–positive
at ASCT (n=93, 100%)

Anti-HBs–negative
at ASCT (n=17, 100%)

HBsAg-negative, anti-HBc–negative
at ASCT (n=161)

HBsAg-negative, anti-HBc–positive
at ASCT (n=110)

HBsAg–positive
at ASCT (n=14)

Screening at ASCT (n=288)

No HBsAg reversion within 1 year after ASCT

HBsAg reversion more
than 1 year after ASCT

(n=2, 1.8%)

HBsAg reversion more
than 1 year after ASCT

(n=1, 2.1%)

HBsAg reversion more
than 1 year after ASCT

(n=1, 1.1%)

HBsAg reversion more
than 1 year after ASCT

(n=0, 0%)
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2. Hepatitis, HBV-related hepatitis, and HBV-related death
after ASCT

Among the 271 enrolled patients, 161 were anti-HBc–neg-
ative and 110 were anti-HBc–positive at baseline (Fig. 1).
Within 1 year after ASCT, 71 of the anti-HBc–negative 
patients and 48 of the anti-HBc–positive patients experienced
hepatitis (44.1% vs. 43.6%, p > 0.999). Neither HBsAg rever-
sion nor HBV-related hepatitis was recorded within 1 year
after ASCT, regardless of anti-HBc and anti-HBs status in
both groups (Fig. 1). However, two anti-HBc–negative 
patients (1.2%) and one anti-HBc–positive patient (0.9%) 
developed HBV-related hepatitis at days 406, 457, and 763
after ASCT, respectively (Table 2). One of these patients died
of HBV-related hepatitis. One lymphoma patient with anti-
HBc–negative showed HBsAg reversion without hepatitis at
day 1,172 after ASCT. The rate of delayed HBV-related hep-
atitis did not differ between patients with and without anti-
HBc after adjustment for anti-HBs positivity (p=0.843).
Anti-HBs positivity also did not affect the rate of delayed
HBV-related hepatitis after adjustment for anti-HBc status

(p=0.710). Delayed HBV-related hepatitis occurred more fre-
quently in MM patients (3 of 94, 3.2%) than in lymphoma 
patients (0 of 177, 0%; p=0.041).

3. Clinical characteristics of four patients with HBsAg 
reversion after ASCT

Clinical characteristics of the four patients who experi-
enced HBsAg reversion are listed in Table 2. Patient 1 (MM,
anti-HBc–positive) received ASCT, with hematologic disease
progression detected at day 98 after ASCT. HBV-related hep-
atitis developed at day 763 after ASCT; however, liver func-
tion improved without the need for anti-HBV therapy.
Patient 2 (MM) exhibited anti-HBc positivity at the time of
MM diagnosis; however, the patient became anti-HBc nega-
tive at the time of ASCT. Relapse of MM occurred at day 337
after ASCT, and HBV-related hepatitis developed at day 406
after ASCT, with HBV-DNA levels of 47,600 IU/mL. Ente-
cavir 0.5 mg daily was administered. In spite of anti-HBV
therapy, however, the patient died from hepatic failure at
day 453 after ASCT. Patient 3 (MM, anti-HBc–negative) 

Cancer Res Treat. 2018;50(4):1121-1129

Characteristic Anti-HBc (+) Anti-HBc (–) p-valueat ASCT at ASCT
No. of patients 110 (40.6) 161 (59.4)
Male/Female 72/38 81/80 0.018 
Age at ASCT (yr) 53 (16-65) 48 (17-65) 0.001 
Anti-HBs positive 93 (84.5) 114 (70.8) 0.009 
MM/Lymphoma 38/72 56/105 NS 
Pre-ASCT status 

No. with elevated ALT 5 ( 8 ( NS 
ALT (U/L) 19 (3-59) 15 (3-129) 0.122 
Total bilirubin (mg/dL) 0.4 (0.2-1.1) 0.4 (0.2-1.9) 0.323 
Albumin (g/dL) 4.1 (2.7-5.3) 4.0 (1.2-5.5) 0.683 
LDH (U/L) 247.5 (107-797) 266 (94-2,162) 0.299 

Interval from diagnosis to ASCT (day) 212 (39-2,891) 217 (70-5,230) 0.503 
Cycles of CTx before ASCT 7.0 (0-36) 7.0 (3-43) 0.477 

MM 4.0 (0-19) 5.0 (3-43)
Lymphoma 7.0 (3-36) 7.0 (3-19)

Lines of CTx before ASCT 1.0 (0-4) 2.0 (1-6) 0.070 
Conditioning regimens 

Melphalan-based in MM patients 38 (100) 56 (100) NA 
Busulfan-based in lymphoma patients 64 (88.9) 82 (78.1) 0.072 

Previous rituximab therapy 37 (33.6) 53 (32.9) NS 
Interval from last use of rituximab to ASCT (day) 71 (0-1,299) 92 (6-2,869) 0.427 

Table 1. Baseline characteristics according to anti-HBc status in HBsAg-negative patients prior to ASCT

Values are presented as number (%) or median (range). Anti-HBc, hepatitis B core antibody; HBsAg, hepatitis B surface antigen;
ASCT, autologous stem cell transplantation; Anti-HBs, hepatitis B surface antibody; MM, multiple myeloma; NS, not signifi-
cant; ALT, alanine transaminase; LDH, lactate dehydrogenase; CTx, chemotherapy; NA, not available.
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developed HBV-related hepatitis at day 457 after ASCT, dur-
ing maintenance therapy with thalidomide and pred-
nisolone. Tenofovir 300 mg daily was administered, and the
patient’s HBV-DNA titers became undetectable. Patient 4,
who had primary DLBCL of the central nervous system (anti-
HBc–negative), did not receive any chemotherapy after
ASCT. HBsAg reversion without hepatitis was incidentally
detected at day 1,172 after ASCT. The status of anti-HBc at
the time of diagnosis of MM or lymphoma in patients 3 and
4 could not be identified.

4. Changes in HBV serologic markers from diagnosis to
transplantation

Among the 271 HBsAg-negative patients at baseline, 124
were tested for anti-HBc at the time of diagnosis of MM or
lymphoma (Fig. 2A). Among them, 55 patients (44.4%) were
anti-HBc–positive and 69 (55.6%) were anti-HBc–negative.
Of the 55 anti-HBc–positive patients, 50 (90.9%) maintained

their anti-HBc positivity. However, five patients (9.1%, two
lymphomas and three MMs) lost anti-HBc positivity during
chemotherapy (median cycles of chemotherapy: seven 
cycles) and showed negativity for anti-HBc at the time of
ASCT. The two lymphoma patients who lost anti-HBc posi-
tivity had received rituximab-containing chemotherapy. The
disappearance rate of anti-HBc during chemotherapy was
16.7% in MM patients (median cycles of chemotherapy: four
cycles) and 5.4% in lymphoma patients (median cycles of
chemotherapy: seven cycles), although the difference was not
statistically significant (p=0.317) (Table 3). Rituximab-con-
taining chemotherapy did not significantly affect the disap-
pearance rate of anti-HBc in lymphoma patients (p=0.230)
(Table 3).

Among the 208 patients who were HBsAg-negative at the
time of ASCT and tested for anti-HBs at the time of diagnosis
of MM or lymphoma, 128 (61.5%) were anti-HBs–positive
and 80 (38.5%) were anti-HBs–negative at the time of diag-
nosis (Fig. 2B). Of the 128 anti-HBs–positive patients, 12

Hyunsung Park, HBV-Related Hepatitis after ASCT

Table 2.  Clinical characteristics of four patients with HBsAg reversion after ASCT
Patient 1 Patient 2 Patient 3 Patient 4

At the time of ASCT
Age 60 54 54 46
Sex Male Male Male Female
Diagnosis MM MM MM DLBCL
Previous lines of CTx 4 2 2 1
Prior use of rituximab No No No No
HBV serology at diagnosisa) –/NA/NA –/+/– –/NA/NA –/NA/+
HBV serology at ASCTa) –/+/+ –/–/– –/–/+ –/–/+
Anti-HBs titer (IU/L) 11.67 9.76 44.40 42.65
HBV-DNA (IU/mL) NA NA NA NA
ALT (U/L) 12 6 10 12
Conditioning regimen HD Mel VelBuMel HD Mel BuTT
HBV prophylaxis ND ND ND ND
CTx after ASCT Steroid only Thal, steroid, DCEP Thal, steroid ND

At the time of HBsAg reversion
HBV serologya) +/+/– +/+/– +/NA/– +/NA/–
No. of days after ASCT 763 406 457 1,172
HBV-DNA (IU/mL) 91,700,000 47,600 2,200,000 NA
Peak ALT (U/L) 103 3,163 424 34
Peak total bilirubin (mg/dL) 0.6 22.2 4.0 0.5
HBV treatment No Entecavir Tenofovir No
Outcomes Alive and well Died of hepatic failure Alive and well Alive and well

HBsAg, hepatitis B surface antigen; ASCT, autologous stem cell transplantation; MM, multiple myeloma; DLBCL, diffuse
large B-cell lymphoma; CTx, chemotherapy; NA, not available; Anti-HBs, hepatitis B surface antibody; HBV, hepatitis B virus;
ALT, alanine transaminase; HD Mel, high-dose melphalan; VelBuMel, bortezomib, busulfan and melphalan; BuTT, busulfan
and thiotepa; ND, not done; Thal, thalidomide; DCEP, dexamethasone, cyclophosphamide, etoposide and cisplatin; Anti-
HBc, hepatitis B core antibody. a)HBsAg/anti-HBc/anti-HBs.
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(9.4%) lost anti-HBs positivity during a median of seven 
cycles of chemotherapy and showed negativity for anti-HBs
at the time of ASCT. The disappearance rate of anti-HBs dur-
ing chemotherapy was significantly higher in MM patients
(25.0%; median cycles of chemotherapy, four cycles) than in

lymphoma patients (4.2%; median cycles of chemotherapy,
seven cycles) (p=0.002) (Table 3). Rituximab-containing
chemotherapy did not significantly affect the rate of anti-HBs
disappearance in lymphoma patients (p=0.347) (Table 3).

Cancer Res Treat. 2018;50(4):1121-1129

Fig. 2. Changes in hepatitis B core antibody (anti-HBc) status (A) and hepatitis B surface antibody (anti-HBs) status (B) in
hepatitis B surface antigen (HBsAg)–negative patients from diagnosis to transplantation. ASCT, autologous stem cell trans-
plantation.
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Discussion

Anti-HBc is generally the most reliable serological marker
of remote HBV infection [12]. However, in the present study,
we found that 9.1% of MM and lymphoma patients experi-
enced negative conversion of anti-HBc at the time of ASCT
and remained at risk for HBV-related hepatitis. Accordingly,
we suggest that HBsAg-negative, anti-HBc–negative patients
at the time of ASCT should not be considered as HBV naïve,
particularly if there is not sufficient information on previous
HBV infection. Considering that the rate of anti-HBc positiv-
ity alone is higher in areas with a high prevalence of HBV 
infection [13], the risk of HBV-related hepatitis in HBsAg-
negative, anti-HBc–negative patients may theoretically be
proportional to the area’s prevalence of HBV infections.

HBV-related hepatitis following HBV reactivation in 
patients with resolved HBV is an emerging concern during
intensive chemotherapy. Several studies have evaluated the
risk of developing HBV-related hepatitis in patients with
HBV infection who have received intensive chemotherapy
[11,14,15]. However, most of these previous studies have pri-
marily focused on patients with resolved HBV infection 
defined as HBsAg negativity and anti-HBc positivity. Indeed,
guidelines from the AASLD [3], EASL [7], and Asian-Pacific
consensus statement [8] recommend that screening tests for
HBsAg and anti-HBc in patients who are at risk of HBV 
infection should be performed before initiation of cytotoxic
chemotherapy and that HBV-DNA should be monitored 
periodically in HBsAg-negative, anti-HBc–positive patients.
Although these criteria may be useful before immunosup-
pressive therapy or chemotherapy, they may not be enough

to determine whether patients are at risk for HBV-related
hepatitis at the time of ASCT. As shown in our study, which
was conducted in Korea where the prevalence of HBV infec-
tion and anti-HBc positivity alone is high [16], a considerable
number of patients with MM or lymphoma lost anti-HBc
positivity during chemotherapy; moreover, the rate of HBV-
related hepatitis did not differ between patients who were
anti-HBc–negative and those who were anti-HBc–positive
prior to undergoing ASCT. Our finding of a relatively low
rate of HBV-related hepatitis in anti-HBc–positive patients
may be due in part to the relatively short follow-up duration
of our study (median, 683 days) because a recent study sug-
gested that most HBV reactivations occur more than 19
months after transplantation [17]. Nevertheless, our data
suggest that the risk of HBV-related hepatitis in HBsAg-neg-
ative, anti-HBc–negative patients at the time of ASCT is not
negligible, particularly in HBV endemic areas, such as South-
East Asia and Western Pacific Regions [18].

Notably, the absolute percentage of patients who lost anti-
HBc during chemotherapy prior to ASCT was higher in MM
patients (16.7%) than in lymphoma patients (5.4%). However,
the difference was not statistically significance. Given that
the number of patients who were analyzed to determine the
disappearance rate of anti-HBc during chemotherapy was
small (18 MM and 37 lymphoma), we could not conclude
whether or not MM patients experience a higher disappear-
ance rate of anti-HBc during chemotherapy than lymphoma
patients. Nevertheless, since MM is an incurable disease by
nature of dysfunctional humoral immunity, we suspect that
MM patients are at a high risk of anti-HBc disappearance.
Meanwhile, our study also found that reversion of anti-HBs
occurs more frequently in MM patients than in lymphoma

Hyunsung Park, HBV-Related Hepatitis after ASCT

Table 3.  Disappearance of antibody during chemotherapy prior to ASCT in patients who were positive for anti-HBc or anti-
HBs at the time of diagnosis of MM or lymphoma
Positive at diagnosis Negative at ASCT Positive at ASCT p-value 
Anti-HBc

MM (n=18) 3 (16.7) 15 (83.3) 0.317
Lymphoma (n=37) 2 (5.4) 35 (94.6)
Rituximaba) (n=18) 2 (11.1) 16 (88.9) 0.230
No rituximabb) (n=19) 0 ( 19 (100)

Anti-HBs
MM (n=32) 8 (25.0) 24 (75.0) 0.002
Lymphoma (n=96) 4 (4.2) 92 (95.8)
Rituximaba) (n=46) 3 (6.5) 43 (93.5) 0.347
No rituximabb) (n=50) 1 (2.0) 49 (98.0)

Values are presented as number (%). ASCT, autologous stem cell transplantation; Anti-HBc, hepatitis B core antibody; Anti-
HBs, hepatitis B surface antibody; MM, multiple myeloma. a)Patients receiving rituximab-containing chemotherapy for lym-
phoma before ASCT, b)Patients receiving chemotherapy without rituximab for lymphoma before ASCT.
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patients during chemotherapy. In addition, HBV-related
hepatitis developed more frequently in MM patients. Similar
to these findings, both loss of anti-HBs and MM were 
reported as independent risk factors for HBV reactivation
previously [19,20]. Therefore, we recommend that MM
HBsAg-negative, anti-HBc–negative patients should be care-
fully evaluated for the risk of HBV-related hepatitis during
chemotherapy.

Rituximab is a chimeric anti-CD20 monoclonal antibody
that is extensively used in various B-cell lymphoid malignan-
cies and immune-mediated diseases [21]. Although ritux-
imab-based treatments are known to reduce the levels of
circulating antibodies [22], we did not find significantly 
increased disappearance rates of anti-HBc or anti-HBs in
lymphoma patients who received a rituximab-containing
chemotherapy as induction chemotherapy. In addition, none
of those receiving rituximab-containing induction chemo-
therapy showed HBV-related hepatitis after ASCT. However,
the small number of patients limited our ability to reach a
definitive conclusion.

This study has a few limitations. First, HBV serology was
tested in accordance with clinical suspicions, which could 
introduce potential bias. Second, as HBV-DNA levels were
not tested regularly, we could not identify the appearance of
HBV-DNA in the serum (e.g., HBV reactivation) in the 
absence of HBsAg. Therefore, the rate of HBV reactivation
may have consequently been underestimated, especially in
patients who had treated with rituximab which is one of the
major risk factors of HBV reactivation [11]. Because it is not
necessary to conduct anti-HBV treatments in patients who
have only positive findings of HBV-DNA without elevation
of biochemical markers for hepatitis, the determination of the
patients with HBV-related hepatitis may be useful in clinical
practice. Third, vaccination history could not be obtained.

Considering that universal vaccination of all infants has been
performed since 1991 in Korea [23], the possibility of aggres-
sive vaccination, which may reduce the rate of HBV-related
hepatitis, could not be excluded. Finally, due to the retro-
spective nature of this study, only a small number of patients
had results on anti-HBc or anti-HBs at the time of diagnosis
of MM or lymphoma. As only one of three patients who were
anti-HBc–negative at baseline and experienced HBsAg rever-
sion after ASCT was identified to have anti-HBc at the time
of diagnosis, our study had insufficient data with which to
reveal an association between disappearance of anti-HBc and
HBV-related hepatitis. Despite these limitations, our study
demonstrates for the first time the potential risk of anti-HBc
disappearance and HBV-related hepatitis in MM and lym-
phoma patients. Larger, prospective studies are needed to
confirm the results of our study.

In summary, our study showed that 16.7% of MM patients
and 5.4% of lymphoma patients who were HBsAg-negative
and anti-HBc–positive at the time of diagnosis of MM or lym-
phoma had lost their anti-HBc positivity during chemother-
apy prior to ASCT and remained at risk of HBV-related
hepatitis. Hence, patients who are HBsAg-negative and anti-
HBc–negative at the time of ASCT should also be considered
at risk of HBV-related hepatitis, particularly MM patients in
HBV endemic areas. Not only screening tests for HBV sero-
logic markers and HBV-DNA levels at the time of ASCT but
also a comprehensive review of previous HBV history, 
including serologic markers and HBV-DNA, may necessary
to determine which patients are at risk of HBV-related hep-
atitis after ASCT.
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Purpose
The purpose of this study was to demonstrate the existence of a bimodal survival pattern
in metastatic uveal melanoma. Secondary aims were to identify the characteristics and
prognostic factors associated with long-term survival and to develop a clinical decision tree. 

Materials and Methods
The medical records of 99 metastatic uveal melanoma patients were retrospectively 
reviewed. Patients were classified as either short ( 12 months) or long-term survivors (> 12
months) based on a graphical interpretation of the survival curve after diagnosis of the first
metastatic lesion. Ophthalmic and oncological characteristics were assessed in both groups. 

Results
Of the 99 patients, 62 (62.6%) were classified as short-term survivors, and 37 (37.4%) as
long-term survivors. The multivariate analysis identified the following predictors of long-term
survival: age  65 years (p=0.012) and unaltered serum lactate dehydrogenase levels
(p=0.018); additionally, the size (smaller vs. larger) of the largest liver metastasis showed
a trend towards significance (p=0.063). Based on the variables significantly associated with
long-term survival, we developed a decision tree to facilitate clinical decision-making. 

Conclusion
The findings of this study demonstrate the existence of a bimodal survival pattern in patients
with metastatic uveal melanoma. The presence of certain clinical characteristics at diagnosis
of distant disease is associated with long-term survival. A decision tree was developed to
facilitate clinical decision-making and to counsel patients about the expected course of dis-
ease. 

Key words
Uveal melanoma, Neoplasm metastasis, 
Long-term survivors, Decision trees
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Introduction

Malignant uveal melanoma is the most common primary
intraocular cancer in adults [1]. The main aim of treatment is
to eliminate the tumor and prevent metastatic dissemination.
Local recurrence can be effectively prevented through enu-
cleation or eye-conserving therapies [2,3]. Dissemination is
common in uveal melanoma: even when the primary tumor
is completely eradicated, approximately 50% of patients will
develop metastasis, most commonly in the liver (89% of
cases) [4]. Once metastasis occurs, the prognosis is very poor,
with a median survival of only 6 months and an 80% mor-
tality rate within the first year [5,6]. Even with recent 
advances in the management of this disease, the survival rate
has remained unchanged for 40 years, and no existing treat-
ment has yet been proven to extend survival [7-9].

Although long-term survival is uncommon in metastatic
disease, clinical practice and a few reports suggest that a sub-
set of patients achieve long-term survival [5,10-13]. However,
the characteristics associated with long-term survival are not
well understood. Gragoudas et al. [5] first used the term
“long survivors” to describe a small subset of patients who
survive for more than 1 year. The  Collaborative Ocular
Melanoma Study, which evaluated the largest patient cohort
reported to date, found that patients who survived > 6
months after diagnosis of dissemination were significantly
younger than patients with the earliest death [11]. Similarly,
Rietschel et al. [12] found that 22% of 119 metastatic patients
remained alive at 4 years. 

Given this context, the aim of the present study was to
identify the bimodal survival distribution pattern (long and
short) in a single-center cohort of metastatic uveal melanoma
patients. We also evaluated a broad range of variables in an
effort to determine the predictors of both short and long-term
survival. Finally, based on those findings, we developed a
clinical decision tree to help clinicians estimate the expected
survival outcomes.

Materials and Methods

1. Patients and clinical assessments

This was a retrospective, consecutive case series. From
May 1996 through May 2014, 99 patients with metastatic
uveal melanoma were diagnosed at the ocular oncology unit
at Bellvitge University Hospital (Barcelona, Spain). 

The diagnosis of metastatic melanoma was based on stan-
dard clinical and imaging findings, progression, and the 

absence of other cancers. A fine-needle aspiration biopsy was
performed only in cases of diagnostic uncertainty. 

The outcome of interest was overall survival after diagno-
sis of metastatic disease. Survival time (months) was calcu-
lated from the date of the first metastasis until death. 

The clinical information was extracted from medical
records and classified into five categories, as follows: demo-
graphic data, primary tumor characteristics, features of first
metastatic lesion, patient outcomes after metastasis, and
metastatic treatment. 

Tumor size was assessed according to the seventh edition
of the American Joint Committee on Cancer tumor staging
criteria [14]. The following serum liver function tests at 
diagnosis of metastatic spread were registered:  aspartate
transaminase, alanine transaminase, gamma glutamyl
transpeptidase (GGT), lactate dehydrogenase (LDH), and 
alkaline phosphatase. To facilitate analysis, biochemical data
were categorized as either normal or elevated according to
our laboratory reference levels.

2. Statistical analysis

The survival analysis was performed from the date of first
metastatic diagnosis. The Kaplan-Meier method was used to
determine the cumulative probability of survival during fol-
low-up. Long- and short-term survival groups were identi-
fied by graphical interpretation of the survival curve. This
was subsequently analyzed as a qualitative dichotomous
variable.

After defining the two different survival groups, we per-
formed a bivariate analysis of the factors associated with
long or short survival (chi-square test or Fisher exact test for
categorical variables; Student's t test or Mann-Whitney's U
test for quantitative variables).

To identify independent predictors of long-term survival,
a multivariate analysis was performed using a logistic regres-
sion model. Those variables that were significantly associ-
ated (p < 0.05) with survival on the bivariate analysis were
subsequently analyzed to identify the combination of factors
most closely related to long-term survival. Effect estimates
were expressed as odds ratios (OR) with 95% confidence 
intervals (95% CI).

The results were analyzed using IBM SPSS software, ver.
20.0 (IBM Corp., Armonk, NY). p-values < 0.05 were consid-
ered statistically significant. 

3. Decision tree

A regression tree analysis was performed [15]. This esti-
mates a regression relationship by binary recursive partition-
ing in a conditional inference framework and identifies, in a
hierarchical order, the variables providing discriminative 
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information and the best cutoff points for continuous vari-
ables. 

4. Ethical statement

The study was approved by the Institutional Review Board
of Bellvitge University Hospital with a waiver of informed
consent (IRB No. PR357/13) and performed in accordance
with the principles of the Declaration of Helsinki. 

Results

1. Patient characteristics

A total of 99 consecutive patients (50 male and 49 female)
diagnosed with metastatic uveal melanoma were evaluated.
Histopathological confirmation was available in 38 patients
(38.4%). The mean age at distant metastasis was 60.7 years
(standard deviation, 12.8; range, 22 to 85 years). The median
disease-free interval (DFI) was 37.7 months (interquartile
range [IQR], 34). The most common site of initial metastasis
was the liver (92.9%). First-line chemotherapy was perfor-

med in 52.7% of patients. At the end of follow-up, most 
patients (96/99) had died of metastatic uveal melanoma. The
median overall survival from metastatic diagnosis was 
8 months (IQR, 14).

2. Definition of long-term and short-term survivors 

The graphical interpretation of overall survival revealed
two well-differentiated trends (Fig. 1). The histogram showed
that most patients died within the first 2-6 months after 
detection of the first metastatic lesion. After month 12, sur-
vival duration was more widely distributed until the maxi-
mum survival time at month 64. The Kaplan-Meier survival
analysis showed a biphasic pattern: the slope of the survival
curve was initially steep but flattened out after month 12,
when a notable minority of patients appeared to have a more
indolent course.

Considering the graphical evaluation of this curve in the
context of published data that estimates a median survival
of 6 months in patients with metastatic uveal melanoma
[5,7,16], we assumed the existence of a well-differentiated 
bimodal metastatic survival pattern consisting of long-sur-
vivors (> 12 months) and short-survivors ( 12 months) 
(Fig. 2).

Of the 99 patients, 37 (37.4%) were classified as long-term

Fig. 1.  Definition of long (> 12 mo) and short ( 12 mo) survival patterns from graphs showing the overall survival distribution
of 99 patients with metastatic uveal melanoma. (A) The histogram provides a quick visual summary of the survival frequencies
in our cohort. A left-skewed, one-peaked distribution is shown with most subjects (> 60%) located within the first 12 months
of survival. From this point, a minority of patients appeared to present a more indolent course, as evidenced by the elongated
and scattered survival pattern in the remaining patients. (B) The Kaplan-Meier curve for overall survival is marked with a
dashed line to indicate the approximate time point of slope change. Note the sharp decline in the survival curve during the
first 12 months and its subsequent stabilization (flattening slope) beyond this point.
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survivors (> 12 months), with a median survival of 24.5
months (IQR, 21), while 62 patients (62.6%) were classified
as short-term survivors (median survival, 5 months; IQR, 6).
Three patients remained alive at the end of the study surviv-
ing > 12 months and were therefore included in the long-
term survivor group. 

3. Subgroup characteristics

The clinical characteristics of the long and short survivors
are shown in Table 1. The bivariate analysis demonstrated
statistically significant differences between the survival
groups (Table 2). Overall, patients with prolonged survival
were significantly more likely to be younger ( 65 years) and
to have a longer DFI (> 40 months). None of the primary
tumor-related variables—including ciliary body involvement
and larger tumor size—were significant. 

In terms of the characteristics of the metastatic lesions, the
presence of a smaller maximum diameter of the liver lesion
and surveillance-based (vs. symptomatic) diagnosis were
both associated with long-term survival. No between-groups
differences in extra-hepatic metastatic locations were 

observed.  Other variables associated with long-term sur-
vival at metastatic diagnosis included: a lower Eastern 
Cooperative Oncology Group performance status; asympto-
matic status at metastasis diagnosis; and unaltered liver 
enzymes. The only treatment significantly associated with
long-term survival was surgery. There were no significant
gender-based differences between the groups.

4. Multivariate analysis

The odds of becoming a long-term survivor were 5 times
higher in subjects aged < 65 years at first metastatic diagnosis
(OR, 4.98; 95% CI, 1.42 to 17.50; p=0.012), and 4.4 times higher
in patients with normal initial serum LDH values (OR, 4.43;
95% CI, 1.31 to 15.01; p=0.017). Additionally, there was a
trend towards significance for the diameter of the largest
liver metastasis, with an inverse relationship between the 
diameter and survival: the smaller the size, the greater the
likelihood of long-term survival (OR, 0.96; 95% CI, 0.92 to
1.00; p=0.063) (Table 3). Serum GGT levels were also signifi-
cant on the univariate analysis and positively correlated with
LDH levels (Pearson coefficient > 0.7). 

5. Decision tree

The decision tree was based on the four main variables 
associated with long-term survival, ordered by their relative
importance according to the model. The four variables were:
GGT, LDH, age at metastatic diagnosis, and largest diameter
of the largest liver metastasis. The terminal nodes catego-
rized the study sample into six prognostic groups according
to the probability of achieving long-term survival (Fig. 3). 

Discussion

Metastatic uveal melanoma usually leads to rapid death,
with most patients surviving less than 12 months [5,7,16,17].
Notwithstanding these poor outcomes, several studies have
found that a small subset of patients survive more than one
year [5,11-13]. However, the characteristics associated with
long-term survival remain poorly understood. In the present
study, we classified patients into two groups (long- and
short-term survivors) and then compared the two groups to
identify the differentiating characteristics. We found the fol-
lowing clinical features were independently predictive of
long-term survival at metastatic diagnosis: age  65 years and
unaltered serum LDH levels; additionally, the size (smaller
vs. larger) of the largest liver metastasis showed a trend 
towards significance. Based on these variables, we developed

Fig. 2.  Kaplan-Meier plot for overall survival comparing
survival patterns. Patients were divided into long-term sur-
vivors (> 12 mo, blue line) and short-term survivors ( 12
mo, red line). Note the wide dispersion of data among the
long-term survivors over time. Estimated median survival
time for long survivors was 27 months (95% confidence 
interval, 14.6 to 39.2) versus 5 months for short-term sur-
vivors (95% confidence interval, 3.9 to 6.1). Comparison of
survival rates between groups were performed by log-rank
test (p < 0.001).
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All patients Short-term Long-term p-value(n=99) survival (n=62) survival (n=37)
Demographic data 

Age at diagnosis of UM, mean±SD (yr) 57.33±13.55 58.89±15.08 55.24±10.28 0.157
 65 yr 71 (71.7) 39 (62.9) 32 (86.5) 0.012*

Female sex 50 (50.5) 32 (51.6) 18 (48.6) 0.775
Other lifetime primary cancer 12 (12.1) 9 (14.5) 3 (8.1) 0.347
Uveal melanoma characteristic

Origin of uveal melanoma
Choroid 90 (90.9) 57 (91.9) 33 (89.2) 0.560
Ciliary body 9 (9.1) 5 (8.1) 4 (10.8)

Largest basal tumor diameter, median (IQR, mm) 15.83 (3.48) 15.71 (3.35) 16.01 (3.71) 0.735
Tumor thickness, median (IQR, mm) 7.3 (4.0) 7.3 (4.4) 7.25 (4.5) 0.277
T, tumor size category (n=97)

T1 2 (2.1) 0 ( 2 (5.6) 0.259
T2 25 (25.8) 15 (24.6) 10 (27.8)
T3 44 (45.4) 30 (49.2) 14 (38.9)
T4 26 (26.8) 16 (26.2) 10 (27.8)

Anatomic staging, TNM (n=97)
I 2 (2.1) 0 ( 2 (5.6) 0.340
IIa 24 (24.7) 14 (23.0) 10 (27.8)
IIb 35 (36.1) 24 (39.3) 11 (30.6)
IIIa 31 (32.0) 21 (34.4) 10 (27.8)
IIIb 2 (2.1) 1 (1.6) 1 (2.8)
IV 3 (3.1) 1 (1.6) 2 (5.6)

Distance to optic disc, median (IQR, mm) 4.50 (5.3) 4.25 (5.4) 4.5 (5.1) 0.538
Distance to fovea, median (IQR, mm) 4.25 (6.1) 4.75 (8.0) 3 (5.3) 0.828
Rupture of Bruch's membrane 27 (28.4) 18 (30.0) 9 (25.7) 0.655
Orange pigment 20 (21.1) 7 (11.9) 13 (36.1) 0.005*
Histopathology (cell type) (n=47)

Spindle cell 5 (10.6) 3 (10.0) 2 (11.8) 0.978
Epithelioid 22 (46.8) 14 (46.7) 8 (47.1)
Mixed 20 (42.6) 13 (43.3) 7 (41.2)

Chromosome 3 monosomy (n=14) 8 (57.1) 3 (37.5) 5 (83.3) 0.138
Primary treatment

Brachytherapy 53 (53.5) 32 (51.6) 21 (56.8) 0.860
Transscleral resection 5 (5.0) 3 (4.8) 2 (5.4)
Endoresection 4 (4.0) 2 (3.2) 2 (5.4)
Enucleation 35 (35.4) 24 (38.7) 11 (29.7)
No treatment 2 (2.0) 1 (1.6) 1 (2.7)

Local recurrence 15 (15.2) 9 (14.5) 6 (16.2) 0.819
Months to recurrence (n=15), median (IQR) 21 (40.0) 15 (36.0) 28 (49.0) 0.953

Characteristics of the first uveal melanoma metastasis
Age at metastatic diagnosis ( 65 yr) 60 (60.6) 31 (50.0) 29 (78.4) 0.005*
Metastasis-free interval > 40 mo 30 (30.3) 14 (22.6) 16 (43.2) 0.030*
Liver metastasis 92 (92.9) 59 (95.2) 33 (89.2) 0.419
No. of liver metastases (n=84), median (IQR) 4 (5.0) 4.5 (4.0) 4 (4.0) 0.143

1 Lesion 9 (10.7) 3 (5.8) 6 (18.8) 0.078
Largest diameter of the largest liver metastasis, median (IQR, mm) 22 (22.0) 26 (20.0) 18 (16.0) 0.001*

Table 1. Baseline demographic and clinical characteristics for all patients shown according to subgroups

(Continued to the next page)
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All patients Short-term Long-term p-value(n=99) survival (n=62) survival (n=37)
Diagnosis of metastasis 

Surveillance 68 (70.8) 38 (63.3) 30 (83.3) 0.037*
Symptom-prompted 31 (29.2) 24 (36.7) 7 (16.7)

Method of diagnosis
Imaging 81 (84.4) 53 (88.3) 28 (77.8) 0.073
Biopsy 11 (11.5) 4 (6.7) 7 (19.4)
Biochemical 3 (3.1) 3 (5.0) 0 (
Physical exam 1 (1.0) 0 ( 1 (2.8)

PET-positive (n=38) 27 (71.1) 15 (78.9) 12 (63.2) 0.283
Patient characteristics at first metastatic diagnosis

Performance status, ECOG 
0 59 (62.8) 30 (51.7) 29 (80.6) 0.036*
1 25 (26.6) 19 (32.8) 6 (16.7)
2 9 (9.6) 8 (13.8) 1 (2.8)
3 1 (1.1) 1 (1.7) 0 (

Absence of symptoms 60 (63.8) 31 (53.4) 29 (80.6) 0.008*
M-stage (AJCC) (n=91)

1a 60 (65.9) 34 (61.8) 26 (72.2) 0.406
1b 25 (27.5) 16 (29.1) 9 (25.0)
1c 6 (6.6) 5 (9.1) 1 (2.8)

Lactate dehydrogenase, unaltered 43 (52.4) 18 (37.5) 25 (73.5) 0.001*
Aspartate transaminase, unaltered 57 (68.7) 26 (53.1) 31 (91.2) < 0.001*
Alanine transaminase, unaltered 61 (72.6) 30 (60.0) 31 (91.2) 0.002*
Gamma glutamyl transpeptidase, unaltered 48 (57.8) 19 (38.8) 29 (85.3) < 0.001*
Bilirubin, unaltered 77 (91.7) 44 (88.0) 33 (97.1) 0.233
Alkaline phosphatase, unaltered 62 (75.6) 30 (61.2) 32 (97.0) < 0.001*
Hemoglobin (g/L)

120-160 73 (85.9) 41 (80.4) 32 (94.1) 0.163
> 160 3 (3.5) 2 (3.9) 1 (2.9)

First metastatic treatment
Surgery 18 (19.8) 4 (7.1) 14 (40.0) < 0.001*
Radiotherapy 11 (12.1) 5 (8.9) 6 (17.1) 0.324
First-line chemotherapy 48 (52.7) 26 (46.4) 22 (62.9) 0.127
First-line response (n=46)

Complete response 12 (26.1) 3 (12.0) 9 (42.9) 0.054
Partial response 2 (4.3) 1 (4.0) 1 (4.8)
Progressive disease 32 (69.6) 21 (84.0) 11 (52.4)

Second-line chemotherapy 16 (17.6) 6 (10.7) 10 (28.6) 0.029*
Second-line response (n=16)

Complete response 2 (12.5) 0 ( 2 (20.0) 0.501
Progressive disease 14 (87.5) 6 (100) 8 (80.0)

Table 1. Continued

Values are presented as number (%) unless otherwise indicated. UM, uveal melanoma; SD, standard deviation; IQR, interquar-
tile range; TNM, tumor, node and metastasis; PET, positron emission tomography; ECOG, Eastern Cooperative Oncology
Group; AJCC, American Joint Committee on Cancer. *Significant values with p < 0.05.
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a clinical decision tree.
The two distinct survival patterns that we found in this

study led us to hypothesize that metastatic disease may 
actually have two distinct biological behaviors. In fact, recent
advances in the molecular biology of uveal melanoma now
make it possible to classify these tumors, based on their dis-
tinct gene expression profiles, into low-risk (class I) or high-
risk (class II) of metastasizing [18]. However, the molecular
pathways underlying long or short survival in metastatic 
patients remain unknown. Nevertheless, these pathobiolog-
ical mechanisms have already begun to be elucidated in
other types of cancers such as metastatic cutaneous
melanoma: one study found that subjects could be stratified
into better or worse survival groups according to a set of 
microRNAs [19]. Consequently, it seems clear that future 
research into the molecular basis of metastatic uveal
melanoma will likely play an important role in improving
our understanding of the disease. However, given the cur-
rent state of knowledge, we must—for the present—rely pri-
marily on clinical parameters for prognosis, as we did in this
study. 

In our series of 99 patients, the liver was the site of first

metastasis in more than 90% of subjects, a finding that is con-
sistent with previous reports [20]. We were able to identify a
clear subgroup of long-term survivors who accounted for
more than one-third (37.4%) of the sample. Remarkably,
none of the primary tumor characteristics that increase the
risk of metastatic spread [21] were predictive of survival out-
comes in our study. We found significant differences 
between long and short survivors in several variables related
to the onset of metastatic disease. Long-term survival was 
associated with age  65 years, longer DFI, absence of symp-
toms, initial diagnosis by surveillance testing, smaller dimen-
sion of the metastatic liver lesion, better performance status,
unaltered liver function tests, and a previous history of pri-
mary liver surgery or second-line chemotherapy. Buzzacco
et al. [13] analyzed the characteristics of nine patients who
survived more than 24 months, with findings that were
largely consistent with our results. Notably, some non-ran-
domized studies have found that surgical resection of liver
metastases prolongs survival in a select subset of patients
[22,23]. However, given that no treatment for metastatic
uveal melanoma has ever been proven to change survival
outcomes, surgery may be a confounder for long-term sur-

Table 2.  Univariate analysis (simple logistic regression model) of predictors of long-term survival
Odds ratio 95% Confidence interval p-value

Age  65 at metastatic diagnosis 3.63 1.43-9.17 0.005
Metastasis-free interval > 40 mo 2.61 1.08-6.31 0.03
Orange pigment over melanoma 4.20 1.48-11.9 0.005
Smaller largest diameter of the largest liver metastasis 0.97 0.94-0.99 0.034
Metastasis diagnosis by surveillance testing 2.90 1.04-8.04 0.037
Lower ECOG performance status 0.34 0.15-0.74 0.007
Asymptomatic patient 3.61 1.36-9.55 0.008
Unaltered lactate dehydrogenase 4.63 1.77-12.05 0.001
Unaltered aspartate transaminase 9.17 2.46-34.48 < 0.001
Unaltered alanine transaminase 6.90 1.85-25.64 0.002
Unaltered alkaline phosphatase 20.41 2.55-166.67 < 0.001
Unaltered gamma glutamyl transpeptidase 9.17 3.02-27.78 < 0.001
Surgery of first metastasis 8.67 2.56-29.41 < 0.001

ECOG, Eastern Cooperative Oncology Group.

Table 3.  Statistically significant predictors of long-term survival identified on the final multivariate-adjusted logistic regres-
sion model 

Odds ratio 95% Confidence interval p-value
Age at first metastatic diagnosis  65 yr 5.14 1.44-18.31 0.012
Normal lactate dehydrogenase level 4.38 1.29-14.88 0.018
Diameter of the largest liver metastasis (millimeter reduction) 0.96 0.92-1.00 0.063
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vival because only the best candidates undergo this proce-
dure. In our series, the patients who underwent surgery were
precisely those who also presented other features associated
with prolonged survival such as younger age, better per-
formance status, and less bulky hepatic disease. 

Ipilimumab, nivolumab, and pembrolizumab antibodies
have demonstrated clinical benefit in the treatment of 
advanced cutaneous melanoma. However, the efficacy of 
immunotherapy in metastatic uveal melanoma is limited 
[24-26]. The immune privileged role of the eye influences
uveal melanoma cells that use similar mechanisms to escape
immune surveillance [27].

Rietschel et al. [12] evaluated overall survival in a series of
metastatic uveal melanoma patients, finding that five inde-
pendent variables were correlated with prolonged survival:

lung/soft tissue as the only site of first metastasis; treatment
with surgery or intrahepatic therapy; female sex; age < 60
years; and longer DFI. By contrast, we evaluated independ-
ent factors that were associated with long-term survival ver-
sus short-term survival. Based on our multivariate analysis,
the two strongest predictors of long-term survival at the time
of metastatic diagnosis were age  65 years and unaltered
serum LDH levels. In addition, we found that the smaller
size of the largest metastatic lesion (an indicator of the
metastatic tumor burden) approached statistical significance.
The only variable significantly associated with prolonged
survival in both our study and that performed by Rietschel
et al. [12] was age. Interestingly, those authors found higher
survival rates than we did (22% of patients alive at 4 years
versus 7% in our sample). It seems probable that these dif-

Fig. 3.  Decision tree model depicting the prognostic factors associated with long-term (> 12 mo) survival at diagnosis of the
first uveal melanoma metastasis. The regression tree representation corresponds to a binary recursive partition of the feature
space among the four main variables associated with long-term survival, ordered by the relative importance of each feature
given by the model, as follows: categorized gamma-glutamyl transferase (GGT), categorized lactate dehydrogenase (LDH), age
at metastatic diagnosis, and the largest diameter of the largest liver metastasis. The terminal nodes divided the study sample
into six prognostic groups according to the probability (in bold) of long-term survival. The fraction (%) of long-surviving patients
is displayed for each terminal node. The orange color shows the most favorable combination of prognostic factors for long-
term survival. The characteristics associated with the most favorable outcome at first metastatic diagnosis (82% chance of long-
term survival) were as follows: unaltered serum GGT, age  65 years, and diameter of the largest liver metastasis < 20 mm. By
contrast, the combination of elevated LDH and GGT levels at metastatic diagnosis yielded the worst outcomes (long-term sur-
vival probability close to 0%).
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ferences between the two studies are due to the fact that 91%
of patients in our study had liver metastases—which confers
a worse prognosis than other metastatic sites—versus only
60%.  

In our cohort, serum LDH and GGT were the liver tests
most strongly associated with survival. Given the close cor-
relation between these two liver markers, we only included
serum LDH in the multivariate analysis because this is con-
sidered a better biomarker of cancer metabolism and it is also
a predictor of survival in cutaneous melanoma [28]. Our 
results corroborate previous findings demonstrating that the
presence of normal serum LDH levels upon detection of liver
metastasis is an independent predictor of long-term survival
[17,29].

An important strength of the current study is the develop-
ment of a straightforward clinical decision tree model based
on compelling predictive data for classifying patients accord-
ing to their relative probability of long-term survival. Indeed,
perhaps the main value of this study is that these findings
allow clinicians to predict survival outcomes based on clini-
cal features. This provides crucial information to avoid 
patient mismanagement. This model may be valuable as a
tool for counseling patients with regards to survival progno-
sis and in stratifying subjects for clinical trials to avoid sur-
vival bias. Another benefit is that the decision tree can be
easily and quickly applied in daily clinical practice to esti-
mate survival in metastatic patients. This can best be seen
with an example. Take the case of a 50-year-old patient 
recently diagnosed with liver metastasis secondary to uveal
melanoma, with unaltered GGT serum levels, and a liver 
lesion with a maximum diameter of < 20 mm. In this case,
the decision tree suggests that this patient has an 82% chance
of becoming a long-term survivor.  

The main limitation of this study is its retrospective design,
which prevented us from obtaining complete data for all sub-

jects; nevertheless, only eight of the initial 107 patients were
excluded due to missing data.  The relatively small number
of cases prevented us from validating the study, thus a future
external validation is anticipated.  In addition, despite the
important role of molecular biology in uveal melanoma, we
did not completely assess genetic factors.

In conclusion, this report describes the existence of two
well-differentiated survival patterns in metastatic uveal
melanoma: long-term (> 12 months) and short-term ( 12
months) survival. Importantly, even when the primary uveal
melanoma presented poor prognostic factors suggestive of
metastatic dissemination, these factors were not significantly
associated with differences in survival. The only character-
istics associated with long-term survival were those present
at the time of distant metastasis: age  65 years, unaltered
serum LDH level, and smaller diameter of the largest liver
metastasis. The value of this study and the decision tree
model is that patients can be categorized according to esti-
mated survival time using common clinical factors and thus
counselled more effectively. This information may be useful
to offer personalized prognosis and to stratify patients in 
future clinical trials. 
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A Novel Prognostic Nomogram for Predicting Risks of Distant Failure
in Patients with Invasive Breast Cancer Following Postoperative 
Adjuvant Radiotherapy

Original Article

Purpose
This study aimed to identify predictors for distant metastatic behavior and build a related
prognostic nomogram in breast cancer.  

Materials and Methods
A total of 1,181 patients with non-metastatic breast cancer between 2003 and 2011 were
analyzed. To predict the probability of distant metastasis, a nomogram was constructed
based on prognostic factors identified using a Cox proportional hazards model.

Results
The 7-year overall survival and 5-year post-progression survival of locoregional versus distant
recurrence groups were 67.6% versus 39.1% (p=0.027) and 54.2% versus 33.5%
(p=0.043), respectively. Patients who developed distant metastasis showed early and late
mortality risk peaks within 3 and after 5 years of follow-up, respectively, but a broad and
low risk increment was observed in other patients with locoregional relapse. In multivariate
analysis of distant metastasis-free interval, age ( 45 years vs. < 45 years), molecular sub-
types (luminal A vs. luminal B, human epidermal growth receptor 2, and triple negative), 
T category (T1 vs. T2-3 and T4), and N category (N0 vs. N1 and N2-3) were independently
associated (p < 0.05 for all). Regarding the significant factors, a well-validated nomogram
was established (concordance index, 0.812). The risk score level of patients with initial brain
failure was higher than those of non-brain sites (p=0.029). 

Conclusion
The nomogram could be useful for predicting the individual probability of distant recurrence
in breast cancer. In high-risk patients based on the risk scores, more aggressive systemic
therapy and closer surveillance for metastatic failure should be considered.

Key words
Breast neoplasms, Adjuvant radiotherapy, Nomogram, 
Neoplasm metastasis, Prognosis
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Introduction

According to recent statistics in the United States, breast
cancer is most common in women who are newly diagnosed
with malignant tumors [1]. Although systemic treatment
based on gene expression profiling has been generalized in
clinics, breast cancer is still a leading overall cause of cancer
deaths in women [1]. Regarding the wide spectrum of bio-

logical characteristics of the malignancy, current guidelines
recommend different therapeutic approaches according to
initial tumor extent and differential expression status of the
hormone receptor and human epidermal growth receptor 2
(HER2) [2,3]. Nevertheless, the potential of distant recurrence
remains a major challenge in breast cancer. Advances in early
radiological detection methods and novel chemotherapeutic
drugs have improved the prognoses after distant tumor pro-
gression, but the median survival time of such cases ranges
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from a few months to approximately 3 years [4].
In a recent population-based analysis, approximately 7%

of overall breast cancer patients developed distant metastasis
[5]. The metastatic capacity is affected by the natural course
of the disease and the intrinsic tendency of spreading tumor
cells [6]. A more aggressive nature results in further tumor
spread, which leads to differential long-term mortality [7].
Because conventional anti-cancer treatment is limited in
eradicating the metastatic tumor cells completely, identifying
high-risk patients who can benefit from an appropriate treat-
ment of overt micrometastases is a priority. Considering the
relatively longer survival duration of breast cancer patients,
sufficiently long-term follow-up data are required for the
outcome analysis.

Given the prior investigation of our institution [8], we eval-
uated the prognostic impact of initial failure types in breast
cancer patients who underwent surgery plus postoperative
radiotherapy (RT). Distinct time-course change patterns of
mortality risk according to locoregional and distant recur-
rences were evaluated. Prognostic factors for distant metas-
tasis were assessed, and a novel nomogram to predict the
risk of distant tumor relapse was developed and validated.
The present study was based on contemporary subtype-
based systemic and/or endocrine treatments. Therefore, our
scoring system may help to differentiate breast cancer 
patients with higher metastatic potential in a routine clinical
evaluation.

Materials and Methods

1. Study population

We analyzed a total of 1,181 breast cancer patients who
completed surgery plus postoperative adjuvant RT at Seoul
National University Bundang Hospital from January 2003 to
December 2011. The eligibility criteria included: (1) initially
M0 category, (2) no previous history of malignancy, (3) no 
refusal of systemic and/or endocrine treatment, and (4) at
least 1 year of follow-up. Demographic and clinicopatholog-
ical information with survival and recurrence data were col-
lected from our medical records database. 

2. Molecular subtypes and treatments

We evaluated the expression status of estrogen receptor
(ER), progesterone receptor (PR), HER2, and Ki-67 to deter-
mine molecular subtypes of luminal A (LA), luminal B (LB),
HER2, and triple negative (TN), according to the 2013 St.
Gallen Consensus criteria [9]. Given the immunohistochem-

istry (IHC) results, HER2-positive status was defined as: (1)
c-erbB2 overexpression with an IHC score of 3, and (2) the
presence of HER2 gene amplification on fluorescence in situ
hybridization with a c-erbB2 IHC score of 2. The expression
of Ki-67 index was classified into a low (< 14%) or high 
( 14%) level. The definition of each subtype was as follows:
LA for ER(+), PR(+), HER2(–), and a low level of Ki-67 index;
LB for ER(+) with at least a high Ki-67 labeling index, PR(–),
or HER2(+); HER2 for ER(–), PR(–), and HER2(+); TN for
ER(–), PR(–), and HER2(–), respectively. The seventh edition
of the American Joint Committee on Cancer (AJCC) staging
system was used to assess primary tumor stage and lymph
node status. For staging of patients with neoadjuvant
chemotherapy prior to surgery, clinical T and N information
was applied. All patients underwent curative surgery fol-
lowed by postoperative adjuvant RT. Elective RT for supra-
clavicular or internal mammary nodal areas was determined
based on the extent of nodal disease at diagnosis. Regarding
the contemporary guideline based on molecular status and
patient and/or tumor-related factors, clinicians determined
the use of endocrine and/or HER2-targeted agents for each
patient.

3. Follow-up data

Post-treatment initial failure events were categorized as 
locoregional and distant metastatic recurrences. Locore-
gional recurrence was defined as recurred tumors at the 
ipsilateral breast/chest wall or regional lymphatics. Distant
metastatic events included lymphatic spread other than 
ipsilateral regional lymph nodes, and tumor relapse beyond
the locoregional sites, such as lung and/or pleura, visceral
organs, bone, and the central nervous system.

4. Statistical analysis

Overall survival (OS) was defined as the time period 
between the start date of treatment and overall deaths. Post-
progression survival (PPS) was the time interval between the
diagnosis of initial tumor recurrence and overall deaths. Dis-
tant metastasis-free interval (DMFI) was estimated based on
distant metastatic events as the first post-treatment failure.
The Kaplan-Meier method and log-rank test were used to 
assess differential outcomes. The Cox proportional hazards
model was used for multivariate analysis of DMFI. The pro-
portional hazards assumptions were confirmed using log-
minus-log survival plots. Potentially significant factors to be
included in multivariate analysis were selected applying the
Akaike’s Information Criteria [10]. According to the final set
of the Cox regression model, a prognostic nomogram to pre-
dict risks of distant metastatic failure was developed. The 
accuracy of the prognostic model was evaluated using the
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concordance index. The calibration plot represented the pre-
dicted and actual 10-year probability of distant metastasis on
the x- and y-axis, respectively, which was used to assess the
calibration rate. Two-sided p-values < 0.05 were considered
statistically significant. SPSS ver. 22 (IBM Corp., Armonk,
NY) and R ver. 3.2.3 (https://www.r-project.org) were used
for all statistical analyses.

5. Ethical statement

This study was approved by the Institutional Review
Board (IRB) of our institution (IRB No: B-1505/298-116). The
necessity of informed consent for this retrospective analysis
was waived.

Results

1. Patient characteristics

S1 Table presents the patient characteristics (n=1,181).
Younger age (< 45 years) was observed in 382 patients (32%).
The LA, LB, HER2, and TN subtypes were verified in 38%,
33%, 10%, and 19% of the patients, respectively. T1, T2, T3,
and T4 category was diagnosed in 615 (52%), 428 (36%), 102
(9%), and 36 (3%) patients, respectively, and node-positive
disease was observed in 529 (45%) patients. Histologic grade
III and presence of lymphovascular invasion were reported

in 379 (32%) and 425 (36%) patients, respectively. Breast-con-
serving surgery and mastectomy were performed to 936
(79%) and 245 (21%) patients, respectively. In LA (n=446) and
LB (n=384) groups, 439 (98%) and 362 (94%) patients were
treated with endocrine treatment. Chemotherapy was 
administered in 928 patients (79%). Of them, adjuvant,
neoadjuvant, and both adjuvant and neoadjuvant chemo-
therapy were administered in 664, 152, and 112 patients, 
respectively. Regarding the systemic treatment methods 
according to molecular subtypes, 53% and 12%, 71% and
24%, 68% and 41%, and 80% and 29% of LA, LB, HER2, and
TN patients were treated with adjuvant and neoadjuvant
chemotherapy, respectively. When the patients were catego-
rized according to the year of diagnosis, such as “< 2006 vs.
 2006,” “< 2007 vs.  2007,” and “< 2008 vs.  2008,” the pro-
portion of adriamycin use was higher in patients who were
diagnosed later in time (77% vs. 85%, 78% vs. 85%, and 78%
vs. 86% with p=0.014, p=0.017, and p=0.001, respectively).
However, the year of diagnosis (p=0.155, p=0.215, and
p=0.524 on the basis of the year of 2006, 2007, and 2008, 
respectively) did not affect DMFI.

2. Outcome analysis

The median follow-up duration was 76 months. When the
patients were categorized according to the initial failure pat-
terns, locoregional and distant metastatic recurrence was 
observed in 29 and 81 patients, respectively. The organ sites
of distant tumor spread included: bone (n=28), lung and/or
pleura (n=17), distant lymph nodes (n=12), liver (n=17), and

Fig. 1.  Survival time according to the initial patterns of failure after postoperative radiotherapy: overall survival (A) and
post-progression survival (B).
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brain and/or leptomeningeal seeding (n=7).
The 7-year OS rates for patients with no recurrence, locore-

gional recurrence, and distant metastasis were 99.1%, 67.6%,
and 39.1%, respectively (p < 0.001) (Fig. 1A). The survival dif-
ference between the locoregional and distant recurrence
groups was statistically significant (p=0.027). Estimating the
survival time after recurred events, the 5-year rates of PPS
were 54.2% and 33.5% for patients with locoregional recur-
rence and distant metastasis, respectively (p=0.043) (Fig. 1B).
Baseline hazard rate function plots of mortality according to
the failure patterns are represented in Fig. 2. In patients with
distant metastasis, the mortality risk initially increased
within 3 years, and the risk surge appeared again after 5
years of follow-up. However, in patients with locoregional
recurrence, a relatively low and continuous risk increase was
observed.

3. Prognostic factors for distant metastatic failure

Table 1 shows the significant prognostic factors associated
with DMFI. The 10-year percentages of DMFI were signifi-
cantly different according to age (< 45 years and  45 years;
88.1% and 94.4%, respectively; p=0.002), molecular subtypes
(LA, LB, HER2, and TN; 96.8%, 91.1%, 86.5%, and 88.9%, 
respectively; p < 0.001), T category (T1, T2-3, and T4; 98.1%,
86.8%, and 76.3%, respectively; p < 0.001), N category (N0,
N1, and N2-3; 98.0%, 92.0%, and 77.7%, respectively; 
p < 0.001), histological grade (I-II and III; 92.7% and 90.4%,
respectively; p < 0.001), lymphovascular invasion (no and
yes; 96.0% and 86.9%, respectively; p < 0.001), types of pri-

mary surgery (breast-conserving and mastectomy; 96.3% and
77.5%, respectively; p < 0.001), lymph node dissection (no
and yes; 97.8% and 86.1%, respectively; p < 0.001), and use
of chemotherapy (no and yes; 98.8% and 90.5%, respectively;
p < 0.001). Given the result of univariate analysis, the multi-
variate Cox proportional hazards model indicated independ-
ently significant factors to be included in a prognostic
nomogram as follows: age (< 45 years vs.  45 years; hazard
ratio [HR], 0.60; p=0.049), molecular subtypes (LA vs. LB,
HER2, and TN; HR 2.25, 4.50, and 5.13, respectively; p=0.034,
p=0.001, and p < 0.001, respectively), T category (T1 vs. T2-3
and T4; HR, 2.27 and 3.68; p=0.023 and p=0.010, respec-
tively), and N category (N0 vs. N1 and N2-3; HR, 3.44 and
6.98; p=0.043 and p=0.002, respectively).

S2 Table and S3 Fig. show the subgroup analysis of OS in
patients with distant metastasis (n=81). Among the patient,
tumor, and treatment-related variables, molecular subtypes
(luminal, HER2, and TN; 84.6%, 60.0%, and 23.3%, respec-
tively; p < 0.001) and histological grade (I-II and III; 75.8%
and 43.2%; p=0.005) were associated with different 5-year OS
rates. However, other factors were not significant.

In terms of the timing of chemotherapy, the 10-year DMFI
rates of adjuvant, neoadjuvant, and both adjuvant and
neoadjuvant chemotherapy were 94.8%, 79.1%, and 79.2%,
respectively, with statistical significances in paired compar-
isons of adjuvant vs. neoadjuvant (p < 0.001) and adjuvant
vs. both treatment (p < 0.001) groups. However, the distri-
bution of clinicopathologic characteristics was imbalanced
according to the timing of chemotherapy. Patients with 
adjuvant chemotherapy had more favorable features in terms
of T/N category and lymphovascular invasion (S4 Table).

4. A nomogram for predicting distant metastasis

Regarding the prognostic factors (age, molecular subtypes,
T category, and N category), a prognostic nomogram for pre-
dicting distant metastatic failure after surgery plus postop-
erative RT was developed (Fig. 3). The concordance index for
this model was 0.812. The plot representing the predicted
and actual Kaplan-Meier DMFI probability at 10 years shows
the well-calibrated results (Fig. 4).

5. Risk scores according to metastatic sites

According to our nomogram, risk scores were calculated
for each patient with distant metastasis. When the scores
were compared between the groups of brain (n=7) vs. non-
brain (n=74) metastases, the level of risk scores of patients
with metastatic tumor spread to brain was significantly
higher than the others (mean values of 21.5 vs. 17.8, respec-
tively; p=0.029) (Fig. 5).

Fig. 2.  Baseline hazard function plot of overall survival
according to the initial pattern of failure after postopera-
tive radiotherapy.
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Discussion

This study evaluated differential OS and PPS according to
locoregional and distant metastatic spread as the initial pat-
terns of failure in breast cancer. The baseline hazard rate
function plot of the distant metastasis group showed early
and late mortality risk peaks, whereas there was a low and
broad risk increment in cases of locoregional relapse. Regard-
ing the prognostic implications of distant tumor progression,

we constructed a nomogram to predict distant metastatic
failure risk in contemporary clinical practice. Age, molecular
subtypes, and T and N category at diagnosis were the inde-
pendently associated determinants, and the nomogram was
a well-validated model. Calculating total score points based
on the nomogram, we observed higher level of risk scores
with brain metastasis, in comparison with those of non-brain
metastases.

We verified the poor prognostic impact of distant metasta-
tic behavior on the long-term OS and PPS. As well as the 

Variable
Univariate Multivariate

10-Year rate (%) p-value HR (95% CI) p-value
Age (yr)

< 45 88.1 0.002 1 (
 45 94.4 0.60 (0.39-0.99) 0.049

Menopausal status
Premenopausal 91.2 0.141
Perimenopausal or postmenopausal 94.1

Molecular subtype
Luminal A 96.8 < 0.001 1 (
Luminal B 91.1 2.25 (1.06-4.77) 0.034
HER2 86.5 4.50 (1.78-11.40) 0.001
Triple negative 88.9 5.13 (2.20-11.95) < 0.001

T category
T1 98.1 < 0.001 1 (
T2-3 86.8 2.27 (1.12-4.58) 0.023
T4 76.3 3.68 (1.37-9.87) 0.010

N category
N0 98.0 < 0.001 1 (
N1 92.0 3.44 (1.04-11.37) 0.043
N2-3 77.7 6.98 (2.06-23.62) 0.002

Histologic grade
I-II 92.7 < 0.001 1 (
III 90.4 0.76 (0.43-1.32) 0.329

Lymphovascular invasion
No 96.0 < 0.001 1 (
Yes 86.9 1.23 (0.71-2.14) 0.466

Primary surgery
Breast-conserving 96.3 < 0.001 1 (
Mastectomy 77.5 1.21 (0.41-3.59) 0.733

Lymph node surgery
No ALND 97.8 < 0.001 1 (
ALND 86.1 1.05 (0.36-3.09) 0.933

Chemotherapy
No 98.8 < 0.001 1 (
Yes 90.5 0.83 (0.23-2.99) 0.778

Table 1. Prognostic factors for distant metastasis-free interval

HR, hazard ratio; CI, confidence interval; HER2, human epidermal growth factor receptor 2; ALND, axillary lymph node dis-
section. 
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intrinsic aggressiveness of metastatic tumor cells, limited sys-
temic treatment options for clinical cure contribute to higher
mortality risk after distant tumor progression [11]. Addition-
ally, the distinct early and late risk peaks of overall deaths in
patients with distant failure were different from the indolent
pattern of risk increase in the group with locoregional recur-
rences. The short-term peak that emerged within 3 years 
indicated the lethality and highly aggressive character of the
tumor cells. In addition, the limited therapeutic effects or 

resistance to conventional systemic treatment under the pal-
liative setting might increase death events even after 5 years
of follow-up. Therefore, an early therapeutic intervention to
eradicate overt micrometastases is important to improve
long-term prognosis of breast cancer.

Nomograms are known as representative tools for calcu-
lating the probability of specific outcomes in individual 
patients [12]. The two-dimensional diagram consists of a set
of statistically significant factors associated with the risk of

Fig. 3. Nomogram predicting distant metastatic failure. LA, luminal A; LB, luminal B; HER2, human epidermal growth
factor receptor 2; TN, triple negative; DMFI, distant metastasis-free interval.
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an event of interest. In the clinical practice, the graphical for-
mat is used to predict the occurrence of events. In our previ-
ous institutional analysis of patients who completed curative
locoregional treatments, tumor relapse at the primary
breast/chest wall and regional lymphatic pathways were rel-
atively low, whereas distant metastatic risk was significantly
different according to major molecular subtypes [8]. 
Although other prior studies have analyzed long-term out-
comes and failure patterns of breast cancer [13,14], risk fac-
tors strongly affecting the development of distant metastasis
are not completely understood. Therefore, we established a
statistical model to identify patients who are susceptible to
distant metastasis after completion of the multimodality
treatment in breast cancer. Because this study included 
patients treated under the uniform and contemporary clinical
practices, treatment strategies and post-treatment surveil-
lance methods were consistent. Additionally, the present
long-term data could sufficiently detect the late occurrence
of recurred events. When estimating distant metastatic fail-
ure risks after subtype-based curative treatment, our nomo-
gram provides guidance to an individual-based systemic
approach for better prognosis in breast cancer.

It was expected that young age would be associated with
a higher risk of failure in breast cancer, but its impact on
long-term survival is still controversial [15-17]. In a large-
scale institutional study, distant metastatic risk significantly
decreased in patients older than 40 years, which was similar
with our results [18]. The HR values for overall metastatic
sites ranged from approximately 0.6-0.8 in ages > 40 years,
in comparison with the risk of those < 40 years of age. The
protective effect of old age on distant metastatic tumor pro-
gression might be because of age-induced changes of the host
immune system or the tumor microenvironment involved in
the migration of tumor cells [19,20]. However, old age can be
a disadvantageous factor in that more intensive systemic
treatment is often not medically feasible because of poor per-
formance status or combined medical comorbidities [21]. 
Because the present study population received systemic
and/or endocrine therapy based on physicians’ discretion
and guidelines, this study suggests the adverse effects of
young age associated with distant tumor dissemination.

On the basis of our prior analysis [8], the present prognos-
tic nomogram showing the differential contribution of the
molecular subtypes is an informative predictor of metastatic
behavior. One interesting point was the different risk scores
within the luminal tumors, between the LA and LB subtypes.
Similarly, a study by Arriagada et al. [22] suggested that the
PR status was an independent risk factor (relative hazard
value of 0.8 for a higher PR level; p=0.003 in multivariate
analysis) affecting the likelihood of metastatic dissemination.
It has been suggested that more complicated categories 
beyond the major molecular subtypes exist in breast cancer

[23]. Especially within the luminal tumors, heterogeneous
characteristics in relation to biological aggressiveness and 
responsiveness to hormonal therapy have been observed
[24]. We suggest that comprehensive information regarding
the ER, PR, HER2, and Ki-67 status is needed to estimate the
risk of distant tumor relapse. Although subclassification of 
LB-HER2(–) and LB-HER2(+) within the luminal tumors was
not considered significantly prognostic in our nomogram,
multi-institutional large-scale analysis is needed to assess the
potential of differential risk level.

In recent years, cumulative development of brain metas-
tasis has been estimated at approximately 10-30% of overall
breast cancer [25]. As well as the aging of patient population,
enhanced control of systemic tumor cells and radiologic 
imaging techniques also contributed to early detection of
brain metastasis [26]. Nevertheless, brain metastasis is one
of the fatal causes of death in breast cancer, showing the
worst survival outcome in comparison with other metastatic
sites [27]. In the similar context, our nomogram-based risk
calculation demonstrated that patients with initial brain
metastasis represented higher risk scores than those of the
other metastatic sites. This result might be related to the het-
erogeneity in the propensity to metastatic dissemination
within the patients with distant failure [28]. Nevertheless,
due to the small number of initial brain metastasis events
(n=7), our results should be interpreted with caution. Further
studies need to elucidate the differential risk level within the
patients with distant failure, suggesting the potential of brain
metastasis.

This study has some limitations. Because of the retrospec-
tive design, the potential of selection bias cannot be excluded.
Although our nomogram showed well-validated results, fur-
ther validation using other institutional data are necessary.
We excluded patients who refused their planned or recom-
mended treatment, but the temporal change of chemother-
apy regimens could not be adjusted. Beyond the clinico-
pathological prognostic factors, the impact of genomics data
on differential prognosis of breast cancer has been reported
in recent years [29]. Therefore, future prediction models need
to integrate biological characteristics of tumor cells and the
tumor microenvironment.

We evaluated differential prognostic implications accord-
ing to initial patterns of failure in breast cancer patients 
undergoing surgery plus postoperative adjuvant RT. Distant
metastatic tumor spread led to higher overall mortality, in
comparison with locoregional relapse. Distinct early and late
mortality risk peaks on baseline hazard rate function plots
were characteristic of the patients who developed distant
failures. On the basis of significant prognostic factors associ-
ated with DMFI, this study established a nomogram to pre-
dict the likelihood of individual metastatic behavior. The
present analysis could be informative to identify a subset of
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patients with potential overt micrometastases, suggesting the
need of personalized chemotherapeutic strategies. Close sur-
veillance for metastatic failure should be considered for 
patients with relatively higher risk scores.
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Purpose
Debates exist regarding the effectiveness of adjuvant chemotherapy for stage II colon can-
cer. This study aimed to investigate the current status of adjuvant chemotherapy and its
impact on survival for Korean stage II colon cancer patients by analyzing the National Quality
Assessment data.

Materials and Methods
A total of 7,880 patients who underwent curative resection for stage II colon adenocarcinoma
between January 2011 and December 2014 in Korea were selected randomly as evaluation
subjects for the quality assessment. The factors that influenced overall survival were identi-
fied. The high-risk group was defined as having at least one of the following: perforation/
obstruction, lymph node harvest less than 12, lymphovascular/perineural invasion, positive
resection margin, poor differentiation, or pathologic T4 stage.

Results
The median follow-up period was 38 months (range, 1 to 63 months). Chemotherapy was
a favorable prognostic factor for either the high- (hazard ratio [HR], 0.76; 95% confidence
interval [CI], 0.38 to 0.59; p < 0.001) or low-risk group (HR, 0.74; 95% CI, 0.61 to 0.89;
p=0.002) in multivariate analysis. This was also the case in patients over 70 years of age.
The hazard ratio was significantly increased as the number of involved risk factors was 
increased in patients who didn’t receive chemotherapy. Adding oxaliplatin showed no dif-
ference in survival (HR, 1.36; 95% CI, 0.91 to 2.03; p=0.132).  

Conclusion
Adjuvant chemotherapy can be recommended for stage II colon cancer patients, but the
addition of oxaliplatin to the regimen must be selective.  
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Adjuvant chemotherapy, Colonic neoplasms, Treatment outcome
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Introduction

The benefit of adjuvant chemotherapy (AC) for stage III
colon cancer is well-established. However, it is debatable for
stage II [1-4]. Conclusive randomized controlled trials are
lacking, and retrospective small cohort studies have reported
conflicting results. The estimated number of needed patients
is approximately 5,000 to 8,000 to reliably detect a treatment
benefit for AC in stage II colon cancer, with 90% of power
and 18% relative risk reduction as shown in the NSABP 
C-01 to C-04 trials [5]. Therefore, it is difficult to obtain the
answer to this question through a successful randomized
controlled trial. 

Despite the limitations of its retrospective design, a study
dealing with a nation-wide large scale cohort might answer
this question. Recent studies [6-9] that have analyzed data
including approximately 2,000 to 150,000 patients with stage
II colon cancer have been part of that effort. These studies
allow the general patient trends to be identified and mini-
mize the limitations of the retrospective study. 

In Korea, the Health Insurance Review and Assessment
Service (HIRA), a national government agency, has been
evaluating the appropriateness of care for colorectal cancer
since 2011, and this initiated large scale data collection about
patient baseline characteristics and colorectal cancer man-
agement. Our study aimed to investigate the current status
and efficacy of AC for stage II colon cancer patients in Korea
by analyzing these data.

Materials and Methods

1. Data source: National Quality Assessment program in
Korea

In the Korean public health system, the HIRA assesses the
appropriateness of the cost of medical services provided by
medical institutions and determines the costs to be paid by
the National Health Insurance Service. Based on the data that
can be obtained through the review process, the HIRA
started to evaluate the appropriateness of the treatment of
medical institutions for the major diseases, so-called the 
“National Quality Assessment”, and the target diseases have
been expanded. The National Quality Assessment program
aims to improve the quality of care by giving feedback to
medical institutions. 

Quality assessment for colorectal cancer treatment has
been conducted since 2011. Patients who were diagnosed
with colorectal cancer and were charged for the surgical

treatment were selected for the evaluation. For the institu-
tions that had more than 150 cases, 150 cases among all cases
were randomly selected using computer randomization for
each institutional cases. If the institution had less than 150
cases for the examining year, all patients were selected, and
their data were sent to the HIRA (however, the reference
value was 100 cases for the year 2011 for administrational
reasons, not medical or statistical reasons). The National
Quality Assessment data are formulated based on the col-
orectal cancer questionnaire with 21 criteria presented by the
HIRA, and information about patient baseline characteristics
(admission date, diagnosis, operation name, discharge date,
weight, height, etc.), surgery (past surgical history, emer-
gency, the American Society of Anesthesiologists [ASA]
grade, completeness of surgery, etc.), pathologic report, and
chemotherapy (timing, regimen, usage, etc.) are required to
be submitted for the questionnaire.

The total treatment quality grade is determined by a for-
mula calculated for each item in the questionnaire, and the
medical institutions are divided into five groups according
to this grade. Each year, this rating is officially announced to
the general public, so medical institutions are encouraged to
actively participate in the National Quality Assessment pro-
gram. Details of the assessment and its results are available
on the internet, but only as Korean version (http://www.
hira.or.krhospital/pharmacyhospital evaluation infor-
mationevaluation items: surgery, detailed field: colorectal
cancerassessment report).

2. Patient selection and chemotherapy

The purpose of this study was to analyze the patients who
underwent curative treatment for stage II colon cancer.
Therefore, the following patients were excluded from a total
8,639 patients who underwent surgery for colon cancer in
2011-2014 and submitted for the National Quality Assess-
ment: patients without R0 resection or no data, patients who
had received chemotherapy prior to surgery, patients who
didn’t have the data about any of the risk factor checked
specifically in that evaluating year (however, patients were
not excluded when there is no data about the status of spe-
cific risk factor which was not officially checked for the 
National Quality Assessment in that evaluating year, 
patients whose survival could not be confirmed, and those
who died within 1 month postoperatively). As a result, a total
7,880 patients were included in the final analysis. The deci-
sion to perform chemotherapy was based on the clinical
judgment of the medical staff, but it was recommended that
5-fluorouracil (FU) based therapy (with or without oxali-
platin) be started within 8 weeks after surgery when using
chemotherapy.
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3. Measured outcome

The primary outcome was overall survival (OS). The OS
was calculated from the operation date to the date of death
or July 15, 2016 on which survival was finally verified. Sur-
vival was confirmed by the termination of health insurance.
Patient age, sex, body mass index (BMI), university hospital
treatment or not, hospital scale, the ASA grade and emer-
gency surgery or not were presented as baseline data.
Known risk factors for survival such as obstruction/perfo-
ration, positive resection margin, lymphovascular or per-
ineural invasion, lymph node (LN) harvest less than 12, and
pathologic T4 grade were checked selectively according to
each year. The patients who had at least one of these factors
were placed in the high risk group and those who did not in
the low risk group (Table 1).

4. Statistical analysis

The clinical characteristics of patients were expressed as
number (%) for categorical variables. Differences between
categorical variables were analyzed using the chi-square test
or Fisher exact test. The prognostic significance of demo-
graphic and pathologic characteristics were determined
using univariable and multivariable Cox proportional haz-
ard regression analyses. For cox proportional hazard regres-
sion analysis, supremum test for proportionals hazards
assumption was performed for checking assumption and it
was judged to satisfy the assumption by presenting p  0.05.
Two-sided p-values of < 0.05 were considered statistically
significant.

All statistical analyses were performed using the software
package SAS Enterprise Guide ver. 6.1 (SAS Institute, Inc.,
Cary, NC), R software ver. 3.0.2 (R Foundation for Statistical
Computing, Vienna, Austria; http://www.r-project.org) with
the support and supervision of the Clinical Research Coor-
dinating Center of the Catholic University of Korea which
consisted of statistical experts.

Results

1. Patient characteristics

Of the total 7,880 patients, 4,645 (59.0%) were males, and
3,414 (43.3%) were over 70 years of age. ASA classification 
I-II was 6,461 (82.0%), and emergency surgeries were per-
formed in 616 (7.8%). There were 2,196 patients (27.9%) in
the high risk group, and 5,684 (72.1%) in the low risk group.
Among the high risk group, 1,900 (86.5%) had one risk factor,
280 (12.8%) had two, and 16 (0.7%) had more than three. 

In the high risk group, 1,333 (60.7%) received AC, whereas
2,758 (48.5%) of the low-risk patients received AC. Males, 70
years of age or younger, BMI over 18, and the ASA classifi-
cation I-II were more likely to receive AC in the entire cohort.
More AC was performed for the low risk group patients in
the general hospitals than in tertiary hospitals. In the high
risk group, the patients who underwent emergent surgery or
had more than one risk factor were less likely to receive AC.
The proportion of patients who received AC was higher
when there was lymphovascular or perineural invasion, or
pathologic T4 grade, but the differentiation had no effect on
whether patients received AC. Patients who had negative 
resection margin or LN harvest more than 12 received AC
more (Table 2).

2. Effect of AC on survival in the whole patients

The median follow-up period was 38 months (range, 1 to
63 months). Death was occurred in 866 patients (11.0%) dur-
ing the study period. The OS was higher in patients with AC
(hazard ratio [HR], 0.48; 95% confidence interval [CI], 0.42 to
0.55; p < 0.001), female, younger, BMI over 18, tertiary hos-
pital, and ASA grade I-II in univariate analysis. In terms of
risk factors, emergency surgery caused by obstruction or per-
foration, lymphovascular or perineural invasion, harvested
LNs less than 12, and pathologic T4 grade had an adverse 
effect on survival, but positive margin or differentiation did

Min Ki Kim, Adjuvant Chemotherapy for Stage II Colon Cancer

Table 1.  Variables checked for defining high-risk patients at each measuring year 
2011 2012 2013-2014

Harvested lymph nodes < 12 + + +
Obstruction/Perforation + + +
Lymphovascular/Perineural invasion + – –
Positive resection margin – + +
Poorly differentiation + + –
Pathologic T4 – – +

“+” means having data, while “–“ means having no data about the variable.

VOLUME 50 NUMBER 4 OCTOBER 2018  1151



Cancer Res Treat. 2018;50(4):1149-1163

Lo
w

-ri
sk

 g
ro

up
H

ig
h-

ris
k 

gr
ou

p
Lo

w
-ri

sk
 (n

=5
,68

4)
H

ig
h-

ris
k 

(n
=2

,19
6)

(w
ith

ou
t A

C 
(w

ith
ou

t A
C 

O
ve

ra
ll

vs
. w

ith
 A

C)
 

vs
. w

ith
 A

C)
 

(n
=7

,88
0)

W
ith

ou
t A

C
W

ith
 A

C
W

ith
ou

t A
C

W
ith

 A
C

p-
va

lu
e

p-
va

lu
e

(n
=2

,92
6)

(n
=2

,75
8)

(n
=8

63
)

(n
=1

,33
3)

Se
x M

al
e

4,6
45

 (5
9.0

)
1,6

80
 (5

7.4
)

1,6
77

 (6
0.8

)
43

8 (
50

.8)
85

0 (
63

.8)
0.0

09
 

< 
0.0

01
Fe

m
al

e
3,2

35
 (4

1.0
)

1,2
46

 (4
2.6

)
1,0

81
 (3

9.2
)

42
5 (

49
.3)

48
3 (

36
.2)

A
ge

 (y
r)

 
45

37
1 (

4.7
)

96
 (3

.3)
18

2 (
6.6

)
10

 (1
.2)

83
 (6

.2)
< 

0.0
01

< 
0.0

01
> 

45
 an

d 
 

70
4,0

95
 (5

2.0
)

1,3
17

 (4
5.0

)
1,7

26
 (6

2.6
)

27
0 (

31
.3)

78
2 (

58
.7)

> 
70

3,4
14

 (4
3.3

)
1,5

13
 (5

1.7
)

85
0 (

30
.8)

58
3 (

67
.6)

46
8 (

35
.1)

BM
I (

n=
7,8

23
)

 
18

40
8 (

5.2
)

16
4 (

5.6
)

10
9 (

4.0
)

69
 (8

.2)
66

 (5
.0)

0.0
12

 
< 

0.0
01

> 
18

 an
d 
 

25
5,2

17
 (6

6.7
)

1,8
95

 (6
5.2

)
1,8

40
 (6

7.0
)

59
9 (

70
.9)

88
3 (

66
.6)

> 
25

2,1
98

 (2
8.1

)
84

7 (
29

.2)
79

7 (
29

.0)
17

7 (
21

.0)
37

7 (
28

.4)
Ty

pe
 o

f i
ns

tit
ut

io
n 

Te
rti

ar
y 

ho
sp

ita
l

4,0
72

 (5
1.7

)
1,7

49
 (5

9.8
)

1,3
44

 (4
8.7

)
38

3 (
44

.4)
59

6 (
44

.7)
< 

0.0
01

0.9
30

 
Ge

ne
ra

l h
os

pi
ta

l
3,4

08
 (4

3.3
)

1,0
31

 (3
5.2

)
1,2

30
 (4

4.6
)

45
1 (

52
.3)

69
6 (

52
.2)

H
os

pi
ta

l o
r c

lin
ic

40
0 (

5.1
)

14
6 (

5.0
)

18
4 (

6.7
)

29
 (3

.4)
41

 (3
.1)

A
SA I-I

I
6,4

61
 (8

2.0
)

2,3
40

 (8
0.0

)
2,4

18
 (8

7.7
)

58
5 (

67
.8)

1,1
18

 (8
3.9

)
< 

0.0
01

< 
0.0

01
III

1,3
51

 (1
7.1

)
56

5 (
19

.3)
33

2 (
12

.0)
25

2 (
29

.2)
20

2 (
15

.2)
IV

68
 (0

.9)
21

 (0
.7)

8 (
0.3

)
26

 (3
.0)

13
 (1

.0)
Em

er
ge

nc
y 

op
er

at
io

n
N

o
7,2

64
 (9

2.2
)

2,9
04

 (9
9.3

)
2,7

36
 (9

9.2
)

58
1 (

67
.3)

1,0
43

 (7
8.2

)
0.8

44
 

< 
0.0

01
Ye

s
61

6 (
7.8

)
22

 (0
.8)

22
 (0

.8)
28

2 (
32

.7)
29

0 (
21

.8)
O

th
er

s
79

 (1
2.8

)
22

 (1
00

)
22

 (1
00

)
13

 (4
.6)

22
 (7

.6)
0.1

38
Pe

rfo
ra

te
d/

O
bs

tru
ct

iv
e

53
7 (

87
.2)

0 (
0 (

26
9 (

95
.4)

26
8 (

92
.4)

Re
se

ct
io

n 
m

ar
gi

n 
(n

=6
,47

0)
N

eg
at

iv
e

6,3
98

 (9
8.9

)
2,5

82
 (1

00
)

2,4
55

 (1
00

)
51

5 (
93

.5)
84

6 (
95

.9)
-

0.0
39

 
Po

sit
iv

e
72

 (1
.1)

0 (
0 (

36
 (6

.5)
36

 (4
.1)

LV
P 

in
va

si
on

 (n
=1

,36
9)

N
o

73
9 (

54
.0)

33
6 (

10
0)

28
9 (

10
0)

67
 (2

2.3
)

47
 (1

0.6
)

-
< 

0.0
01

Ye
s

63
0 (

46
.0)

0 (
0 (

23
3 (

77
.7)

39
7 (

89
.4)

Ly
m

ph
 n

od
e (

n=
7,4

94
)

< 
12

51
1 (

6.8
)

0 (
0 (

22
7 (

30
.7)

28
4 (

23
.7)

-
0.0

01
 

 
12

6,9
83

 (9
3.2

)
2,8

69
 (1

00
)

2,8
69

 (1
00

)
51

3 (
69

.3)
91

5 (
76

.3)

Ta
bl

e 2
.B

as
el

in
e c

ha
ra

ct
er

ist
ics

 o
f t

he
 p

at
ie

nt
s w

ith
 st

ag
e I

I c
ol

on
 ca

nc
er

(C
on

tin
ue

d t
o t

he
 n

ex
t p

ag
e)

1152 CANCER  RESEARCH  AND  TREATMENT



Min Ki Kim, Adjuvant Chemotherapy for Stage II Colon Cancer

Lo
w

-ri
sk

 g
ro

up
H

ig
h-

ris
k 

gr
ou

p
Lo

w
-ri

sk
 (n

=5
,68

4)
H

ig
h-

ris
k 

(n
=2

,19
6)

(w
ith

ou
t A

C 
(w

ith
ou

t A
C 

O
ve

ra
ll

vs
. w

ith
 A

C)
 

vs
. w

ith
 A

C)
 

(n
=7

,88
0)

W
ith

ou
t A

C
W

ith
 A

C
W

ith
ou

t A
C

W
ith

 A
C

p-
va

lu
e

p-
va

lu
e

(n
=2

,92
6)

(n
=2

,75
8)

(n
=8

63
)

(n
=1

,33
3)

D
iff

er
en

tia
tio

n 
(n

=3
,48

8)
W

el
l

57
2 (

16
.4)

21
2 (

18
.7)

17
3 (

14
.2)

89
 (1

8.9
)

98
 (1

4.6
)

0.0
03

 
0.1

58
 

M
od

er
at

e
2,7

60
 (7

9.1
)

92
0 (

81
.3)

1,0
42

 (8
5.8

)
31

9 (
67

.7)
47

9 (
71

.5)
Po

or
ly

+o
th

er
s

15
6 (

4.5
)

0 (
0 (

63
 (1

3.4
)

93
 (1

3.9
)

St
ag

e (
n=

4,3
92

)
IIA

3,7
89

 (8
6.3

)
1,7

94
 (1

00
)

1,5
43

 (1
00

)
21

0 (
53

.6)
24

2 (
36

.5)
-

< 
0.0

01
IIB

-II
C

60
3 (

13
.7)

0 (
0 (

18
2 (

46
.4)

42
1 (

63
.5)

N
o.

 o
f r

is
ks

 
0

5,6
84

 (7
2.1

)
2,9

26
 (1

00
)

2,7
58

 (1
00

)
0 (

0 (
-

0.0
12

 
1

1,9
00

 (2
4.1

)
0 (

0 (
72

5 (
84

.0)
1,1

75
 (8

8.2
)

2
28

0 (
3.6

)
0 (

0 (
12

9 (
15

.0)
15

1 (
11

.3)
3 o

r 4
16

 (0
.2)

0 (
0 (

9 (
1.0

)
7 (

0.5
)

Ta
bl

e 2
.C

on
tin

ue
d

Va
lu

es
 a

re
 p

re
se

nt
ed

 a
s n

um
be

rs
 (%

). 
A

C,
 a

dj
uv

an
t c

he
m

ot
he

ra
py

; B
M

I, 
bo

dy
 m

as
s i

nd
ex

; A
SA

, A
m

er
ica

n 
So

cie
ty

 o
f A

ne
sth

es
io

lo
gi

sts
; L

VP
, l

ym
ph

ov
as

cu
la

r o
r

pe
rin

eu
ra

l. 

VOLUME 50 NUMBER 4 OCTOBER 2018  1153



Cancer Res Treat. 2018;50(4):1149-1163

Alive Death Univariate analysis Multivariate analysis
(n=7,014) (n=866) HR (95% CI) p-value HR (95% CI) p-value

Adjuvant chemotherapy
Without AC 3,234 (85.4) 555 (14.6) Reference
With AC 3,780 (92.4) 311 (7.6) 0.48 (0.42-0.55) < 0.001

No. of risks 
0 5,198 (91.4) 486 (8.6) Reference
1 1,600 (84.2) 300 (15.8) 1.75 (1.52-2.02) < 0.001
2 206 (73.6) 74 (26.4) 3.08 (2.41-3.93) < 0.001
3 or 4 10 (62.5) 6 (37.5) 4.44 (1.99-9.94) < 0.001

Low-risk (< 1) 5,198 (91.4) 486 (8.6) Reference
High-risk ( 1) 1,816 (82.7) 380 (17.3) 1.93 (1.69-2.21) < 0.001

Combination of risk and AC
Low-risk and without AC 2,616 (89.4) 310 (10.6) Reference Reference
Low-risk and with AC 2,582 (93.6) 176 (6.4) 0.56 (0.47-0.68) < 0.001 0.73 (0.60-0.87) 0.001
High-risk and without AC 618 (71.6) 245 (28.4) 2.65 (2.24-3.13) < 0.001 1.73 (1.43-2.10) < 0.001
High-risk and with AC 1,198 (89.9) 135 (10.1) 0.85 (0.69-1.04) 0.106 0.84 (0.68-1.04) 0.115

Sex 
Male 4,096 (88.2) 549 (11.8) Reference Reference
Female 2,918 (90.2) 317 (9.8) 0.82 (0.71-0.94) 0.004 0.66 (0.57-0.76) < 0.001

Age (yr)
 45 361 (97.3) 10 (2.7) Reference Reference
> 45 and  70 3,873 (94.6) 222 (5.4) 2.05 (1.09-3.87) 0.026 1.92 (1.02-3.63) 0.044
> 70 2,780 (81.4) 634 (18.6) 7.92 (4.24-14.8) < 0.001 5.44 (2.90-10.20) < 0.001

BMI (n=7,823)
 18 317 (77.7) 91 (22.3) 2.23 (1.79-2.78) < 0.001 1.77 (1.41-2.21) < 0.001
> 18 and  25 4,614 (88.4) 603 (11.6) Reference Reference
> 25 2,043 (93.0) 155 (7.1) 0.59 (0.49-0.70) < 0.001 0.73 (0.61-0.87) 0.001

Type of institution
Tertiary hospital 3,667 (90.1) 405 (10.0) Reference Reference
General hospital 2,975 (87.3) 433 (12.7) 1.34 (1.17-1.53) < 0.001 1.20 (1.04-1.38) 0.011
Hospital or clinic 372 (93.0) 28 (7.0) 0.71 (0.49-1.05) 0.083 1.00 (0.68-1.47) 0.985

ASA
I-II 5,925 (91.7) 536 (8.3) Reference Reference
III 1,045 (77.4) 306 (22.7) 3.14 (2.73-3.61) < 0.001 1.94 (1.67-2.25) < 0.001
IV 44 (64.7) 24 (35.3) 5.33 (3.54-8.03) < 0.001 2.12 (1.37-3.30) 0.001

Emergency operation
No 6,561 (90.3) 703 (9.7) Reference Reference
Yes 453 (73.5) 163 (26.5) 3.13 (2.64-3.71) < 0.001 1.71 (1.39-2.09) < 0.001

Others 63 (79.8) 16 (20.3) Reference
Perforated/Obstructive 390 (72.6) 147 (27.4) 1.84 (1.09-3.09) 0.022 

Resection margin (n=6,470)
Negative 5,744 (89.8) 654 (10.2) Reference
Positive 63 (87.5) 9 (12.5) 1.18 (0.61-2.27) 0.631 

LVP invasion (n=1,369)
No 651 (88.1) 88 (11.9) Reference
Yes 525 (83.3) 105 (16.7) 1.44 (1.08-1.91) 0.013 

Lymph node (n=7,494)
< 12 425 (83.2) 86 (16.8) Reference
 12 6,281 (90.0) 702 (10.1) 0.63 (0.50-0.79) < 0.001

Table 3. Univariate and multivariate analysis of risk factors for survival in whole patients

(Continued to the next page)
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not. The more the risk factors involved, the lower the sur-
vival rate. 

In the multivariate analysis, the effects of individual risk
factors and AC were not analyzed because the presence or
absence of risk factors and with or without AC were divided
into four categories and then analyzed. This analysis showed

that male gender, age greater than 70, BMI 18 or less and
greater than 25, general hospital treatment and ASA grade
over II had adverse effects on the OS (Table 3). 

When the group of patients who had no risk factors and
did not receive AC was used as a reference category, the HR
was decreased in cases of receiving AC in patients who had

Min Ki Kim, Adjuvant Chemotherapy for Stage II Colon Cancer

Alive Death Univariate analysis Multivariate analysis
(n=7,014) (n=866) HR (95% CI) p-value HR (95% CI) p-value

Differentiation (n=3,488)
Well 491 (85.8) 81 (14.2) Reference
Moderate 2,403 (87.1) 357 (12.9) 0.9 (0.71-1.15) 0.396 
Poorly+others 126 (80.8) 30 (19.2) 1.38 (0.91-2.1) 0.129 

Stage (n=4,392)
IIA 3,480 (91.8) 309 (8.2) Reference
IIB-IIC 514 (85.2) 89 (14.8) 1.89 (1.49-2.39) < 0.001

Table 3. Continued

The HR in multi-variate analysis was adjusted for sex, age, BMI, type of institutions, ASA, and emergency operation. HR,
hazard ratio; CI, confidence interval; AC, adjuvant chemotherapy; BMI, body mass index; ASA, American Society of Anes-
thesiologists; LVP, lymphovascular or perineural.
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Fig. 1.  Adjusted survival probability curve from multi-variate cox regression analysis of four categories classified according
to the risk status and adjuvant chemotherapy (AC) in the whole patients. Survival probability was adjusted for sex, age,
body mass index, type of institutions, American Society of Anesthesiologists, and emergency operation. HR, hazard ratio;
CI, confidence interval.
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no risk factors (adjusted HR, 0.73; 95% CI, 0.60 to 0.87;
p=0.001). On the contrary, when the patient who had risk fac-
tors did not receive AC, the HR was increased (adjusted HR,
1.73; 95% CI, 1.43 to 2.10; p < 0.001). However, the hazard
ratio showed no significant difference compared with the ref-
erence group when the high risk group patients received AC
(adjusted HR, 0.84; 95% CI, 0.68 to 1.04; p=0.115) (Fig. 1).  

3. Effect of AC on survival in the low-risk group

For the low-risk group, AC, female, aged 70 or younger,
BMI 18 or less and greater than 25, tertiary hospital treatment
(compared to general hospital), and ASA grade I-II were 
favorable factors for survival either in the univariate and
multivariate analysis (Table 4, S1 Table). In particular, AC
was shown to reduce the relative risk of death by 26% after
adjusting for the effects of other factors (HR, 0.74; 95% CI,
0.61 to 0.89; p=0.002) (Fig. 2A).

4. Effect of AC on survival in the high-risk group

Whether the patient received AC, the number of involved
risk factors, age, BMI, ASA grade, and emergency surgery
were the identified factors that had significant impact on sur-

vival in univariate analysis of the high-risk patients 
(S1 Table). However, individual known risk factors such as
obstruction/perforation, positive resection margin, lympho-
vascular or perineural invasion, harvested LNs less than 12,
poor differentiation, or pathologic T4 stage did not affect sur-
vival. The results of multivariate analysis are presented as
Table 4.

The multivariate analysis revealed that without AC (HR of
AC, 0.76; 95% CI, 0.38 to 0.59; p < 0.001), male, age greater
than 70, BMI 18 or less and greater than 25, and ASA grade
over II worsened the survival outcome (Table 4, Fig. 2B).   

5. Relationship between chemotherapy and number of 
involved risk factors in high-risk group

The effect of the number of involved risk factors on sur-
vival in patients receiving chemotherapy and those not 
receiving chemotherapy was examined (Table 5). In the mul-
tivariate analysis in which the sex, age, BMI, type of institu-
tions, ASA grade, and emergency operation were adjusted,
the hazard ratio was significantly increased as the number
of involved risk factors increased in patients who did not 
receive AC (when the patients with no involved risk factors
was the reference group, an HR of one involved risk factor

Cancer Res Treat. 2018;50(4):1149-1163
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Fig. 2.  Adjusted survival curve of stage II colon cancer patients according to the chemotherapy. (A) Low-risk group (adjusted
for sex, age, body mass index [BMI], type of institutions, American Society of Anesthesiologists [ASA], and emergency 
operation). (B) High-risk group (adjusted for number of risk, sex, age, BMI, type of institutions, ASA, and emergency oper-
ation). AC, adjuvant chemotherapy; HR, hazard ratio; CI, confidence interval.
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Alive Death HR p-value Adjusted p-value(95% CI) HR (95% CI)
Without chemotherapy (n=3,789)

No. of risks
0 2,616 (89.4) 310 (10.6) Reference Reference
1 530 (73.1) 195 (26.9)  2.50 (2.08-2.99) < 0.001 1.59 (1.29-1.96) < 0.001
 2 88 (63.8) 50 (36.2) 3.60 (2.67-4.86) < 0.001 1.67 (1.19-2.36) 0.003

With chemotherapy (n=4,091)
No. of risks

0 2,582 (93.6) 176 (6.4) Reference Reference
1 1,070 (91.1) 105 (8.9) 1.32 (1.03-1.68) 0.026 1.16 (0.90-1.50) 0.249
 2 128 (81.0) 30 (19.0) 2.88 (1.95-4.27) < 0.001 2.53 (1.63-3.92) < 0.001

Table 5. Relationship of adjuvant chemotherapy and number of involved risk factors

The HR was adjusted for sex, age, body mass index, type of institutions, American Society of Anesthesiologists, and emergency
operation. HR, hazard ratio; CI, confidence interval.

Risk group Adjuvant treatment Alive Death HR p-value Adjusted p-value(95% CI) HR (95% CI)
Low-risk (n=2,535) Without chemotherapy 1,356 (84.4) 250 (15.6) Reference Reference

With chemotherapy 812 (87.4) 117 (12.6) 0.74 (0.60-0.93) 0.008 0.75 (0.60-0.94) 0.012
High-risk (n=1,122) Without chemotherapy 399 (65.7) 208 (34.3) Reference Reference

With chemotherapy 429 (83.3) 86 (16.7) 0.42 (0.33-0.54) < 0.001 0.48 (0.37-0.63) < 0.001

Table 6. Effect of adjuvant chemotherapy on stage II colon cancer patients who are aged over 70

The HR for the low-risk group was adjusted for sex, age, BMI, type of institutions, ASA, and emergency operation. The HR
for the high-risk group was adjusted for number of risk, sex, age, BMI, type of institutions, ASA, and emergency operation.
HR, hazard ratio; CI, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists.

Alive Death HR p-value Adjusted p-value(n=1,054) (n=105) (95% CI) HR (95% CI)
Regimen

5-FU/leucovorin or capecitabine or 536 (90.5) 56 (9.5) Reference Reference
UFT/leucovorin or LV5FU2

FLOX or FOLFOX or mFOLFOX 518 (91.4) 49 (8.6) 0.97 (0.66-1.43) 0.882 1.36 (0.91-2.03) 0.132
Age (yr)
 45 72 (97.3) 2 (2.7) Reference Reference
> 45 and  70 660 (94.0) 42 (6.0) 2.27 (0.55-9.35) 0.258 2.30 (0.56-9.51) 0.251
> 70 322 (84.1) 61 (15.9) 6.58 (1.61-26.88) 0.009 6.41 (1.54-26.66) 0.011

ASA
I-II 911 (92.5) 74 (7.5) Reference Reference
III 136 (82.4) 29 (17.6) 2.68 (1.74-4.12) < 0.001 1.98 (1.27-3.08) 0.003
IV 7 (77.8) 2 (22.2) 4.25 (1.04-17.36) 0.044 3.19 (0.78-13.08) 0.107

Table 7. Effect of adding oxaliplatin for high-risk patients on survival in multivariate analysis

HR, hazard ratio; CI, confidence interval; FU, fluorouracil; UFT, tegafur-uracil; LV, leucovorin; FLOX, fluorouracil, leucovorin,
and oxaliplatin; FOLFOX, folinic acid, fluorouracil, and oxaliplatin; mFOLFOX, modified FOLFOX regimen; ASA, American
Society of Anesthesiologists.
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was 1.59 [95% CI, 1.29 to 1.96], p < 0.001, HR of two or more
of involved risk factors was 1.67 [95% CI, 1.19 to 2.36],
p=0.003). However, there was no survival difference between
no risk factors involved and one risk factor involved in 
patients who received AC (HR, 1.16; 95% CI 0.90 to 1.50;
p=0.249), though more than two involved risk factors signif-
icantly worsened survival outcome (HR, 2.53; 95% CI, 1.63
to 3.92; p < 0.001). 

6. AC for patients older than 70 years of age

There were 2,535 low-risk and 1,122 high-risk patients
among the patients aged 70 years or older. After adjustment
for sex, age, BMI, type of institutions, ASA grade and emer-
gency surgery (and number of risk in the high-risk group),
AC was an independent prognostic factor for survival in
both the low-risk (HR, 0.75; 95% CI, 0.60 to 0.94; p=0.012) and
the high-risk (HR, 0.48; 95% CI, 0.37 to 0.63; p < 0.001) groups
(Table 6).

7. Effect of adding oxaliplatin to chemotherapy regimen

Comparisons of OS were made according to the different
chemotherapy regimens among the high-risk group patients
(Table 7). There were a total of 1,333 high-risk patients who
received AC in the study period, and among them, 174 
patients were excluded from the analysis because they used
more than two of the recommended regimens or their regi-
men was not covered by the National Health Insurance sys-
tem during the whole study period. Among the remaining
1,159 high-risk patients, 592 patients received 5-FUbased
AC without oxaliplatin (5-FU/leucovorine, capecitabine,
tegafur-uracil/leucovorin, LV5FU2), and the other 567 
patients received oxaliplatin (FLOX, FOLFOX, mFOLFOX).
After adjustment for other factors, there was no significant
difference in OS between the two groups (HR, 1.36; 95% CI,
0.91 to 2.03; p=0.132). 

Discussion

The most important result of this study was that AC was
revealed to have favorable effect on survival for Korean stage
II colon cancer patients regardless of their high- or low-risk
group assignments. This is consistent with the randomized
controlled trial of the Quasar Collaborative Group [2], which
reported a 16% reduction in all-cause mortality using LF
chemotherapy for stage II colorectal cancer, and the study of
Casadaban et al. [6], which reported that AC was a favorable
prognostic factor in both the high-risk and low-risk groups

based on 153,000 American stage II colon cancer patients. 
However, there are still many contradictory results from

other recently published papers. A study analyzing a large
dataset of 2,488 Canadian patients reported that AC had no
effect on survival either for the high-risk patients or the
whole patient cohort [7]. Verhoeff et al. [9] and Kumar et al.
[10] analyzed 10,935 and 1,697 patients, respectively, and
concluded that only pathologic T4 stage among the risk fac-
tors necessitated AC. In particular, the later showed that AC
in the low-risk group could decrease the relapsing free sur-
vival. Lewis et al. [11] announced that AC in stage II colon
cancer could decrease both the overall and disease-free sur-
vival after following up 453 patients for 2 years by e-mails. 

Because of these conflicting results, the current consensus
guidelines such as the American Society for Clinical Oncol-
ogy, the European Society for Medical Oncology and the 
National Comprehensive Cancer Network [12-14] are 
ambiguous about the chemotherapy for stage II colon cancer
(using expressions like “not routinely recommended”, “can
be considered”, etc.), and the chemotherapy is mainly 
devoted to the clinical judgment of individual medical staff
or institution. 

The reasons why the study results are confusing may be
as follows. First, the characteristics of patients involved in
each study could be different because stage II colon cancer
has a diverse clinico-pathologic spectrum. Second, the defi-
nitions for high- and low-risk groups could be different.
Third, the primary outcome of each study could be different.
Finally, the treatment outcome of colon cancer can be influ-
enced by other factors such as race, economy scale of the 
society, medical insurance system, lifestyle, and culture. 

Hence, these potential biases must be considered when
comparing heterogenous results to that of our study. It must
be recognized that big data reflects both the medical and
non-medical characteristics of a society. The EURECA study,
which analyzed approximately 60,000 patients from seven
European countries who had similar racial and social char-
acteristics showed survival differences among the countries
after the treatment for stage II colon cancer [8]. 

The high proportion of patients who received AC is one
way in which our study differs from others. The chemother-
apy rate was 59.4% for the high-risk group and 48.2% for the
low-risk group in our study, whereas it was only 21.7% to
29% for the high-risk patients in the western countries 
[6-8,10]. This is probably due to the Korean Clinical Practice
Guideline for Colon and Rectal Cancer (http://www.colon.
or.kr/index.html, only Korean version exists). The Korean
guideline recommends observation or use of fluoropyrimi-
dine-based chemotherapy for the low-risk patients, and AC,
especially the FOLFOX regimen for the high-risk patients in
Korea. Our study could analyze relatively more data on 
patients receiving chemotherapy because of this differential
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recommendation.  
To identify whether our results are consistent with the 

results of previous studies, it is necessary to compare them
with those of racially and socially similar groups. Therefore,
it is meaningful that a previous small study with Korean
stage II colon cancer patients and the Japanese, which have
similar genetic compositions to that of Koreans, presented
similar results. Jee et al. [12] performed a study with 363 
Korean stage II colon cancer patients and announced that AC
was a significantly favorable prognostic factor for survival
in both the low- and high-risk groups. Sato et al. [13] 
reported that AC was an independent prognostic factor for
all patients, and the survival rate of some high-risk group 
patients was significantly higher.  

Our study showed that AC lowered the risk of death by
26% in the low-risk patients and by 24% in the high-risk
group, even after controlling for the effects of other variables,
such as age, gender, BMI, ASA, and other risk factors. If high-
risk patients did not receive the chemotherapy, the risk of
death increased by more than 170% in the low-risk patients
who did not receive the chemotherapy. On the contrary, the
risk of death in high-risk patients was similar to that of low-
risk patients without the chemotherapy when they received
the chemotherapy. In patients without the chemotherapy, the
HR increased as the involved number of risk factors 
increased. However, in patients who received chemotherapy,
involving one more risk factor did not lead to a significant
increase in hazard ratio. This means the more the risk factors
involved, the worse the survival rate, and chemotherapy can
offset this effect to some degree. This was also seen in the 
results from previous studies [6,9].  

In a subgroup analysis of patients aged 70 years or older,
AC was found to have a positive effect on survival. Because
of possible adverse effects on survival due to the side effects
of chemotherapeutic agents, chemotherapy is not recom-
mended for elderly patients. However, the use of AC for
older patients in stage III colon cancer has been shown to 
increase survival [14-16]. Although Hernosillo-Rodriguez et
al. [17] showed the effect of AC in elderly patients in their
study of high risk stage II and stage III colon cancer patients,
this study is the first to analyze the effectiveness of AC in
elderly stage II colon cancer patients to the author’s knowl-
edge. It is important to note that the survival rates of elderly
patients with AC were significantly higher in both the low-
and high-risk groups.

Another issue in chemotherapy for stage II colon cancer is
the addition of oxaliplatin to the regimen. In the 1990s, fluo-
rouracil-based AC for stage III colon cancer was found to
have a beneficial effect on survival [18,19], and after about
10 years, the advantage of adding oxaliplatin was well estab-
lished for stage III colon cancer [20-22]. However, it is vague
for stage II colon cancer because data from stage II patients

were usually analyzed with those of stage III patients as in
NSABP study [22] or Gill et al. [23] There was no difference
in OS among the regimens in the MOSAIC study [21]. The
ACCENT study [20], which is a pooled analysis of random-
ized controlled trials, also concluded that the addition of 
oxaliplatin did not affect the OS. This was also the case in a
recent study of 153,000 patients [6]. However, the Korean rec-
ommendation for colorectal cancer treatment is primarily to
add oxaliplatin to the high-risk patients. 

Our study revealed that there was no survival difference
between the 592 patients without oxaliplatin and the 567 
patients with oxaliplatin in high risk group patients through
the multivariate analysis. It is quite a small number to be con-
clusive. However, adding oxaliplatin to chemotherapy regi-
men increases the medical cost and the risk of neurotoxicity
up to 50% in patients, which significantly reduces the quality
of life [24]. Hence, addition of oxaliplatin to the chemother-
apeutic regimen for stage II colon cancer must be cautious
until solid evidence is established. In other words, it can be
used when there are many risk factors involved, when a 
patient actively agrees with the oxaliplatin usage after full
explanation about the uncertain survival benefit and the pos-
sibility of neurotoxicity. 

The limitations of this study are as follows. First, selection
bias could have occurred from its retrospective design. The
fact that the chemotherapy was more prevalent in male 
patients less than 70 years of age and ASA grade I or II 
patients may indicate the patients who were healthy enough
to receive the chemotherapy and therefore had a higher
chance of survival would have received the chemotherapy.
However, our results demonstrated that chemotherapy was
still a significant factor for OS even after adjustment for the
effects of these factors. Second, the big data itself presents a
limitation. We could not confirm whether the AC was on a
complete schedule. Therefore, it is assumed that chemother-
apy was completed when the chemotherapy was just started.
Also, cancer recurrence was not checked, and the checked
risk factor variables were different for each evaluation 
period. Therefore, there was many missing data, and of the
patients classified as low-risk groups, in fact, there may be
patients might have been classified as high-risk group if all
needed variables had been checked. The analysis about the
effect of number of involved risk factors could also be biased.
Because the patients included in the definition of high risk
group differed by year, we examined the effect of chemother-
apy on high-risk and low-risk patients after adjusting the 
effect of year variable (S2 Table). Regardless of the year 
(except only for the low risk group of year 2011), chemother-
apy showed a significant benefit in survival. Third, the fol-
low-up period was relatively short. Follow-up periods of
more than 5 years would be necessary to fully confirm the
impact of therapy on survival. However, we expect that the
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tendency of the survival curve is difficult to change accord-
ing to the results of ACCENT trial [20], which showed that
the risk of death was highest 2 years after the treatment, sta-
ble between 2-4 years, and then diminished after 4 years. 
Median follow-up periods of more than 3 years of our study
may be enough, but we are planning the following study
with same data for the longer follow-up period. Fourth, other
factors that could affect the treatment outcome of stage II
colon cancer were not included. Responses to chemotherapy
or survival rate may be different according to MSI status, and
socioeconomic status of individual may also affect treatment
outcome [25,26].

Despite these limitations, this study is meaningful for the
first analysis of the status and results of treatment for stage
II colon cancer in Korea through nation-wide data. The 
results showed that the AC was the independent favorable
prognostic factor for survival for the stage II colon cancer 
patients regardless of age, risk-group status, and chemother-

apy regimen. 
In conclusion, this study suggests that AC for stage II

colon cancer patients would be beneficial. However, addition
of oxaliplatin to the chemotherapeutic regimen must be 
selective until sufficient evidence to prove its survival benefit
are accumulated. Additional follow-up data need to be ana-
lyzed, and a prospective multicenter trial can be considered
based on these data. 
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Intercalated Treatment Following Rebiopsy Is Associated with 
a Shorter Progression-Free Survival of Osimertinib Treatment

Original Article

Purpose
Epidermal growth factor receptor (EGFR) T790M mutation serves as an important predictor
of osimertinib efficacy. However, little is known about how it works among patients with var-
ious timings of T790M emergence and treatment.  

Materials and Methods
Advanced EGFR-mutant lung adenocarcinoma patients with positive T790M mutation in
tumor were retrospectively enrolled and observed to determine the outcomes of osimertinib
treatment. We evaluated the association between patients’ characteristics and the efficacy
of osimertinib treatment, particularly with respect to the timing of T790M emergence and
osimertinib prescription.

Results
A total of 91 patients were enrolled, including 14 (15.4%) with primary and 77 (84.6%) with
acquired T790M mutation. The objective response rate and disease control rate were 60.9%
and 85.1%, respectively. The median progression-free survival (PFS) and overall survival
were 11.5 months (95% confidence interval [CI], 9.0 to 14.0) and 30.4 months (95% CI,
11.3 to 49.5), respectively. There was no significant difference in response rate and PFS
between primary and acquired T790M populations. In the acquired T790M subgroup, 
patients who received osimertinib after T790M had been confirmed by rebiopsy had a longer
PFS than those with intercalated treatments between rebiopsy and osimertinib prescription
(14.0 months [95% CI, 9.0 to 18.9] vs. 7.2 months [95% CI, 3.7 to 10.8]; adjusted hazard
ratio, 0.48 [95% CI, 0.24 to 0.98; p=0.043]). Rebiopsy timing did not influence the outcome.  

Conclusion
Osimertinib prescription with intercalated treatment following rebiopsy but not the timing
of T790M emergence influenced the treatment outcome. We suggest that it is better to
start osimertinib treatment once T790M mutation has been confirmed by biopsy. 
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Epidermal growth factor receptor, Lung adenocarcinoma, 
Osimertinib
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Introduction

Epidermal growth factor receptor (EGFR) mutation is one
of the most common oncogenic drivers in lung cancer 
patients [1,2]. Since EGFR–tyrosine kinase inhibitor (TKI) can
offer a better efficacy and quality of life [3,4], it has emerged
as an important first line therapy in EGFR-mutant non-small
cell lung cancer (NSCLC) patients. Although most EGFR-
mutant NSCLC patients may experience a good response to
EGFR-TKI initially, acquired resistance inevitably occurs,
which leads to a progression of the disease [5]. The most
common mechanism of acquired resistance is a secondary
EGFR mutation that involves a substitution of threonine to
methionine at codon 790 (T790M) [6]. 

In our previous study [7], we suggested that the detection
of T790M should not be limited at the time of EGFR-TKI pro-
gression because it could also be identified among patients
experiencing an interval from progression to initial EGFR-
TKI treatment as well as among those lacking the continuing
EGFR-TKI treatment at the time of rebiopsy. Furthermore, a
small portion of EGFR-mutant patients were known to har-
bor primary T790M before EGFR-TKI treatment [2]. 
Although previous studies suggested that T790M mutation
has a “wax and wane” nature [8], little is known about the
true dynamics of T790M mutation and how it interferes with 
patients’ outcomes and treatment results. 

Osimertinib is a third-generation EGFR-TKI that selec-
tively targets both sensitizing EGFR mutations and T790M
resistance mutation. Several clinical trials have shown that it
exhibits promising efficacy and has a more favorable adverse
events profile for EGFR-mutant patients resistant to prior
EGFR-TKI therapy [9-11], and T790M was found to serve as
a key predictor of the efficacy. Clinical trials enrolled patients
with T790M mutation detected after disease progression on
“the last treatment regimen” [9,11]. However, real-world 
patients may not always have the chance to receive osimer-
tinib treatment immediately after T790M confirmed by 
rebiopsy. Currently, it remains unclear whether treatment 
efficacy varies among patients with different intervals bet-
ween T790M emergence and osimertinib prescription. We
conducted this study to evaluate the association between 
patients’ characteristics and the efficacy of osimertinib treat-
ment, with a particular emphasis on both the timing of
T790M emergence and osimertinib prescription.

Materials and Methods

1. Patients

We retrospectively analyzed lung cancer patients who
were diagnosed and treated with osimertinib at Taichung
Veterans General Hospital (TCVGH) between September
2014 and January 2017. To be eligible for participation in the
study, patients were required to have pathologically con-
firmed lung adenocarcinoma, advanced stage (stage IIIB and
IV) disease, known sensitive EGFR mutations in treatment-
naïve tumor specimens, positive T790M mutation in tumor
tissue (either primary or acquired after EGFR-TKI progres-
sion), a history of osimertinib therapy, and complete clinical
follow-up data. Patients were excluded if they had lung
tumor with doubtful origin, other active malignancies,
T790M detected only in plasma ctDNA, incomplete data
records, or received other anti-neoplasm therapy during the
course of osimertinib treatment (e.g., chemotherapy and 
immunotherapy). 

2. Data records and response evaluation 

Clinical data for analysis included patients’ age, sex, East-
ern Cooperative Oncology Group performance status (ECOG
PS), tumor stage, smoking status, EGFR mutation status,
biopsy condition, and serial treatment history. Brain metas-
tasis status at the time of osimertinib treatment was also
recorded. Tumor, node, and metastases (TNM) staging was
done according to the seventh edition of the American Joint
Committee for Cancer  staging system [12]. Unidimensional
measurements as defined by Response Evaluation Criteria
in Solid Tumors ver. 1.1 were used in this study [13]. The 
objective of this study was to compare the efficacy of osimer-
tinib in T790M-positive lung adenocarcinoma patients with
various treatment and biopsy conditions. Outcome variables
included the objective response rate (ORR), disease control
rate (DCR), progression-free survival (PFS), and overall sur-
vival (OS).

3. EGFR mutation analysis

Tumor specimens were collected and procured for EGFR
mutation analysis as previously described [14]. The detection
method used in this study was matrix-assisted-laser-desorp-
tion-ionization time-of-flight mass spectrometry (MALDI-
TOF MS). The detection spectrum of MALDI-TOF MS is
summarized in S1 Table. We performed the testing according
to the instructions provided by the MassARRAY system 
(Sequenom, San Diego, CA). With respect to the biochemical
reaction, polymerase chain reaction was used to amplify the

Jeng-Sen Tseng, Treatment Timing and Osimertinib Efficacy



region containing the tyrosine kinase domain of the EGFR
exons 18, 19, 20, and 21. A single nucleotide extension was
then performed by primers and corresponding detection
probes to amplify the region containing each target mutation.
After SpectroClean Resin clean up, samples were loaded
onto the matrix of SpectroCHIP by Nanodispenser (Matrix)
and then analyzed by Bruker Autoflex MALDI-TOF MS.
Data were collected and analyzed by Typer4 software 
(Sequenom). All the tests were performed by ISO15189-cer-
tified TR6 Pharmacogenomics Lab, National Research Pro-
gram for Biopharmaceuticals (NRPB), at the National Center
of Excellence for Clinical Trial and Research of National Tai-
wan University Hospital.

4. Statistical methods

With regard to the rebiopsy timing, patients who had 
received other systemic treatment between the first EGFR-
TKI progression and rebiopsy were defined as rebiopsy
“with interval from first EGFR-TKI progression” and 
patients receiving rebiopsy at the time of first EGFR-TKI pro-
gression were indicated as rebiopsy “at first EGFR-TKI pro-
gression.” Patients who had continued receiving EGFR-TKIs
treatment within 1 month before rebiopsy, were defined as
“with EGFR-TKI treatment at rebiopsy.” With regard to the
treatment timing, patients who had received any other sys-
temic treatment, such as chemotherapy, immunotherapy,
and other targeted therapy, between rebiopsy and the pre-
scription of osimertinib were defined as osimertinib treat-
ment “with intercalated treatment” and patients without
intercalated treatments between rebiopsy and osimertinib

prescription were indicated as osimertinib treatment “after
rebiopsy.” We also evaluated the interim between rebiopsy
and osimertinib treatment (< 6 months vs.  6 months). Uni-
variate analyses of ORR and DCR were performed using
Fisher’s exact test. The Kaplan-Meier method was used to 
estimate PFS and OS. Differences in survival time were ana-
lyzed by log-rank test. Logistic regression model and Cox
proportional hazard model were used for multivariate analy-
ses of treatment responses and survival outcomes. In the
stepwise procedure, the significant levels for entry and 
removal were 0.05 and 0.10, respectively. All statistical tests
were carried out using SPSS ver. 15.0 (SPSS Inc., Chicago, IL).
Two-tailed tests and p-values of < 0.05 for significance were
used.

5. Ethical statement

This study was approved by the Institutional Review
Board of Taichung Veterans General Hospital (IRB No.
CF12019). Written informed consents for genetic testing and
clinical data records were obtained from all patients.

Results

1. Patient demographics and osimertinib treatment

The selection flowchart of the study population is shown
in Fig. 1. A total of 91 patients with advanced lung adeno-

Fig. 1. Patient selection flowchart. EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; PD, disease pro-
gression.

Primary T790M (n=14) Acquired T790M (n=77)

Timing of rebiopsy
  At first EGFR-TKI PD (n=43)
  With interval from PD (n=34)

Timing of osimertinib treatment
  After rebiopsy (n=40)
  With intercalated treatment (n=37)

Osimertinib treatment (n=132)
(2014 Sep-2017 Jan)

Osimertinib treatment (n=91)
Efficacy analysis

Exclude 41 patients

Combined  other treatment (n=6)
No initial EGFR mutation data (n=2)
Did not harbor T790M (n=4)
Incomplete follow-up data (n=2)
Treatment < 2 wk (sepsis) (n=2)
Only with plasma T790M status (n=25)
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Table 1.  Univariate analysis of osimertinib best response regarding with patients’ demographic data and prior treatment
condition (n=87a))
Characteristic No. ORR (%) p-valueb) DCR (%) p-valueb)

Demographic data
Age (yr) 

< 65 49 63.3 0.662 87.8 0.547
 65 38 57.9 81.6

Sex
Male 28 60.7 > 0.999 85.7 > 0.999
Female 59 61.0 84.7

Smoking 
Non-smokers 75 58.7 0.352 85.3 > 0.999
Former and current smokers 12 75.0 83.3

ECOG PS
0-1 70 65.7 0.095 91.4 0.003
 2 17 41.2 58.8

Baseline EGFR mutations
Exon 19 deletions 47 59.6 0.385 83.0 0.661
Exon 21 L858R 24 70.8 83.3
Othersc) 16 50.0 93.8

Brain metastasis
Yes 41 58.5 0.826 82.9 0.765
No 46 63.0 87.0

Prior treatment condition
First EGFR-TKI regimend),e)

Gefitinib 37 62.2 0.844 83.8 > 0.999
Erlotinib 42 57.1 85.7
Afatinib 7 71.4 85.7

Initial EGFR-TKI treatmentd),e)

First line 70 55.7 0.088 84.3 > 0.999
Second line or later 16 81.3 87.5

Prior EGFR-TKI(s) treatmentd),e)

1 59 52.5 0.081 84.7 0.428
2 20 80.0 90.0
3 7 71.4 71.4

Best response to prior EGFR-TKI(s)d),e)

Partial response 68 58.8 0.599 82.4 0.285
Non-responder 18 66.7 94.4

PFS of prior EGFR-TKI(s) (mo)d),e)

< 12 40 57.5 0.662 80.0 0.366
 12 46 63.0 89.1

Prior chemotherapy
Naïve 22 54.5 0.614 90.9 0.502
Chemotherapy-treated 65 63.1 83.1

EGFR-TKI use before osimertinibf)

Yes 50 64.0 0.514 82.0 0.544
No 37 56.8 89.2

Osimertinib treatment timing (1)g)

After rebiopsy 38 71.1 0.095 86.8 0.369
With intercalated treatment 36 50.0 77.8

(Continued to the next page)
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carcinoma harboring T790M and treated with osimertinib
were enrolled for outcome analysis. Patients’ characteristics
are shown in S2 Table. Briefly, the median age was 63 years.
Sixty-one patients (67.0%) were female and 77 patients
(84.6%) were non-smokers. Most patients (79.1%) received
EGFR-TKI as the first line therapy. Sixty-three patients
(69.2%) received one EGFR-TKI treatment previously and 27
patients (29.7%) had received two or more prior EGFR-TKIs.
One patient with primary T790M did not receive first or sec-
ond generation EGFR-TKI before osimertinib treatment. Sev-
enty-three patients (80.2%) had ECOG PS 0-1 and 22 patients
(24.2%) were chemonaïve. Forty-one patients (45.1%) had
brain metastasis at the time of osimertinib treatment. Exon
19 deletion (19Del) and exon 21 L858R accounted for the

most common baseline EGFR mutation types (52.7% and
27.5%, respectively). Other mutations included one with
G719S, one with G719S+S768I, two with 19Del+G719X, and
14 with primary T790M (4 accompanied with 19Del and 10
accompanied with L858R). 

After exclusion of four patients without a measurable 
lesion, the ORR and DCR were 60.9% and 85.1%, respec-
tively. Survival outcomes were followed up till June 30, 2017.
The median PFS and OS were 11.5 months (95% confidence
interval [CI], 9.0 to 14.0) and 30.4 months (95% CI, 11.3 to
49.5), respectively. With regard to the timing of T790M emer-
gence, 14 patients (15.4%) harbored primary T790M and 77
patients (84.6%) had acquired T790M after EGFR-TKI treat-
ment. Among the acquired T790M population, rebiopsy was

Table 2.  Univariate analysis of osimertinib best response regarding with T790M emergence condition (n=87a))
Characteristic No. ORR (%) p-valueb) DCR (%) p-valueb)

T790M emergence timing
Primary 13 61.5 > 0.999 100 0.202
Acquired 74 60.8 82.4

Acquired T790M biopsy timing 1
At first EGFR-TKI PD 41 51.2 0.093 82.9 > 0.999
With interval from PD 33 72.7 81.8

Acquired T790M biopsy timingc) 2
With EGFR-TKI at rebiopsy 62 58.1 0.345 79.0 0.110
Without EGFR-TKI at rebiopsy 12 75.0 100

Biopsy location 1
Primary tumor 29 58.6 0.818 82.8 0.753
Metastatic site(s) 58 62.1 86.2

Biopsy location 2
Within thorax 65 64.6 0.312 86.2 0.731
Out of thorax 22 50.0 81.8

ORR, objective response rate; DCR, disease control rate; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor;
PD, disease progression. a)Exclude four patients without measurable target lesion, b)By Fisher exact test, c)EGFR-TKI(s) use
within 30 days before rebiopsy or not. 

Table 1.  Continued
Characteristic No. ORR (%) p-valueb) DCR (%) p-valueb)

Osimertinib treatment timing (2)g)

< 6 mo from rebiopsy 60 61.7 0.769 81.7 > 0.999
 6 mo from rebiopsy 14 57.1 85.7

ORR, objective response rate; DCR, disease control rate; ECOG PS, Eastern Cooperative Oncology Group performance status;
EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; PFS, progression-free survival. a)Exclude 4 patients
without measurable lesion, b)By Fisher exact test, c)Include complex mutations involving 19Del or L858R, d)Denote the first
and/or second generation EGFR-TKI(s), e)One patient harboring primary T790M did not receive first or second generation
EGFR-TKI(s) before osimertinib, f)EGFR-TKI(s) use within 30 days before osimertinib, g)Only acquired T790M population. 
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performed at first EGFR-TKI progression in 43 patients and
the other 34 patients received rebiopsy following an interval
from the first EGFR-TKI progression. In the case of treatment
timing, 40 patients received osimertinib after T790M was
confirmed by rebiopsy and the other 37 patients had inter-
calated treatment between rebiopsy and osimertinib pre-
scription. 

2. Osimertinib efficacy and patients’ clinical condition

Univariate analyses of the best response of osimertinib are
shown in Tables 1 and 2. In the ORR analysis, no factor cor-
related significantly with objective response to osimertinib
treatment. There were trends of differences in ECOG PS,
EGFR-TKI as the first line treatment or not, numbers of prior
EGFR-TKI treatments, osimertinib treatment timing, and the
rebiopsy timing of acquired T790M. In the DCR analysis,
ECOG PS was the only factor that correlated with disease
control significantly. Patients with ECOG PS 0-1 were more
likely to achieve disease control (91.4% vs. 58.8%, p=0.003). 

For the overall population, no covariate reached a signifi-
cant level in the multivariate logistic regression model for
ORR analysis. In the case of DCR analysis, only ECOG PS 
0-1 independently correlated with a higher chance of disease
control (odds ratio [OR], 9.00; 95% CI, 2.35 to 34.54; p=0.001).
In the multivariate Cox proportional hazard model, ECOG
0-1 was the only factor associated with both a longer PFS and
OS independently (hazard ratio [HR], 0.32; 95% CI, 0.16 to
0.63; p=0.001 and 0.21; 95% CI, 0.09 to 0.49; p < 0.001, respec-
tively). 

3. Osimertinib among patients with primary or acquired
T790M 

As shown in Table 2, the ORR and DCR among patients
with primary and acquired T790M were 61.5% vs. 60.8% and
100% vs. 82.4%, respectively. Neither p-values were statisti-
cally significant. S3 Fig. illustrates the PFS and a trend 
toward a longer PFS in primary T790M than in acquired
T790M population was found (not reached vs. 10.7 months
[95% CI, 8.0 to 13.5], p=0.093). Of the primary T790M 
patients, 11 were still continuing osimertinib treatment at the
time of data cut-off and seven of them experienced more than
10 months’ PFS. OS was similar between each group
(p=0.990). 

The results of the multivariate analysis of ORR and PFS 
regarding the timing of T790M emergence are shown in
Table 3. There was no significant difference in ORR (adjusted
OR, 1.72; 95% CI, 0.25 to 11.93; p=0.581) and PFS (adjusted
HR, 0.60; 95% CI, 0.12 to 2.98; p=0.532) between each group. 

O
bj

ec
tiv

e r
es

po
ns

e r
at

e
Pr

og
re

ss
io

n-
fr

ee
 su

rv
iv

al
N

o.
O

R 
(9

5%
 C

I)
p-

va
lu

ea)
aO

Rb)
(9

5%
 C

I)
p-

va
lu

ea)
N

o.
H

R 
(9

5%
 C

I)
p-

va
lu

ec)
aH

Rb)
(9

5%
 C

I)
p-

va
lu

ec)

Pr
im

ar
y 

vs
. a

cq
ui

re
d 

T7
90

M
 

87
1.1

4 (
0.3

1-
4.2

4)
0.8

43
1.7

2 (
0.2

5-
11

.93
)

0.5
81

91
0.3

8 (
0.1

2-
1.2

3)
0.1

06
0.6

0 (
0.1

2-
2.9

8)
0.5

32
A

cq
ui

re
d 

T7
90

M
 re

bi
op

sy
 ti

m
in

g 
74

77
A

t f
irs

t E
GF

R-
TK

I P
D

 
0.3

9 (
0.1

5-
1.0

5)
0.0

63
0.6

9 (
0.1

6-
3.0

7)
0.6

27
0.8

9 (
0.4

9-
1.6

1)
0.7

01
0.9

7 (
0.4

4-
2.1

5)
0.9

43
vs

. w
ith

 in
te

rv
al

W
ith

 v
s. 

w
ith

ou
t E

GF
R-

TK
I 

0.4
6 (

0.1
1-

1.8
7)

0.2
79

0.3
5 (

0.0
7-

1.7
4)

0.2
01

1.4
2 (

0.6
6-

3.0
6)

0.3
74

1.4
2 (

0.6
1-

3.2
9)

0.4
19

at
 re

bi
op

sy
A

cq
ui

re
d 

T7
90

M
 tr

ea
tm

en
t t

im
in

g 
74

77
A

fte
r r

eb
io

ps
y 

vs
.  

2.4
6 (

0.9
4-

6.4
0)

0.0
66

2.4
7 (

0.8
1-

7.5
5)

0.1
13

0.4
3 (

0.2
3-

0.8
2)

0.0
10

0.4
8 (

0.2
4-

0.9
8)

0.0
43

w
ith

 in
te

rc
al

at
ed

 tr
ea

tm
en

t
< 

6 m
o 

vs
. 

 6 
m

o 
fro

m
 re

bi
op

sy
1.2

1 (
0.3

7-
3.9

3)
0.7

55
1.4

2 (
0.3

8-
5.3

4)
0.6

01
0.4

3 (
0.2

2-
0.8

5)
0.0

15
0.4

8 (
0.2

4-
0.9

7)
0.0

40

Ta
bl

e 3
.M

ul
tiv

ar
ia

te
 an

al
ys

is 
of

 th
e a

ss
oc

ia
tio

n 
be

tw
ee

n 
os

im
er

tin
ib

 ef
fic

ac
y 

an
d 

th
e t

im
in

g 
of

 T
79

0M
 em

er
ge

nc
e a

nd
 tr

ea
tm

en
t

O
R,

 o
dd

s r
at

io
; C

I, 
co

nf
id

en
ce

 in
te

rv
al

; a
O

R,
 a

dj
us

te
d 

od
ds

 ra
tio

; H
R,

 h
az

ar
d 

ra
tio

; a
H

R,
 a

dj
us

te
d 

ha
za

rd
 ra

tio
; E

GF
R,

 e
pi

de
rm

al
 g

ro
w

th
 fa

ct
or

 re
ce

pt
or

; T
KI

,
ty

ro
sin

e k
in

as
e i

nh
ib

ito
r; 

PD
, d

ise
as

e p
ro

gr
es

sio
n.

 a)
By

 lo
gi

sti
c r

eg
re

ss
io

n 
m

od
el

, b)
A

dj
us

te
d 

by
 p

at
ie

nt
s’ 

de
m

og
ra

ph
ics

, t
re

at
m

en
t, 

an
d 

bi
op

sy
 co

nd
iti

on
, c)

By
 C

ox
pr

op
or

tio
na

l h
az

ar
d 

m
od

el
.

VOLUME 50 NUMBER 4 OCTOBER 2018  1169

Jeng-Sen Tseng, Treatment Timing and Osimertinib Efficacy



4. Rebiopsy timing and osimertinib efficacy among pati-
ents with acquired T790M 

With regard to the rebiopsy timing, we examined the 
interval between rebiopsy and “first” EGFR-TKI progression
because EGFR-mutant patients usually benefit most from the

first EGFR-TKI therapy but not the rechallenge [15]. As
shown in Table 2, in the acquired T790M subgroup, the ORR
and DCR among patients whose T790M detected at first
EGFR-TKI progression and after an interval were 51.2% vs.
72.7% and 82.9% vs. 81.8%, respectively. Both p-values were
not statistically significant. There were also no significant dif-

Fig. 2.  Kaplan-Meier plot showing progression-free survival of patients with acquired T790M in relation to rebiopsy timing
(p-value by log-rank test). EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; PD, disease progression; CI,
confidence interval.
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ferences in PFS (11.5 months [95% CI, 5.1 to 17.8] vs. 9.2
months [95% CI, 7.5 to 11.0], p=0.700) (Fig. 2). Similar results
were noted in the analysis of whether patients remained
EGFR-TKI at the time of rebiopsy. 

In the multivariate analysis (Table 3), there was no signif-
icant difference in ORR (adjusted OR, 0.69; 95% CI, 0.16 to
3.07; p=0.627) and PFS (adjusted HR, 0.97; 95% CI, 0.44 to
2.15; p=0.943) between patients whose T790M were detected
at the first EGFR-TKI progression and after an interval. Sim-
ilar results were noted in the analysis of whether patients
were kept on EGFR-TKI at the time of rebiopsy.

5. Treatment timing and osimertinib efficacy among pati-
ents with acquired T790M

In the acquired T790M subgroup as shown in Table 1, the
ORR and DCR among patients who received osimertinib
after T790M was confirmed by rebiopsy and with interca-
lated treatment were 71.1% versus 50.0% (p=0.095) and 86.8%
versus 77.8% (p=0.369), respectively. Similar results were
noted in the analysis of whether patients started osimertinib
treatment within 6 months after rebiopsy or not. With regard
to the osimertinib treatment timing, there was no significant
difference in ORR by the multivariate analysis (Table 3). 

In the PFS analysis as shown in Fig. 3, patients who 
received osimertinib immediately after T790M was con-
firmed by rebiopsy and who started treatment within 6
months after rebiopsy had a longer survival time (14.0
months; 95% CI, 9.0 to 18.9 vs. 7.2 months; 95% CI, 3.7 to 10.8;
p=0.008 and 11.7 months; 95% CI, 6.2 to 17.2 vs. 7.0 months;
95% CI, 4.6 to 9.4; p=0.012, respectively). In the multivariate
analysis (Table 3), osimertinib treatment started after T790M
was confirmed by rebiopsy and within 6 months after 
rebiopsy significantly correlated with PFS (adjusted HR, 0.48;
95% CI, 0.24 to 0.98; p=0.043 and 0.48; 95% CI, 0.24 to 0.97;
p=0.040, respectively).  

Discussion

The success of EGFR-targeted therapy has led to an era of
precision medicine in lung cancer [16]. By now, personalized
therapy has moved in the direction of the genotypic evolu-
tion of lung cancer, because the most common mechanism
of resistance, the T790M mutation, could be overcome by
treatment with third generation EGFR-TKI. Among patients
who progress after first or second generation EGFR-TKI,
T790M is not only a mechanism of resistance, but also serves
as an important biomarker of subsequent osimertinib treat-
ment [10,17]. The outcome of osimertinib treatment among

T790M-positive patients in our study was comparable with
that of previous clinical trials [9,11]. However, it should be
noted that our cohort consisted entirely of ethnically Asian
patients, who were more heavily treated, and there were
greater prevalence rates of subjects with brain metastasis and
poor performance status. Our results disclosed that ECOG
PS remained an important prognostic factor, even in the set-
ting of targeted therapy. Moreover, our findings indicated
that the timing of treatment, but not the timing of T790M
emergence, may significantly affect the efficacy of osimer-
tinib treatment.  

Because previous clinical trials focused on EGFR-TKIpre-
treated T790M-positive patients [9-11,17], little is known
about the efficacy of osimertinib in patients harboring pri-
mary T790M. A study by Hata et al. [18] suggested that
T790M could both pre-exist and evolve from the drug-toler-
ant cells, and that different mechanisms may result in distinct
efficacy of treatment. Of them, tumors with pre-exist T790M
may be more responsive to third generation EGFR-TKI. In
the present study, there were 14 patients with primary
T790M. All of them had concomitant sensitizing and T790M
mutation in treatment-naïve tumor specimens (4 with 19Del
and 10 with L858R). Although the overall efficacy was simi-
lar to that of acquired T790M patients, we observed a trend
toward a longer PFS in patients with primary T790M
(p=0.093) and 11 of them were still continuing osimertinib
treatment at the time of data cut-off. Hence, we suggest that
osimertinib might offer at least similar benefits to patients
with primary T790M. A longer follow-up time and prospec-
tive studies enrolling more patients are needed to clarify the
true efficacy of osimertinib in a primary T790M population. 

Since previous studies suggested that primary and 
acquired T790M mutation had distinct preferences of con-
comitant mutation partners, different prognostic meanings,
and potentially a different pathogenesis [18-21], they may
represent two distinct entities. We performed a subgroup
analysis of the acquired T790M population. Our previous
study suggested that T790M could be identified not only at
the time of EGFR-TKI progression or with the continuing
EGFR-TKI treatment at the time of rebiopsy, but also in 
patients with intercalated treatment after EGFR-TKI progres-
sion [7]; herein, we further demonstrated that rebiopsy tim-
ing did not influence the efficacy of osimertinib. The results
were similar with those of AURA and AURA2 studies [9,11],
showing that the efficacy of osimertinib was consistent across
subgroups with various last treatment regimens, in which
the T790M was identified. The aforementioned data suggest
that T790M might carry a significant oncogenic activity per
se; hence, whenever it is detected, patients could benefit from
anti-T790M treatment. For patients without suitable lesions
for rebiopsy at the time of EGFR-TKI progression, an attempt
to perform rebiopsy should be considered during the subse-
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quent treatment courses [7]. 
Both AURA and AURA2 studies enrolled patients with

positive T790M detected after progression of the last treat-
ment [9,11]. ASTRIS (Real World Treatment Study of AZD-
9291 for Advanced/Metastatic EGFR T790M Mutation
NSCLC, NCT02474355) is an ongoing phase III study 
designed to assess the efficacy and safety of osimertinib in a
real world setting [22]. However, only T790M mutation con-
firmed after last treatment progression is accepted for par-
ticipation. In the present study, we further analyzed the
interval between rebiopsy and osimertinib prescription and
found that intercalation of other systemic therapy and length
of the interval influenced the outcome of subsequent osimer-
tinib treatment. Although ORR and DCR were not statisti-
cally significant in the analysis of treatment timing, patients
with intercalated treatments or who started treatment more
than 6 months after rebiopsy had a significantly shorter PFS.
Maemondo et al. [23] compared the efficacy of gefitinib and
chemotherapy for EGFR-mutant NSCLC patients in a ran-
domized phase III study, and demonstrated that the ORR of
gefitinib in first line and second line settings were 73.7% and
58.5%, respectively. Similar results were observed in a phase
II study by Sugio et al. [24], and the PFS of the overall popu-
lation, 7.1 months, was shorter than that observed in a pure
treatment-naïve population [16]. Moreover, in the case of
ALK mutation, a different efficacy of crizotinib could be 
observed between treatment-naïve and chemotherapy-
refractory populations (PFS, 10.9 months vs. 7.7 months, 
respectively) [25,26]. These results imply that a complicated
interaction exists between treatments. Because both the sen-
sitizing EGFR mutation and T790M frequency are dynamic
and would be diminished by the effective treatment follow-
ing EGFR-TKI progression using quantitative method [27],
the T790M level at the time of osimertinib prescription might
be different in patients with or without intercalated treat-
ment, which could explain at least partly the distinct out-
come in this study. The underlying mechanisms of cancer
evolution during the path of treatments require further 
investigation. Herein, we suggest that it is better to start 
osimertinib treatment once T790M has been confirmed by 
rebiopsy.    

Liquid biopsy using plasma ctDNA, which is more con-
venient and carries lower risks, is an alternative method to
obtain genetic information about tumors [28]. As compared
with sensitizing mutations, the detection of T790M in plasma
is associated with a lower sensitivity and specificity [29],
which resulted in a different outcome of osimertinib treat-
ment. Therefore, we did not include patients whose T790M
mutation was only detected in plasma to avoid the poten-
tially confounding variables. Our previous study showed
that dynamic plasma EGFR mutation status can serve as an
independent outcome predictor of EGFR-TKI therapy [30].

Theoretically, this concept can be applied in T790M detection
and osimertinib therapy, too. Better platforms of liquid
biopsy are needed to set up for clinical application. 

The major limitation of the present study is the retrospec-
tive nature of this investigation. Although data were col-
lected retrospectively, we tried to ensure the validity of
patients’ characteristics, as well as the correlation between
treatment course and outcome measurement. Primary
T790M accounted for 15.4% of the study cohort but this did
not represent the true prevalence of the whole population
[2]. There were only a limited number of available cases 
involving rare mutations with T790M in our study and in
clinical trials [9,11]; hence, the efficacy of osimertinib among
this subgroup remains unknown. Moreover, further studies
are needed to evaluate the dynamics and pathogenesis of
T790M mutation during the course of lung cancer treatment. 

In conclusion, patients with primary T790M could also
benefit from osimertinib treatment and the efficacy was at
least similar to that of acquired T790M. The results of our
analysis of the acquired T790M patients suggest that the tim-
ing of treatment, but not the timing of rebiopsy, influenced
the outcome of osimertinib treatment. 
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Prognosis of Pancreatic Cancer Patients with Synchronous or
Metachronous Malignancies from Other Organs Is Better than 
Those with Pancreatic Cancer Only

Original Article

Purpose
Pancreatic cancer associated double primary tumors are rare and their clinicopathologic
characteristics are not well elucidated.

Materials and Methods
Clinicopathologic factors of 1,352 primary pancreatic cancers with or without associated
double primary tumors were evaluated. 

Results
Of resected primary pancreatic cancers, 113 (8.4%) had associated double primary tumors,
including 26 stomach, 25 colorectal, 18 lung, and 13 thyroid cancers. The median interval
between the diagnoses of pancreatic cancer and associated double primary tumors was
0.5 months. Overall survival (OS) of pancreatic cancer patients with associated double pri-
mary tumors was longer than those with pancreatic cancer only (median, 23.1 months vs.
17.0 months; p=0.002). Patients whose pancreatic cancers were resected before the 
diagnosis of metachronous tumors had a better OS than patients whose pancreatic cancer
resected after the diagnosis of metachronous tumors (48.9 months and 13.5 months,
p=0.001) or those whose pancreatic cancers were resected synchronously with non-pan-
creas tumors (19.1 months, p=0.043). The OS of pancreatic cancer patients with stomach
(33.9 months, p=0.032) and thyroid (117.8 months, p=0.049) cancers was significantly
better than those with pancreas cancer only (17.0 months).  

Conclusion
About 8% of resected pancreatic cancers had associated double primary tumors, and those
from the colorectum, stomach, lung, and thyroid were common. Patients whose pancreatic
cancer was resected before the diagnosis of metachronous tumors had better OS than
those resected after the diagnosis of metachronous tumors or those resected synchro-
nously.   

Key words
Pancreas, Neoplasms, Multiple primary neoplasms, 
Second primary neoplasms, Prognosis 
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Introduction

Pancreatic ductal adenocarcinoma (hereafter “pancreas
cancer”) is a fatal malignancy. Only 10% to 20% of the 
patients receive surgical resection at the time of diagnosis,
and the mean survival time after surgical resection is up to
10 to 20 months [1]. Recent improvements in surgical tech-
niques and “neoadjuvant” or “down-staging” chemotherapy
with or without radiation therapy has led more patients to
be candidates for surgical resection and has improved the
prognosis of patients not only with pancreatic cancer, but
other malignancies as well [2]. Increased application of diag-
nostic modalities, including computerized tomography (CT),
magnetic resonance imaging (MRI), and endoscopic ultra-
sound guided-fine needle aspiration cytology or biopsy, has
led to an increased detection of pancreas cancer as well as
other malignancies [3,4].

Up to 10% of pancreas cancer patients are estimated to be
associated with hereditary syndromes [5-7], including hered-
itary breast and ovarian cancer syndrome, Lynch syndrome,
Peutz-Jeghers syndrome, familial atypical multiple mole
melanoma syndrome, and hereditary pancreatitis. These syn-
dromes raise the risk of pancreatic cancer with associated
malignancies from other organs. Previously reported pri-
mary pancreatic cancer with double primary tumors from
other organs are rare. Commonly associated synchronous or
metachronous malignancies from other organs include can-
cers of the stomach, colon, thyroid, and genitourinary tract
[8,9]. However, the clinicopathologic characteristics of pan-
creatic cancer with double primary tumors have not yet been
systematically investigated. Therefore, the purpose of this
study was to investigate the clinicopathologic characteristics
of pancreatic cancer with double primary tumors and com-
pare them with those of pancreatic cancer only.

Materials and Methods

1. Patients

A total of 1,352 patients underwent curative surgical resec-
tion and were pathologically diagnosed with primary pan-
creatic cancers. Of these 1,352 primary pancreatic cancers,
113 patients (8.4%) had pathologically confirmed pancreatic
cancer with double primary tumors. Clinical data, including
age at the time of diagnosis of pancreatic cancer and associ-
ated double primary tumor, sex, family history, stage group-
ings, time interval of diagnosis between pancreatic cancer
and associated double primary tumor, survival outcomes,

and therapeutic modalities, were obtained from electronic
medical records. Hematoxylin and eosinstained slides of
surgically resected primary pancreatic cancer and histologi-
cally confirmed associated double primary tumors including
resections and biopsies were carefully reviewed by two
pathologists (S.-J.S. and S.-M.H.).

Synchronous double primary tumors from other organs
were defined as malignancies occurring at the same time or
within an interval of 6 months, while metachronous double
primary tumors from other organs referred to malignancies
more than 6 months apart from pancreatic cancers and 
malignant tumors from other organs, as described previously
[10]. To estimate the time interval between the diagnoses of
primary pancreatic cancer and associated double primary
tumor, the diagnosis date of the other malignancies was sub-
tracted from the date of curative surgery of primary pancre-
atic cancer. TNM staging was used according to the seventh
edition of the American Joint Committee on Cancer cancer
staging system [11].

2. Immunohistochemical study

To exclude metastatic cancers between pancreas and other
organs, histopathologic features of the cases were carefully
evaluated. For cases with similar histopathologic features as
those of pancreatic cancer, including cancers from colorec-
tum, stomach, lung, breast, and thyroid, all available 
immunohistochemical staining slides were reviewed, and
additional immunohistochemical labeling was performed to
clarify the diagnosis (Supplemental Methods and S1 Table).

3. Statistical analysis

Patient survival rates were estimated using the Kaplan-
Meier method. To estimate the overall survival (OS), patients
were followed up from the date of curative surgery of pri-
mary pancreatic cancer until the date of death or date of their
last visit. The survival curves of two or more different groups
were compared with one another by the log rank test and the
Cox proportional hazard model. Correlations between 
patient groups (pancreatic cancer patients with or without
associated double primary tumor) and clinicopathologic
variables were analyzed using the Student’s t test and Mann-
Whitney U test or Pearson’s chi-square and Fisher exact tests.
Two-sided p-values of < 0.05 were considered as statistically
significant. All statistical analyses were performed using
SPSS ver. 18.0 (SPSS Inc., Chicago, IL).

4. Ethical statement

After approval from the Institutional Review Board (2015-
399) with waive of the informed consent, pathologic data
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from pancreatic cancer patients diagnosed at the Department
of Pathology, Asan Medical Center in Seoul, Korea between
1995 and 2014 were reviewed.

Results

1. Patient characteristics

The clinicopathologic characteristics of the patients are
summarized in Table 1. A total of 113 patients who had pri-
mary pancreatic cancer with associated double primary 
tumors were retrieved, comprising 8.4% of the 1,352 primary
pancreatic cancers. The mean age of patients with pancreatic
cancer with double primary tumors was 63.4±9.3 years. The
male to female ratio was 2.64. Among these 113 patients,
eight had malignancies from more than two organs: four 
patients had one synchronous and one metachronous tumor,
three patients had two synchronous tumors, and one patient
had two metachronous tumors (S2 Table). Forty-eight 
patients had a family history of cancer, mainly gastric, col-
orectal, lung, and liver cancers. Among these, five patients
had a family history of pancreatic cancer.

For treatment of pancreatic cancers, 39 patients received
curative surgical resection only, 57 patients received curative
surgical resection with chemotherapy before (n=15) or after
(n=42) surgery, one patient received curative surgical resec-
tion with radiation therapy after surgery, and 16 patients 
received curative surgical resection with neoadjuvant con-
current chemoradiotherapy (n=2), neoadjuvant chemother-

Su-Jin Shin, Pancreatic Cancer with Other Malignancy 

Table 1. Characteristics of pancreatic cancer patients with
other primary malignancies

(Continued)

Characteristic No. (%) (n=113)
Age, mean (range, yr) 63.4 (38-88)
Sex

Male 82 (72.6)
Female 31 (27.4)

No. of other primary malignancies 
One 105 (92.9)
Two 8 (7.1)

Family history
None 65 (57.5)
Other cancer 43 (38.1)
Pancreatic cancer 5 (4.4)

Treatment of pancreatic cancer 
Surgery only 39 (34.5)
Surgery with chemotherapy 57 (50.4)
Surgery with radiation therapy 1 (0.9)
Surgery with chemotherapy and 16 (14.2)
radiation therapy

Surgical procedures for pancreatic cancer  
Distal pancreatectomy 45 (39.8)
Pylorus-preserving pancreaticoduodenectomy 34 (30.1)
Whipple operation 25 (22.1)
Total pancreatectomy 9 (8.0)

Tumor location
Head and uncinate 63 (55.8)
Neck and body 13 (11.5)
Tail 37 (32.7)

Synchronous or metachronous 
malignant tumors
Synchronous malignant tumor 44 (38.9)
Metachronous malignant tumor  69 (61.1)

Diagnosis of pancreatic cancer first 19 (16.8)
Diagnosis of other malignancy first 50 (44.2)

Accompanying other malignancies (n=121)
Stomach   26 (21.5)

Adenocarcinoma 23 (19.0)
Gastrointestinal stromal tumor 3 (2.5)

Colorectum (adenocarcinoma) 25 (20.7)
Lung 18 (14.9)

Squamous cell carcinoma 8 (6.6)
Adenocarcinoma 7 (5.8)
Adenosquamous call carcinoma 1 (0.8)
Large cell carcinoma 1 (0.8)
Diffuse large B-cell lymphoma 1 (0.8)

Thyroid (papillary thyroid carcinoma) 13 (10.7)
Liver (hepatocellular carcinoma) 9 (7.4)
Breast (invasive ductal carcinoma) 6 (5.0)
Bladder (urothelial carcinoma) 4 (3.3)
Prostate (adenocarcinoma) 3 (2.5)

Table 1. Continued
Characteristic No. (%)  (n=113)

Kidney (clear cell renal cell carcinoma) 3 (2.5)
Appendix 2 (1.7)

Adenocarcinoma 1 (0.8)
Low grade appendiceal mucinous neoplasm 1 (0.8)

Small intestine (gastrointestinal stromal tumor) 2 (1.7)
Common bile duct (cholangiocarcinoma) 2 (1.7)
Gallbladder (adenocarcinoma) 2 (1.7)
Testis (diffuse large B-cell lymphoma) 1 (0.8)
Uterine cervix (adenocarcinoma) 1 (0.8)
Esophagus (squamous cell carcinoma) 1 (0.8)  
Larynx (squamous cell carcinoma) 1 (0.8)
Tonsil (squamous cell carcinoma) 1 (0.8)
Salivary gland (salivary duct carcinoma) 1 (0.8)

Interval between other malignancies and 0.5 
pancreatic cancer, median (range, mo) (–115 to 176)
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apy and adjuvant radiation therapy (n=4), or adjuvant con-
current chemoradiotherapy (n=10).

Among the 113 patients with primary pancreatic cancer
and associated double primary tumors, 45 received distal
pancreatectomies, 34 had pylorus-preserving pancreatico-
duodenectomies, 25 had Whipple procedures, and nine had
total pancreatectomies for primary pancreatic cancers.
Ninety-nine patients had curative surgical resections, 10 had
chemotherapy, five had transarterial chemoembolization
and/or radiofrequency ablation for hepatocellular carcino-
mas, and seven had conservative treatment for malignancies
from other organs.

As seen in Table 1, the most common associated double

primary tumors were as follows: 26 stomach (23 adenocarci-
nomas, three gastrointestinal stromal tumors; 21.5%), 25 col-
orectum (25 adenocarcinomas; 20.7%), 18 lung (eight squa-
mous cell carcinomas, seven adenocarcinomas, one adenos-
quamous carcinoma, one large cell carcinoma, one diffuse
large B cell lymphoma; 14.9%), 13 thyroid (papillary thyroid
carcinoma; 10.7%), and nine liver (hepatocellular carcinoma;
7.4%). In addition, six breast (invasive ductal carcinomas;
5.0%), four bladder (urothelial carcinomas; 3.3%), three
prostate (adenocarcinomas; 2.5%), three kidney (clear cell
renal cell carcinomas; 2.5%), two appendix (one adenocarci-
noma, one low grade appendiceal mucinous neoplasm), two
small intestine (gastrointestinal stromal tumors), two distal

Cancer Res Treat. 2018;50(4):1175-1185

Characteristic Pancreatic cancer Pancreatic cancer with p-valueonly (n=818) double primary tumors (n=113)
Age, mean±SD (yr) 59.3±9.8 63.4±9.3 < 0.001
Sex

Male 486 (59.4) 82 (72.6) 0.007
Female 332 (40.6) 31 (27.4)

pT category of pancreatic cancer
pT1 12 (1.5) 2 (1.8) 0.234
pT2 23 (2.8) 4 (3.5)
pT3 756 (92.4) 99 (87.6)
pT4 27 (3.3) 8 (7.1)

pN category of pancreatic cancer
pN0 343 (42.9) 49 (45.4) 0.623
pN1 457 (57.1) 59 (54.6)

M category of pancreatic cancer
pM0 782 (95.6) 109 (96.5) 0.672
pM1 36 (4.4) 4 (3.5)

Lymphovascular invasion
Absent 480 (59.6) 66 (58.9) 0.900
Present 326 (40.4) 46 (41.1)

Perineural invasion
Absent 117 (16.2) 24 (22.9) 0.089
Present 606 (83.8) 81 (77.1)

Differentiation
Well 81 (10.2) 10 (10.0) 0.323
Moderate 601 (75.4) 81 (81.0)
Poor 115 (14.4) 9 (9.0)

Treatment
Surgery 308 (37.7) 39 (34.5) 0.862
Surgery with CTx 402 (49.1) 57 (50.4)
Surgery with RTx 4 (0.5) 1 (0.9)
Surgery with CTx+RTx 104 (12.7) 16 (14.2)

Table 2. Correlation between pancreatic cancer patients with/without associated double primary tumors from other organs
and clinicopathologic factors 

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; CTx, chemotherapy; RTx, radiation
therapy.
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bile duct, two gallbladder (adenocarcinomas), one testis (dif-
fuse large B-cell lymphoma), one uterine cervix (adenocarci-
nomas), one esophagus (squamous cell carcinoma), one
larynx (squamous cell carcinoma), one tonsil (squamous cell
carcinoma), and one salivary gland (salivary duct carcinoma)
were also observed.

The pathologic T categories of pancreatic cancer were vari-
able with predominant pT3 (99 cases, 87.6%) (Table 2). Patho-
logic T categories of associated double primary tumors were
also variable with common pT1 (41 cases, 33.9%), pT2 (28,
23.1%), and pT3 (26, 21.5%) categories (S3 Table).

The intervals between the diagnosis of primary pancreatic
cancer and associated double primary tumors were 0.5
months (range, 115 to 176 months). Of 113 pancreatic can-
cers with double primary tumors, 44 patients (38.9%) had
synchronous double primary tumors and 69 (61.1%) had
metachronous double primary tumors. Among four patients
who had malignancies from  two organs (one synchronous
and one metachronous tumor), of the two tumors, the tumor
with worse behavior was used as a reference. Among 69 
patients with metachronous double primary tumors, 19 
patients were diagnosed with pancreatic cancer before the
associated double primary tumor, while 50 patients were 
diagnosed with pancreatic cancers after the associated dou-
ble primary tumors. The median follow-up period after sur-

gical resection of the pancreatic cancer was 16.8 months
(range, 0.9 to 143.2 months). During the follow-up period, 71
patients (62.8%) died. Among 113 patients who had double
primary tumors, 49 patients had diabetes and two patients
had liver cirrhosis. However, none of them died from these
diseases. The estimated 5-year OS rate in patients with pan-
creatic cancer with double primary tumors was 27.7%.

2. Comparison of pancreatic cancer with double primary
tumors

Clinicopathologic features from 818 patients with primary
pancreatic cancer only between 2000 and 2009 were com-
pared to those of patients with pancreatic cancer with double
primary tumors. The associations between pancreatic cancer
with or without associated double primary tumors and clin-
icopathologic factors are summarized in Table 2. Patients
with pancreatic cancer with double primary tumors were sig-
nificantly older than those with pancreatic cancer only
(63.4±9.3 and 59.3±9.8 years old, respectively; p < 0.001). Pan-
creatic cancer with double primary tumors were more pre-
dominant in males than those with pancreatic cancer only
(72.6% and 59.4%, respectively, p=0.007). However, there
were no associations between pancreatic cancer with double
primary tumors and other clinicopathologic factors.

Fig. 1.  Overall survival (OS) comparison between pancreatic cancer with or without accompanying malignancies from other
organs. (A) The OS for pancreatic cancer patients with synchronous or metachronous malignant tumors from other organs was
significantly longer than patients with pancreatic cancer only (median, 23.1 months vs. 17.0 months; estimated 5-year survival
rate, 27.7% vs. 14.4%; p=0.002). (B) Patients who were diagnosed with pancreatic cancer earlier than other malignancies had
better OS (median, 48.9 months) than those with pancreatic cancer only (median, 17.0 months), pancreatic cancers with syn-
chronous other malignant tumors (median, 19.1 months) or pancreatic cancer after other malignancies (median, 13.5 months;
OS comparison, p=0.001; 1 vs. 2, p=0.001; 2 vs. 3, p=0.043; 2 vs. 4, p=0.001; 1 vs. 3, p=0.077; 1 vs. 4, p=0.859; 3 vs. 4, p=0.149).
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3. Survival analysis

The OS for pancreatic cancer with double primary tumors
was significantly longer than patients with pancreatic cancer
only (median, 23.1 months vs. 17.0 months; estimated 5-year

survival rate, 27.7% vs. 14.4%; p=0.002) (Fig. 1A).
Patients with pancreatic cancer with double primary 

tumors were further classified based on the diagnosis time
of pancreatic cancer and associated double primary tumors
as pancreatic cancer patients who were diagnosed with pan-

Cancer Res Treat. 2018;50(4):1175-1185

Fig. 2.  Overall survival (OS) comparison between pancreatic cancer patients with or without accompanying stomach (A), thy-
roid (B), lung (C), and colon (D) cancers. (A) Pancreatic cancer plus stomach cancer patients had significantly better OS than
those with pancreatic cancer only (median, 33.9 months vs. 17.0 months; p=0.032). (B) Pancreatic cancer plus thyroid cancer
patients had significantly better OS than those with pancreatic cancer only (median, 117.8 months vs. 17.0 months; p=0.049).
(C) Pancreatic cancer plus lung cancer patients had a tendency for a longer survival than those with pancreatic cancer only
(median, 27.4 months vs. 17.0 months; p=0.092). (D) No significant survival difference was observed between pancreatic cancer
plus colon cancer patients and those with pancreatic cancer only (median, 24.9 months vs. 17.0 months; p=0.512).

Su
rv

iva
l p

ro
ba

bi
lit

y

1.0

0

0.2

0.4

0.6

0.8

0
Time (mo)

12096 144724824 168

p=0.032

Pancreatic cancer only (n=818)
Pancreatic cancer+malignancy of stomach (n=25)

A

Su
rv

iva
l p

ro
ba

bi
lit

y

1.0

0

0.2

0.4

0.6

0.8

0
Time (mo)

12096 144724824 168

p=0.049

Pancreatic cancer only (n=818)
Pancreatic cancer+thyroid cancer (n=13)

B

Su
rv

iva
l p

ro
ba

bi
lit

y

1.0

0

0.2

0.4

0.6

0.8

0
Time (mo)

12096 144724824 168

p=0.092

Pancreatic cancer only (n=818)
Pancreatic cancer+malignancy of lung (n=18)

C
Su

rv
iva

l p
ro

ba
bi

lit
y

1.0

0

0.2

0.4

0.6

0.8

0
Time (mo)

12096 144724824 168

p=0.512

Pancreatic cancer only (n=818)
Pancreatic cancer+colon cancer (n=25)

D

1180 CANCER  RESEARCH  AND  TREATMENT



creatic cancer before, at the same time as, or after the diag-
nosis of malignant tumors from other organs. Survival times
were then compared among the groups. Pancreatic cancer
patients who were diagnosed with pancreatic cancer prior to
malignancies from other organs had better OS (median, 48.9
months) than those who were diagnosed with pancreatic
cancer after malignancies from other organs (median, 13.5
months; p=0.001), those with synchronously diagnosed pan-
creatic cancer and malignancies from other organs (median,
19.1 months; p=0.043), and those with pancreatic cancer only
(median, 17.0 months; p=0.001). However, no significant sur-
vival differences were observed between patients with syn-
chronously diagnosed pancreatic cancer and malignancies

from other organs and those who were diagnosed after 
malignancies from other organs (p=0.149), or those diag-
nosed with pancreatic cancer only (p=0.077). Similarly, no
significant survival differences were observed between pan-
creatic cancer patients diagnosed after malignancies from
other organs and those with pancreatic cancer only (p=0.859) 
(Fig. 1B, S4 Table).

In the subgroup analyses, the OS of pancreatic cancer 
patients with common associated double primary tumor
were compared with those of patients with pancreatic cancer
only. The OS of patients with pancreas plus stomach cancer
(median, 33.9 months) and patients with pancreas plus thy-
roid cancer (median, 117.8 months) had significantly better

Su-Jin Shin, Pancreatic Cancer with Other Malignancy 

Characteristic Diagnosis of pancreatic Pancreatic cancer, merged p-valuecancer first (n=19) other 3 groups (n=912)
Age, mean±SD (yr) 59.2±9.2 59.8±9.8 0.702
Sex

Male 16 (84.2) 552 (60.5) 0.054
Female 3 (15.8) 360 (39.5)

pT category of pancreatic cancer
pT1 1 (5.3) 13 (1.4) 0.401
pT2 1 (5.3) 26 (2.9)
pT3 17 (89.5) 838 (91.9)
pT4 0 ( 35 (3.8)

pN category of pancreatic cancer
pN0 9 (52.9) 383 (43.0) 0.464
pN1 8 (47.1) 508 (57.0)

M category of pancreatic cancer
pM0 19 (100) 872 (95.6) 1.000
pM1 0 ( 40 (4.4)

Lymphovascular invasion
Absent 10 (55.6) 536 (59.6) 0.810
Present 8 (44.4) 364 (40.4)

Perineural invasion
Absent 9 (60.0) 132 (16.2) < 0.001
Present 6 (40.0) 681 (83.8)

Differentiation
Well 3 (18.8) 88 (10.0) 0.516
Moderate 11 (68.8) 671 (76.2)
Poor 2 (12.5) 122 (13.8)

Treatment
Surgery 6 (31.6) 341 (37.4) 0.931
Surgery with CTx 10 (52.6) 449 (49.2)
Surgery with RTx 0 ( 5 (0.5)
Surgery with CTx+RTx 3 (15.8) 117 (12.8)

Table 3. Correlation between clinicopathologic factors and pancreatic cancer patient subgroups (diagnosis of pancreatic
cancer first vs. other 3 groups) 

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; CTx, chemotherapy; RTx, radiation
therapy.
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OS than those with pancreas cancer only (median, 17.0
months; p=0.032 and p=0.049, respectively). Patients with
pancreatic cancer plus lung cancers had a tendency for a
longer survival than those with pancreatic cancer only 
(median, 27.4 months vs. 17.0 months; p=0.092). However,
no significant survival differences were observed between
patients with both pancreas plus colon cancers and those
with pancreatic cancer only (median, 24.9 months vs. 17.0
months; p=0.512) (Fig. 2A-D).  

4. Comparison of clinicopathologic features of patients
whose pancreatic cancer diagnosed first and those with
other groups

To identify factors associated with better outcome in pan-
creatic cancer patients who were diagnosed with pancreatic
cancer prior to malignancies from other organs than other
three group patients, clinicopathologic factors were com-
pared between pancreatic cancer patients who were diag-
nosed with pancreatic cancer prior to malignancies from
other organs and merged other three group patients (includ-
ing patients whose pancreatic cancer diagnosed after malig-
nancies from other organs, patients whose pancreatic cancer
diagnosed synchronously with malignancies from other 
organs, and patients diagnosed pancreatic cancer only). Per-
ineural invasion was more frequently present in merged

other three group-patients than patients who were diag-
nosed with pancreatic cancer prior to malignancies from
other organs. However, there was no other association 
between pancreatic cancer patients who were diagnosed
with pancreatic cancer prior to malignancies from other 
organs and merged other three group-patients (Table 3).  

5. Patient survival according to other clinicopathologic fac-
tors

The following clinicopathologic factors were associated
with worse survival of pancreatic cancer patients (Table 4):
poor histologic differentiation (p < 0.001), higher pT (p <
0.001), pN (p < 0.001), and M (p=0.015) categories, and pres-
ence of lymphovascular (p < 0.001) and perineural (p < 0.001)
invasions by univariate analysis. However, no significant
survival differences were noted based on therapies.

6. Multivariate analysis

Multivariate analyses were performed to assess which fac-
tors remained independent predictors of OS after adjusting
for factors that were significant by univariate analyses. As
noted in Table 4, pancreatic cancer with associated double
primary tumors (p=0.029), well differentiation (p < 0.001),
lower pT (p=0.023), pN0 (p < 0.001), and M0 (p=0.043) cate-

Cancer Res Treat. 2018;50(4):1175-1185

Characteristic
Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value
Pancreatic cancer with double primary tumors 1.463 1.142-1.874 0.002 1.358 1.033-1.785 0.029
vs. pancreatic cancer only

Differentiation < 0.001 < 0.001
Well 1 1
Moderate 1.271 0.989-1.632 0.061 1.158 0.879-1.524 0.297
Poor 2.239 1.658-3.022 < 0.001 2.052 1.476-2.852 < 0.001

pT category < 0.001 0.023
pT1-2 1 1
pT3 1.975 1.325-2.944 0.001 1.665 0.989-2.803 0.055
pT4 3.707 2.184-6.292 < 0.001 2.474 1.287-4.753 0.007

pN category (pN0 vs. pN1) 1.651 1.424-1.915 < 0.001 1.438 1.216-1.700 < 0.001
M category (M0 vs. M1) 1.522 1.084-2.138 0.015 1.489 0.013-2.188 0.043
Lymphovascular invasion 1.594 1.380-1.841 < 0.001 1.426 1.212-1.677 < 0.001
Perineural invasion 1.838 1.471-2.297 < 0.001 1.478 1.162-1.880 0.001
Treatment 1.023 0.872-1.199 0.783
(surgery vs. surgery with CTx and/or RTx)

Chemotherapy (adjuvant vs. neoadjuvant) 1.084 0.899-1.309 0.398

Table 4. Univariate and multivariate analyses for overall survival in pancreatic cancer patients with or without double pri-
mary tumors from other organs

HR, hazard ratio; CI, confidence interval; CTx, chemotherapy; RTx, radiation therapy.
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gories, and a lack of lymphovascular (p < 0.001) and per-
ineural (p=0.001) invasions remained the most potent pre-
dictors of better OS (Table 4).  

7. Subgroup analysis of pT3 category pancreatic cancers

Because the predominant pancreatic cancers were T3 cat-
egory, an additional subgroup analysis was performed for
pancreatic cancers with T3 category (n=855). T3 category 
patients with pancreatic cancer with double primary tumors
had significantly better OS (p=0.014) than those with pancre-
atic cancer only. Histologic differentiation (p < 0.001), pN 
(p < 0.001) and M (p < 0.001) categories, as well as lympho-
vascular (p < 0.001) and perineural (p=0.001) invasions were
also independent predictors for better OS in T3 category pan-
creatic cancer patients with associated double primary 
tumors (S5 Table).

Discussion

Pancreatic cancer with double primary tumors are rare,
and their reported incidence has varied from 0.75% to 20.0%
among previous publications (Table 5) [9,12-22]. Among
these published studies, the largest cohort was in a Japanese
autopsy study in which the authors evaluated 2,394 autopsy
cases and found 134 cases of pancreatic cancer with double
primary malignancies from other organs, reporting an inci-
dence of 5.6% [16]. Except for this autopsy study, the present
study has the largest cohort to date, and we also found the
largest number of double primary cancers, including pancre-

atic cancer. Incidence of pancreatic cancer with double pri-
mary tumors was 8.4% in the present study, which was sim-
ilar to those found in previous studies with smaller study
cohorts [16,17,20]. In addition, the most common locations
of associated double primary tumors in the present study
were found in the stomach (21.5%), colorectum (20.7%), lung
(14.9%), and thyroid (10.7%). Conversely, the most common
locations of associated double primary tumors in previous
reports include stomach (n=51), thyroid (n=35), lung (n=22),
and colorectum (n=20) (S6 Table) [8,12,14-17,20]. 

Only a few published studies have analyzed the survival
of patients with pancreatic cancer with double primary 
tumors. Particularly, survival analyses in subgroups accord-
ing to diagnosis time have not been previously conducted.
Gerdes and colleagues reported 13 double primary cancers
among 69 pancreatic cancer cases (18.8%), and they observed
no differences in clinical parameters including OS differences
between patients with pancreatic cancer only and pancreatic
cancer patients with additional primary tumors [9]. Previ-
ously, Muller et al. [14] evaluated 16 synchronous or meta-
chronous renal cell carcinomas and pancreatic cancers and
they observed no survival difference between 1,178 pancre-
atic cancer only patients and 16 pancreatic cancer with renal
cell carcinoma (median survival time, 15.9 months vs. 12.6
months). In the present study, we observed only three pan-
creatic cancer cases with synchronous or metachronous renal
cell carcinomas, and no OS difference was observed between
pancreatic cancer patients with renal cell carcinoma and
those with pancreatic cancer only. However, the number of
cases included in the previous and present studies was too
small to draw a solid conclusion regarding the survival of
pancreatic cancer patients with renal cell carcinoma. We 
observed that pancreatic cancer patients with stomach and
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Table 5.  Incidence of pancreatic cancer with associated synchronous or metachronous cancers from other organs according
to previous studies

Reference Year Incidence (%) No. of cases
Tagawa et al. [12] 2017 1.17 7/599
Ghothim et al. [13] 2015 0.75 3/400
Muller et al. [14] 2012 1.36 16/1,178
Gerdes et al. [9] 2000 18.8 13/69
Kamisawa et al. [15] 1993 16.6 45/270
Makino et al. [16] 1984 5.6 134/2,394
Yoshimori et al. [17] 1982 10.8 12/111
Maruchi et al. [18] 1979 20.0 23/113
Cubilla et al. [19] 1978 17.0 65/380
Kasumi et al. [20] 1977 7.3 9/123
Moertel et al. [21] 1961 3.1 29/921
Warren and Gates [22] 1932 1.2 15/1,259
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thyroid cancers had a longer survival than those with pan-
creatic cancer only. In addition, pancreatic cancer patients
with lung cancer had a tendency for longer survival than
those with pancreatic cancer only. The survival time of 
patients with pancreatic cancer with double primary tumors
was different based on the origin of associated double pri-
mary tumor. 

In the subgroup analysis of double primary cancers, pan-
creatic cancer patients who were diagnosed with pancreatic
cancer prior to malignancies from other organs had better OS
than the other three groups, which included pancreatic can-
cer patients diagnosed with pancreatic cancer after malig-
nancies from other organs, pancreatic cancer patients syn-
chronously diagnosed with malignancies from other organs,
and patients with pancreatic cancer only. The results of the
present study were relatively similar with those of previous
studies. For example, Tagawa et al. [12] reported seven non-
small cell lung cancers in patients with a history of pancreatic
cancers, and the estimated 5-year survival rate was 68.6%,
which was better than the survival rate of patients with pan-
creatic cancer only. Additionally, Muller et al. [14] reported
16 primary pancreatic cancers among patients with renal cell
carcinomas. All 16 cases had renal cell carcinomas that were
diagnosed first or synchronously with pancreatic cancers,
and the estimated 5-year survival rate was 23.1% [14]. Simi-
larly, Eriguchi et al. [8] reported 12 synchronous or meta-
chronous double primary cancers of the pancreas and other
organs, and all of the patients in their study either had pan-
creatic cancer diagnosed after malignancies from other 
organs or synchronously diagnosed pancreatic cancer and
malignancies from other organs; the estimated 5-year sur-
vival rate was only 11.1% (S7 Table). 

We observed that patients with pancreatic cancer with
double primary tumors had better OS than those with pan-
creatic cancer only. Particularly, patients who were diag-
nosed with pancreatic cancer earlier than metachronous
double primary tumors had better survival. However, pan-
creatic cancer patients diagnosed after metachronous double
primary tumors or with synchronous double primary tumors
had similar survival times as those diagnosed with pancre-
atic cancer only. To remove any bias caused by varying T cat-
egories, a subgroup analysis was performed with the
inclusion of T3 category pancreatic cancers only, and the 
results were the same as that which included all T categories. 

A plausible explanation for this finding is that regular fol-
low-ups with CT and/or MRI imaging for surgically resected
pancreatic cancer patients may detect second primary malig-
nancies from other organs in their early disease stages. Also,
in the present study, we observed that the mean age of 
patients with pancreatic cancer with double primary tumors
was significantly older than that of patients with pancreatic
cancer only (63.4 years vs. 59.3 years). This finding could be

explained by pancreatic cancer patients who have longer sur-
vivals may have more of a chance develop or discover sec-
ond primary cancers. In addition, because perineural inva-
sion was more frequently observed in merged other three
group-patients (including patients whose pancreatic cancer
diagnosed after malignancies from other organs, patients
whose pancreatic cancer diagnosed synchronously with 
malignancies from other organs, and patients diagnosed pan-
creatic cancer only) than pancreatic cancer patients who were
diagnosed with pancreatic cancer prior to malignancies from
other organs, it also could be explained by pancreatic cancer
patients who were diagnosed with pancreatic cancer prior to
malignancies from other organs may have less chance of per-
ineural invasion by unknown mechanisms, such as active 
immunologic eradication of perineural infiltrating cancer
cells, which may lead longer survivals of pancreatic cancer
patients who were diagnosed with pancreatic cancer prior to
malignancies from other organs than merged other 3 group-
patients.

Up to 10% of pancreatic cancer cases are associated with
hereditary syndromes, such as Lynch syndrome [5]. Lynch
syndrome is a dominantly inherited cancer syndrome char-
acterized by an increased risk of numerous cancers from the
intestinal tract and other organs, including colorectum, 
endometrium, stomach, small intestine, ovary, renal pelvis,
ureter, biliary tract, and pancreas [23,24]. In our cohort, 56
patients may have had Lynch syndrome-associated cancers,
such as 25 colorectal (20.7%) and 23 gastric (19.0%) adeno-
carcinomas, four urothelial carcinomas (3.3%) and four
cholangiocarcinomas (3.3%). Forty-eight patients (42.5%) had
a family history of pancreatic cancers (five cases, 4.4%) and
other cancers (43 cases, 38.1%). Because pancreatic cancer 
patients with Lynch syndrome have a better survival [25],
some patients included in the present study may have had
Lynch syndrome. 

Because our institution is the tertiary hospital for pancre-
atic cancer patients, follow-up information of some patients
was missing. Therefore, we observed OS rather than cancer
specific survival. This could be one limitation of the present
study.

In summary, about 8% of surgically resected pancreatic
cancers in our cohort had associated double primary tumors.
Carcinomas from colorectum, stomach, lung, and thyroid
were common with pancreatic cancers. Pancreatic cancer 
patients with stomach and thyroid cancers had better OS
than those with pancreatic cancer only. Patients whose pan-
creatic cancers were resected before the diagnosis of
metachronous double primary tumors had better OS than
patients whose pancreatic cancers were resected after the 
diagnosis of metachronous double primary tumors or those
with resected pancreatic cancers and synchronous double
primary tumors synchronously. 

1184 CANCER  RESEARCH  AND  TREATMENT



Su-Jin Shin, Pancreatic Cancer with Other Malignancy 

Electronic Supplementary Material  

Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

This research was funded by a grant (2016-554) from the Asan 
Institute for Life Sciences, Seoul, Korea. 

1. Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO classi-
fication of tumors of the digestive system. 4th ed. Lyon: IARC
Press; 2010.

2. Donahue TR, Reber HA. Surgical management of pancreatic
cancer: pancreaticoduodenectomy. Semin Oncol. 2015;42:
98-109.

3. Bali MA, Metens T, Denolin V, Delhaye M, Demetter P, Closset
J, et al. Tumoral and nontumoral pancreas: correlation 
between quantitative dynamic contrast-enhanced MR imaging
and histopathologic parameters. Radiology. 2011;261:456-66.

4. Balachandran A, Bhosale PR, Charnsangavej C, Tamm EP. 
Imaging of pancreatic neoplasms. Surg Oncol Clin N Am.
2014;23:751-88.

5. Bartsch DK, Gress TM, Langer P. Familial pancreatic cancer:
current knowledge. Nat Rev Gastroenterol Hepatol. 2012;9:
445-53.

6. Takai E, Yachida S, Shimizu K, Furuse J, Kubo E, Ohmoto A,
et al. Germline mutations in Japanese familial pancreatic can-
cer patients. Oncotarget. 2016;7:74227-35.

7. Cho JH, Bang S, Park SW, Chung JB, Song SY. BRCA2 muta-
tions as a universal risk factor for pancreatic cancer has a lim-
ited role in Korean ethnic group. Pancreas. 2008;36:337-40.

8. Eriguchi N, Aoyagi S, Hara M, Okuda K, Tamae T, Fukuda S,
et al. Synchronous or metachronous double cancers of the pan-
creas and other organs: report on 12 cases. Surg Today.
2000;30:718-21.

9. Gerdes B, Ziegler A, Ramaswamy A, Wild A, Langer P,
Bartsch DK. Multiple primaries in pancreatic cancer patients:
indicator of a genetic predisposition? Int J Epidemiol. 2000;29:
999-1003.

10. Moertel CG. Multiple primary malignant neoplasms: historical
perspectives. Cancer. 1977;40(4 Suppl):1786-92.

11. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti
AE. AJCC cancer staging handbook. 7th ed. New York:
Springer; 2010.

12. Tagawa T, Ito K, Fukuzawa K, Okamoto T, Fujinaga A,
Kawasaki T, et al. Surgical outcomes of non-small cell lung
cancer in patients with a history of pancreaticobiliary cancer.
Anticancer Res. 2017;37:3307-9.

13. Ghothim M, Havlik R, Skalicky P, Klos D, Vrba R, Straznicka
J, et al. Synchronous cancer duplicities of pancreas and stom-

ach/kidney and their surgical treatment. Rozhl Chir. 2015;94:
251-5.

14. Muller SA, Pahernik S, Hinz U, Martin DJ, Wente MN, Hack-
ert T, et al. Renal tumors and second primary pancreatic 
tumors: a relationship with clinical impact? Patient Saf Surg.
2012;6:18.

15. Kamisawa T, Isawa T, Egawa N, Tsuruta K, Okamoto A,
Kawamura T, et al. Study on pancreatic cancer associated with
other primary malignancies. Suizo. 1993;8:164-9.

16. Makino TK, Takahashi S, Maruyama H, Kohara T, Yokose Y,
Emi Y, et al. Clinicopathology of pancreatic cancer analyzed
from annual of the pathological autopsy cases in Japan. Tan
To Sui. 1984;5:761-8.

17. Yoshimori M, Tajiri H, Nakamura K, Kishi K, Ozaki H. Clini-
cal significance of multiple cancers including pancreatic can-
cer: report on 12 cases. Gan No Rinsho. 1982;28:165-7.

18. Maruchi N, Brian D, Ludwig J, Elveback LR, Kurland LT. Can-
cer of the pancreas in Olmsted County, Minnesota, 1935-1974.
Mayo Clin Proc. 1979;54:245-9.

19. Cubilla A, Fitzgerald PJ. Pancreas cancer. I. Duct adenocarci-
noma. A clinical-pathologic study of 380 patients. Pathol
Annu. 1978;13 Pt 1:241-89.

20. Kasumi F, Togo S, Ota T, Takagi K, Kato H. Study of cases
with double carcinoma of the stomach and pancreas. Gan No
Rinsho. 1977;23:1306-14.

21. Moertel CG, Dockerty MB, Baggenstoss AH. Multiple primary
malignant neoplasm. I. Introduction and presentation of data.
Cancer. 1961;14:221-30.

22. Warren S, Gates O. Multiple primary malignant tumors: a sur-
vey of the literature and a statistical study. Am J Cancer.
1932;16:1358-414.

23. Jasperson KW, Tuohy TM, Neklason DW, Burt RW. Heredi-
tary and familial colon cancer. Gastroenterology. 2010;138:
2044-58.

24. Jun SY, Lee EJ, Kim MJ, Chun SM, Bae YK, Hong SU, et al.
Lynch syndrome-related small intestinal adenocarcinomas.
Oncotarget. 2017;8:21483-500.

25. Malesci A, Laghi L, Bianchi P, Delconte G, Randolph A, Torri
V, et al. Reduced likelihood of metastases in patients with 
microsatellite-unstable colorectal cancer. Clin Cancer Res.
2007;13:3831-9.

References

VOLUME 50 NUMBER 4 OCTOBER 2018  1185



│ http://www.e-crt.org │1186 Copyright ⓒ 2018 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/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2018;50(4):1186-1193

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2017.435 

Open Access

The Impact of Skin Problems on the Quality of Life in Patients Treated
with Anticancer Agents: A Cross-Sectional Study

Original Article

Purpose
Patients treated with anticancer agents often experience a variety of treatment-related skin
problems, which can impair their quality of life. 

Materials and Methods
In this cross-sectional study, Dermatology Life Quality Index (DLQI) and clinical information
were evaluated in patients under active anticancer treatment using a questionnaire survey
and their medical records review. 

Results
Of 375 evaluated subjects with anticancer therapy, 136 (36.27%) and 114 (30.40%) were
treated for breast cancer and colorectal cancer, respectively. We found that women, breast
cancer, targeted agent use, and longer duration of anticancer therapy were associated with
higher dermatology-specific quality of life distraction. In addition, itching, dry skin, easy bruis-
ing, pigmentation, papulopustules on face, periungual inflammation, nail changes, and pal-
moplantar lesions were associated with significantly higher DLQI scores. Periungual
inflammation and palmoplantar lesions scored the highest DLQI.  

Conclusion
We believe our findings can be helpful to clinicians in counseling and managing the patients
undergoing anticancer therapy.
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Adverse drug reaction, Antineoplastic agents, Quality of life, 
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Introduction

Patients with cancer undergoing treatment with anticancer
agents often experience various skin problems, such as pru-
ritus, dry skin, facial papulopustules, paronychia, etc. They

are at high risk of skin problems, because anticancer agents
affect not only cancer cells, but also rapidly proliferating skin
cells [1-4]. To date, significant progress has been made in the
development of anticancer agents. A number of new anti-
cancer agents, including targeted agents, have been devel-
oped and are widely used nowadays. Accordingly, new
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agent-related skin problems, such as facial papulopustules
and hand-foot reaction induced by various tyrosine kinase
inhibitors, also became prevalent [2-10]. 

Despite their high prevalence, the skin problems due to 
anticancer therapy are often neglected because clinicians and
healthcare providers are usually more focused on clinical 
response of tumor itself or potentially life-threatening side
effects such as neutropenia. However, adverse skin reactions
to these therapies are sometimes so severe that they make
significant disturbance to patients and the dose of anticancer
agent should be adjusted at times, meaning that they can 
affect not only the patients’ quality of life (QoL), but also 
optimal anticancer treatment. Therefore, they must not be 
ignored and should be evaluated thoroughly by managing
physicians.

In this study, we aimed to evaluate the impact of anti-
cancer agents on patients’ QoL. The patients under active 
anticancer therapy were surveyed using the Dermatologic
Life Quality Index (DLQI), a useful dermatology-specific
health-related QoL questionnaire. DLQI score was analyzed
according to various clinical factors, including demograph-
ics, anti-cancer therapy, and specific skin problems induced
by anticancer agents.

Materials and Methods

1. Study design

We conducted a cross-sectional study using a question-
naire survey and their medical records review. Subjects suf-
fering from cancer were recruited from the Seoul National
University Cancer Hospital between February 2016 and
April 2016. They were adult patients treated actively with
anticancer agents at the time of the study; therefore, patients
with only past history of anticancer therapy were excluded.
Clinical information was obtained from both the review of
medical records and questionnaires.  

2. Review of medical records

The following clinical information was obtained for each
subject from retrospective review of electronic medical
records: (1) demographic data (sex, age); (2) type of cancer
(cancer of the liver, thyroid, oral cavity, musculoskeletal, cen-
tral nervous system, biliary ducts, colorectum, head and
neck, bladder, kidney, stomach, breast, uterine cervix,
prostate gland, pancreas, lung, skin, and hematologic malig-
nancies); (3) type of anticancer agents: targeted agents
(trastuzumab, cetuximab, imatinib, bevacizumab, erlotinib,

gefitinib, sunitinib, crizotinib, sorafenib, rituximab, per-
tuzumab, and ramucirumab) and non-targeted chemothera-
peutic agents (docetaxel, paclitaxel, cyclophosphamide,
adriamycin, vincristine, 5-fluorouracil, cisplatin, oxaliplatin,
carboplatin, etoposide, gemcitabine, capecitabine, irinotecan,
navelbine, and pemetrexed); (4) the duration of current anti-
cancer therapy; and (5) radiation therapy history.

3. Contents of the questionnaire

Using the questionnaire, subjects were asked if they 
underwent anticancer therapy at the time of the study and if
they suffered from the following skin problems: (1) hair loss;
(2) itching; (3) dry skin; (4) easy bruising; (5) pigmentation
of lips and mucosae; (6) papulopustules on face, scalp, chest,
and back; (7) periungual inflammation; (8) nail changes in
color or shape; and (9) palmoplantar lesions with redness,
exfoliation, and pain. The impact of skin problems on their
QoL was evaluated using DLQI (Dermatology Life Quality
Index, AY Finlay, GK Khan, April 1992; all rights reserved;
License ID of this study: CUQoL1166), which includes ques-
tions about how much skin problems affect patients’ QoL
during a past week (symptoms like itching, prickling, or
pain, shamefulness, disturbances in performing routine
tasks, changes in the selection of clothes, impact on social 
activities or leisure, difficulties in physical, academic or 
occupational activities, relationship with other people, and
sexual life, and distraction they had due to the treatment). A
higher DLQI score means a greater impairment of QoL. 

4. Statistical analysis

IBM SPSS statistics ver. 21.0 (IBM Corp., Armonk, NY) was
used for statistical analysis. The differences of DLQI score 
associated with demographic factors (sex and age), the type
of anticancer agents, radiation therapy history, and the type
of skin problems were considered statistically significant if
the p-values < 0.05 using Student’s t test. Jonckheere-Terpstra
test was performed to find a correlation between the dura-
tion of anticancer therapy and DLQI scores.

5. Ethical statement

The study protocol was approved by the Institutional 
Review Board of Seoul National University Hospital (IRB
No. 1601-058-734), and written informed consent was 
obtained from all subjects.
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Results

1. Demographic and clinical characteristics of study popu-
lation 

A total of 380 patients visiting Seoul National University
Cancer Hospital agreed to participate in this study. We 
excluded five subjects who were not treated with anticancer
therapy at the time of the survey, and 375 subjects with anti-
cancer therapy were finally enrolled, including 155 (41.3%)
men and 220 (58.7%) women. The mean age was 56.35 years
(range 25 to 84 years). The most patients had breast cancer
(136, 36.3%), followed by patients with colorectal cancer
(n=114, 30.4%), gastric cancer (n=33, 8.8%), lung cancer
(n=21, 5.6%), and hematologic malignancy (n=18, 4.8%).
Among them, 267 subjects (71.2%) underwent treatment with
non-targeted agents, while other 108 subjects (28.8%) were

on at least one targeted agent. We looked up specific types
of chemotherapeutic agents used in two major cancer groups.
First, among the patients with breast cancer, 71 patients were
treated with cyclophosphamide, 65 were treated with dox-
orubicin, 51 with docetaxel, 24 with trastuzumab, 19 with 
paclitaxel, 11 with pertuzumab, nine with capecitabine, and
eight with gemcitabine (counts are redundant because most
of the patients were treated with more than one agent, e.g.,
combination regimen with doxorubicin and cyclophos-
phamide) Second, among the patients with colorectal cancer,
82 patients were treated with 5-fluorouracil, 65 with oxali-
platin, 34 with irinotecan, 28 with capecitabine, 27 with 
bevacizumab, and nine with cetuximab (counts are also 
redundant due to combination regimen such as ‘FOLFOX’).
Three hundred and fifty patients (93.3%) complained at least
more than one skin problem. All demographic and clinical
variables and subgroup description of patients according to
cancer type are summarized in Table 1. 

Total
Cancer type

Breast cancer Colorectal cancer Others
No. of subjects 375 ( 136 ( 114 ( 125 (
Sex

Male 155 (41.3) 0 ( 63 (55.3) 92 (73.6)
Female 220 (58.7) 136 (100) 51 (44.7) 33 (26.4)

Age (yr) 
< 60 223 (59.5) 119 (87.5) 54 (47.4) 50 (40.0)
 60 152 (40.5) 17 (12.5) 60 (52.6) 75 (60.0)

Current chemotherapy
Non-targeted agents only 267 (71.2) 103 (75.7) 74 (64.9) 90 (72.0)
Any targeted agents 108 (28.8) 33 (24.3) 40 (35.1) 35 (28.0)

Duration of current chemotherapy (wk)
 12 137 (36.5) 41 (30.2) 46 (40.4) 50 (40.0)
13-24 109 (29.1) 51 (37.5) 30 (26.3) 28 (22.4)
 25 129 (34.4) 44 (32.3) 38 (33.3) 47 (37.6)

Radiotherapy history
Yes 97 (25.9) 37 (27.2) 20 (17.5) 40 (32.0)
No 278 (74.1) 99 (72.8) 94 (82.5) 85 (68.0)

Presence of skin problems
Hair loss 283 (75.5) 125 (91.9) 77 (67.5) 81 (64.8)
Itching 143 (38.1) 61 (44.9) 35 (30.7) 47 (37.6)
Dry skin 230 (61.4) 99 (72.8) 66 (57.9) 65 (52.0)
Easy bruising 113 (30.1) 49 (36.0) 31 (27.2) 33 (26.4)
Pigmentation of lips and oral mucosa 108 (28.8) 37 (27.2) 45 (39.5) 26 (20.8)
Papulopustules on face, scalp, or trunk 89 (23.7) 40 (29.4) 21 (18.4) 28 (22.4)
Periungual inflammation with pain 88 (23.5) 42 (30.9) 21 (18.4) 25 (20.0)
Changes in nail color and shape 196 (52.3) 102 (75.0) 49 (43.0) 45 (36.0)
Redness, exfoliation, or pain in palms and soles 121 (32.3) 46 (33.8) 38 (33.3) 37 (29.6)

Table 1. Clinical characteristics of the study population

Values are presented as number (%).
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2. Assessment of DLQI scores according to demographic
and clinical factors

Mean DLQI score of total study population is 3.74±0.27
(mean±standard error). DLQI scores according to various
clinical factors are presented in Table 2. Female subjects pre-
sented higher DLQI scores (mean±standard error, 4.42±0.40)
than males (2.94±0.36). Patients on targeted therapies had
significantly higher DLQI scores (4.69±0.54) than patients on
non-targeted therapies (3.45±0.33). In addition, Jonckheere-
Terpstra test revealed more distraction if anticancer treat-
ment was administered for a longer period (J-T value=+2.35;
p=0.019). However, DLQI score was not significantly associ-
ated with age or the history of radiation therapy. There were
differences in DLQI scores between patients with different
types of cancer. The patients with breast cancer complained
more of skin-related distraction in their daily life (5.16±0.54)
than those with colorectal (3.35±0.42) and gastric cancers
(2.70±0.87), as shown in Fig. 1. 

We did additional sub-analysis according to the specific
questions of DLQI. Among the 10 questions of DLQI, breast
cancer patients reported higher scores with statistical signif-
icance than the other types of cancer in 9 out of 10 questions.
Question number 7 (‘Over the last week, has your skin pre-

vented you from working or studying?’) was the only one
with no significant difference between the type of cancer
(data not shown).

In a subgroup analysis according to the type of cancer, 
except for patients with breast cancer, sex differences in QoL
were not observed in patients with different types of cancer.
In colorectal cancer group, patients aged 60 years or older
had more distraction than those aged younger than 60 years.
Moreover, patients with a history of radiation therapy in
breast cancer groups were found to have more dermatology-
related distraction in daily life (Table 2).

3. Assessment of DLQI scores according to the skin prob-
lems induced by anticancer therapy

Hair loss was the most frequently reported problem, fol-
lowed by dry skin and changes in nail color or shape (Table 1).
We found similar patterns in the subgroup analysis by cancer
types. We compared the DLQI scores between the subjects
with and without a specific skin problem and found that all
investigated skin problems, except hair loss, were associated
with significantly higher DLQI scores (Fig. 2). The patients
with periungual inflammation presented the highest DLQI
score (7.43±0.65), followed by those with palmoplantar 

Total
Cancer type                   

Breast cancer Colorectal cancer Other cancer
DLQI p-value DLQI p-value DLQI p-value DLQI p-value

Sex
Male 2.94±0.36 0.006 3.43±0.54 0.840 2.61±1.49 0.585
Female 4.42±0.40 5.16±0.54 3.25±0.68 3.15±0.95

Age (yr)
< 60 4.01±0.37 0.374 5.13±0.57 0.861 2.37±0.43 0.024 3.14±0.77 0.470
 60 3.51±0.42 5.41±1.56 4.23±0.69 2.49±0.52

Current chemotherapy
Non-targeted agents only 3.45±0.33 0.046 4.72±0.61 0.145 2.86±0.53 0.120 2.49±0.49 0.335
Any targeted agents 4.69±0.54 6.55±1.14 4.25±0.70 3.43±0.92

Duration of current 
chemotherapy (wk)a)

 12 3.01±0.42 3.54±0.77 2.54±0.61 3.02±0.78
13-24 4.15±0.52 4.71±0.75 3.67±0.94 3.64±1.10
 25 4.36±0.52 0.019 7.20±1.17 0.010 4.08±0.73 0.066 1.94±0.47 0.863

Radiotherapy history
Yes 4.74±0.71 0.100 7.95±1.36 0.011 2.50±1.11 0.357 2.90±0.83 0.817
No 3.48±0.28 4.12±0.50 3.53±0.46 2.68±0.51

Table 2. Dermatologic Life Quality Index scores according to clinical characteristics 

Values are presented as mean±standard error. DLQI, Dermatologic Life Quality Index. a)Jonckheere-Terpstra test was per-
formed to find the correlation between the duration of anticancer therapy and DLQI scores. Student’s t-test was performed
for other variables. 
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lesions (6.78±0.61), and papulopustules (6.64±0.72). Similar
patterns were also found in the subgroup analysis by the
type of diagnosed cancer (S1 Table).

Discussion

Despite the growing interest and attention on anticancer
therapy-induced skin problems, their impact on QoL distrac-
tion was not much considered. In particular, clinical factors

Fig. 1.  Comparison of mean DLQI scores in patients between the type of cancer. Data are mean±stdandard error bars using
the Independent T-test. Patients with breast cancer have more distraction in their life than those with any other type of
cancer. a)Versus colorectal cancer; 5.16 vs. 3.35, p=0.038, b)Versus gastric cancer; 5.16 vs. 2.70, p=0.034, c)Versus others; 5.16
vs. 2.11, p=0.005.
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that cause more distraction in dermatology-related QoL have
not been studied, although this information can help clini-
cians to counsel patients and manage their skin problems
during anticancer therapy [11-15]. This study demonstrated
that dermatology-related QoL of the patients undergoing 
anticancer therapy was more distracted in women, in 
patients with longer duration of anticancer therapy, and in
those with breast cancer.

In this study, we used DLQI to evaluate the dermatology-
related QoL during anticancer therapy. What clinicians see
is sometimes in disagreement with what patients actually
feel, especially in terms of the impact on QoL [1,11,16]. There-
fore, patient-assessed tools that show the effect of the prob-
lem on their QoL are useful in the evaluation. DLQI is the
first dermatology-specific health-related QoL questionnaire,
and its validity and reliability have been tested for over 20
years in various skin diseases. It is a simple, practical, 
patient-assessed questionnaire technique evaluating the 
impact of many skin diseases and their treatment on patients’
QoL [17-20]. 

Several studies reported that older patients with skin dis-
orders presented higher DLQI scores than younger ones
[21,22]. However, unlike our first expectations, age did not
affect dermatology-specific QoL of the patients in this study,
except for the patients with colorectal cancer. This finding
suggests that the effect of anticancer therapy on the skin is
not much affected with age.

Instead, women presented higher DLQI than men in this
study. It is frequently seen that women report higher rates
of morbidity and distraction in many diseases [23,24]. This
fact can be explained by the influence of sex-specific differ-
ences on patients' perception of symptoms. According to
Holm et al. [25], self-reported morbidity is more consistent
with the disease severity among women than men with
atopic dermatitis. This means that men are less likely to com-
plain of their symptoms although their condition is more 
severe than in women. 

However, considering that the subjects with breast cancer
presented higher DLQI and that the difference of DLQI 
between men and women was not found in colorectal and
other cancers, the higher DLQI score in women found in this
study might be related to the fact that more than half of the
women were patients with breast cancer. Although patients
with breast cancer were significantly younger than other 
patients, a subgroup analysis in them suggested that the age
was not a causative factor of high DLQI score. Unlike other
patients with cancer, patients with breast cancer showed a
significant difference in the DLQI score between those with
and without radiotherapy history.

Another hypothesis explaining higher DLQI scores in
breast cancer group in this study is that the differences in the
type of chemotherapeutic agents between cancer groups may

have had an effect on the difference in DLQI scores. In breast
cancer group, the majority of patients were treated with tax-
anes (docetaxel, paclitaxel) or anthracyclines (doxorubicin),
which was a unique pattern comparing with other cancer
groups. They have been well known to induce nail and peri-
ungual problems [26,27], that can explain higher DLQI scores
in breast cancer because the patients with periungual inflam-
mation presented higher DLQI scores than ones with any
other skin problems. Even though direct comparison is 
impossible because most of the patients were treated with
multiple agent regimen so that the effect of the agents may
have been mixed, it can be one good hypothesis for that. 

Recently, targeted agents, including epidermal growth fac-
tor receptor inhibitors became widely used, and some inves-
tigators studied their impact on dermatology-specific QoL.
Rosen et al. [14] previously found more distractions in QoL
in patients treated with targeted therapy than in patients
with non-targeted therapy with regards to total Skindex-16
scores evaluated in 283 patients with cancer. On the contrary,
Unger et al. [12] showed no significant difference in QoL 
between targeted-agents-only group and patients who was
treated with both targeted and classical chemotherapeutic
agents. The discrepancy may result from the differences in
study designs. Rosen et al. [14] enrolled patients in a derma-
tology referral clinic; therefore, there is a possibility that
more severe cases were included in the study. Unger et al.
[12] compared patients with colorectal cancer treated with
cetuximab only and those treated with a combination of 
cetuximab and nontargeted agents. In our study, we inclu-
ded patients who underwent anticancer therapy regardless
of referral to dermatologic office, in order to represent better
the population composed of the patients with various degree
of severity in skin problems. In concordance with Rosen et
al. [14], we found that patients on targeted therapy had sig-
nificantly more distraction in QoL than those on non-tar-
geted therapy. Additionally, we found that the top three skin
problems with the highest DLQI scores were periungual 
inflammation and papulopustules, which are frequently 
observed in patients treated with targeted agents [7-11,28].
Further studies are needed to confirm this finding. 

In the comparison between the patients with and without
a specific skin problem, we found no significant difference
between the patients with and without hair loss induced by
anticancer therapy. Although hair loss has been well-known
to negatively impact the QoL in patients with alopecia areata
[29] and patterned hair loss [30,31], our study suggested that
hair loss induced by anticancer therapy did not cause addi-
tional distress in dermatology-specific QoL. Perhaps the dis-
figuration itself had little effect on the QoL distraction in
patients treated with anticancer therapy if it was not associ-
ated with discomfort, such as itching or pain. In addition, 
patients expected the development of hair loss during anti-
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cancer therapy and took it for granted, whereas they did not
expect other skin problems to be induced by anticancer ther-
apy because hair loss is one of the best-known adverse reac-
tions of anticancer therapy.

Interestingly, periungual inflammation and palmoplantar
lesion were the top two skin problems with the highest
DLQI. They are usually accompanied by pain, and limitation
of instrumental and self-care daily activities which makes
them distinguishable from other problems [32,33]. These
findings suggest that pain is the most important factor that
has negative effect on patients’ QoL.

The limitation of this study is that there is a disproportion
of clinical characteristics of the study population. Breast can-
cer and colorectal cancer together affected over 60% of the
patients. This may have caused the disproportion of other
factors, such as sex and anticancer therapy regimens conse-
quently.

In conclusion, this study showed that women, breast can-

cer, targeted agent use, and longer duration of anticancer
therapy were associated with higher dermatology-specific
QoL distraction. All investigated skin problems, except hair
loss, significantly impacted dermatology-specific QoL, and
periungual inflammation and palmoplantar lesions scored
the highest DLQI. Our findings can be helpful to clinicians
in counseling and managing the patients undergoing anti-
cancer therapy.
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Purpose
The use of prostate-specific antigen as a biomarker for prostate cancer (PC) has been con-
troversial and is, therefore, not used by many countries in their national health screening
programs. The biological characteristics of PC in East Asians including Koreans and Japan-
ese are different from those in the Western populations. Potential lifestyle risk factors for
PC were evaluated with the aim of developing a risk prediction model.  

Materials and Methods
A total of 1,179,172 Korean men who were cancer free from 1996 to 1997, had taken a
physical examination, and completed a lifestyle questionnaire, were enrolled in our study to
predict their risk for PC for the next eight years, using the Cox proportional hazards model.
The model’s performance was evaluated using the C-statistic and HosmerLemeshow type
chi-square statistics. 

Results
The risk prediction model studied age, height, body mass index, glucose levels, family history
of cancer, the frequency of meat consumption, alcohol consumption, smoking status, and
physical activity, which were all significant risk factors in a univariate analysis. The model
performed very well (C statistic, 0.887; 95% confidence interval, 0.879 to 0.895) and esti-
mated an elevated PC risk in patients who did not consume alcohol or smoke, compared
to heavy alcohol consumers (hazard ratio [HR], 0.78) and current smokers (HR, 0.73) 
(p < 0.001).  

Conclusion
This model can be used for identifying Korean and other East Asian men who are at a high
risk for developing PC, as well as for cancer screening and developing preventive health
strategies. 
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Prostate neoplasms, Life style, Decision aids, Forecasting
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Introduction

Prostate cancer (PC) is one of the most common among
cancers in worldwide, with rapidly increasing number of
cases [1]. The incidence and prevalence of PC vary by race,
ethnicity, and geography, the highest being in North Amer-
ica and the lowest in South Asia. Even though less prevalent
than in the Western countries [2], incidences of PC in Korea
are rapidly increasing (12.3% annual increase); second only
to thyroid cancer [3]. Some of the reasons for this substantial
increase in incidences of PC include better diagnosis by mon-
itoring blood levels of prostate-specific antigen (PSA), an 
increase in average life expectancy, Western dietary lifestyle,
nutrition, physical activity, environmental factors, and smok-
ing [1,4]. 

Consistent with the diverse etiology of PC, different eth-
nicities, and geographic locations present PCs with different
biological characteristics. Being African-American is one of
the highest risk factors for an early and aggressive form of
PC [5]. Korean and Japanese populations, on the other hand,
develop a higher grade of PC, compared to the Caucasian
population, even in men with low levels of PSA. This could
be attributed to the late detection of the disease and differ-
ences specific to the Korean and Japanese population [6]. 

As mentioned earlier, the introduction of PSA marker has
enabled clinicians to identify high-risk PC patients and pro-
vide an earlier diagnosis with better prognostic outcomes.
However, the role of PSA-based screening in PC diagnosis is
still controversial, since it has not led to any significant 
decrease in PC mortality [7]. The results of a PSA test cannot
tell if PC is present, although the risk of high-grade disease
increases with increasing levels of PSA [8]. In Korea and
other Asian countries, with no approved guidelines, PC is
not included in the national cancer screening program. There
is a clear need for the early detection of PC in Korean men
due to the pathophysiologically aggressive nature of the 
Korean PC and the increased prevalence of PC in older men.
A risk prediction model is a simple and effective way to eval-
uate individual cancer risks and to provide information 
regarding high-risk cancer. 

PC is a good candidate that could use a lifetime risk pre-
diction model to help early detection of PC, manage better
prognostic outcomes, and provide important information for
the development of strategic healthcare policies. In the last
20 years, several predictive tools have been developed for
these purposes [5,9]. Most prediction models include PSA-
derived variables, digital rectal examination (DRE) findings,
and transrectal ultrasound findings, including prostate vol-
ume as a predictive variable. However, only a few studies
have established risk prediction models for PC using epi-
demiological risk factors other than age. Therefore, this study

was aimed to evaluate the lifetime epidemiologic risk factors
for developing an individualized risk prediction model, 
independent of PSA levels, using a large Korean population-
based cohort who provided a complete set of lifestyle infor-
mation including social activities such as smoking, exercise,
and alcohol consumption.

Materials and Methods

1. Patients population

Two independent population datasets and one dataset for
PC incidence were incorporated into this study. The first
dataset, which was used for model development, was from
the database of the National Health Insurance Corporation
(NHIC) for 1996 and 1997. The NHIC cohort consisted of 
Korean government employees, teachers, company employ-
ees, and their dependents, who underwent a biennial med-
ical examination provided by NHIC. During the health
examinations, participants were asked to fill out self-
reported questionnaires on family history of any type of can-
cer, meal regularity, the frequency of meat consumption, 
alcohol drinking, smoking status, and physical activity.
Height and weight were directly measured. Blood and urine
laboratory test results were obtained, including fasting glu-
cose levels. In the study, age, height, body mass index (BMI),
glucose, family history of any cancer, the frequency of meat
consumption, alcohol consumption, smoking status, and
physical activity were selected for consideration in the analy-
ses.

The second dataset, which was used for model validation,
consisted of patients who participated in medical examina-
tions in 1998 and 1999, and who were not included in the 
development model, using the same exclusion criteria. 
Details of the study design have been described in previous
studies of lung, colorectal, and gastric cancers using NHIC
dataset [9,10]. The last data set for PC incidence was obtained
from the Korean Central Cancer Registry database up to 
December 31, 2007. Based on the International Classification
of Disease 10th edition (ICD-10), C61 was used for PC inci-
dence. The exclusion criteria were age less than 30 years or
over 80 years, previous cancer history including alcohol- and
smoking-related cancers, PC diagnosis within 2 years of
baseline examination, and absence or inaccurate information
regarding the analytical variables used in this study such as
anthropometric parameters, family history of any type of
cancer, meal regularity, frequency of meat consumption, 
alcohol drinking, smoking status, and physical activity.

From the development dataset, 3,482,255 men were iden-
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tified who satisfied the inclusion criteria of which 825,320
men had complete information on the risk factors considered
in the analyses. Because of the high rate of missing data, we
complemented the data using the nearest observations 
imputation method, which our institution had used in the
previous studies of lung and colorectal cancer [6,7]. We were
able to retrieve some information from the NHIC examina-
tion data since these examinations were provided every 2
years. When the participant received examinations other
than in 1996 and 1997, the data of the nearest time point was
used to impute the missing values. After imputation, data
from 1,179,172 men (33.9%)  were available for model devel-
opment. The difference in the prediction models developed
based using complete data vs. imputed data was minor 
(S1 Fig.). The imputed, larger data set was then used for
model development and validation. Similar missing data 
imputation was performed for the validation cohort accord-
ing to the way used in the previous studies [6,7], and a total
of 389,538 men were included in the validation cohort. 

2. Statistical analysis

Two medical biostatisticians (S.K. and B.H.N.) performed
a crude and age-adjusted analysis for each potential risk fac-
tor, to identify significant risk factors for PC in our data. A
Cox proportional hazards regression model was used for 
developing prediction equations in the development set.
Log-log survival plots were used to examine proportionality
in hazards. Only factors with p-values of < 0.10 from the uni-
variate analysis were subsequently evaluated in the Cox pro-
portional hazards regression analysis using backward
stepwise selection with a 0.10 significance level. Time to
event was defined from the date of health examination at
baseline to the date of first PC diagnosis. Subjects were cen-
sored at the date of death or on the end date after eight years
of follow-up.

The potential risk factors considered in the analysis were
age, age squared, height, BMI, glucose levels, family history
of any type of cancer, meal regularity, the frequency of meat
consumption, alcohol consumption, smoking status, and
physical activity. All risk factors except age were included as
categorical variables in the model. Further descriptions of the
categorization rationale for these variables can also be found
in previous studies [3,10]. 

The probability of developing PC within t years (t=8) for
an individual with covariate values x=(x1’=exk) can be esti-
mated using the following equation:

P(PC)=1–S0(t)exp[f(x,M)]

, where f(x,M)=1 (x1–M1)+2 (x2–M2)+k (xk–Mk).

Here, 1, re, k are the estimated coefficients from the Cox
proportional hazards model, and M1 and Mk are the mean
values for each risk factor in the study population. S0(t) is the
baseline survival estimate at time t (t=8 years), when all risk
factors are at their mean values.

The developed models were validated by evaluating their
performance in terms of discrimination and calibration. Har-
rell’s C-statistics for survival data were measured for dis-
crimination [11]. This value represents the odds of the
predicted probability of developing PC being higher for
those who actually develop PC in 8 years compared to those
who do not develop the disease. An ROC curve was created
based on the event distribution at time t=8.

Calibration is related to prediction accuracy. The Hos-
merLemeshow type chi-square statistics was used for cali-
bration [12]. To calculate the chi-square statistics, data were
divided into 10 disjointed subgroups based on the predicted
probabilities of developing PC from the developed model.
The average predicted probabilities (expected) and the actual
event rate measured by the Kaplan-Meier estimate (observed)
were then compared. Values exceeding 20 indicated a signif-
icant lack of calibration [13]. All the analyses were completed
using the SAS ver. 9.2 (SAS Institute Inc., Cary, NC) and the
STATA ver. 13 (Stata Corp., College Station, TX) software by
two medical biostatisticians (S.K and B.H.N).

3. Ethical statement

This study was approved by the Institutional Review
Board of the National Cancer Center in Korea (IRB no. 
NCCNCS 09-305). Participants’ informed consent was
waived by the institutional review board because this study
involved routinely collected medical data that were anony-
mously managed in all stages, including the stages of data
cleaning and statistical analyses.

Results

1. Baseline characteristics and risk factors

During the 8-year follow-up, 2,747 (0.23%) and 846 (0.22%)
patients developed PC in the development and validation
cohorts, respectively. The mean±standard deviation age at
diagnosis in the development cohort was 44.3±10.13 years. 

In the univariate analyses after age-adjustment, the signif-
icant risk factors for PC were height, BMI, glucose levels, the
presence of a family history of any cancer, meal regularity,
the frequency of meat consumption, alcohol consumption,
smoking status, and physical activity (p < 0.05) (Table 1).
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Frequency Age-adjusted univariable model
No. of participants No. of eventRisk factor

at baseline (n=2,747) HR (95% CI) p-value
(n=1,179,172)

Age, mean±SD (yr) 44.3±10.13
Height (cm)
 165 350,864 (29.8) 1,106 (40.3) 1.000 (
165.1-168 225,760 (19.2) 545 (19.8) 1.157 (1.043-1.283) 0.006
168.1-172 325,984 (27.7) 669 (24.4) 1.297 (1.176-1.431) < 0.001
> 172 273,817 (23.3) 427 (15.5) 1.315 (1.172-1.476) < 0.001

BMI (kg/m2)
< 18.5 27,521 (2.3) 63 (2.3) 0.675 (0.523-0.871) 0.003
18.5-22.9 482,264 (41.0) 1,039 (37.8) 1.000 (
23.0-24.9 334,361 (28.4) 803 (29.2) 1.192 (1.087-1.307) < 0.001
 25.0 332,279 (28.2) 842 (30.7) 1.326 (1.210-1.453) < 0.001

Glucose (mg/dL)
< 126 1,108,417 (94.2) 2,549 (82.8) 1.000 (
 126 68,008 (5.8) 198 (7.2) 0.838 (0.725-0.968) 0.017

Family history of cancer
No 993,152 (84.4) 2,272 (82.7) 1.000 (
Yes 183,273 (15.6) 475 (17.3) 1.395 (1.263-1.54) < 0.001

Meal regularity
Regular 688,195 (58.5) 2,007 (73.1) 1.000 (
Intermediate 388,450 (33.0) 622 (22.6) 0.841 (0.768-0.920) < 0.001
Irregular 99,780 (8.5) 118 (4.3) 0.750 (0.623-0.904) 0.003

Frequency of meat consumption (per week)
 1 time 543,211 (46.2) 1,182 (43) 1.000 (
2-3 times 572,245 (48.6) 1,336 (48.6) 1.192 (1.102-1.289) < 0.001
 4 times 60,969 (5.2) 229 (8.3) 1.085 (0.941-1.252) 0.261

Alcohol consumption (g/day)
0 346,313 (29.4) 1,131 (41.2) 1.000 (
1-14.9 341,906 (29.1) 756 (27.5) 1.027 (0.936-1.128) 0.569
15-24.9 209,677 (17.8) 390 (14.2) 0.988 (0.879-1.110) 0.836
 25 278,529 (23.7) 470 (17.1) 0.784 (0.704-0.874) < 0.001

Smoking status
Never 345,848 (29.4) 1,130 (41.1) 1.000 (
Former 166,960 (14.2) 535 (19.5) 0.973 (0.878-1.078) 0.600
Current 663,617 (56.4) 1,082 (39.4) 0.730 (0.671-0.794) < 0.001

Physical activity
None 560,188 (47.6) 1,192 (43.4) 1.000 (
Light 188,988 (16.1) 410 (14.9) 1.182 (1.056-1.322) 0.004
Moderate 348,598 (29.6) 856 (31.2) 1.340 (1.227-1.464) < 0.001
Heavy 78,651 (6.7) 289 (10.5) 1.212 (1.066-1.379) 0.004

Table 1. Risk factor distributions between cancer patients and cancer-free participants, and age-adjusted univariable in the
developing cohort

Values are presented as number (%) unless otherwise indicated. HR, hazard ratio; CI, confidence interval; SD, standard devi-
ation; BMI, body mass index.
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Being tall, greater BMI, lower glucose levels, presence of a
familial cancer history, higher frequency of meat consump-
tion, and heavier physical activity were poor risk factors with
a hazard ratio (HR) greater than 1.0, whereas more irregular
meal habit, lifestyle of heavy alcohol consumption > 25 g per
day were favorable risk factors with a HR less than 1.0 
(p < 0.05) (Table 1). 

In the multivariate analyses for risk factors for PC, the sig-

nificant risk factors with similar directional hazard ratios in
the univariate analysis were still significant, except for meal
regularity (p < 0.05) (Table 2). Based on the multivariate
analysis, age, height, BMI, glucose levels, family history of
any cancer, the frequency of meat consumption, alcohol con-
sumption, smoking status, and physical activity were all 
included in the development of the risk prediction model. 

Mean values in Multivariable model
Risk factor development set

M  HR 95% CI p-value
(Age-Mean_age) 0 0.231 1.260 1.245-1.276 < 0.001
(Age-Mean_age)^2 102.5224 –0.004 0.996 0.996-0.997 < 0.001
Height (cm)
 165 0 1.000
165.1-168 0.1919 0.081 1.084 0.978-1.202 0.126
168.1-172 0.2770 0.198 1.219 1.106-1.344 < 0.001
> 172 0.2326 0.240 1.272 1.135-1.426 < 0.001

BMI (kg/m2)
< 18.5 0.0234 –0.260 0.771 0.598-0.996 0.046
18.5-22.9 0 1.000
23.0-24.9 0.2842 0.090 1.094 0.997-1.200 0.059
 25.0 0.2825 0.176 1.193 1.088-1.308 < 0.001

Glucose (mg/dL)
< 126 0 1.000
 126 0.0578 –0.242 0.785 0.679-0.908 0.001

Family history of cancer
No 0 1.000
Yes 0.1558 0.286 1.331 1.205-1.470 < 0.001

Frequency of meat consumption (per week)
 1 time 0 1.000
2-3 times 0.4864 0.181 1.199 1.107-1.297 < 0.001
 4 times 0.0519 0.162 1.176 1.018-1.359 0.028

Alcohol consumption (g/day)
0 0 1.000
1-14.9 0.2906 –0.010 0.990 0.902-1.088 0.840
15-24.9 0.1781 –0.036 0.964 0.857-1.085 0.547
 25 0.2366 –0.224 0.800 0.715-0.894 < 0.001

Smoking status
Never 0 1.000
Former 0.1420 –0.053 0.949 0.855-1.052 0.320
Current 0.5637 –0.257 0.774 0.710-0.843 < 0.001

Physical activity
None 0 1.000
Light 0.1606 0.069 1.071 0.957-1.200 0.233
Moderate 0.2964 0.180 1.198 1.095-1.310 < 0.001
Heavy 0.0669 0.129 1.138 1-1.294 0.051

Table 2. Multivariable regression model: risk prediction model

HR, hazard ratio; CI, confidence interval; BMI, body mass index.
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2. Model performance

When calculating the probability (P) and estimating the
baseline survival probability (S0(t)) at the time (t)=8 years, for
the mean values of the risk factors in the model, the S0(t) 
estimate at t=8, is 0.9998329. The ability of the risk prediction
model to discriminate was measured using C-statistics in

both the development and validation datasets and was found
to be 0.896 (95% confidence interval [CI], 0.888 to 0.903) in
the development dataset and 0.887 (95% CI, 0.879 to 0.895)
in validation datasets. Figs. 1 and 2 show the calibration plots
for the PC risk prediction model. The HosmerLemeshow-
type chi-square value was 18.15 for the development cohort
and 9.77 for the validation cohort. 

Fig. 1.  Discrimination and calibration plots in the development cohort. (A) Discrimination. (B) Calibration. CI, confidence 
interval.
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Discussion

With an increase in life expectancy and more people living
well into their old age, comes the fear of being diagnosed
with cancer later in life. This concern has driven the devel-
opment of not only new diagnostic and screening tools but
also models to predict the lifetime risk of developing cancer.
In an effort to predict the risk of developing cancer in a
healthy cohort and the risk of progressing to an aggressive
disease in cancer patients, researchers have focused on the
analysis of a wide spectrum of underlying factors ranging
from genetics to lifestyle. This study evaluated several epi-
demiological risk factors suspected to have a role in predis-
posing men to PC and determined some significant variables
to develop a risk prediction model of PC in Korean men. 

The prevalence and outcomes of PC in Asians including
the Koreans are different from those seen in the Western eth-
nic populations, suggesting that the epidemiological factors
involved could also be different. This study is clinically 
important since it focuses on the risk factors for PC in the 
Korean population. The findings of this study will be helpful
in deciding on future health policies and preventive strate-
gies for PC in Korea. This study is the first to develop a risk
prediction model of PC, based on lifestyle information. Our
risk prediction model not only showed excellent discrimina-
tion in both the development dataset (C statistic, 0.896; 95%
CI, 0.888 to 0.903) and the validation dataset (C statistic,
0.887; 95% CI, 0.879 to 0.895), but it also exhibited good cali-
bration. Based on C statistics, our model is an excellent dis-
criminator, compared with previous models, including those
that combine PSA values with PSA derivatives and prostate
volume. 

Prediction models for PC incidence have been reported
previously [14,15]. Most of them have focused on increasing
the PSA test accuracy for PC detection and tumor stage pre-
diction. The area under the curve (AUC) of PSA testing for
predicting any PC has ranged from 0.53 to 0.83. High predic-
tive accuracy and discrimination is achieved with some pre-
diction models, such as Finne (AUC, 0.74), Karakiewcz
(AUC, 0.74), Chun (AUC, 0.76), ERSPC RC3 (AUC, 0.79), and
Prostaclass I (AUC, 0.79) [16]. However, due to no clear cut-
off values associated with high specificity and sensitivity, the
PSA test has limited value, often leading to over diagnosis
and overtreatment [17]. Moreover, due to the absence of the
PSA screening program in most Asian countries, multiple
other additive parameters such as free PSA, DRE, and
prostate volume were added to improve the predictive accu-
racy of PSA testing in the developmental prediction model. 

This study did not utilize PSA levels, instead focused on
the epidemiological lifestyle factors for assessing an individ-
ual's lifetime risk for developing PC. Some previous studies

have dealt with a few epidemiologic factors, such as age, eth-
nicity, or family history of cancer in their prediction models.
Lifestyle factors such as obesity, height, weight, BMI, and
lean body mass, have also been evaluated but were found to
have limited effects on risk for PC [10,18]. In addition to con-
firming these risk factors (Figs. 1 and 2), this large national
case-control study found that age, height, higher BMI, lower
glucose levels, presence of family history of any cancer, reg-
ularity of meals, higher meat consumption, and intense phys-
ical activity are all significant factors (p < 0.05) (Table 2), that
help predict lifetime risk of PC with higher accuracy. Find-
ings based on these factors were inconsistent in the previous
studies [18,19].

One of the perplexing results of this study is the inverse
association between smoking or alcohol consumption and 
increased PC risk, which is contrary to the commonly 
accepted risk factors for cancer development. This study
showed that no alcohol and smoking were significantly 
associated with an elevated risk for PC risk, while heavy 
alcohol consumption ( 25 g per day; HR, 0.78; p < 0.001) and
current smoking (HR, 0.73; p < 0.001), showed a poor associ-
ation. Alcohol is an established risk factor for many cancers
including PC and acts by altering circulating sex steroid hor-
mone concentrations [20] and causing higher free radical
generation [21]. Some meta-analyses have found modest risk
increases associated with alcohol use [22,23]. Dennis [23] 
reported an insignificant overall pooled estimate (relative
risk [RR], 1.05), and Bagnardi et al. [22] showed a RR of 1.19
(95% CI, 1.03 to 1.37) in his meta-analysis when comparing
people who consumed 100 g alcohol per day to non-drinkers.
This study stratified alcohol consumption into four groups
with the highest being 25 g per day. However, studies of a
relation between PC and alcohol consumption have yielded
inconsistent results, with most studies showing no associa-
tion. Rohrmann et al. [24] reported no association between
alcohol consumption and PC in a cohort of 142,607 European
men. Overall, neither alcohol consumption at baseline nor
average lifetime alcohol consumption was associated with
the risk for PC in the EPIC study, which, however, found a
strong association between alcohol consumption and 
advanced or high-grade PC than with total PC risk. This is
in agreement with previous studies [25].

There could be several reasons for the inverse relation 
between heavy alcohol consumption and lifetime PC inci-
dence. First, the heavy drinkers in this study cohort were
mostly young men (mean age, 44.3 years; 20-year follow-up
study) with a lower incidence of PC. Individuals in their late
fifties, on the other hand, consumed less than 15 g per day
(not shown in tables) of alcohol and were more regular with
their medical check-ups, which would account for the 
increase in the number of PC diagnoses among this group.
As most PC cases develop in older individuals, cessation of
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smoking and reduction of alcohol consumption to less than
moderate levels may be expecting behaviors in those who
are deeply concerned about their health; these individuals
live relatively longer than others and have greater possibility
of developing PC. Second, most patients with a past history
of alcohol-related cancers, such as liver, esophageal, and
stomach cancers, were excluded from this study cohort.
Lastly, since heavy drinkers are likely to have other moderate
to severe health problems and lower PSA levels, they may
have lower chances of being diagnosed with PC [19]. Hence,
there may be many individuals who die from other alcohol-
related problems before the onset of PC. In addition, some
of the individuals who were diagnosed with a chronic dis-
ease, such as hypertension, hypercholesterolemia, or dia-
betes, usually discontinue smoking or consuming alcohol,
even if they were heavy drinkers or smokers previously. Due
to the short latency period between risk measure and inci-
dence of PC identification, these individuals can be classified
as ex-smokers or non-drinkers (less drinkers) of which a
great portion of heavy smokers or drinkers seemed to be 
excluded in the heavy smoker and drinker group to result in
better than expected survival outcomes.

Smoking is also believed to increase the risk of many can-
cers. However, many studies report no association between
smoking and PC incidence, and some European cohort stud-
ies have shown that smoking results in a small but significant
reduction in the risk for PC risk, consistent with our results
(Table 2) [26]. The European cohort study also showed an 
inverse association between smoking developing aggressive
cancer, whereas other studies have shown no definite asso-
ciation between these two factors [27]. Another Asian cohort
study that followed 14,450 males for 1 year, showed the age-
adjusted relative risks of past and current smokers at entry
to be 0.60 (95% CI, 0.34 to 1.06) and 0.70 (95% CI, 0.43 to 1.13),
respectively. These findings are consistent with our study
(Table 1), suggesting that cigarette smoking may not be a risk
factor for PC [26]. Paradoxically, smoking, in particular,
heavy smoking, has been associated with a significant 
increase in the risk of death from PC [28]. Another meta-
analysis has shown a statistically significant and consistent
increase in PC incidence and risk of death from this disease
with increased smoking [4]. In this study, we found that men
who never smoked had an elevated PC risk compared to cur-
rent smokers (HR, 0.77; p < 0.001). As with alcohol consump-
tion described earlier, patients with a high possibility of
developing smoking-related upper digestive tract and respi-
ratory tract cancers were excluded from this study cohort.
Other current or former smokers in this cohort are more
likely to die sooner from smoking relating diseases such as
coronary heart disease, chronic obstructive pulmonary dis-
ease, nasopharyngeal cancer, bladder cancer and lung cancer
before PC diagnosis [29]. 

This study has a few potential limitations such as the ret-
rospective design and recall biases based on the question-
naires. Other limitations were a clear lack of information
regarding baseline PSA and PC pathology, since all data
were collected through routine physical examinations; the
short periods between risk measure and incidence of PC
identification; and the exclusion of additional unmeasured
or unexamined variables. However, we controlled for 
numerous potential confounders relating to the development
of PC, and none appear to have substantially affected our
risk estimates. Lastly, the information on consumption pat-
terns is difficult to validate. It is therefore not clear whether
binge drinking increased the RR for PC, as was seen among
the participants of the Health Professionals Follow-up Study
[30]. Despite these limitations, this is the first significant
study of clinical prediction modeling assessing the incidence
risk of PC by routine lifestyle epidemiological and anthro-
pometric parameters in Koreans. We expect this model to
play an important role in improving decision-making and
defining groups at high risk for PC and applying cancer pre-
vention strategies in the field of health welfare policy in
Asian countries including Korea, where the PSA screening
program is not included in the routine nationwide health
screening program. 
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CCR6 Is a Predicting Biomarker of Radiosensitivity and 
Potential Target of Radiosensitization in Rectal Cancer

Original Article

Purpose
This study aimed to explore the functions and mechanisms of C-C motif chemokine receptor
6 (CCR6), a gene associated with progression and metastasis of colorectal cancer (CRC), in
radiosensitivity of rectal cancer (RC). 

Materials and Methods
RNA sequencing and immunohistochemical analysis on CCR6 expression were performed
in pretreatment tissues of RC patients exhibiting different therapeutic effects of radiotherapy.
Colonogenic survival assay was conducted in different CRC cell lines to assess their radiosen-
sitivity. And the impact of CCR6 expression on radiosensitivity was validated through RNA 
interference. The DNA damage repair (DDR) abilities of cell lines with different CCR6 expres-
sion were evaluated through immunofluorescence-based H2AX quantification.

Results
The CCR6 mRNA level was higher in patients without pathologic complete remission (pCR)
than in those with pCR (fold changed, 2.11; p=0.004). High-level expression of CCR6 protein
was more common in the bad responders than in the good responders (76.3% vs. 37.5%,
p < 0.001). The CRC cell lines with higher CCR6 expression (LoVo and sw480) appeared to
be more radioresistant, compared with the sw620 cell line which had lower CCR6 expres-
sion. CCR6 knockdown made the LoVo cells more sensitive to ionizing radiation (sensitiza-
tion enhancement ratio, 1.738; p < 0.001), and decreased their DDR efficiency.  

Conclusion
CCR6 might affect the RC radiosensitivity through DDR process. These findings supported
CCR6 as a predicting biomarker of radiosensitivity and a potential target of radiosensitization
for RC patients.

Key words
CCR6, Rectal neoplasms, Radioresistance, DNA damage
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Introduction

Colorectal cancer (CRC), especially rectal cancer (RC), is
one of the most common malignancies in China [1]. The
presurgical radiotherapy (RT) is now a necessary constituent
of the standard treating mode for locally advanced RC [2].
The tumor regression grade (TRG) after RT has been proven
as an independent factor predicting the long-term survival
of the patients [3]. However, even after standard chemora-
diotherapy (CRT), only 21.3% of the patients attained patho-
logic complete remission (pCR). And the good responders
occupy merely 31.2% of the cases [4]. To achieve success of
RT and improve prognosis, cellular resistance to ionizing 
radiation (IR) remains the primary barrier to overcome.

DNA damage repair (DDR) is acknowledged as the most
classical mechanism of cellular radioresistance [5]. And 
recent studies revealed that tumor microenvironment (TME)
also played important roles in radiosensitivity modulation
[6]. Chemokine receptors, a kind of G protein–coupled trans-
membrane molecules regulating organogenesis and inflam-
mation under physiological state, are now known as bridges
through which the TME impacts many biological procedures
within the tumor cells [7]. The C-C motif chemokine receptor
6 (CCR6) is the most-studied chemokine receptor in CRC. It
is overexpressed abnormally in CRC cells and the surround-
ing tumor-associated immune cells. And a negative associa-
tion have been reported between CCR6 expression and the
patients’ clinical outcome [8,9]. The CCR6 has also been
demonstrated to promote oncogenesis, progression, and
metastasis of CRC [9,10]. Yet, there is no evidence on the
functions of CCR6 in RC radioresistance until now. Since the
downstream signaling molecules of CCR6, the Akt and the
ERK, could regulate DDR through enhancing the stability of
the direct participants, such as DNA-PK and Rad51 [11-14],
we hypothesized that CCR6 might influence radiosensitivity
of RC, and be a new target for radiosensitization therapy. In
this study, we determined the relationship between CCR6
expression and RC radioresistance, through patients and cell
lines exhibiting different response to IR. The modulating
ability of CCR6 on radiosensitivity was further confirmed by
CCR6 knockdown.

Materials and Methods

1. Tissue specimens

The pretreatment tumor tissue of the patients who had
pathologically diagnosed RC and received CRT was from the

tumor bank of the Sun Yat-sen University Cancer Center
(SYSUCC). The paraffin-embedded specimens were for 
immunohistochemical (IHC) staining, and the specimens
contained in RNAlater (Thermo Fisher Scientific, Waltham,
MA) were for RNA sequencing (RNA-seq). 

2. Evaluation of TRG

The postoperative pathology of each patient treated with
radical resection was assessed by an experienced attending
pathologist. The TRG was determined according to the Man-
dard standard [4], in which pCR was defined as TRG 1.

3. RNA-seq

Among the patients receiving surgery between May 1,
2013 and August 31, 2013, six cases were randomly selected
from those exhibiting pCR in the postsurgical pathology.
And another six cases were randomly selected from those 
exhibiting non-pCR. RNA-seq was performed for these 12
patients, using the HiSeq 4000 system (Illumina, San Diego,
CA). The pathoclinical profiles of the patients were shown in
S1 Table (see Supplementary Materials).

The expression level was represented with fragments per
kilobase million (FPKM) [15]. The fold change (FC) of each
gene was calculated through dividing the average FPKM of
the non-pCR group by that of the pCR group. The difference
in the average FPKM between the two groups was tested by
a student’s t test. Hierarchical clustering analysis based on
Euclidean distance was performed in genes with a p-value
of < 0.01, through MultiExperiment Viewer 4.9.0 (available
at http://tm4.org). And, pathway enrichment analysis was
also made in those genes through Metascape [16].

4. IHC analysis

IHC analysis was performed in the consecutive patients
who received surgery between November 1, 2015 and Sep-
tember 30, 2017. Before staining, all the paraffin-embedded
specimens were deparaffinized with xylenes, rehydrated
with graded ethanol to distilled water, and submerged in
EDTA antigen retrieval buffer (1 mmol/L, pH 8.0) and 
microwaved to retrieve antigens. IHC staining was then per-
formed using the Dako REAL Envision system, Peroxi-
dase/DAB, Rabbit/Mouse (Dako, Carpinteria, CA), follo-
wing the manufacturer’s recommended protocols. After
treatment with 0.3% hydrogen peroxide for 15 minutes and
normal goat serum for 30 minutes, the specimens were incu-
bated with a CCR6 rabbit polyclonal antibody (1:100,
ab109703, Abcam, Cambridge, UK) overnight at 4°C. The sec-
tions were then incubated with a peroxidase-conjugated
Dako REAL EnVision/HRP, Rabbit/Mouse (ENV) reagent

1204 CANCER  RESEARCH  AND  TREATMENT



Hui Chang, CCR6 in Radiosensitivity of Rectal Cancer

(solution A) for 30 minutes. Finally, the visualization was
done by incubating the sections in DAKO REAL DAB+ Chro-
mogen (solution C) for 10 minutes. The slides were washed
with phosphate buffered solution (PBS) between the staining
steps.

The expression of CCR6 was evaluated by another experi-
enced attending pathologist who was blinded to the TRG of
the patients. The entire tissue section was observed to assign
scores of intensity and extent. The intensity scores included
as 0 (no staining), 1 (light yellow), 2 (yellow brown), and 3
(brown). The extent scores were decided according to the
percentages of the positive cells in the whole carcinoma area,
included 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%), and 4 
(76-100%). The final staining score (0 to 12) was the product
of the intensity and extent scores. Tumors with a staining
score of < 4 were defined as low expression, and those with
a score  4 were defined as high expression (S2 Fig.).

The median IHC staining scores of the resistant group 
(patients with TRG 3-5) and the sensitive group (patients
with TRG 1-2) were compared through a Mann-Whitney U
test. And proportions of the cases with high CCR6 expression
in these two groups were also compared, through a chi-
square test.

5. Cell culture

The CRC cell lines used in this study included LoVo,
sw480 and sw620, which were purchased from the American
Type Culture Collection (Manassas, VA) and maintained in
the SYSUCC [17]. These cells were all cultured in Roswell
Park Memorial Institute 1640 medium (Thermo Fisher Scien-
tific) supplemented with 10% fetal bovine serum (Thermo
Fisher Scientific), penicillin (100 units/mL), and strepto-
mycin (100 units/mL). An incubator was used to create a hu-
midified atmosphere of 5% CO2 and a constant temperature
of 37°C for cell culture.

6. RNA interference

To knockdown the CCR6 expression, transient transfection
of small interfering RNA (siRNA) was performed, using the
Lipofectamine 3000 Transfection Reagent (Thermo Fisher Sci-
entific). The siRNA duplexes were synthesized by the
Genechem Co. (Shanghai, China), and consisted of 5-GGU-
CUAUGACAGACGUCUAUCdTdT-3 and 5-UAGACGU-
CUGUCAUAGACCUGdTdT-3 as the sense and antisense
sequences, respectively. The AllStars Negative Control
siRNA (Qiagen, Hilden, Germany) was used as the negative
control. The cells were harvested 24 hours after transfection
for the subsequent experiments.

7. Irradiation and clonogenic survival assay

The cells were trypsinized and seeded into 6-well plates.
Different cell quantities were for different doses of irradia-
tion (100, 200, 103, and 104 cells were for 0, 2, 4, and 6 Gy, 
respectively).The irradiation was performed by a R2000 
X-ray irradiator (Rad Source Technologies, Suwanee, GA),
with a dose rate of 1.1 Gy/min, a voltage of 160 kV, a current
of 25 mA, and 0.3-mm copper filters. The cells were then cul-
tured as we described above for 14 days, fixed by 4%
paraformaldehyde, and stained with Giemsa. Colonies with
more than 50 cells were scored as survivors. The plating 
efficiency (PE) was calculated by dividing the number of sur-
vivors by the number of plated cells at 0 Gy. Surviving frac-
tion (SF) at each dose was determined as the number of
survivors divided by the product of the PE and the number
of plated cells at the corresponding dose. Sensitization 
enhancement ratio (SER) was calculated by division of SF at
2 Gy (SF2). Clonogenic survival curves were fitted to the lin-
ear quadratic model, SF=exp[–(D+D2)], and compared
through the extra-sum-of-squares F test.

8. Western blot analysis

The expression level of CCR6 protein in CRC cells, includ-
ing those transfected with siRNA, was examined by western
blot analysis. The procedure of western blot referred to a 
report of Cerda et al. [18] prior to our study. After lyses with
the RIPA buffer, the total protein in the cells were collected
at 4°C and quantified by a Micro BCA Protein Assay Kit
(Thermo Fisher Scientific). Protein of 50 µg was mixed with
sample buffer, which consisted of 250 mmol/L Tris-HCl (pH
6.8), 8% sodium dodecyl sulfate (SDS), 0.04% bromophenol
blue, 40% glycerol, and 20% -mercaptoethanol. The mixture
was heated for 5 minutes at 95°C, resolved by SDS polyacry-
lamide gel electrophoresis (the concentration of polyacry-
lamide gel was 10%), and transferred to nitrocellulose mem-
branes (Thermo Fisher Scientific) by electroblotting. The
membranes were blotted with 5% skimmed milk, washed
with Tris-buffered saline Tween, and incubated with the pri-
mary anti-CCR6 rabbit polyclonal antibody (1:1,000, ab109-
703, Abcam) overnight at 4°C. After washing, the membranes
were incubated with anti-rabbit horseradish peroxidase con-
jugated IgG (1:2,000, Santa Cruz Biotechnology, Santa Cruz,
CA) for 1 hour. Fluorescence detection was then performed
through the enhanced chemiluminescence (Amersham Phar-
macia Biotech, Piscataway, NJ). Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as a loading control. The
integrated option density (IOD) of a specific band was meas-
ured by Image-pro Plus 6.0 (Media Cybernetics, Rockville,
MD). The CCR6 expression level in each cell line was repre-
sented with the IOD of the CCR6 band divided by the IOD
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of the GAPDH band. The FC was calculated by dividing the
CCR6 expression level in a specific cell line by that in the ref-
erence cell line.

9. Reverse transcription-polymerase chain reaction 

The expression level of CCR6 mRNA in CRC cells was 
examined by reverse transcriptionpolymerase chain reac-
tion (RT-PCR) analysis. Total RNA from different CRC cell
lines were extracted with Trizol reagent (Thermo Fisher Sci-
entific). Then the first-strand cDNA was synthesized with 
1 µg of total RNA, through the SuperScript III First-Strand
Synthesis System (Thermo Fisher Scientific). Realtime 
RT-PCR was performed in triplicate for each sample, using
the Absolute qPCR SYBR Green Mixes (Thermo Fisher Sci-
entific). PCR reaction and data collection were done through
the ABI PRISM7900HT sequence detection system (Thermo
Fisher Scientific). GAPDH was used as the endogenous con-
trol for normalization. The primer sequences for CCR6 were
5-ACCGCAGATAACGACAATGC-3 (sense) and 5-CAT-
GAGCACGTTAAGTCCCG-3 (anti-sense), which were 
designed by the Primer3 4.1.0 [19]. And the primer sequences
for GAPDH were 5-CTCCTCCTGTTCGACAGTCAGC-3
(sense) and 5-CCCAATACGACCAAATCCGTT-3 (anti-
sense) [20].

10. Immunofluorescence analysis

Immunofluorescence (IF) staining countering phosphory-
lated histone H2AX (H2AX) was made to evaluate the DDR
abilities of CRC cells [20]. First, the cells were seeded on cov-
erglasses in 24-well plates (5104 cells per well), cultured for
24 hours, and irradiated with an X-ray of 2 Gy. At 30 minutes
and 24 hours after irradiation, the cells were fixed (4%
paraformaldehyde, 15 minutes) and permeabilized (0.25%
Triton-X 100 in PBS, 15 minutes) at 4°C. Blocking was carried
out by adding 5% bovine serum albumin in PBS for 30 min-
utes. Next, the cells were incubated with an anti-H2AX
(Ser139) rabbit polyclonal antibody (1:1,000, ab2893, Abcam)
for 2 hours, followed by Alexa 488-conjugated goat anti-rab-
bit IgG (1:500, ab150077, Abcam) for 1 hour. The nuclei were
counter stained with 1 µg/mL DAPI solution (Thermo Fisher
Scientific). Finally, coverslips were mounted with Vec-
tashield (Vector Laboratories, Peterborough, UK). Images
were then taken through an Olympus FV100 confocal imag-
ing system (Olympus Co., Tokyo, Japan). At each time point,
IF staining was conducted in triplicate for each cell line. Dif-
ference in average number of the H2AX-positive cells 
between any two cell lines at a defined time point were com-
pared by a student’s t test.

11. Statistical analysis

Statistical analysis in this study was executed by IBM SPSS
Statistics ver. 23.0 (IBM Co., Armonk, NY) or GraphPad
Prism 5.0 (GraphPad Software, La Jolla, CA) if not special
specified. A two-sided p-value of < 0.05 was considered sta-
tistically significant.

12. Ethical statement

The use of tissue specimens was approved by the Institu-
tional Review Board of the SYSUCC (approval No. GZR2017-
079). And written informed consent was obtained from all
patients whose specimens were involved in this study.

Results

1. CCR6 expression was inversely correlated with radiosen-
sitivity of RC patients

To determine how CCR6 influenced the treatment effects
of RT, we first assessed the expression level of CCR6 mRNA
through RNA-seq in RC patients exhibiting different res-
ponse to RT. Among the 34,316 genes sequenced, there were
totally 22,978 genes presenting expression. Of those, differ-
ential expression (p < 0.05) was seen in 768 genes, in which
116 genes exhibited obviously differential expression (p <
0.01), including the CCR6 gene. The volcano plot and the
clustering heatmap of these 116 genes were shown as Fig. 1A
and B, respectively. The average FKPM of CCR6 gene in the
non-pCR group was greater than that in the pCR group (FC,
2.11; p=0.004). Hence, the CCR6 mRNA was expressed more
highly in the non-pCR patients than in the extremely good
(pCR) responders. Additionally, the chemokine-mediated
signaling pathway in which CCR6 took part was one of the
top 5 enriched pathways (Fig. 1C).

To confirm the results of RNA-seq, we performed evalua-
tion on expression level of CCR6 protein in an enlarged sam-
ple of patients. There were a total of 95 patients undergoing
IHC analysis, including 55 cases in the resistant (TRG 3-5)
group and 40 patients in the sensitive (TRG 1-2) group. 
Except CCR6 expression, the pathoclinical profiles of the 
patients were balanced between the two groups (S3 Table).
The median score of the resistant group was greater than that
of the sensitive group (8 vs. 3, p=0.005) (Fig. 2A). And high-
level CCR6 expression was more common in the resistant
group than in the sensitive group (76.3% vs. 37.5%, p < 0.001)
(Fig. 2B). The results indicated that CCR6 protein was 
expressed more highly in the bad responders than in the
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Fig. 2.  Results of immunohistochemical (IHC) analysis. (A) Median IHC score of the resistant group was greater than that
of the sensitive group (8 vs. 3, p=0.005). (B) Patients with high-level C-C motif chemokine receptor 6 expression were more
common in the resistant group than in the sensitive group (76.3% vs. 37.5%, p < 0.001).
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Fig. 3.  Colorectal cancer (CRC) cell lines with high C-C motif chemokine receptor 6 (CCR6) expression were resistant to ion-
izing radiation. (A) Western blot analysis on CCR6 expression in the sw620, the sw480 and the LoVo cell lines. The reference
cell line to calculate the fold change (FC) was the sw620 cell line. (B) Real-time polymerase chain reaction analysis on CCR6
expression in the CRC cell lines described in panel A. (C) Postirradiation survival curves of the CRC cell lines described in
panel A. The sw480 and LoVo cells which presented higher CCR6 expression appeared to be more resistant to ionizing 
radiation. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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good responders.
Taking these data together, CCR6 expression was inversely

correlated with RT effects of the RC patients.

2. CRC cells with high CCR6 expression was resistant to 
irradiation

To know the exact role of CCR6 in radioresistance of RC,
CCR6 expression level was tested in different CRC cell lines.
The results of western blot and RT-PCR analyses were
showed as Fig. 3A and B, respectively. The sw480 and LoVo

Hui Chang, CCR6 in Radiosensitivity of Rectal Cancer

Fig. 4.  Inhibition of C-C motif chemokine receptor 6 (CCR6) expression improved radioresistance of colorectal cancer (CRC)
cells. (A) Western blot analysis on CCR6 expression in the LoVo cells, the LoVo cells transfected with negative control (LoVo-
nc), and the siRNA-transfected LoVo cells (LoVo-si). The reference cell line to calculate the fold change (FC) was the LoVo
cell line. (B) Real-time polymerase chain reaction analysis on CCR6 expression in the CRC cell lines described in panel A.
(C) Postirradiation survival curves of the CRC cell lines described in panel A. The LoVo-si cells was more sensitive to ionizing
radiation than the LoVo cells. The sensitization enhancement ratio (SER) was 1.738 (p < 0.001). GAPDH, glyceraldehyde 
3-phosphate dehydrogenase.
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Table 1.  Parameters of survival curves for different colorectal cancer cells

Cell line  (/Gy)  (/Gy2) SF2 (%)
LoVo 0.363 0.083 24.6
sw480 0.369 0.091 22.8
sw620 0.641 0.084 17.6
LoVo-nc 0.257 0.101 26.7
LoVo-si 0.546 0.106 16.4

SF2, survival fraction at 2 Gy; LoVo-nc, LoVo cells transfected with negative control; LoVo-si, siRNA-transfected LoVo cells.
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Fig. 5.  C-C motif chemokine receptor 6 knockdown resulted in retardation of postirradiation DNA damage repair in col-
orectal cancer (CRC) cells. (A) Immunofluorescent staining of nuclei and H2AX in LoVo, LoVo cells transfected with negative
control (LoVo-nc), and siRNA-transfected LoVo cells (LoVo-si) cell lines (400). Each cell line was stained at 0 Gy, and at 30
minutes and 24 hours after 2-Gy irradiation. Scale bars=30 µm. (B) Quantification of H2AX-positive cells (in number per
100 cells). Similar numbers of H2AX-positive cells were seen among the three CRC cell lines described in panel A, at either
0 Gy or 30 minutes after 2-Gy irradiation. However, more H2AX-positive cells were seen in the LoVo-si cell line than in the
LoVo-nc and the LoVo cells lines at 24 hours after 2-Gy irradiation (*p < 0.05, **p < 0.01).
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cells presented a relatively high level of CCR6 expression.
Contrarily, there was a relatively low level of CCR6 expres-
sion in the sw620 cells. The clonogenic survival assay indi-
cated that CRC cell lines were arranged in descending order
of radioresistance as following: LoVosw480 > sw620 
(Fig. 3C). The SF2 of the three cell lines were 24.6%, 22.8%,
and 17.8%, respectively (Table 1). Thus, there was an up-reg-
ulation of CCR6 expression in the cell lines relatively resist-
ant to IR. It indicated that CCR6 might participate in
regulation of RC radiosensitivity.

3. CCR6 knockdown sensitized CRC cells to irradiation

In vitro silencing targeting CCR6 was performed in the
LoVo cells which expressed relatively high level of CCR6 and
had the greatest SF2, to validate the impact of CCR6 on 
radiosensitivity. The silencing efficiency was confirmed by
western blot and RT-PCR analyses (Fig. 4A and B). The
clonogenic survival assay showed that the siRNA-transfected
LoVo cells (LoVo-si) were more sensitive to IR, compared
with the LoVo cells. The SER was 1.738 (p < 0.001) (Fig. 4C).
No radiosensitizing effect was seen in the LoVo cells trans-
fected with negative control (LoVo-nc). The results of RNA
interference further supported the ability of CCR6 in modu-
lating the sensitivity of RC to IR.

4. Postirradiation DDR in CRC cells was retarded by CCR6
knockdown

The H2AX is known to recognize the sites of DNA dam-
age and initiate the DDR procedure. Therefore, the H2AX
has now been used as a practical molecular marker reflecting
the existence of DNA damage [5,21]. Quantification of
H2AX-positive cells (in number per 100 cells) was con-
ducted to decide the DDR abilities of CRC cell lines with dif-
ferent levels of CCR6 expression. Through IF analysis, the
H2AX-positive cells appeared to be similar among the
LoVo, the LoVo-nc and the LoVo-si cell lines, at baseline and
30 minutes after 2 Gy irradiation. It indicated that irradiation
caused similar DNA damage among the three cell lines.
However, at 24 hours after 2-Gy irradiation, residual H2AX-
positive cells were significantly less in the LoVo (35.6±6.3 vs.
68.0±4.9, p=0.022) and the LoVo-nc (32.0±3.5 vs. 68.0±4.9,
p=0.009) cell lines than in the LoVo-si cell line (Fig. 5). In
other words, the DDR was retarded and more DNA damage
remained in the LoVo-si cell line, in which CCR6 was knock-
down. It implied that CCR6 might regulate radioresistance
by affecting efficiency of IR-induced DDR.

Discussion

The biological functions of CCR6 in metastasis and its pre-
dicting value in long-term outcome have been demonstrated
in a series of studies. Chin et al. [22] showed in an in vitro
study that activation of CCR6 could promote migration of
CRC cells. And Kapur et al. [9] and Ghadjar et al. [8] further
attained clinical evidences that high level of CCR6 expression
would facilitate the distant metastasis of CRC, and was able
to predict a poorer survival independently. Since therapeutic
effect of RT is also so important for patients with locally 
advanced RC, impact of CCR6 on radiosensitivity of RC was
explored in this study. It was found in RC patients that there
was an inverse correlation between CCR6 expression and RT
effect. Both the RNA-seq and the IHC analyses indicated that
the lowlier CCR6 was expressed, the worse TRG would be
got. Similar results were seen in CRC cell lines. Clonogenic
survival assay after irradiation revealed that CCR6 expres-
sion was upregulated in cell lines (sw480 and LoVo) rela-
tively resistant to IR. And on the contrary, down-regulation
of CCR6 expression was seen in sw620, a radiosensitive cell
line. Moreover, when CCR6 expression was interfered
through siRNA, the LoVo cells would become sensitive to IR
as well. These results all suggested that CCR6 might be a pre-
dicting biomarker of RT effect and a potential therapeutic tar-
get for reversing radioresistance. Prior to our study, there
was no study focusing on the correlation between CCR6 
expression and RC radiosensitivity. So, we are convinced the
results might be informative for development of RT-sensitiz-
ing treatments and selection of individualized therapeutic
strategies. Considering the proven influences of CCR6 on
distant metastasis of CRC, the results of this study conferred
more values on this biomarker, in improving prognosis of
the RC patients.

The IR causes cell death mainly through double strand
break of DNA. After irradiation, a tumor cell will survive if
DDR is completed successfully. Or the programmed death
will start instead. Therefore, the intrinsic resistance caused
by DDR is acknowledged as the most critical mechanism of
cellular radioresistance [5,23]. The mammalian DDR proce-
dure is a phosphorylation signaling cascade. The first step is
the phosphorylation on serine 139 of H2AX by ATM. The
H2AX will be dephosphorylated soon after DDR restores
chromatin integrity [21,24,25]. Hence, the quantity of H2AX
is positively correlated with the number of DNA damage.
We evaluated DDR abilities of different CRC cell lines after
irradiation through quantifying the H2AX-positive cells in
this study. At 30 minutes after irradiation, an obviously 
increase of H2AX-positive cells was seen in all the three
tested cell lines, compared with the baseline. It indicated that
DDR started as expected. And no difference in positive cell
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numbers was seen among the three cell lines, either before
irradiation or at 30 minutes after irradiation. That was to say,
similar amount of DNA damage was caused among the three
cell lines. The numbers of H2AX-positive cells then 
decreased at 24 hours after irradiation, indicating the gradual
completion of DDR. But comparison among the three cell
lines revealed that there was a delay of H2AX clearance in
the LoVo-si cell, unlike the LoVo and the LoVo-nc cells. It
could be easily inferred that DDR was disrupted when CCR6
expression was interfered. Namely, CCR6 might play its part
in regulation of radiosensitivity through affecting DDR effi-
ciency.

Up to now, the exact mechanisms through which CCR6
regulates DDR remain uncertain. This regulation might lie
on the Akt and the ERK pathways which could be activated
by the combination of CCR6 and its sole ligand, CCL20 [11].
The activated Akt has been reported to stabilize the ubiqui-
tin-conjugating enzyme E2S, which will subsequently recruit
the Ku70, a key molecule in DDR process [12]. The Akt could
also upregulate the expression of Rad51. The latter is a mol-
ecule participating in the DDR directly [13]. For ERK, it has
been showed in a study of Marampon et al. [14] to upregulate
the expression of the regulatory and catalytic subunits of the
DDR complex, DNA-PK, after its activation. In addition, the
Akt and the ERK have been reported to inhibit the pro-
grammed cell death through p53 and mammalian target of
rapamycin pathways, which are activated when DDR fails to
complete [26-28]. Further studies are in need to figure out
whether CCR6 controls the DDR and radiosensitivity of CRC
cells through these pathways.

More and more biological functions of the tumor cells, 
including resistance to IR or chemotherapy agents, has been
discovered to be determined by the TME [6,29]. Chemokines
receptors are important components linking the TME and the
tumor cells. Through the pathway enrichment analysis on
our RNA-seq data, the chemokine-mediated signaling path-

way was showed as the fourth enriched pathways (p < 0.001)
involved in RC radioresistance. Actually, before our study,
another chemokine receptor, CXCR4, has been proven to reg-
ulate radiosensitivity of glioblastoma and uterine cervical
cancer [30]. The results of our study added knowledge to this
field and might help radiation oncologists to design further
researches to explore and interfere the relationship between
TME and the radioresistence of malignant tumors. Further-
more, the modalities blocking the interaction between
chemokines and their receptors have gradually been devel-
oped [29]. The chemokine receptors are expected to be prac-
tical targets for radiosensitization treatment.

In conclusion, this study demonstrated that CCR6 overex-
pression contributed to a poorer RT effect in RC patients and
radioresistance in CRC cells. And the results also implied
that the CCR6 might enhance radioresistance through more
effective DDR. Thus, inhibition of CCR6 expression might be
a therapeutic strategy to sensitize RC to RT.
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Purpose
The purpose of this study was to compare the clinical and functional outcomes in patients
with primary base of tongue (BOT) cancer who received definitive radiotherapy (RT) or sur-
gery followed by radiotherapy (SRT).   

Materials and Methods
Between January 2002 and December 2016, 102 patients with stage I-IVB primary BOT can-
cer underwent either definitive RT (n=46) or SRT (n=56), and treatment outcomes were com-
pared between two groups. The expression of p16 was also analyzed. 

Results
The RT group had more patients with advanced T stage (T3-4) disease (58.7% vs. 35.7%,
p=0.021) and who received chemotherapy (91.3% vs. 37.5%, p < 0.001) than the SRT
group. At a median follow up of 36.9 months (range, 3.3 to 181.5 months), the 5-year overall
survival (OS) and disease-free survival (DFS) were 75.5% and 68.7%, respectively. With 
respect to treatment group, the 5-year OS and DFS in the RT and SRT groups did not differ
significantly (OS, 68.7% vs. 80.5%, p=0.601; DFS, 63.1% vs. 73.1%, p=0.653). In multivari-
ate analysis, OS differed significantly according to p16 expression (p16-negative vs. p16-
positive; hazard ratio [HR], 0.145; 95% confidence interval [CI], 0.025 to 0.853; p=0.033).
Regarding DFS, p16 expression (p16-negative vs. p16-positive; HR, 0.164; 95% CI, 0.045
to 0.598; p=0.006) showed a significant effect in multivariate analysis. Functional defects
(late grade  3 dysphagia or voice alteration) were more frequently reported in the SRT than
in the RT group (16.1% vs. 2.2%, p=0.021).   

Conclusion
Despite advanced disease, patients in the RT group showed comparable survival outcomes
and better functional preservation than those in the SRT group.

Key words
Base of tongue cancer, Radiotherapy, Surgery, 
Treatment outcome, Organ preservation 
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Introduction

Until recently, the treatment of base of tongue (BOT) can-
cer has been a challenge for head and neck surgeons, radia-
tion oncologists, and medical oncologists. Patients with this
cancer are often diagnosed in advance stages because of its
ambiguous symptoms [1]. In cases of radical surgery, serious
functional impairment occurs in the majority of cases; even
after radical resection, the recurrence rate is high [2,3].

The current standard for treatment of BOT cancer is either
surgery or definitive radiotherapy (RT) with or without con-
current chemotherapy [4,5]. However, no published random-
ized studies have directly compared the efficacy of these
treatment options due to the low incidence rate of BOT can-
cer. Therefore, the treatment method is determined accord-
ing to the preference of the patient and the physician
considering the cancer stage, possibility of complete excision,
and functional loss expected after treatment.

There have been considerable advances in RT and surgical
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techniques and both treatments are expected to provide bet-
ter results [6,7]. In this context, research is needed to deter-
mine the optimal treatment for primary BOT cancer.

The purpose of this study was to compare the clinical and
functional outcomes in patients with BOT cancer who 
received either definitive RT or surgery followed by postop-
erative RT (SRT).

Materials and Methods

1. Patients

Data from a total of 139 consecutive patients who received
definitive RT or postoperative RT after primary surgery for
BOT squamous cell carcinoma between January 2001 and 
December 2016, were retrospectively reviewed. Patients with
double primary cancer (n=4), distant metastasis (n=1), 
re-irradiation (n=2), incomplete RT (n=5), histologic type
other than squamous cell carcinoma (n=22), or without
image follow-up (n=3) were excluded, leaving 102 patients
included in the analyses. Pretreatment evaluation, including
a complete history and physical examination, endoscopic 
examination, computed tomography (CT), and magnetic res-
onance imaging was performed for every patient. Patients
were staged according to the 2010 American Joint Committee
on Cancer criteria (7th edition). Patients treated with defini-
tive RT were staged clinically, whereas those with primary
surgery were staged both pathologically and clinically. 

2. Treatments

When selecting the optimal treatment strategy in our insti-
tution, clinicians consider the tumor extent and location; pha-
ryngeal function; and patient age, medical co-morbidities,
and preferences. As a result, 56 patients received surgery fol-
lowed by postoperative RT (SRT group), while 43 patients
were treated with definitive RT (RT group). 

The surgical techniques included local or composite resec-
tion either by open approaches or by transoral robotic sur-
gery (TORS) using da Vinci Robot (Intuitive Surgical Inc.,
Sunnyvale, CA). In those who received surgery, neck dissec-
tion was performed on the involved side or both sides of the
neck. 

In every patient, CT-based RT planning was used and RT
was performed using either 3-dimensional conformal RT or
intensity-modulated RT (IMRT). The median RT doses were
63 Gy (range, 52 to 68.4 Gy) and 70 Gy (range, 63 to 76 Gy)
for the SRT and RT groups, respectively. The RT field was
defined as the primary tumor with sufficient margins and

both sides of the neck. Gross tumors or involved lymph
nodes were treated with 66-70 Gy, postoperative tumors or
nodal beds with 60-66 Gy, involved nodal stations with 
60-63 Gy, and uninvolved nodal stations with 45-50 Gy.

Concurrent chemotherapy was performed with either cis-
platin or cetuximab-based regimens. The induction chemo-
therapy regimen consisted of the combination of docetaxel,
cisplatin, 5-fluorouracil, or titanium silicate-1, and cisplatin.

3. Outcome assessment

Patients without follow-up imaging were censored from
the analysis. Treatment failures were defined as persistent or
recurrent loco-regional disease or distant metastases. The
date of tissue confirmation or imaging study showing evi-
dence of failure was considered the date of failure. Acute tox-
icities were defined as adverse events occurring within 90
days from the start of treatment, while late toxicities were
defined as those observed at least 90 days after the start of
treatment. The severity of toxicities was scored using Com-
mon Terminology Criteria for Adverse Events (CTCAE) ver.
4.0 and toxicities  grade 3 were recorded. Among late toxi-
cities, dysphagia and voice alteration  grade 3 were consid-
ered functional defects. The grades of dysfunction in swa-
llowing and speech were based on both clinician and patient
assessments and, if available, referred to the result of verbal
function tests such as the Korean version of the Boston Nam-
ing Test (K-BNT) or Motor Speech Treatment Protocol
(MSTP). For patients developing subjective swallowing dif-
ficulty, the swallowing test was performed with video
esophagofluoroscopy under the category of pharyngeal
phase and the presence or absence of aspiration.

4. Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics for Windows ver. 23.0 (IBM Corp., Armonk, NY). The
differences in characteristics and toxicities between the two
groups were compared using chi-square tests, and linear-
by-linear association analysis was performed to calculate the
linear relationship for more than two groups. We calculated
survival time from the date of diagnosis until death or the
most recent follow-up date. Survival curves were estimated
using the Kaplan-Meier method and were compared using
log-rank tests. Cox proportional hazards models were used
to assess the association of variables with survival. p-values
less than 0.05 were considered statistically significant.
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Table 1.  Patient and treatment characteristics
Characteristic Total (n=102) SRT (n=56) RT (n=46) p-value
Age, median (range, yr) 58 (36-96) 57 (36-77) 60 (37-96)
Age (yr)
 58 52 (51.0) 32 (57.1) 20 (43.5) 0.170
> 58 50 (49.0) 24 (42.9) 26 (56.5)

Sex
Female 17 (16.7) 13 (23.2) 4 (8.7) 0.050
Male 85 (83.3) 43 (76.8) 42 (91.3)

Performance status
ECOG PS 0-1 92 (90.2) 54 (96.4) 38 (82.6) 0.040
ECOG PS 2 10 (9.8) 2 (3.6) 8 (17.4)

T stage
1 27 (26.5) 18 (32.1) 9 (19.6) 0.029
2 28 (27.5) 18 (32.1) 10 (21.7)
3 19 (18.6) 8 (14.3) 11 (23.9)
4a 27 (26.5) 12 (21.4) 15 (32.6)
4b 1 (1.0) 0 ( 1 (2.2)

N stage
0 15 (14.7) 7 (12.5) 8 (17.4) 0.090
1 19 (18.6) 15 (26.8) 4 (8.7)
2a 7 (6.9) 5 (8.9) 2 (4.3)
2b 45 (44.1) 25 (44.6) 20 (43.5)
2c 16 (15.7) 4 (7.1) 12 (26.1)

Stage
I 3 (2.9) 1 (1.8) 2 (4.3) 0.393
II 7 (6.9) 5 (8.9) 2 (4.3)
III 14 (13.7) 10 (17.9) 4 (8.7)
IVA 77 (75.5) 40 (71.4) 37 (80.4)
IVB 1 (1.0) 0 ( 1 (2.2)

p16
(–) 17 (29.3) 11 (28.9) 6 (30.0) 0.933
(+) 41 (70.7) 27 (71.1) 14 (70.0)

RT dose, mean (range, Gy) 64.9 (52.0-76.0) 61.5 (52.0-68.4) 69.0 (63.0-76.0) < 0.001
RT modality

3D CRT 29 (28.4) 16 (28.6) 13 (28.3) 0.972
IMRT 73 (71.6) 40 (71.4) 33 (71.7)

Chemotherapy
No chemotherapy 39 (38.2) 35 (62.5) 4 (8.7) < 0.001
Concurrent 49 (48) 19 (33.9) 30 (65.2)
Induction+concurrent 14 (13.7) 2 (3.6) 12 (26.1)

Chemotherapy regimen
Erbitux based 6 (9.4) 0 ( 6 (14.3) 0.163
Platinum based 57 (89.1) 22 (100) 35 (83.3)
Both 1 (1.5) 0 ( 1 (2.4)

Values are presented as number (%) unless otherwise indicated. SRT, surgery followed by radiotherapy; RT, definitive radio-
therapy; ECOG PS, Eastern Cooperative Oncology Group performance status; RT dose, radiotherapy dose; RT modality, 
radiotherapy modality; 3D CRT, 3-dimensional conformal radiotherapy; IMRT, intensity-modulated radiotherapy. 
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Results

1. Patient and treatment characteristics

Table 1 shows the patient and treatment characteristics.
The median age of the patients was 58 years (range, 36 to 96
years). A total of 92 patients (90.2%) had stage III-IV disease,
with 47 (46.1%) having T3-4 and 87 (85.3%) having nodal
positive (N1-3) disease. p16 expression status was available
in 58 patients (56.9%). Among these, 41 (70.7%) had p16-pos-
itive and 17 (29.3%) had p16-negative tumors.

The characteristics that differed by treatment group 
included sex, initial Eastern Cooperative Oncology Group
performance status (ECOG PS), T stage, RT dose, and che-
motherapy. More patients in the RT group were male (91.3%
vs. 76.8%, p=0.050), ECOG PS  2 (17.4% vs. 3.6%, p=0.040),
had T3-4 disease (58.7% vs. 35.7%, p=0.021), and received
concurrent chemotherapy (91.3% vs. 37.5%, p < 0.001) com-
pared to the SRT group. The mean RT dose was higher in the
RT group (69.0 Gy vs. 61.5 Gy, p < 0.001). The other charac-
teristics were well balanced between the two groups. 

A total of 56 patients received surgery on the primary
tumor. Among these, 20 (35.7%) were treated via TORS and
five (9%) underwent total glossectomy. Bilateral (n=24) or 
ipsilateral (n=36) neck dissection was performed in 60 
patients, including those with elective neck dissection after
definitive RT (n=5).

2. Survival outcome and prognostic factors

At a median follow-up of 36.9 months (range, 3.3 to 181.5
months), the overall Kaplan-Meier estimations of the 5-year
overall survival (OS) and disease-free survival (DFS) rates
for all patients were 75.5% and 68.7%, respectively (Fig. 1).
In univariate analysis, performance status (OS, p=0.010; DFS,
p=0.014), T stage (OS, p=0.022; DFS, p=0.005), RT modality
(OS, p=0.005; DFS, p=0.006), and p16 expression (OS,
p=0.003; DFS, p < 0.001) were identified as prognostic factors
related to both OS and DFS (Table 2). In multivariate analy-
sis, p16 expression was an independent factor for both OS
and DFS (p16-negative vs. p16-positive; OS: hazard ratio
[HR], 0.145; 95% confidence interval [CI], 0.025 to 0.853;
p=0.033; DFS: HR, 0.164; 95% CI, 0.045 to 0.598; p=0.006)
(Table 3).

3. Outcome comparisons according to treatment group 

There were no significant differences in the 5-year OS
(68.7% vs. 80.5%, p=0.601) and DFS (63.1% vs. 73.1%,
p=0.653) between treatment groups (Fig. 2). 

In the subgroup analysis of T3-4 patients, the 5-year OS
(58.1% vs. 64.9%, p=0.906) and DFS (48% vs. 63.5%, p=0.958)
showed no significant difference according to the treatment
group (Fig. 3).

Data were analyzed separately for 38 patients with p16-
positive disease. There was no significant difference in the 
5-year OS (100% vs. 93.8%, p=0.342) and DFS (90% vs. 88%,

102 93 69 53 45 40
No. at risk

Ov
er

al
l s

ur
viv

al
 (%

)

100

0

40

20

60

80

0
Time (mo)

12 24 604836

A

102 87 64 49 42 37
No. at risk

Di
se

as
e-

fre
e 

su
rv

iva
l (

%
)

100

0

40

20

60

80

0
Time (mo)

12 24 604836

B

Fig. 1.  Five-year overall survival (A) and disease-free survival (B) for the entire study cohort.
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p=0.865) between the RT and SRT groups (Fig. 4).

4. Patterns of failure

During the follow-up period, treatment failure occurred in
10 and 13 patients in the RT and SRT groups, respectively.
Table 4 shows the patterns of failure and outcomes of salvage
treatment among the patients who experienced local and/or
regional failures. Among eight failures in the RT group, only
one patient received re-irradiation with concurrent chemo-

therapy; two were salvaged with neck dissection and two
with chemotherapy as the sole treatment. All of these 
patients died of disease (survival after recurrence, 3 to 15
months) except for one patient who was successfully sal-
vaged with neck dissection (survival after recurrence, 4
months). Among six failures in the SRT group, three patients
were salvaged with chemotherapy or re-irradiation and two
underwent surgical resection of recurrent primary tumors.
Four of those who received salvage treatment died of disease
progression (survival after recurrence, 3 to 16 months) and 

No. of
OS DFS

Variable patients (%) 5-Year HR  p-value 5-Year HR p-value(%) (95% CI) (%) (95% CI)
Age (yr)
 58 52 (51.0) 83.5 1.573 (0.707-3.501) 0.267 72.5 1.275 (0.634-2.564) 0.496
> 58 50 (49.0) 67.2 65.0

Sex
Female 17 (16.7) 92.3 2.935 (0.689-12.500) 0.145 84.6 3.718 (0.887-15.589) 0.073
Male 85 (83.3) 72.1 65.6

Performance status
ECOG PS 0-1 92 (90.2) 79.6 3.698 (1.369-9.987) 0.010 72.8 3.090 (1.260-7.579) 0.014
ECOG PS 2 10 (9.8) 36.0 30.5

T stage
T1-T2 55 (53.9) 89.2 2.671 (1.150-6.202) 0.022 81.7 2.963 (1.398-6.281) 0.005
T3-T4a/b 47 (46.1) 61.3 55.0

N stage
N0 15 (14.7) 82.5 1.036 (0.354-3.031) 0.948 74.3 1.346 (0.472-3.840) 0.579
N1-3 87 (85.3) 74.1 67.6

Stage
I-II 10 (9.8) 100.0 2.653 (0.359-19.621) 0.339 80.0 3.363 (0.459-24.655) 0.233
III-IV 92 (90.2) 73.2 67.3

p16
(–) 17 (29.3) 60.7 0.088 (0.017-0.450) 0.003 46.5 0.119 (0.036-0.391) < 0.001
(+) 41 (70.7) 95.2 88.3

Treatment
SRT 56 (54.9) 80.5 1.233 (0.562-2.704) 0.602 73.1 1.173 (0.585-2.351) 0.654
RT 46 (45.1) 68.7 63.1

RT dose 0.995 (0.943-1.050) 0.859 0.994 (0.948-1.042) 0.808
RT modality

3D CRT 29 (28.4) 62.1 0.304 (0.133-0.697) 0.005 51.7 0.369 (0.183-0.748) 0.006
IMRT 73 (71.6) 81.4 77.4

Chemotherapy
Not concurrent 39 (38.2) 74.3 0.750 (0.341-1.653) 0.476 69.6 0.882 (0.439-1.772) 0.725
Concurrent 63 (61.8) 76.3 68.2

Table 2. Univariate analysis for OS and DFS

OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative
Oncology Group performance status; SRT, surgery followed by radiotherapy; RT, definitive radiotherapy; RT dose, radio-
therapy dose; RT modality, radiotherapy modality; 3D CRT, 3-dimensional conformal radiotherapy; IMRT, intensity-mod-
ulated radiotherapy.
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another died of bleeding after salvage surgery (survival after
recurrence, 3 months).

5. Toxicities and functional outcomes

The complications requiring surgical intervention are 
described in Table 5. Wound dehiscence, bleeding, infection,

No. of
OS DFS

Variable patients (%) 5-Year HR  p-value 5-Year HR p-value(%) (95% CI) (%) (95% CI)
Performance status

ECOG PS 0-1 53 (91.4) 91.2 6.465 (0.346-120.758) 0.211 82.3 2.507 (0.401-15.666) 0.326
ECOG PS 2 5 (8.6) 37.5 26.7

T stage
T1-T2 34 (58.6) 92.3 0.785 (0.129-4.780) 0.793 82.3 1.146 (0.313-4.202) 0.837
T3-T4a/b 24 (41.4) 79.5 69.5

p16
(–) 17 (29.3) 60.7 0.145 (0.025-0.853) 0.033 46.5 0.164 (0.045-0.598) 0.006
(+) 41 (70.7) 95.2 88.3

RT modality
3D CRT 11 (19.0) 81.8 0.237 (0.022-2.505) 0.231 72.7 0.489 (0.116-2.057) 0.326
IMRT 47 (81.0) 85.6 78.2

Table 3. Multivariate analysis for OS and DFS

OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative
Oncology Group performance status; RT modality, radiotherapy modality; 3D CRT, 3-dimensional conformal radiotherapy;
IMRT, intensity-modulated radiotherapy.
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Fig. 2.  Comparison of 5-year overall survival (A) and disease-free survival (B) between the definitive definitive radiotherapy
(RT) and surgery followed by radiotherapy (SRT) groups.
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and flap necrosis were among the immediate complications,
whereas wound fistula, pharyngeal stenosis, and scar con-
tracture were considered delayed complications. The wound
complications were more frequent in the SRT group than in
the RT group (25% vs. 2.2%, p=0.001).

Table 6 shows the acute and late toxicities in accordance
with CTCAE ver. 4.0. There was no significant difference in
the rates of overall  grade 3 acute toxicities between treat-
ment groups (28.6% vs. 37%, p=0.271), while  grade 3 late
toxicities were more frequently observed in the SRT group
(20% vs. 2.2%, p=0.006). Functional defects (defined as late

grade  3 dysphagia or voice alteration) were more fre-
quently reported in the SRT group than in the RT group
(16.1% vs. 2.2%, p=0.021).

In surgery group, patients were sub-classified to open sur-
gery group and TORS group. The complications requiring
surgical intervention more frequently occurred in open sur-
gery group than TORS group. Similarly, open surgery group
reported more severe treatment-related late toxicities and
functional defect compared to TORS group. When compar-
ing the function of TORS group with that of RT group, only
one patient (5%) reported severe dysfunction and no signif-

Variable Total SRT (n=56)                              RT p-valuea)
(n=102) Total (n=56) Open (n=36) TORS (n=20) (n=46)

Wound infection 1 (1.0) 1 (1.8) 1 (2.8) 0 ( 0 ( 0.001
Wound dehiscence 5 (4.9) 4 (7.1) 2 (5.6) 2 (10.0) 1 (2.2)
Wound bleeding 4 (3.9) 4 (7.1) 3 (8.3) 1 (5.0) 0 (
Wound fistula 2 (2.0) 2 (3.6) 2 (5.6) 0 ( 0 (
Pharyngeal stenosis 1 (1.0) 1 (1.8) 1 (2.8) 0 ( 0 (
Flap necrosis 5 (4.9) 5 (8.9) 5 (13.9) 0 ( 0 (
Scar contracture 3 (2.9) 3 (5.4) 3 (8.3) 0 ( 0 (

Table 5. Complications requiring surgical intervention

Values are presented as number (%). SRT, surgery followed by radiotherapy; RT, definitive radiotherapy; Open, open surgery
group; TORS, trans-oral robotic surgery group. a)p-value was calculated between SRT group and RT group. 

Toxicity Grade Total SRT (n=56)                              RT p-valuea)
(n=102) Total (n=56) Open (n=36) TORS (n=20) (n=46)

Acute
Skin G3 8 (7.8) 1 (1.8) 0 ( 1 (5.0) 7 (15.2) 0.271
Mucositis G3 21 (20.6) 8 (14.3) 3 (8.3) 5 (25.0) 13 (28.3)
Fatigue G3 1 (1.0) 0 ( 0 ( 0 ( 1 (2.2)
Voice alteration G3 1 (1.0) 1 (1.8) 1 (2.8) 0 ( 0 (

G4 5 (4.9) 5 (8.9) 5 (13.9) 0 ( 0 (
Dysphagia G3 4 (3.9) 4 (7.1) 2 (5.6) 2 (10.0) 0 (

Late
Xerostomia G3 1 (1.0) 1 (1.8) 1 (2.8) 0 ( 0 ( 0.006
Osteoradionecrosis G3 3 (2.9) 3 (5.4) 2 (5.6) 1 (5.0) 0 (
Dysphagia G3 3 (2.9) 3 (5.4) 3 (8.3) 0 ( 0 (
Voice alteration G3 5 (4.9) 4 (7.1) 3 (8.3) 1 (5.0) 1 (2.2)

G4 5 (4.9) 5 (8.9) 5 (13.9) 0 ( 0 (
Functional defect

Dysphagia  G3 3 (2.9) 3 (5.4) 3 (8.3) 0 ( 0 ( 0.250
Voice alteration  G3 10 (9.8) 9 (16.1) 8 (22.2) 1 (5.0) 1 (2.2) 0.021

Table 6. Toxicities and pharyngeal function after treatment 

Values are presented as number (%). SRT, surgery followed by radiotherapy; RT, definitive radiotherapy; Open, open surgery
group; TORS, trans-oral robotic surgery group; G, grade. a)p-value was calculated between SRT group and RT group.
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icant difference was noted compared to the RT group (TORS
group vs. RT group, 5% vs. 2.2%, p=0.517).

Discussion

BOT cancer is a relatively rare disease, with a reported age-
standardized incidence rate of 0.5/100,000 person-year in 
developed countries [8], though it is the second most com-
mon primary site in oropharyngeal cancer (OPC). The prog-
nosis of BOT cancer is worse than that of tonsillar cancer, the
most common OPC [9]. However, until now, most evidence
has been provided by studies of OPC, which include more
cases of primary tonsillar cancer than primary BOT cancer.
Several studies have reported treatment results only for BOT
cancer but did not directly compare treatment outcomes 
between surgery and RT. 

Historically, surgical treatment, which had been consid-
ered the preferred treatment, had the advantage of being able
to remove the tumor curatively; however, it reportedly
causes serious dysfunction and frequent loco-regional recur-
rence. Surgery alone is considered an appropriate treatment
for early-stage disease, but treatment outcomes for locally
advanced disease were not satisfactory [2,3]. To achieve both
tumor control and functional preservation, definitive RT was
considered as primary treatment. Several studies reported
favorable outcomes after definitive RT when compared to
the historical results of primary surgery [10-12]. However,
although offering better functional preservation, external
beam RT alone showed poor oncologic outcomes in locally
advanced stage disease [10,13]. Consequently, to improve
tumor control, several methods have been investigated, 
including the concurrent use of chemotherapy for radiosen-
sitization [14], altered daily fractionation with hyperfraction-
ation [15], interstitial brachytherapy, and external beam RT
boost [1,16].

Recently, minimally-invasive transoral endoscopic surgery
(TES) has made it possible to treat OPC with better functional
preservation than that of traditional open approaches.
Among TES approaches, transoral laser microsurgery
showed excellent oncological and functional outcome in
head and neck cancer [17]; a more recent technique, TORS
has demonstrated its feasibility for the removal of the tumors
in oropharyngeal region [18]. In addition, the dose confor-
mality of radiation therapy has improved and the introduc-
tion of IMRT has made it possible to deliver the higher doses
needed to control gross tumors while preserving unaffected
organs near the target.

Another remarkable finding in cancer biology was the 
report that human papillomavirus (HPV)positive OPC has

a quite different etiology and prognosis from those of HPV-
negative counterparts [19]. Although not yet fully explored,
HPV-associated tumors are suspected to be caused by E6 and
E7 viral oncoproteins that bind to and consequently inacti-
vate the p53 tumor suppressor gene and retinoblastoma pro-
tein (pRB), resulting in the malignant transformation of
HPV-infected cells. As a result, the biology of HPV-positive
tumors is distinct from that of HPV-negative tumors, featur-
ing p16 up-regulation due to reduced negative feedback
from the pRB pathway [20-22]. The better prognosis of HPV-
positive tumors was noted after treatment including RT as
well as surgery [23,24]. A possible explanation for the impro-
ved survival in HPV-positive tumors after RT might be the
functional TP53 presence in HPV-positive tumor, which
makes the tumor more susceptible to radiation-induced
apoptosis, in contrast to HPV-negative, tobacco-associated
tumors [25]. The functional preservation of the pharynx and
tongue is especially important for patients with HPV-posi-
tive OPCs who are expected to survive longer. However,
studies on the survival and functional outcomes of BOT can-
cer lack data on HPV infection status. In the current study,
multivariate analysis revealed that p16 expression status, in
other words, HPV infection status, was the only independent
factor for survival.

This study compared the treatment and functional out-
comes of patients treated with definitive RT or surgery fol-
lowed by adjuvant RT with modern techniques in the same
institution. In addition, the HPV infection status was 
reported in more than half of the patients. A comparison 
between the two treatment groups showed that the patient
and treatment characteristics did not differ significantly 
except for the proportion of locally advanced disease, the
proportion of patients with poor performance status, the pro-
portion of men, and the use of chemotherapy, which were
higher in the RT group. The higher proportion of advanced
disease and poor performance status in the RT group could
be explained by the fact that curative resection is not feasible
for these patients; in these cases, definitive RT might be pre-
ferred. The addition of concurrent chemotherapy to RT was
proven to be superior to RT alone in the early 2000s [26,27];
we have used concurrent chemotherapy routinely during 
definitive RT with some exception (e.g., old age, medical con-
dition, patient denial). However, the benefit of chemotherapy
during adjuvant RT is not clear except for cases with adverse
pathologic features [28,29]. Therefore, patients undergoing
surgery in our institution received chemotherapy only if 
adverse features were reported. When comparing the treat-
ment outcomes of the two groups, there was no statistically
significant difference in OS or DFS. In addition, subgroup
analysis of patients with T3-4 and HPV-positive disease did
not reveal any significant differences between the two treat-
ment groups. These results suggest the possibility that RT
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could be considered as the preferred treatment for patients
with locally advanced stage disease expected to have severe
morbidity after surgery and for patients with HPV-positive
disease expected to have a favorable prognosis regardless of
treatment modality. Regarding toxicities and functional out-
comes, late toxicities above grade 3 occurred more frequently
in the SRT group and voice alteration above grade 3 was also
frequently reported in the SRT group, which implies that bet-
ter functional preservation is expected by definitive RT com-
pared to surgery, even in more advanced disease. However,
when SRT group was sub-classified into open surgery group
and TORS group, the wound complications, late toxicities
were less frequently reported in TORS group than open sur-
gery group, and the functional outcomes of TORS group
were comparable to the RT group. Nevertheless, caution
should be exercised before deriving any conclusions based
on these findings, because only 20 patients underwent TORS
in our cohort; among them, 16 had T1-2 disease.

Several limitations should be taken into account, stemming
from the retrospective nature of this study. The major limi-
tation was the heterogeneous radiation doses and chemo-
therapy regimens. The radiation doses differed considerably
within both treatment groups (SRT group, 52-68.4 Gy; RT

group, 63-76 Gy). Additionally, the chemotherapy schedules
and regimen themselves were heterogeneous. In addition,
our study cohort was relatively small, as the incidence of pri-
mary BOT cancer is low.

Despite these limitations, in the absence of a randomized
controlled trial with large population of BOT cancer, this is
one of the largest single-institution studies to compare 
patients treated with primary surgery and definitive RT
treated contemporarily. The results of current study suggest
that definitive RT showed no significant differences in sur-
vival, with better function when compared to surgery fol-
lowed by postoperative RT, despite the fact that the pro-
portion of patients with locally advanced stage disease was
higher in the RT group. Definitive RT might be considered
as a preferred primary treatment option, especially for HPV-
positive patients who are expected to have a long-life 
expectancy or for those with locally advanced stage disease
in which surgical resection may result in severe defects.
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Safety Results and Analysis of Eribulin Efficacy according to Previous
Microtubules-Inhibitors Sensitivity in the French Prospective Expanded
Access Program for Heavily Pre-treated Metastatic Breast Cancer

Original Article

Purpose
Eribulin is approved for advanced breast cancers refractory to anthracyclines and taxanes.
Efficacy according to sensitivity to previous therapies has been poorly explored.

Materials and Methods
Safety data were collected prospectively and we retrospectively collected efficacy data from
the five French centres that participated in the Eribulin E7389-G000-398 expanded access
program. Our main objectives were exploration of safety and analysis of eribulin efficacy (pro-
gression-free survival [PFS] and overall survival [OS]) according to sensitivity to the last 
microtubule-inhibiting agent administered. 

Results
Median eribulin treatment duration was 3.3 months for the 250 patients included in this
prospective single-arm study. Two hundreds and thirty-nine patients (95.6%) experienced
an adverse event (AE) related to treatment including 129 (51.6%) with grade  3 AEs. The
most frequently observed toxicities were cytopenias (59.6% of included patients), gastro-
intestinal disorders (59.2%), and asthenia (56.4%). The most frequent grade 3-4 AE was
neutropenia (37.2% with 4.8% febrile neutropenia). Median PFS and OS were 4.6 and 11.8
months, respectively. Patients classified as responders to the last microtubule-inhibiting
therapy had a longer OS (hazard ratio [HR], 0.69; 95% confidence interval [CI], 0.51 to 0.94;
p=0.017), and tended to display a better PFS (HR, 0.78; 95% CI, 0.58 to 1.04; p=0.086).
OS improvement was still significant in multivariate analysis (adjusted HR, 0.53; 95% CI,
0.35 to 0.79; p=0.002).  

Conclusion
This work based on a prospective study suggests that identification of patients likely to be
more sensitive to eribulin could be based on their previous response to microtubules 
inhibitors.    

Key words
Metastatic breast cancer, Eribulin, Safety, Survival, 
Microtubule inhibition 
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Introduction

Breast cancer remains the most frequent female cancer
worldwide [1]. Even though most of early breast cancers can
be cured, metastatic disease is not suitable for curative treat-
ments [2]. However, therapies dedicated to metastatic breast
cancer (MBC) have been dramatically improved in the last
decade with the approval of human epidermal growth factor
receptor 2 (HER2) inhibitors [3-6], mammalian target of 
rapamycin inhibitors [7], CDK4/6 inhibitors [8-10], and new
chemotherapy agents [11]. One of these molecules, eribulin
mesylate (EM) is approved by the Food and Drug Adminis-
tration (FDA), the European Medicine Agency (EMA), and
Asian regulatory authorities [12] since the results of a ran-
domized phase III trial showing that EM improved overall
survival (OS) versus treatments of physician choice after 
anthracyclines and taxane failure [13]. Another trial compar-
ing EM to capecitabine in patients previously treated with
taxanes and anthracyclines failed to show superiority, even
though a trend in better progression-free survival (PFS) was
suggested in triple-negative (TN) and HER2-negative sub-
groups [14]. Pooled analysis of these two trials, including
1,644 patients with 946 treated by EM, has recently been pub-
lished and shows that OS (hazard ratio [HR], 0.85), PFS (HR,
0.87), and clinical benefit rate (30% vs. 27%), were all signif-
icantly improved with EM [15]. These results were similar to
data from  phase II trials [16-18], as prospective and retro-
spective cohorts [19,20]. 

EM is a synthetic analogue of the marine natural product
halichondrin B that inhibits microtubule dynamics. Its mech-
anism of action is different from other microtubules inhi-
bitors such as taxane and vinca alkaloids [21]. EM inhibits
microtubule polymerisation without affecting depolymeri-
sation, resulting in non-productive aggregates, leading to an
irreversible mitotic block at the G2-M phase, resulting in can-
cer cell apoptosis [22]. Little is known about EM efficacy 
according to previous response to microtubules inhibiting
agents. One can argue that tumours that have developed 
resistance to taxane and/or vinca alkaloids may be less sen-
sitive to EM. Only few data are available to confirm or inval-
idate this hypothesis. It has been described that EM did not
improve survival (median OS, 12.8 vs. 11.3 months; HR, 0.91;
95% confidence interval [CI], 0.78 to 1.06) for patients defined
as refractory to taxane (progression within 60 days after their
last taxane dose), whereas there was a 3.0 months difference
in favour of EM in patients not refractory to taxane (median
OS, 17.4 months vs. 14.4 months and HR, 0.81; 95% CI, 0.69
to 0.94) [23]. Similar results were found in a retrospective
multicentre study with time to progression improvement for
patients who achieved a clinical benefit with previous tax-
ane-based regimen (HR, 1.50; 95% CI, 1.07 to 2.11) [19]. How-

ever, these results do not take into account the delay between
taxane discontinuation and EM initiation, as well as vinorel-
bine use and microtubules inhibiting agents’ efficacy just 
before EM treatment.

Expanded access programs are usually initiated by a drug
company when it becomes clear from previous prospective
trials that a treatment can be given safely and that a clinical
benefit may be derived from it, while no alternative therapy
is available. In addition to providing drug access to patients
before official registration, it allows collecting efficacy and
safety data, from a perspective closer to real-world patients,
whereas those included in clinical trials are a more selected
subset, less frequently representative from patients treated
in routine practice.

We proposed to analyze the patients included in the
French prospective expanded access program to confirm EM
safety and to analyse efficacy data according to sensitivity to
the last microtubule-targeting agent received (docetaxel, 
paclitaxel, or vinorelbine). 

Materials and Methods

1. Study design

The E7389-G000-398 study (ClinicalTrials.gov Identifier:
NCT01240421) was conducted as an open-label, multicentre,
single-arm trial with EM for the treatment of heavily pre-
treated advanced breast cancer. Its primary objectives were
to provide EM to patients with MBC who had no other treat-
ment options in order to evaluate the safety profile of EM.
The completion of this study occurred in the five French sites
when EM was officially approved and available, i.e., in 2012.
The sponsor collected safety data prospectively. We will
present here these data as well as a retrospective analysis of
efficacy data.

2. Patients

Key inclusion criteria for the E7389-G000-398 expanded 
access program were female gender, aged 18 years or older,
prior treatment with anthracyclines, taxane, and capecitabine;
prior treatment with trastuzumab for patients with HER2-
positive MBC; Eastern Cooperative Oncology Group per-
formance status  2; adequate hematological, liver and renal
functions. Exclusions criteria were uncontrolled meningeal
carcinomatosis and/or brain or subdural metastases; pre-
existing neuropathy of grade > 2; history of congestive heart
failure, unstable angina, myocardial infarction within the
past 6 months and serious cardiac arrhythmia. 
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3. Study and evaluation procedures 

Treatment scheme, dose reductions, and safety assess-
ments were done according to protocol recommendations.
EM was administered at a dose of 1.4 mg/m2 as a 2- to 
5-minute intravenous bolus on days 1 and 8 of a 21-day cycle.
Two dose reductions were allowed (0.97 and 0.62 mg/m2)
and were done in accordance to the EMA recommendations.
Ancillary treatments were given as medically indicated. 
Radiotherapy was not allowed except for palliative treatment
for bone metastases.

Safety assessments consisted of recording all adverse
events (AEs) (according to National Cancer Institute Com-
mon Terminology Criteria for Adverse Events ver. 4.0) and
serious AEs, monitoring hematology and blood chemistry,
periodic measurement of vital signs, and physical examina-
tions. The safety population was defined as the group of sub-
jects who received at least a partial dose of EM.

Efficacy assessments were performed according to the
site's standard of care. In France, efficacy assessments were
performed every two cycles or if disease progression was
suspected. These assessments could have involved (com-
puted tomography, magnetic resonance imaging, and/or
metabolic assessments [Tc99m-bone scan or flurodeoxyglu-
cose positron emission tomography]). The same modalities
of assessment that were used as baseline were used for the 
response evaluation. Tumour response was assessed using
Response Evaluation Criteria In Solid Tumor (RECIST) 1.1
[24] in case of morphological assessment and Positron Emis-
sion Tomography Response Criteria in Solid Tumors (PER-
CIST) [25] in case of metabolic assessment. 

4. Analysis of efficacy data

The efficacy population was defined as the group of sub-
jects for whom at least one radiological assessment was avail-
able, even if they did not complete one cycle of treatment.
Best response rate and its 95% confidence limits were calcu-
lated, in all patients and in different subgroups. Complete
(CR) and partial responses (PR), as well as stable disease (SD)
and progressive disease were defined according to RECIST
1.1 or PERCIST criteria. Patients were described to have SD
as best response if SD was confirmed more than 3 months
after treatment initiation. Overall response rate (ORR) was
defined as the sum of CR and PR. Disease control rate (DCR)
was defined as the sum of ORR and SD. 

The efficacy analysis case report form included patient and
tumour characteristics, previous anti-cancer treatment his-
tory with a special focus on the last microtubule-inhibitor
treatment (best response and PFS). Only efficacy data related
to taxane-based regimen used in the metastatic setting were
used. Patients were classified as “responder” to the last 

microtubules-inhibiting agent if they presented an objective 
response or a SD for more than 3 months with the last 
microtubules inhibitors administered. If they had a disease
progression as best response or if they had disease stabiliza-
tion for a maximum of 3 months, they were classified as
"non-responder."

As response to the last microtubule-inhibiting treatment
could just be a surrogate of chemo-sensitivity and not a spe-
cific marker of microtubules inhibitors efficacy, and since
nearly all our patients had received capecitabine before EM
introduction, we also explored the relationship between
prior response to capecitabine and EM activity. Patients were
classified as responders or non-responders to capecitabine
using the same definition as used for characterizing sensitiv-
ity to the last microtubule-inhibiting therapy.

5. Statistical analysis

The number of subjects to be included in this expanded 
access program was undefined. Per protocol, no formal sta-
tistical analysis was required except simple summaries of
AEs and serious AEs data (defined according to Common
Terminology Criteria for Adverse Events  ver. 4.0 classifica-
tion). Descriptive statistics were used to summarise the fre-
quency, severity, duration, and relationship to treatment for
all AEs occurring after the initiation of treatment. Only AEs
related or probably related to treatment will be described
below. Categorical variables were described using counts
and frequencies, and quantitative variables were described
using medians and ranges. Patients’ characteristics were
compared according to their sensitivity to the latest previous
microtubule-inhibiting therapy using chi-square or Fisher
exact tests for qualitative variables and rank-Wilcoxon’s tests
for quantitative variables. Hazard ratios are provided with
their bilateral confidence interval and Wald’s test p-value for
significance. Follow-ups were estimated using the inverse
Kaplan-Meier method. OS was defined as the time from 
inclusion to death or last follow-up. PFS was defined as the
time from inclusion to progression or death, whatever 
occurred first. Patients lost to follow-up or without event
were censored at the date of last news. Survival curves were
estimated using the Kaplan-Meier method, and the median
OS and PFS were calculated with their 95% CIs. Both uni-
variate and multivariate analyzes were conducted using
Cox’s proportional hazard regression models including age
( 35 years vs. > 35 years), hormone receptor status, HER2
status, TN phenotype, presence of visceral metastases, and
response to the last microtubule inhibitor treatment (respon-
der vs. non-responder) as categorical explanatory variables.
The level of statistical significance was set at =0.05. Statisti-
cal analyses were carried out with the SAS software ver. 9.4
(SAS Institute Inc., Cary, NC). This ancillary study was per-
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formed according to the STROBE (STrengthening the Report-
ing of OBservational studies in Epidemiology) criteria (see
S1 Table) [26].

6. Ethical statement

Written informed consent was obtained from all patients
before inclusion in the expanded access program, and all pro-
cedures were done in accordance with Good Clinical Practice
standards, after approval of the responsible ethics committee
(AFSSAPS approval A100578-21), and the 2008 Helsinki Dec-
laration. Retrospective efficacy analyses were performed as
an ancillary analysis of the initial protocol after approval
from regulatory agencies (CNIL approval DR-2015-346, CC-
TIRS approval 14.576bis). A dedicated written informed con-
sent from living patients at time of retrospective data
collection. 

Results

1. Population description 

Two hundred and fifty patients were included from Octo-
ber 2009 to November 2012 (Table 1, Fig. 1). When focusing
on the latest previous microtubule-inhibiting treatment 
received, we observed that docetaxel, paclitaxel and vinorel-
bine were given to 33 (13.6%), 94 (38.7%), and 116 (47.7%) 
patients, respectively. 

2. Treatment administration and safety

Median EM duration was 3.29 months (range, 0.03 to 27.48
months). Prospective collection of AEs showed that 239 
patients (95.6%) experienced an AE related to treatment 
including 129 (51.6%) with grade  3 AEs and 33 (13.2%) with
serious AEs (Table 2). The most frequently observed AEs of
any grade related to treatment were cytopenias (59.6% of 
included patients), gastro-intestinal disorders (59.2%), asthe-
nia (56.4%), and nervous system disorders (48.4%). Most fre-
quent grade  3 AEs were neutropenia (37.2%), asthenia (8%),
and peripheral neuropathy (4.8%). Even though neutropenia
was frequent in this heavily pre-treated population, only 12
patients (4.8%) experienced grade 3-4 febrile neutropenia. 
Serious AEs led to EM dose reduction for six patients (2.4%
of the entire population), treatment interruption for 10 
patients (4%), and treatment discontinuation for three cases
(1.2%). No death related to treatment was reported during
study duration. 

Table 1. Clinical and pathological features

HER2, human epidermal growth factor receptor 2; SBR,
Scarff-Bloom-Richardson; AI, aromatase inhibitors; LNRH,
luteinizing hormone-releasing hormone.

No. (%) (n=250)
Clinical features at diagnosis

Age at diagnosis, median (range, yr) 45.4 (26.2-73.1)
Age at diagnosis  35 yr 33 (13.5)
Menopausal 35 (23.7)
Metastatic disease at diagnosis 34 (15.5)

Pathological features at diagnosis
Subtype

Ductal 183 (83.6)
Lobular 22 (10.1)
Others 14 (6.4)

Hormone receptor status 
Positive 179 (82.9)
Negative 37 (17.1)

HER2 status 
Positive 12 (7.2)
Negative 155 (92.8)

Triple-negative phenotype 28 (16.8)
SBR grade

1-2 126 (64.3)
3 70 (35.7)

Lymphovascular invasion 57 (65.5)
Clinicopathological features at inclusion

Age at inclusion, median (range, yr) 57.4 (31.7-83.6)
Visceral metastases 181 (72.4)
Hormone receptor status

Positive 110 (79.7)
Negative 28 (20.3)

HER2 status
Positive 11 (8.2)
Negative 124 (91.9)

Triple-negative phenotype 24 (18.8)
Prior therapies for advanced 
or metastatic disease
Anthracyclines 157 (63.3)
Taxane 195 (79.0)
Capecitabine 232 (93.9)
Vinorelbine 116 (47.7)
Endocrine therapy

AI 173 (70.3)
Tamoxifen 82 (33.5)
LHRH-agonist 37 (15.1) 
Others 108 (43.7)

Last microtubule-inhibiting therapy
Docetaxel 33 (13.6)
Paclitaxel 94 (38.7)
Vinorelbine 116 (47.7)
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3. Efficacy

Median follow-up was 46.1 months for the whole popula-
tion (range, 36.6 to 56.4). Median PFS and OS for the whole
cohort were 4.6 months (95% CI, 4.2 to 5.7) and 11.8 months

(95% CI, 10.7 to 13.2), respectively (Fig. 2). ORR was 17.8%,
64 patients (35.6%) had disease stabilization, and 84 (46.7%)
had disease progression or non-confirmed SD as best 
response (Table 3). DCR was 53.4%.

Fig. 1. CONSORT flow diagram. a)Safety data were prospectively collected, b)Efficacy data were retrospectively collected.

Heavily pretreated locally advanced or metastatic breast cancer cases (n=250)

Cases with eribulin efficacy data availableb) (n=246)

Cases with safety data available (n=250)a)

Cases included in the main efficacy analysis (n=205)

Cases with efficacy data related to the last 
microtubule inhibiting therapy received (n=205)

Patients without eribulin
  efficacy data available (n=4)

Patients without efficacy data available for 
  the last microtubule inhibitor received (n=41)

Table 2.  Most common adverse events (Common Terminology Criteria for Adverse Events ver. 4.0)
Adverse event All grades Grade 3-4
Hematological

Anemia 68 (27.2) 9 (3.6)
Leukopenia 39 (15.6) 10 (4.0)
Lymphopenia 30 (12.0) 11 (4.4)
Neutropenia 107 (42.8) 93 (37.2)
Febrile neutropenia 14 (5.6) 12 (4.8)

Non-hematological
Constipation 51 (20.4) 1 (0.4)
Diarrhoea 36 (14.4) 3 (1.2)
Nausea 62 (24.8) 3 (1.2)
Vomiting 26 (10.4) 1 (0.4)
Asthenia 141 (56.4) 20 (8.0)
Pyrexia 56 (22.4) 2 (0.8)
Myalgia 28 (11.2) 1 (0.4)
Peripheral neuropathy 58 (23.2) 12 (4.8)
Paresthesia 44 (17.6) 2 (0.8)
Alopecia 87 (34.8) 10 (4.0)
Gamma-glutamyltransferase increase 19 (7.6) 6 (2.4)

Values are presented as number (%). Only adverse events related to treatment and with an incidence  10% for all grades or
 2% for grade 3-4 are presented. 
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4. Analysis according to response to the latest previous 
microtubule-inhibiting therapy received 

Considering the definition detailed in the methods section,
more than half (n=108, 52.4%) of the cases were classified as
responders, versus 98 non-responders (47.6%) to the last 
microtubule-inhibiting therapy. There was no statistically
significant imbalance between these two groups concerning
usual clinicopathological features (Table 4). Treatments were
slightly different between the two groups in the metastatic

setting. More patients in the non-responders group had 
received taxanes whatever the treatment line (90.8% vs.
70.6%, p < 0.001), and less had received prior endocrine ther-
apy (68.4% vs. 81.5%, p=0.029). More cases classified as 
responders received taxanes as last microtubules inhibiting
therapy (p=0.010).

Median follow-up was similar between the two groups
(46.2 months for responders vs. 38.5 months for non-respon-
ders, p=0.55). DCR was higher for the responders group
(61.2% vs. 43.9%, p=0.020) (Table 3). Univariate analyses

Whole population Responder Non-responder p-value(n=206) (n=108) (n=98)
Response rate

Complete response 2 (1.1) 2 (2.0) 0 ( 0.086
Partial response 30 (16.7) 19 (19.4) 11 (13.4)
Stable disease 64 (35.6) 39 (39.8) 25 (30.5)
Progressive disease 84 (46.7) 38 (38.8) 46 (56.1)

Objective response rate 32 (17.8) 21 (21.4) 11 (13.4) 0.228
Disease control rate 96 (53.3) 60 (61.2) 36 (43.9) 0.020

Table 3. Response to eribulin according to RECIST 1.1 criteria, with a dichotomization on sensitivity to the latest previous
microtubule-targeting therapy

Values are presented as number (%). RECIST, Response Evaluation Criteria in Solid Tumor.
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Fig. 2.  Kaplan-Meier curves for the whole population (n=246). (A) Progression-free survival. (B) Overall survival. The efficacy
population was defined as the group of subjects for whom at least one radiological assessment was available, even if they
did not complete one cycle of treatment. One-year and 5-year progression-free survival  were 14% and 0%, respectively.
One-year overall survival  was 48% and 5-year overall survival was 5%. 
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showed that a TN phenotype (HR, 1.58; 95% CI, 1.02 to 2.43;
p=0.038) was the only parameter significantly associated to
PFS (Table 5). Response to the last microtubule-targeting
agent tended to be correlated to PFS (HR, 0.78; 95% CI, 0.58
to 1.04; p=0.086) (Fig. 3A). Four parameters were signifi-
cantly associated with OS: hormone receptor-positivity (HR,
0.65; 95% CI, 0.44 to 0.97; p=0.036), a TN phenotype (HR,
1.89; 95% CI, 1.20 to 2.97; p=0.006), presence of visceral
metastases (HR, 1.42; 95% CI, 1.04 to 1.94; p=0.028), and 
response to the last microtubule-targeting treatment (HR,
0.69; 95% CI, 0.51 to 0.94; p=0.017) (Table 6, Fig. 3B). Median
OS was 10.9 months for non-responders versus 12.3 months

for responders. Multivariate analysis of OS showed that only
a TN phenotype (adjusted HR, 2.71; 95% CI, 1.51 to 4.86; 
p < 0.001) and response to the latest previous microtubule-
inhibitor (adjusted HR, 0.53; 95% CI, 0.35 to 0.79; p=0.002)
were independent prognostic features (Table 6). OS Cox 
regression multivariate analysis assessing the interaction 
between response to prior microtubule-inhibiting therapy
and immu-nohistochemical subtypes showed that response
to the last microtubule inhibitor received was prognostic for
hormone receptor+/HER2– (n=98; HR, 0.62; 95% CI, 0.40 to
0.97; p=0.036) and TN cases (n=18; HR, 0.15; 95% CI, 0.05 to
0.48; p=0.001), but not for the few HER2+ tumours (n=8; HR,

Table 4.  Comparison of clinicopathological features according to response to the latest previous microtubule-inhibiting
therapy

Responder (n=108) Non-responder (n=98) p-value
Clinical feature at diagnosis

Age, median (range, yr) 43.1 (26.2-73.1) 47.3 (27.9-69.6) 0.053
Age  35 yr 17 (16.0) 10 (10.4) 0.241
Menopausal at diagnosis 16 (23.5) 16 (27.6) 0.602
Metastatic disease at diagnosis 15 (15.3) 11 (12.5) 0.263

Pathological feature 
Subtype

Ductal 78 (83.9) 73 (83.0) 0.868
Others 15 (16.1) 15 (17.0)

SBR grade
1-2 57 (67.9) 50 (61.0) 0.354
3 27 (32.1) 32 (39.0)

Hormone receptor status 
Positive 81 (87.1) 70 (80.5) 0.226
Negative 12 (12.9) 17 (19.5)

HER2 status 
Positive 8 (11.3) 2 (3.0) 0.099
Negative 64 (88.7) 64 (97.0)

Triple-negative phenotype 7 (9.9) 14 (21.2) 0.065
Clinicopathological feature at inclusion

Age at inclusion, median (range, yr) 57.0 (34.2-81.8) 58.3 (31.7-78.4) 0.511
Visceral metastases 75 (69.4) 75 (76.5) 0.254

Previous treatment for advanced/Metastatic disease
No. of lines of chemotherapy, median (min-max) 4 (1-9) 4 (1-13) 0.734
Anthracyclines 69 (64.5) 56 (57.1) 0.282
Capecitabine 105 (97.2) 89 (91.8) 0.083
Taxane 76 (70.6) 89 (90.8) < 0.001
Vinorelbine 44 (40.7) 60 (61.2) 0.005
Endocrine therapy 88 (81.5) 67 (68.4) 0.029
Last microtubules inhibiting therapy

Docetaxel 20 (18.5) 9 (9.2) 0.010
Paclitaxel 44 (40.7) 29 (29.6)
Vinorelbine 44 (40.7) 60 (61.2)

SBR, Scarff-Bloom-Richardson; HER2, human epidermal growth factor receptor 2.
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Table 5.  Univariate Cox regression analysis of progression-free survival
No. p-value Hazard ratio (95% CI)

Age at diagnosis (yr)
> 35 207 0.098 1 (
 35 33 1.37 (0.94-2.00)

Hormone receptor
Positive 175 0.069 0.70 (0.48-1.03)
Negative 37 1 (

HER2
Positive 12 0.344 1.37 (0.72-2.62)
Negative 153 1 (

Triple-negative phenotype
No 137 0.038 1 (
Yes 28 1.58 (1.02-2.43)

Pathological subtype
Ductal 180 0.981 1 (
Other 35 1.00 (0.68-1.45)

Visceral metastases at inclusion
Yes 177 0.703 1.06 (0.79-1.41)
No 69 1 (

Response to last prior microtubule-inhibiting therapy
Non-responder 99 0.086 1 (
Responder 107 0.78 (0.58-1.04)

CI, confidence interval.
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Fig. 3.  Kaplan-Meier curves according to response to the last microtubule-inhibiting agent. (A) Progression-free survival.
(B) Overall survival. The efficacy population was defined as the group of subjects for whom at least one radiological assess-
ment was available, even if they did not complete one cycle of treatment.
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0.94; 95% CI, 0.15 to 5.47; p=0.945).
Capecitabine efficacy data were available for 157 patients.

Out of them 54 (34.4%) were classified as non-responders
and 103 (65.6%) as responders to capecitabine. Median OS
after EM initiation was not significantly different between
these two groups (11.1 months; 95% CI, 8.64 to 13.37) for 
responders versus 11.9 months (95% CI, 9.56 to 17.38) for
non-responders (p=0.24).

Discussion

We present here the results from the French centres 
involved in the prospective expanded access program of EM
as treatment of refractory MBC. We show that efficacy and
safety profiles of the largest prospective “real-world” cohort
ever published are consistent with data from pivotal trials.
Moreover, we suggest for the first time that sensitivity to last
microtubule-targeting agents received can have an impact
on EM efficacy.

Prospective safety analysis of 250 heavily pre-treated MBC
patients showed that the most frequent AE of any grade was
asthenia (56.4%), and that the most frequent high grade AE
was neutropenia (37.2%). The pooled analysis of the 
EMBRACE and 301 trials and another “real-world” Belgian
prospective cohort showed similar results (45.5% and 73.8%
for asthenia of any grade; 35.7% and 37.2% for grade 3-4 neu-
tropenia) [15,20]. Even though this hematological toxicity is
frequent under EM, febrile neutropenia is much less common
in all published prospective cohorts, with a 3.4% to 9.2% rate.
Our safety results are thus consistent with previously pub-
lished prospective studies. Survival data (for both PFS and
OS) are also in accordance to published data [13,14,17,20]. 

Concerning EM efficacy, median OS was slightly shorter
in our cohort than for the eribulin arm of the EMBRACE trial
(11.8 months vs. 13.1 months). This can be explained by the
lower rate of HER2-positive tumours (7.3% vs. 16%) and
higher rate of capecitabine pre-treated patients (93.9% vs.
73%) in our cohort. Moreover, only 20% of patients had 
received more than four lines of treatment before inclusion
in the EMBRACE trial versus 37% in our set. This could have
allowed administration of more treatment lines after eribulin

Univariate analysis                      Multivariate analysis (n=124)
No.

p-value Hazard ratio (95% CI) p-value Hazard ratio (95% CI)
Age at diagnosis (yr) 0.679 0.915 0.97 (0.57-1.66)

> 35 207 1 (
 35 33 0.92 (0.62-1.36)

Hormone receptor 0.036 -
Positive 175 0.65 (0.44-0.97)
Negative 37 1 (

HER2 0.972 0.736 1.17 (0.46-2.98)
Positive 12 1.01 (0.47-2.18)
Negative 153 1 (

Triple-negative phenotype 0.006 < 0.001 2.71 (1.51-4.86)
No 137 1 (
Yes 28 1.89 (1.20-2.97)

Pathological subtype 0.389 0.765 0.90 (0.45-1.79)
Ductal 180 1 (
Other 35 0.84 (0.55-1.26)

Visceral metastases at inclusion 0.028 0.054 1.62 (0.99-2.65)
Yes 177 1.42 (1.04-1.94)
No 69 1 (

Response to last prior 0.017 0.002 0.53 (0.35-0.79)
microtubule-inhibiting therapy
Non-responder 98 1 (
Responder 107 0.69 (0.51-0.94)

Table 6. Cox regression analysis of overall survival

CI, confidence interval.
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failure, leading to OS prolongation. It is worth noting that
details concerning post-progression therapies were available
neither for our cohort nor for the EMBRACE trial. The key
point of our work is that patients classified as responder to
the last microtubules inhibiting agents display higher rates
of disease control (61.2% vs. 43.9%), a 31% reduction of death
risk, and tend to have a longer PFS (HR, 0.78; 95% CI, 0.58 to
1.04). The significant overall survival gain associated to the
responder status was confirmed to be independent from
other clinicopathological features in multivariate analysis, 
including TN status. In the EMBRACE study, even though
there was no imbalance according to taxane resistance with
more than 80% of taxane refractory patients in both study
arms (as defined as a progression on or within 6 months of
receiving treatment), efficacy data were not available accord-
ing to taxane sensitivity. The pooled analysis of phase III
studies showed that OS was not improved with EM (HR,
0.91; 95% CI, 0.78 to 1.06) for refractory patients, whereas 
patients not refractory to taxanes had a 3.0 months absolute
gain (HR, 0.81; 95% CI, 0.69 to 0.94) [23]. The retrospective
ERIBEX study showed similar results with time to progres-
sion [19]. Analysis of the Belgian expanded access program
showed no difference between patients who responded to
previous vinorelbine treatment (13% vs. 15%) and did not
specified data related to the response to the last microtubule-
inhibiting agent used. No data correlated to previous tax-
anes-based therapy was available in the E-301 study. An
important result of our work is that we do not observe such
positive results when looking at the relationship between
capecitabine efficacy and EM activity. Overall survival under
EM was similar between patients classified as responders to
capecitabine and patients classified as non-responders 
(median OS of 11.1 vs. 11.9 months, p=0.24), suggesting that,
contrary to what we observed for microtubules inhibiting
treatment, sensitivity to capecitabine was not a predictive
marker of survival after EM initiation. Our results suggest
that EM efficacy may be correlated to sensitivity to therapies
targeting microtubules and not cytotoxic treatments taken as
a whole. Efficacy of the previous line of chemotherapy 
administered is not the only feature modulating EM activity
[27]. The mechanism of action of the previous cytotoxic
agents may also have an impact on this activity, suggesting
that microtubule should be viewed as a specific biological
target, and that there may be a cross-resistance between 
microtubule-inhibiting agents. However, this was not 
observed with vinorelbine for taxanes refractory patients. In
a prospective single-arm study, some patients refractory to
taxanes had been described to be able to respond to vinorel-
bine [28]. On a more general perspective, our data are in
favour of considering cytotoxic chemotherapies as authentic
targeted therapies, with specific determinants of sensitivity
which remain to be identified in order to spare patients from

inactive and potentially toxic treatment. 
This descriptive analysis presents some limits. First, 

despite that the expanded access program was a prospective
study; the current efficacy analysis is based on retrospective
data possibly leading to data collection bias. For example, we
could not collect data concerning therapies received after
progression under eribulin, which would have been of inter-
est to explain why there was only a trend for PFS improve-
ment for the responder subset but a significant OS gain.
Second, to confirm the fact that EM efficacy could be linked
to previous sensitivity to taxanes and vinca alkaloids and not
just with a less bad prognosis, efficacy of other cytotoxic or
cytostatic agents than capecitabine should be analyzed. Nev-
ertheless, this correlation is very unlikely to be performed in
the next years because of current EM labels for MBC. Third,
the limited sample size precluded to evaluate a putative dif-
ferential prognostic impact of taxanes versus vinorelbine sen-
sitivity. Indeed, even though EM displays a unique mecha-
nism of action, it binds to the same vinca binding domain on
tubulin as vinorelbine and it could be hypothesized more
similar determinants of sensitivity than with taxanes, which
bind on a different site located on the inner surface of micro-
tubules. The limited sample size may have also led to under-
estimation of response rate and PFS improvements for the
responder subgroup. Although this program was not 
designed to formally assess eribulin activity after micro-
tubules targeting agents, the data about survival are of inter-
est. Published randomized trials indeed did not prospec-
tively collect data related to response to prior treatments and
post progression therapies; and the probability that such trial
will be launched in the next years is quite weak. Our cohort
containing more than 200 patients gives important insights
for this refractory population, and possibly allow the identi-
fication of EM refractory cases, thereby decreasing costs and
specific toxicities associated to this molecule [29]. 

In conclusion, in this national multicentre expanded access
program enrolling 250 poorly selected refractory MBC 
patients, safety and efficacy are very similar to phase III tri-
als. For the first time, we suggest that sensitivity to micro-
tubule-targeting agents used for MBC just before eribulin
introduction could be a surrogate marker of eribulin efficacy,
and confirm previous cell line and clinical data hypothesiz-
ing that microtubule could be a specific therapeutic target.
Further prospective data are required to confirm that 
response to previous microtubule inhibitors has a predictive
value specific to eribulin efficacy.

Electronic Supplementary Material  

Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).
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Prognoses and Clinical Outcomes of Primary and Recurrent Uveal
Melanoma
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Purpose
Uveal melanoma has a very poor prognosis despite successful local primary tumor treat-
ment. In this study, we investigated prognostic factors that more accurately reflected the
likelihood of recurrence and survival and delineated a prognostic model that could effectively
identify different risk groups based on initial clinical parameters. 

Materials and Methods
Prognostic factors associated with distant recurrence, recurrence-free survival (RFS), pro-
gression-free survival, and overall survival from distant recurrence to death (OS2) were 
analyzed in 226 patients with stage I-III uveal melanoma who underwent primary local ther-
apy. 

Results
Forty-nine patients (21.7%) had distant recurrences, which occurred most frequently in the
liver (87.7%). In a multivariate analysis, local radiotherapy improved RFS among patients
with multiple recurrence risk factors relative to excision (not reached vs. 19.0 months,
p=0.004). Patients with BRCA1-associated protein-1 (BAP1)negative primary tumors
showed a longer RFS duration after primary treatments, while those with BAP1-negative
metastatic tissues had a  shorter OS2 compared to those with BAP1-positive tumors, both
not statistically insignificance (RFS: not reached vs. 82.0 months, p=0.258; OS2: 15.7 vs.
24.4 months, p=0.216). Male sex (hazard ratio [HR], 3.79; p=0.012), a short RFS (HR, 4.89;
p=0.014), and a largest metastatic tumor linear diameter  45 mm (HR, 5.48; p=0.017)
were found to correlate with worse post-recurrence survival. 

Conclusion
Risk factors could be used to classify uveal melanoma cases and subsequently direct indi-
vidual treatment strategies. Furthermore, metastasectomy appears to contribute to 
improved survival outcomes. 
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Introduction

Uveal melanoma, the most common primary intraocular
cancer, has a very poor prognosis, with reported median
overall survival durations of 4-15 months [1-3]. Uveal
melanoma is usually asymptomatic and is often diagnosed
incidentally during routine ophthalmic examinations. 
Accordingly, appropriate treatment is often delayed. 
Although primary uveal melanomas are often successfully
eradicated, nearly 50% of patients develop systemic metasta-
tic disease [2], which almost always involves the liver (89%)
[3]. Metastases of uveal melanoma are rarely detectable at
the time of the first local ocular treatment, and recent studies
have shown that patients undergo routine liver ultrasonog-
raphy screening to detect metastatic sites [4]. However, no
standard screening protocol for uveal metastases currently
exists, and ultrasonography alone often fails to detect hepatic
sites.

Chemotherapeutic agents such as dacarbazine or gemc-
itabine/treosulfan are often administered to patients in
whom recurrent uveal melanoma has been detected, 
although limited evidence supports the use of these regi-
mens. Specifically, these patients rarely exhibit clinical 
responses, and therefore the efficacy of systemic chemother-
apy is questionable [1]. Currently, the immunotherapeutic
agents nivolumab and pembrolizumab, which are fully
human monoclonal antibodies specific for the programmed
cell death protein 1 (PD-1) receptor, have been approved in
the United States for the treatment of advanced melanoma.
However, PD-1 inhibitors have not been demonstrated to 
improve the survival of patients with uveal melanoma, and
previous studies reported a median progression-free survival
(PFS) and overall response rate of only 3 months and 3.6%,
respectively [5,6].  

Several groups have studied the prognostic factors of uveal
melanoma. For example, Harbour et al.  [7] reported an 
inactivating somatic mutation of BAP1, the gene encoding
BRCA-associated protein 1 (BAP1), in predominantly meta-
static uveal melanomas. This mutation was later found to
correlate strongly with the risk of metastasis [8]. Another
study demonstrated associations of ciliary body involve-
ment, the largest tumor diameter, and extraocular extension
with a significantly poor prognosis in patients with uveal
melanoma [9].

In the present retrospective study, we identified prognostic
predictors of distant recurrence and survival after recurrence
in 226 patients with uveal melanoma who received primary
local therapy at our hospital between 1990 and 2015. We
aimed to study the time interval between the diagnoses of
primary and recurrent uveal melanoma and the efficacies of
systemic therapies after recurrence. We also delineated a

prognostic model that could effectively identify different risk
groups based on initial clinical parameters.  

Materials and Methods

1. Patients and data collection

We retrospectively reviewed the medical records of 226
patients who were diagnosed with stage I-III uveal mela-
noma between January 1990 and December 2015 at the 
Department of Ophthalmology, Yonsei University College
of Medicine and the Yonsei Cancer Center. The inclusion cri-
teria were as follows: (1) a diagnosis of uveal melanoma, (2)
treatment with local resection or radiotherapy at the time of
diagnosis, (3) no distant metastases at the time of diagnosis,
and (4) available clinical data at the time of treatment. 

We collected baseline clinical variables, including age, sex,
and co-morbidities, and tumor data, including location, size,
initial stage, and histology. Histologic classification of the
primary uveal melanoma was performed through the enu-
cleation report, local excision or ciliary body excision. The
largest basal diameter (LBD) and depth of each tumor were
measured using B-scan ultrasonography (Ellex, Adelaide,
SA, Australia). Tumor staging was based principally on the
Guideline for Uveal Melanoma from the American Joint
Committee on Cancer (AJCC) Cancer Staging Manual, sev-
enth edition [10].  

2. Treatment 

Local radiotherapy was performed as described in previ-
ous studies [11,12]. Brachytherapy with 106Ru plaques (Eck-
ert & Ziegler BEBIG, Berlin, Germany) was primarily per-
formed as an eye-sparing treatment. The range of target 
radiation doses to the tumor apex was 85-100 Gy. Some 
patients also received adjuvant trans-pupillary thermother-
apy (TTT) using a diode laser with a slit-lamp delivery sys-
tem at 3-month intervals, based on therapeutic responses.
The exposure duration was 1 minute per spot, and the laser
power was adjusted until the tumor surface became gray-
to-white within 1 minute.

Primary enucleation was performed for large tumors. 
Patients who strongly refused enucleation underwent
brachytherapy. A surgical biopsy was performed when his-
tologic confirmation was required. External sclerouvectomy
was generally performed for ciliary body melanoma and 
anterior choroidal melanoma; endoresection via trans pars
plana vitrectomy (TPPV) was performed for posterior
choroidal melanoma [13-15].
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Characteristic Total No recurrence Recurrence p-valuea)
(n=226) (n=177) (n=49)

Age, median (range, yr) 53.0 (18-71) 54.0 (18-71) 50.0 (19-61) 0.232
Sex

Male 109 (48.2) 84 (46.2) 28 (53.8) 0.158
Female 117 (51.8) 98 (53.8) 24 (46.2)

Location
Choroid 220 (97.3) 173 (97.7) 47 (95.9) 0.613
Ciliary body 6 (2.7) 4 (2.3) 2 (4.1)

Histology (n=99)
Epithelioid 43 (43.4) 33 (53.2) 10 (27.0) 0.024
Spindle 18 (18.2) 11 (17.7) 7 (18.9)
Mixed 38 (38.4) 18 (29.0) 20 (54.1)

Size, median (range, mm)
Largest basal diameter 10.2 (1.10-30.9) 10.0 (1.1-21.0) 12.0 (4.0-32.0) 0.001
Depth 6.2 (1.10-757.9) 6.0 (1.10-757.0) 7.75 (1.5-18.0) 0.539

Stage (n=104)
I 26 (25.0) 25 (32.5) 1 (3.7) 0.004
II 66 (63.5) 45 (58.4) 21 (77.8)
III 12 (11.5) 7 (9.1) 5 (18.5)

Local treatment
RTxb) 160 (70.8) 136 (76.8) 24 (49.0) < 0.001
Excisionc) 66 (29.2) 41 (23.2) 25 (51.0)

Co-morbidity
None 139 (61.5) 107 (60.5) 32 (65.3) 0.772
Cardiovascular disease 7 (3.1) 6 (3.4) 1 (2.0)
HTN 56 (24.8) 45 (25.4) 11 (22.4)
DM 22 (9.7) 18 (10.2) 4 (8.2)
HBV carrier 7 (3.1) 5 (2.8) 2 (4.1)
Othersd) 17 (7.5) 14 (7.9) 3 (6.1)

BAP1 expression (IHC) > 5%
Primary tumor tissue (n=69)

No 13 (18.8) 10 (22.7) 3 (12.0) 0.349
Yes 56 (81.2) 34 (77.3) 22 (88.0)

Metastasis tumor tissue (n=20)
No - - 7 (35.0) 0.354
Yes - - 13 (65.0)

Recurrence site
Liver - - 43 (87.7) < 0.001
Bone - - 11 (22.4)
Lung - - 3 (6.1)
Otherse) - - 6 (12.2)

First systemic treatment after recurrence
Chemotherapyf) - - 35 (71.4) -
Immunotherapyg) - - 4 (8.2)
Radiotherapyh) - - 3 (6.1)
TACE, RFA on liver metastasis - - 4 (8.2)
Metastatectomyi) - - 7 (14.3)
Observation - - 8 (16.3)

Table 1. Baseline characteristics of primary and metastatic uveal melanoma

(Continued to the next page)
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Forty-nine patients who developed distant recurrences fol-
lowing initial local treatment underwent metastasectomy
and/or palliative first-line systemic treatments comprising
chemotherapies and immunotherapies.

3. Immunohistochemistry

Tumor immunohistochemistry (IHC) was performed
using a Ventana XT automated staining system (Ventana
Medical Systems, Tucson, AZ) according to the manufac-
turer’s protocol in the 69 primary and 20 metastatic uveal
melanoma tissues. Four-micron-thick sections were immu-
nostained with primary antibodies specific for BAP1 (1:50,
C-4, mouse monoclonal, Santa Cruz Biotechnology, Dallas,
TX), which yielded a nuclear staining pattern. BAP1 expres-
sion was determined according to the percentage of BAP1-
positive cells among all melanoma cells. Samples with a
BAP1-positive cell frequency of < 5% were considered to
have lost BAP1 expression.

4. Statistical analysis

For the analysis, datasets were classified as “before” or
“after” distant recurrence. Before recurrence, we reviewed
the primary tumor characteristics and local treatment effica-
cies. Recurrence-free survival (RFS) was defined as the time
from the initial diagnosis of uveal melanoma to the time of
distant recurrence. After recurrence, we reviewed medical
records concerning recurrence patterns and the efficacies of
systemic palliative treatment and surgery. The disease con-
trol rate (DCR) was defined as the proportion of patients who
achieved a complete response, confirmed partial response,
or stable disease per the Response Evaluation Criteria in

Solid Tumors (RECIST) ver. 1.1. PFS was defined as the time
interval from the initiation of first-line systemic therapies to
the date of documented disease progression or death from
any cause. OS1 was measured from the date of initial diag-
nosis with uveal melanoma to the date of death from any
cause, and OS2 was measured from the date of distant recur-
rence to the date of death from any cause.

The primary endpoint of the study, OS2, was calculated
using the Kaplan-Meier product-limit method, and survival
rates were compared statistically using the log-rank test and
generalized Wilcoxon test. All univariate analyses included
the following factors: age, sex, histology, size, tumor stage
and location, distant metastasis pattern, and treatment
modality. The multivariate analysis was performed using
stepwise Cox proportional hazards regression modeling. 
p-values of < 0.05 were considered statistically significant,
and all p-values corresponded to two-sided significance
tests. Data were analyzed using SPSS software ver. 23.0 (IBM
Corp., Armonk, NY). 

5. Ethical statement

This study was reviewed and approved by the Institu-
tional Review Board of Yonsei Cancer Center (IRB 4-2016-
0300). Our institutional review board approved this retro-
spective study and waived the requirement to obtain 
informed consent. 

Characteristic Total No recurrence Recurrence p-valuea)
(n=226) (n=177) (n=49)

Largest linear dimension of largest metastatic tumor (n=51), - - 25.0 (4-94) -
median (range, mm)

Table 1. Continued

Values are presented as number (%) unless otherwise indicated. RTx, radiotherapy; HTN, hypertension; DM, diabetes mellitus;
HBV, hepatitis B virus; BAP1, BRCA1-associated protein-1; IHC, immunohistochemistry; TACE, transarterial chemoemboliza-
tion; RFA, radiofrequency ablation. a)Comparison betTeen patients with experience of recurrence or not, b)Includes brachyther-
apy, gamma-knife radiotherapy, and transpupillary thermotherapy, c)Includes enucleation, excision, exentration, and trans
pars plana vitrectomy, d)Includes benign prostate hyperplasia, old TBc, other malignancy, and thyroid disease, e)Includes nasal
cavity, breast, spleen, brain, and adrenal gland metastasis, f)Includes dacarbazine, cisplatin, topotecan, dacarbazine+
cisplatin+vincristine, and 5-fluorouracil+carboplatin, g)includes ipilimumab and interferon, h)Includes radiotherapy to the
nasal cavity, spine, adrenal gland, and brain, i)Includes splenectomy, liver wedge resection, adrenalectomy, lung lobectomy,
skull craniectomy, and maxillectomy.

VOLUME 50 NUMBER 4 OCTOBER 2018  1241

Jee Hung Kim, Prognoses and Outcomes of Uveal Melanoma



Results

1. Baseline characteristics of patients with primary and
metastatic uveal melanoma 

The baseline characteristics of 226 patients are provided in
Table 1. The median age was 53.0 years (range, 18 to 71

years), and 109 patients (48.2%) were male. The most com-
mon primary tumor location was the choroid (n=220, 97.3%),
and the most common histologic types were epithelioid
(n=43, 43.4%) and mixed cell (n=38, 38.4%). The median
tumor thickness was 6.2 mm (range, 1.10 to 757.9), and the
median LBD was 10.2 mm (range, 1.1 to 30.9). According to
the AJCC seventh edition prognostic staging definitions, 26
(25.0%), 66 (63.5%), and 12 (11.5%) patients had stage I, II,

Fig. 1.  Immunohistochemistry (IHC) analysis of primary uveal melanomas without (A) and with BRCA1 associated pro-
tein-1 (BAP1) expression (B) (400). Analysis of recurrence-free survival (RFS, defined as the time from uveal melanoma 
diagnosis to recurrence) according to BAP1 expression (C). Analysis of overall survival from distant recurrence to death
(OS2) according to BAP1 expression in metastatic tissues (D). CI, confidence interval; N/A, not available.
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and III disease, respectively. An IHC analysis identified 56
BAP1-positive samples (81.2%) among 69 available primary
tumor tissues. 

Forty-nine patients (21.6%) with primary uveal melanoma
developed distant recurrences after local treatment. The
baseline characteristics of these patients are also provided in
Table 1. The most common location and histologic type of
these recurrent uveal melanomas were choroid (n=47, 95.9%)
and mixed cell (n=20, 54.1%), respectively. The most com-
mon site of distant recurrence was the liver (n=43, 87.7%),
followed by the bone (n=11, 22.4%) and lung (n=3, 12.2%). 

2. Treatment outcomes for primary and metastatic uveal
melanoma

Following a diagnosis of primary uveal melanoma, 160 
patients (70.8%) were treated with local radiotherapy, includ-
ing 106Ru brachytherapy combined with TTT and gamma-
knife radiotherapy; 66 patients (29.2%) underwent excision,
including primary enucleation, local resection, and TPPV. An

analysis of RFS and OS1 according to treatment modality 
revealed a significantly longer in local radiotherapy than in
excision (not reached vs. 82.0 months: 95% confidence inter-
vals [CI], not available [N/A] vs. 43.8-120.2; p < 0.001; not
reached vs. 79.5 months: 95% CI, N/A vs. 33.0-126.0; 
p < 0.001). 

Forty-nine patients with distant recurrences of uveal
melanoma underwent metastasectomy (n=7, 14.3%), transar-
terial chemoembolization (TACE) or radiofrequency ablation
(RFA) (n=4, 8.2%), local radiotherapy (n=3, 6.1%), or pallia-
tive systemic treatments, including chemotherapy and 
immunotherapy (n=27, 55.1%). Twelve patients who under-
went metastasectomy, TACE/RFA, or radiotherapy subse-
quently received first-line palliative systemic treatment 
(S1 Fig.). The first-line systemic chemotherapy regimens 
included dacarbazine (n=27, 77.1%), platinum-based agents
(n=7, 20.0%), and topotecan (n=1, 2.9%). The first-line 
immunotherapies included interferon (n=1, 2.9%) and ipili-
mumab (n=3, 8.6%). Patients received a mean of 2.94 lines of
palliative systemic treatment.  

Characteristic No. Median RFS p-value
Univariate analysis Multivariate analysis

(95% CI, mo) HR 95% CI p-value HR 95% CI p-value
Age, median (range, yr)

< 30 17 163.0 (N/A) 0.929 1
30-60 141 Not reached 0.83 0.324-2.140 0.703 - - -
> 60 68 Not reached 0.85 0.293-2.467 0.765 - - -

Sex
Male 109 Not reached 0.062 1.71 0.965-3.043 0.066 - - -
Female 117 163.0 (N/A) 1

Location
Choroid 220 163.0 (N/A) 0.452 1
Ciliary body 6 88.0 (N/A) 1.71 0.414-7.048 0.459 - - -

Size
Largest basal diameter (mm) 
(n=223)
< 15 201 163.0 (N/A) < 0.001 1 1
 15 22 25.0 (0.00-61.18) 4.73 2.326-9.598 < 0.001 2.75 1.092-6.904 0.032

Depth (mm) (n=224)
< 10 193 163.0 (N/A) < 0.001 1 1
 10 31 54.0 (N/A) 3.37 1.804-6.308 < 0.001 3.07 1.266-7.468 0.013

Stage (n=104)
I 26 Not reached 0.012 1
II 66 82.0 (48.40-115.60) 8.44 1.134-62.787 0.037 - - -
III 12 25.0 (N/A) 15.04 1.752-129.043 0.013 - - -

Total 226 163.0 (N/A)

Table 2. Univariate and multivariate analyses of risk factors affecting the recurrence of primary uveal melanoma

RFS, recurrence-free survival (time from the initial diagnosis of uveal melanoma to distant recurrence); CI, confidence inter-
val; HR, hazard ratio; N/A, not available.
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Among patients with distant recurrences of uveal mela-
noma, the DCR was analyzed according to treatment modal-
ity. Here, 71.4% (5/7) of patients with in metastasectomy
followed by first-line systemic therapy, 33.3% (9/29) of those
receiving only first-line systemic therapy, and 0% of those
receiving TACE or RFA or palliative radiotherapy followed
by first-line systemic therapy achieved disease control 
(S2 Table). An analysis of median OS2 duration yielded val-
ues of 134.7 (95% CI, 0.0 to 307.6), 8.0 (95% CI, 6.8 to 9.2), 9.2
(95% CI, N/A), 15.7 (95% CI, 13.2 to 18.1), and 7.6 months
(95% CI, 0.0 to 25.2) for patients who underwent metastasec-
tomy, TACE or RFA, palliative radiotherapy, only systemic
treatments, and observation alone, respectively. 

The median OS1 of overall 226 primary uveal melanoma
patients was 151.6 months (95% CI, 91.0 to 212.2) and the 
median OS2 of distant recurrent patients was 15.7 months
(95% CI, 13.1 to 18.2).

3. Analysis of prognostic factors 

1) BAP1 expression in primary and metastatic uveal mela-
nomas

In accordance with a previous study [8], we subjected 69
primary and 20 metastatic uveal melanoma tissues to BAP1
IHC (Fig. 1A and B). The loss of BAP1 expression was more
frequent among metastatic tumor tissues than among pri-
mary tissues (13/69 [18.8%] vs. 7/20 [35.0%]) (Table 1). 
Patients with BAP1-negative primary tumor tissues had a
longer median RFS when compared with their BAP1-positive
counterparts, although this difference was not statistically
significant (not reached vs. 82.0 months, p=0.268) (Fig. 1C).
However, patients with BAP1-negative metastatic tumor tis-
sues had a shorter OS2 when compared to those with BAP1-
positive tissues; again, this difference was not statistically
significant (15.7 months vs. 24.4 months, p=0.216) (Fig. 1D).

Fig. 2.  Analysis of recurrence-free survival (RFS, defined as the time from choroidal melanoma diagnosis to recurrence) 
according to risk factors for recurrence of primary uveal melanoma (A). (B) Subgroup analysis according to local treatment
with  1 risk factor. CI, confidence interval; N/A, not available. a)Includes tumor basal diameter  15 mm, depth  10 mm,
b)Includes brachytherapy, gamma-knife radiotherapy, transpupillary thermotherapy, c)Includes trans pars plana vitrectomy,
enucleation, excision, exentration.
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Fig. 3.  Analysis of overall survival from distant recurrence to death (OS2) according to survival-related risk factors in patients
with metastatic uveal melanoma (A). (B) Subgroup analysis of high-risk patients ( 2 risk factors) according to systemic ther-
apy or supportive care. (C) Subgroup analysis of low-risk patients ( 1 risk factor) according to the type of systemic treatment.
CI, confidence interval. a)Includes male sex, largest linear dimension of largest metastatic tumor  45 mm, recurrence-free
survival < 50 months.
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2) Prognostic recurrent risk factors analysis of primary
uveal melanoma

We next analyzed prognostic factors for the recurrence of
primary uveal melanomas following local treatments, as pre-
viously mentioned, to enhance risk-based patient stratifica-
tion. In a univariate analysis, LBD  15 mm (p < 0.001), depth
 10 mm (p < 0.001), and stage II or III disease (p=0.037 and
p=0.013, respectively) were found to have significant adverse
effects on relapse (Table 2). A subsequent multivariate analy-
sis included the clinical parameters of age, sex, location,
tumor stage and size, and local treatment administration. A
forward Cox regression model analysis identified the follow-
ing significantly poor prognostic factors for relapse (Table 2):
tumor basal diameter  15 mm (hazard ratio [HR], 2.75; 95%
CI, 1.09 to 6.90; p=0.032), and depth  10 mm (HR, 3.07; 95%
CI, 1.27 to 7.47; p=0.013). 

Next, 226 patients were divided into three subgroups
based on multivariate results to identify those who would
potentially benefit from primary local treatments: patients
without any risk factors and those with 1-2 risk factors 
(Fig. 2A). Among the 41 patients with one or more risk fac-
tors, those who underwent local radiotherapy had a longer
median RFS, compared to those who underwent local exci-
sion (not reached vs. 19.0 months; 95% CI, N/A vs. 8.40-
29.60; p=0.004) (Fig. 2B).

3) Analysis of prognostic and survival risk factors for 
recurrent uveal melanoma

The univariate analysis identified the recurrence site (liver
only, p=0.013), a largest linear metastatic tumor dimension
 45 mm (p=0.025), and RFS < 50 months (p=0.011) as signif-
icantly poor prognostic factors for progression despite first-
line systemic treatment (Table 3). In a multivariate analysis,
the recurrence site (liver only; HR, 6.98; 95% CI, 1.20 to 40.42;
p=0.030) and RFS < 50 months (HR, 8.08; 95% CI, 1.82 to
35.84; p=0.006) remained significantly poor prognostic fac-
tors for PFS after first-line systemic therapy. 

Regarding survival after recurrence, another univariate
analysis identified male sex (p=0.004), a largest linear
metastatic tumor dimension  45 mm (p=0.005), and RFS 
< 50 months (p=0.019) as factors with significant negative 
adverse effects on OS2 (Table 3). A forward Cox regression
model analysis subsequently identified male sex (HR, 3.79;
95% CI, 1.34 to 10.72; p=0.012), a largest linear metastatic
tumor dimension  45 mm (HR, 5.48; 95% CI, 1.36 to 22.18;
p=0.017), and short RFS (HR, 4.89; 95% CI, 1.38 to 17.29;
p=0.014) as significantly poor prognostic factors for survival
after recurrence. Based on the multivariate analysis findings,
49 patients with distant recurrences of uveal melanoma were
divided into four subgroups, and OS2 was found to decrease

significantly as the number of risk factors increased (Fig. 3A).
Among the 25 patients with two or more risk factors (high-
risk group), 19 who received palliative first-line systemic
treatment had a significantly longer OS2, compared to those
who received supportive care only (13.7 months vs. 4.3
months, p=0.042) (Fig. 3B). Seventeen of 20 patients with one
or no risk factors (low-risk group) received first-line systemic
therapy and in this group, first-line chemotherapy yielded a
longer OS2 relative to immunotherapy (25.3 months vs. 8.0
months, p=0.004) (Fig. 3C). 

Discussion

Up to 50% of patients with uveal melanoma will develop
metastatic disease after primary local treatment [16]. Such
cases are faced with a very poor prognosis and limited ther-
apeutic options with low response rates. Several previous
studies have reported the risk factors and characteristics of
recurrent uveal melanoma [2-4,10,14,17-19]. 

In Korean patients, uveal melanomas tend to exhibit ver-
tical growth, with relatively large apical heights and small
LBDs [11]. In such cases, the initial radiation doses provided
via brachytherapy at the time of diagnosis are insufficient to
reach the basal level of the tumor, leading to frequent local
and/or distant recurrences and an increased need for enu-
cleation or systemic therapy. Regarding local treatment, our
study found that 136 patients (76.8%) in the non-recurrent
group received local radiotherapy, while 25 (51.0%) in the 
recurrent group underwent primary enucleation. Moreover,
when compared with non-recurrent tumors, recurrent 
tumors had a significantly larger primary tumor basal size
and significantly more advanced stage. The AJCC Oph-
thalmic Oncology Group reported that an increasing tumor
size was consistent with an increased risk of metastasis [10],
and a Taiwanese trial found associations of a larger tumor
size and epithelioid or mixed cell type with distant metasta-
sis [17]. Our findings were also supported by prior studies
in which patients who underwent with primary enucleation
had a higher recurrence rate than did those treated with 
irradiation [4].

As noted previously, Harbour et al. [7] reported an inacti-
vating somatic mutation in BAP1, located on chromosome
3p21.1, in 47% of all uveal melanomas; 96% of tumors har-
boring this mutation later metastasized. Koopmans et al. [8]
confirmed that this somatic BAP1 mutation correlated
strongly with BAP1 expression, and reported an eight-fold
increase in the risk of metastasis among patients with BAP1-
negative or mutated BAP1-expressing uveal melanoma. In
our study, however, we found that BAP1 expression in the
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primary tumor was associated with a shorter RFS, compared
to a loss of BAP1 expression. Our multivariate analysis fur-
ther identified two risk factors associated with distant recur-
rence: tumor basal diameter  15 mm and vertical depth  10
mm. We further found that in patients with at least one risk
factor, local radiotherapy was more effective than local exci-
sion or enucleation in terms of RFS prolongation. Accord-
ingly, we recommend that treatment strategies for primary
uveal melanoma should be based on these risk factors.

Other investigators have described the patterns of metasta-
tic spread in patients with uveal melanoma [20-23]. Although
the liver and lung are the most frequent sites of metastasis,
the sites and extent of dissemination vary among studies and
reflect differences in study populations, designs, diagnostic
tools, and data collection over time. Therefore, the Collabo-
rative Ocular Melanoma Study (COMS) protocol specifies an
annual follow-up of patients, including a routine medical 
examination, liver function studies, and chest X-ray exami-
nation [24]. In addition, Hicks et al. [25] recommended rou-
tine liver ultrasonography follow-ups after determining the
poor sensitivity of a single liver function test for metastatic
disease. In our study, the first distant metastatic site in 38 
patients (77.6%) was a single organ. Although the liver was
the first metastatic site in 81.6% of patients with single-organ
involvement and 63.3% of all patients, nearly 40% of all 
patients presented with non-liver sites of first metastasis
(mainly bone). This finding suggests that liver-only screening
procedures would miss a substantial proportion of patients.
Therefore, guidelines for periodic systemic surveillance
should be established for patients in Asia, and particularly
those in Korea who have undergone definitive local treat-
ment for primary uveal melanoma. 

Although metastatic uveal melanoma is considered a sub-
stantial problem, relatively few studies have addressed fac-
tors associated with survival. The median survival times of
the two largest unselected groups of patients with metastatic
uveal melanoma in the COMS and Harvard study were 3.6
and 3.7 months [26,27]. The COMS study reported 1-year and
2-year survival rates of only 19% and 8%, respectively [27].
In our study, we observed a median OS2 of 15.7 months, in
contrast to previous studies. We might attribute this discrep-
ancy to the fact that all patients in our study population 
received local ocular treatment at the time of primary uveal
melanoma diagnosis and remained disease-free for a median
of 38.1 months. In contrast to previous studies that included
only patients initially diagnosed with stage IV disease, we
might have observed a lower level of aggressiveness because
the recurrences occurred substantially later after local treat-
ment. Additionally, our study included patients who 
received palliative treatments after metastasectomy from the
liver, adrenal gland, or breast mass or after radiotherapy. In
a more accurate comparison of patients who underwent

metastasectomy with those who received only systemic first-
line treatment, the former had a significantly longer survival
duration. In addition, patients who received only supportive
care had a significantly longer median OS2 duration, com-
pared to those than those who received TACE, RFA, or 
radiotherapy. Therefore, we would expect the surgical resec-
tion of metastatic lesions to yield survival benefits. 

In various studies of different groups of patients with
metastatic uveal melanoma, the investigators identified mul-
tiple predictors of survival duration after the diagnosis of
metastasis. The identified poor prognostic factors included
patient age, male sex, symptomatic tumor, poor performance
status, short metastasis-free interval, anatomic site with
metastatic involvement (i.e., hepatic involvement), large
number of metastatic sites, and metastatic lesion size [4,28].
In our study, a multivariate analysis identified male sex, a
largest linear metastatic tumor diameter  45 mm, and a short
RFS as prognostic factors associated with OS2. As previously
observed, high-risk patients ( 2 risk factors) who received
systemic first-line therapy after distant recurrence had a
longer survival duration, compared to those treated with
only supportive care. Therefore, high-risk patients should be
identified and treated with systemic therapies, as this would
be expected to improve survival rates. 

Medical oncologists are required to select from among
chemotherapy, immunotherapy, or targeted agents when 
determining the systemic treatment most likely to improve
the survival of a patient with metastatic uveal melanoma.
However, no effective systemic treatment method has yet
been identified, and no reports of non-randomized phase III
clinical trials of any alternative or other specific treatments
have been published. We note that in our study, the first-line
treatments provided for metastatic uveal melanoma varied
considerably by subgroup and included surgery, TACE,
and/or radiotherapy. The retrospective design of our study
limited our analysis of the effect of systemic treatment after
relapse. However, given the heterogeneous nature of treat-
ments received by patients in this study, we should be care-
ful when interpreting the efficacies of these first-line systemic
treatments. We further note that we have not identified an
ideal first-line systemic therapeutic strategy that significantly
improved survival, although among patients who received
only palliative systemic treatment without surgery, TACE,
or radiation for metastatic lesions, those treated with chemo-
therapy had a significantly longer median OS2, compared to
those receiving mmunotherapy (S3 Table). A similar OS2
outcome was also observed among low-risk patients. Among
patients receiving only first-line chemotherapy (n=26), a plat-
inum-based regimen was associated with a longer PFS rela-
tive to dacarbazine or topotecan. However, dacarbazine
seemed to elicit a more durable response and longer OS2
when compared with platinum-based and topotecan, 
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although these differences were not statistically significant
(S4 Fig.).

Our study had the following strengths. In our cohort, 
approximately 40% of patients presented with a non-hepatic
first metastasis, which suggests that liver-only screening
strategies are likely to fail. Accordingly, bone and chest 
examinations should also be included in screening protocols,
as the early detection of recurrent metastatic lesions will 
increase the likelihood of surgical resection. Notably, metas-
tasectomy correlated with improved survival in our dataset.
Furthermore, relevant studies specific to Asian populations
are limited. Our study, which assessed real efficacy in a pop-
ulation of Korean patients, therefore provides important 
information. Moreover, clinical data were used to score the
factors related to overall survival after recurrence and to sug-
gest treatment strategies. 

However, this study also had two main limitations. First,
we did not conduct gene expression profiling or a full analy-
sis of mutations in genes such as GNAQ, GNA11, or BAP1,
which are known poor prognosticators in uveal melanoma.
Instead, we confirmed BAP1 expression in primary and
metastatic tissues using IHC. Our finding of a high risk of 
recurrence among patients with BAP1-positive primary
tumor tissues contrasted with a previous report [8]. On the
other hand, van Essen et al. [29] reported that low RNA lev-
els of BAP1 and negative IHC for BAP1 were predictive of
death due to metastasis of uveal melanoma. We also obser-
ved an association of the loss of BAP1 expression in metasta-
tic tumors with poor survival in patients with recurrent uveal
melanoma patients. These inter-study discrepancies suggest
that we should validate our findings using a BAP1 mutation
analysis. Second, this study was performed at a single center
and featured a retrospective design, and we were unable to
compare the effects associated with immunotherapy, chemo-
therapy, and targeted agent therapy because of the small

number of patients with distant recurrences. Therefore, mul-
ticenter prospective studies are needed to further estimate
the effects of treatment on survival in patients with recurrent
uveal melanoma.

In conclusion, the present study conducted a multivariate
analysis of clinical and histologic data to identify risk factors
related to recurrence in patients with primary uveal mela-
noma and survival in those with distant recurrent uveal
melanoma. Our findings suggest that patients with primary
uveal melanoma and one or more risk factors would more
strongly benefit from local radiotherapy (vs. local excision or
primary enucleation) for recurrence prevention. We also
found that for “high risk” patients with recurrent uveal
melanoma, more aggressive systemic first-line chemothera-
peutic regimens and surgical treatment would likely 
improve survival. Finally, a multidisciplinary approach com-
bining ophthalmology, radiation oncology, general surgery,
and medical oncology should help to improve overall sur-
vival in patients with primary and recurrent uveal mela-
noma.
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Purpose
Fibroblast growth factor (FGF) signals are important in carcinogenesis and progression of
prostate cancer. Dovitinib is an oral, pan-class inhibitor of vascular endothelial growth factor
receptor (VEGFR), platelet-derived growth factor receptor, and fibroblast growth factor 
receptor (FGFR). We evaluated the efficacy and toxicity of dovitinib in men with metastatic
castration resistant prostate cancer (mCRPC).

Materials and Methods
This study was a single-arm, phase II, open-label, multicenter trial of dovitinib 500 mg/day
(5-days-on/2-days-off schedule). The primary endpoint was 16-week progression-free survival
(PFS). Secondary endpoints were overall survival (OS), toxicity and prostate-specific antigen
(PSA) response rate. Biomarker analyses for VEGFR2, FGF23, and FGFR2 using multiplex
enzyme-linked immunosorbent assay was performed.

Results
Forty-four men were accrued from 11 hospitals. Eighty percent were post-docetaxel. Median
PSA was 100 ng/dL, median age was 69, 82% had bone metastases, and 23% had liver
metastases. Median cycles of dovitinib was 2 (range, 0 to 33). Median PFS was 3.67 months
(95% confidence interval [CI], 1.36 to 5.98) and median OS was 13.70 months (95% CI, 0
to 27.41). Chemotherapy-naïve patients had longer PFS (17.90 months; 95% CI, 9.23 to
28.57) compared with docetaxel-treated patients (2.07 months; 95% CI, 1.73 to 2.41;
p=0.001) and the patients with high serum VEGFR2 level over median level (7,800 pg/mL)
showed longer PFS compared with others (6.03 months [95% CI, 4.26 to 7.80] vs. 1.97
months [95% CI, 1.79 to 2.15], p=0.023). Grade 3 related adverse events were seen in
40.9% of patients. Grade 1-2 nausea, diarrhea, fatigue, anorexia, and all grade thrombocy-
topenia are common.   

Conclusion
Dovitinib showed modest antitumor activity with manageable toxicities in men with mCRPC.
Especially, patients who were chemo-naïve benefitted from dovitinib.   
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Dovitinib, Castration-resistant prostatic neoplasm, Biomarkers
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Introduction

Prostate cancer is the most common cancer among men
worldwide [1]. In Korea, prostate cancer has been continually
increasing in prevalence and is now the fourth most com-
monly diagnosed cancer and the eighth leading cause of can-
cer-related death in men [2].

Growth factor signals are important in carcinogenesis and
progressiton of prostate cancer, and fibroblast growth factors
(FGF) have important roles in this regard. FGF ligands
(FGF1, -2, -6, -8, and -17) and FGF receptors (FGFR1 and
FGFR4) are significantly overexpressed in prostate cancer 
[3-6]. Recent studies have demonstrated that critical roles of
the FGF family members are mediated by the signaling 
between epithelial and stromal compartments, which pro-
motes the epithelial-mesenchymal transition [7,8]. Moreover,
FGF-2 is a mediator of second-wave angiogenesis and tumor
progression in men during the formation of castration-resis-
tant tumors [9]. Therefore, inhibition of signaling via the FGF
axis might be a viable strategy for the treatment of castra-
tion-resistant prostate cancer. 

Dovitinib, an oral multitargeted receptor tyrosine kinase
(RTK) inhibitor, potently inhibits class III, IV, and V RTKs,
showing biochemical IC50 values < 20 nmol/L for RTKs that
include vascular endothelial growth factor receptors
(VEGFR-1, VEGFR-2, and VEGFR-3), platelet-derived growth
factor receptor-, fibroblast growth factor receptors (FGFR-
1, FGFR-2, and FGFR-3), fetal liver tyrosine kinase receptor
3, KIT Ret, TrkA, and csf-1. Due to its unique inhibitory 
activity on FGF pathways, dovitinib has significant activity
in a variety of tumor xenograft models in athymic mice, 
including acute myeloid leukemia, multiple myeloma, and
colon- and prostate-derived models [10]. 

Castration-resistant prostate cancers (CRPCs) are one of
the challenges in oncology practice. Although there have
been advances in chemotherapy [11], hormonal agents [12],
and immunotherapeutics [13], CRPC patients still have lim-
ited life expectancy. There is an urgent need to identify ther-
apeutic targets and clinical development of target agents for
the treatment of CRPC. To this end, sorafenib has been tested
in phase II studies [14]. However, the clinical efficacy was
very limited. The low efficacy of sorafenib might be partly
explained by the lower potency in inhibition of RTKs. Con-
sidering nanomolar concentration range of IC50 for dovitinib
compared with micrololar concentration for other multi
tyrosine kinase inhibitors (TKIs) [15], the efficacy of dovitinib
should be evaluated in CRPC patients. 

The present phase 2 trial evaluated whether dovitinib
would improve progression-free survival (PFS) in men with
progressive CRPC. 

Materials and Methods

1. Study design and population

This multi-center, single-arm, open-label, phase II study
evaluated the efficacy and toxicity of dovitinib in CRPC. 

Patients were eligible if they were  20 years of age, had a
histological or cytological diagnosis of prostate cancer with
documented metastases, and prostate-specific antigen (PSA)
and/or radiographic progression despite receiving luteiniz-
ing hormone releasing hormone analogue therapy or under-
going orchiectomy, and serum testosterone level  50 ng/dL.
Patients with only non-measurable lesions could be enrolled
if evaluable lesions were present. Patients had to be exposed
to two lines or less of previous cytotoxic chemotherapy, have
an Eastern Cooperative Oncology Group performance of 
0-2, and have adequate bone marrow, renal, and hepatic
function indicated by a neutrophil count  1.5109/L, platelet
count  75109/L, hemoglobin > 8 g/dL, total bilirubin 
 1.5 times the normal limit, alanine aminotransferase and
aspartate aminotransferase  2 times the upper limit of nor-
mal, and serum creatinine  1.5 times the upper limit of nor-
mal (if values were borderline, the creatinine clearance had
to be  30 mL/min by Cockcroft and Gault formula).

Exclusion criteria included history of central nervous sys-
tem metastasis, second primary malignancy within 3 years
except for completely cured non-melanoma skin cancer,
other systemic treatment (chemotherapy, immunotherapy,
TKI, or monoclonal antibody) within 4 weeks, and any 
unstable medical condition.

2. Treatment

Dovitinib was administered at 500 mg orally once daily for
5 consecutive days, followed by a 2-day rest, with each cycle
consisting of 28 days. Treatment was discontinued if patients
had disease progression, intolerable toxicities, or withdrew.
Doses were modified based on the worst grade of toxicity 
according to the protocol, but patients who had two dose 
reductions (300 mg per day) and who experienced toxicity
requiring a third dose reduction were discontinued from the
study treatment. Patients who interrupted treatment for
more than 21 days were discontinued.

3. Evaluation of response and adverse events

Tumor response was assessed by computed tomography
or magnetic resonance imaging and bone scan with Response
Evaluation Criteria in Solid Tumor (RECIST) ver. 1.1 every 8
weeks during treatment. Progression of osseous disease was
indicated by bone scans showing two or more new lesions,

Yoon Ji Choi, Dovitinib in Castration-Resistant Prostate Cancer
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with the requirement of a confirmatory scan performed 6 or
more weeks later showing additional new lesions according
to Prostate Cancer Working Group 2 (PCWG2). Toxic effects
were evaluated at each visit using Common Terminology
Criteria for Adverse Events ver. 4.0. The primary endpoint
of the study was the 16-week PFS rate, defined as the pro-
portion of patients showing complete response (CR), partial
response (PR), or stable disease (SD) in week 16 after treat-
ment started. Secondary endpoints were PFS, objective 
response rate, PSA response rate, overall survival (OS), and
toxicity. 

4. Biomarker analysis

We planned to collect blood samples before and after two
cycles of study treatment for biomarker study. The blood
samples were kept at room temperature within 2 hours to
allow clotting and then centrifuged at 3,000 g for 5 minutes.
The serum was collected at stored at 80°C until analysis.
Serum levels of VEGFR2 and FGF23 were measured using
MILLIPLEX MAP kits (Millipore Corporation, Billerica, MA).
Serum levels of FGFR2 were measured using an ELISA kit
(Biorbyt Co., Cambridge, UK). Serum levels were compared
with tumor response as an exploratory endpoint.

5. Statistical analyses

The study was designed to rule out a 30% probability of
16-week PFS while targeting a 50% probability of patients
having 16-week PFS at the 0.10 significance level with a
power of 0.90. The study required a total of 39 evaluable 
patients to demonstrate this hypothesis. With a 10% dropout
rate, 44 patients were enrolled to ensure 39 evaluable 
patients. The probability of survival was estimated by the
Kaplan-Meier method, and the log-rank test with 95% confi-
dence interval (CI) was used to compare survival curves. 
A p-value < 0.05 was considered statistically significant.
Analyses were performed using SPSS ver. 24.0 (IBM Corp.,
Armonk, NY).

6. Ethical statement

The protocol was approved by the institutional review
boards of participating institutions and Korea Cancer Study
Group (KCSG-GU11-05) and registered at ClinicalTrials.gov
(NCT01741116). Written informed consents were obtained. Results

1. Patient characteristics

Between 2012 and 2015, a total of 44 patients were enrolled
from 11 hospitals in South Korea. Median age was 69 years

Table 1. Baseline characteristics 

ECOG, Eastern Cooperative Oncology Group; CRPC, cas-
tration resistant prostate cancer; CI, confidence interval;
PSA, prostate specific antigen. 

Characteristic No. (%) (n=44)
Age, median (range, yr) 69 (57-88)
ECOG performance status

0 4 (9.3)
1 34 (79.1)
2 5 (11.6)

Gleason score
 6 1 (2.3)
7 4 (9.1)
 8 36 (81.8)
Unknown 3 (6.8)

Stage at diagnosis
Localized 15 (34.1)
Metastatic 27 (61.4)
Unknown 2 (4.5)

Time to CRPC, average (95% CI, yr) 3.66 (2.75-4.57)
Previous treatment

Surgery 16 (36.4)
Radiation 17 (38.6)
Chemotherapy 35 (79.5)

Metastatic sites
Bone 36 (81.8)
Regional lymph node 10 (22.7)
Metastatic lymph node 25 (56.8)
Liver 10 (22.7)

PSA, median (range, ng/dL) 100 (0.02-1,247.55)

Endpoint Rate (95% CI, %)

16-Week PFS rate 42.1 (27.9-57.8)
Objective response rate 12.5 (5.0-28.1)
Disease control rate 59.4 (42.4-76.4)
PSA response rate 12.9 (1.3-25.4)

Table 2. Response to dovitinib

CI, confidence interval; PFS, progression-free survival;
PSA, prostate specific antigen.

Cancer Res Treat. 2018;50(4):1252-1259
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(range, 57 to 88 years) and about 80% of the patients had 
already received chemotherapy. Docetaxel was included in
all chemotherapy regimens. Eighty-two percent of patients
had bone metastases and 23% had liver metastases. Their 
median PSA level was 100.00 ng/dL (range, 0.02 to 1,249.55
ng/dL) and time to CRPC was 3.66 years (95% CI, 2.75 to
4.57). Baseline characteristics are shown in Table 1. 

2. Efficacy

The response to dovitinib is described in Table 2. Sixteen
of the 38 evaluable patients did not experience disease pro-
gression until week 16 of dovitinib treatment. The proportion
of patients alive and progression free at 16-weeks (16-week
PFS) was 42.1% (95% CI, 27.9 to 57.8). There was a significant
difference in 16-weeks PFS between chemotherapy-naïve 
patients (87.5%; 95% CI, 57.1 to 100.0) and post-docetaxel 
patients (30.0%; 95% CI, 13.8 to 46.1; p=0.03). A total of 32 
patients were able to evaluate the tumor response with 
RECIST ver. 1.1. because 12 patients had unknown response
data mostly due to withdrawal. One patient died from traffic
accident. Of the patients who evaluated the response, no 
patients experienced CR, four patients had PR (12.5%), 15 
patients had SD (46.9%), 13 patients (40.6%) had progressive
disease, and The objective response rate was 12.5% (95% CI,
5.0 to 28.1). Follow-up PSA data was available for 31 patients.
PSA response ( 50% decline) was observed in four patients,
representing a PSA response rate of 12.9% (95% CI, 1.3 to
25.4). The PSA decline was observed in 32.3% of patients.

With a median follow-up duration of 19.5 months by 
reverse Kaplan-Meier method, the median PFS was 3.67

months (95% CI, 1.36 to 5.98) and median OS was 13.70
months (95% CI, 0 to 27.41) (Fig. 1). Chemotherapy-naïve 
patients had longer PFS (17.90 months; 95% CI, 9.23 to 28.57)
compared with docetaxel-treated patients (2.07 months; 95%
CI, 1.73 to 2.41; p=0.001) (Fig. 2). The duration of clinical ben-
efit among 19 patients who experienced clinical benefit (CR,
PR, and SD > 6 weeks) was much longer in chemotherapy-
naïve patients (Fig. 3). Some continued to benefit even after
discontinuing treatment.

Fig. 1.  Progression-free survival (PFS) (A) and overall survival (OS) (B). Dashed lines are the upper bound and lower bound
of 95% confidence interval of Kaplan-Meier estimates.
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Fig. 2.  Progression-free survival (PFS) according to history
of chemotherapy. CI, confidence interval.
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3. Treatment and toxicity

The 44 enrolled patients received a total of 180 cycles of
dovitinib. Median number of cycles administered was two
(range, 0 to 33). About one-third of the cycles (57 of 180) were
administered at reduced doses. Forty-two patients were
evaluable for toxicity (Table 3). There was no death attrib-
uted to protocol treatment. Grade 3/4 adverse events (AEs)
were seen in 40.9% of patients with 7.0% of patients halting
dovitinib treatment due to toxicity or withdrawal of consent.
The most common related non-laboratory AEs included
grade 1-2 diarrhea (42.9%), anorexia (38.1%), nausea (33.3%),
and fatigue (21.5%). Grade 3/4 thrombocytopenia (14.3%)

was the most common hematologic toxicity.

4. Biomarker study

Mean baseline plasma FGFR2 level was 56.0 pg/mL
(range, 0 to 603.1 pg/mL) and mean baseline plasma VEG-
FR2 level was 8,170.7 pg/mL (range, 2,787.4 to 15,497.4
pg/mL) among the 34 patients whose baseline samples were
available. We could not analyze FGF-23, because FGF-23 was
not detected in most samples collected. Among the 18 
patients whose follow-up samples were available, there was
no significant changes from baseline including FGFR2 (48.7
pg/mL vs. 76.9 pg/mL, p=0.401) and VEGFR2 concentra-
tions (8,195.7 pg/mL vs. 8,942.1 pg/mL, p=0.446) after treat-
ment with dovitinib (Fig. 4). The patients with higher base-
line VEGFR2 (more than median) showed longer PFS com-
pared with others (6.03; 95% CI, 4.26 to 7.80 vs. 1.97; 95% CI,
1.79 to 2.15 months, p=0.023) (Fig. 5). However, there were
no differences of PFS according to baseline FGFR2 level and
changes of FGFR2 and VEGFR2 levels after treatment.

Discussion

This phase II study was designed to evaluate the effect of
dovitinib in the treatment of CRPC. The findings demon-
strate that dovitinib has modest activity and a mostly accept-
able safety profile in patients with CRPC. 

Dovitinib showed a small but obvious effect. This might

Fig. 3.  Duration of clinical benefit.
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Table 3. Summary of maximum common toxicity criteria

Values are presented as number (%).

Toxicity All grade (n=42) Grade 3/4 (n=42)
Laboratory

Neutropenia 21 (50.0) 3 (7.1)
Anemia 26 (61.9) 2 (4.8)
Thrombocytopenia 13 (31.0) 6 (14.3)
Bilirubin elevation 3 (7.1) 2 (4.8)

Non-laboratory
Nausea 14 (33.3) 2 (4.8)
Anorexia 16 (38.1) 2 (4.8)
Vomiting 5 (11.9) 0 (
Diarrhea 18 (42.9) 3 (7.1)
Fatigue 9 (21.5) 2 (4.8)
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reflect the critical role of the FGF pathway in the develop-
ment and progression of CRPC, as previous preclinical stud-
ies reported [7-9]. Another study also reported that upregu-
lated FGFR1 expression was associated with transition of
hormone-naïve prostate cancer to CRPC [16]. Presently, the
16-week PFS rate was 42.1% and the median PFS was 3.7
months (95% CI, 1.36 to 5.98) in evaluable subjects. Despite
the overall modest activity, chemotherapy-naïve patients,

who accounted for 20% of all subjects, showed relatively
good results. There is no evidence to date to explain the
markedly better PFS in chemotherapy-naïve patients. Sug-
gestions include the different natural course depending on
the time elapsed since diagnosis of CRPC and variation by
mutation after undergoing docetaxel chemotherapy.

Most patients tolerated the dovitinib treatment. However,
some patients experienced severe side effects that necessi-
tated the end of treatment. Grade 3/4 thrombocytopenia was
relatively frequent (14.8%), perhaps because most patients
enrolled had bone metastases and were elderly. Dose reduc-
tions should be considered for CRPC patients with dissemi-
nated bone metastases. 

In the clinical setting, the benefit of dovitinib treatment has
been investigated for various cancer types including renal
cell carcinoma [17,18], melanoma [19], endometrial cancer
[20], breast cancer [21,22], gastrointestinal stromal tumor
[23], mesothelioma [24], and transitional cell carcinoma [25].
In most studies, dovitinib showed minimal to modest activ-
ity. A trial comparing dovitinib and sorafenib demonstrated
similar efficacy in heavily treated renal cell carcinoma 
patients [18]. An involving endometrial cancer patients 
investigated the efficacy of dovitinib according to FGFR2
mutation. The efficacy of dovitinib was independent of 
mutation [20]. A recent phase II randomized study reported
that dovitinib in combination with fulvestrant showed a
trend to improve median PFS compared with fulvestrant
alone in FGF pathway amplified subgroup (10.9 months vs.
5.5 months) [22]. Biomarker analyses in two revealed a 
decreased plasma VEGFR level from baseline after dovitinib
treatment, while plasma FGF23, vascular endothelial growth

Fig. 4.  Biomarker levels at baseline and after two cycles of dovitinib. (A) Fibroblast growth factor receptor 2 (FGFR2) levels.
(B) Vascular endothelial growth factor receptor 2 (VEGFR2) levels.
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factor, placental growth factor, or hepatocyte growth factor
levels were elevated due to compensatory upregulation 
because of FGFR or VEGFR inhibition [18,19].

Somatic mutation of FGFR1 has not been revealed in
human prostate cancer. Previous studies reported overex-
pression or amplification of FGFR, which may become a pre-
dictive biomarker, in human prostate cancer, especially
CRPC [7-9,16]. We did not perform immunohistochemical
staining or gene sequencing analysis of cancer tissue. Instead,
we examined the level of FGFR2, VEGFR2, and FGF23 in
serum. No predictive biomarker for response to dovitinib
was identified. Interestingly, miR-15a and miR-16 are thou-
ght to suppress FGF-2 and FGFR1 axis [26]. Future studies
should assess if miR-15a or miR-16 expression is progres-
sively lost in blood or tissue with development and progres-
sion of CRPC. Tissue FGFR overexpression or amplification
and serum or tissue miR-15a or miR-16 suppression could be
candidate predictive markers of dovitinib and should be 
investigated.

During the course of this clinical trial, treatment options
for CRPC patients became more diverse. The second-gener-
ation anti-androgens, enzalutamide and abiraterone, were
demonstrated to significantly improve survival in men with
metastatic CRPC before and after docetaxel treatment [12,27-
29]. Since these drugs have little toxicity and excellent effi-
cacy, they have been quickly introduced into clinical practice.
Future research for CRPC patients should involve these
drugs. 

There are some inevitable limitations to the study. The
study population was heterogenous and included CRPC 
patients enrolled before docetaxel treatment (20%) and after
chemotherapy. Thus, it is very difficult to define the best 
appropriate role of dovitinib in CRPC. In addition, the num-
ber of patients who underwent blood sampling was too small
to pick out meaningful markers. 

To overcome these shortcomings, future investigations
should strive to enroll a homogenous study population and
could include a combination with current standard treat-
ment, especially second-generation anti-androgens. Compre-
hensive genetic testing, especially next generation sequen-
cing, including FGFR amplification should be used to clarify
dovitinib response and resistance mechanisms.

In conclusion, dovitinib displays modest antitumor activ-
ity with manageable toxicities in men with metastatic CRPC.
Especially, patients who are chemo-naïve benefit from dovi-
tinib. 
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Purpose
Survival of metastatic breast cancer (MBC) patient remains unknown and varies greatly
from person to person. Thus, we aimed to construct a nomogram to quantify the survival
probability of patients with MBC.   

Materials and Methods
We had included 793 MBC patients and calculated trends of case fatality rate by Kaplan-
Meier method and joinpoint regression. Six hundred thirty-four patients with MBC between
January 2004 and July 2011 and 159 patients with MBC between August 2011 and July
2013 were assigned to training cohort and internal validation cohort, respectively. We con-
structed the nomogram based on the results of univariable and multivariable Cox regression
analyses in the training cohort and validated the nomogram in the validation cohort. Concor-
dance index and calibration curves were used to assess the effectiveness of nomogram.

Results
Case fatality rate of MBC was increasing (annual percentage change [APC], 21.6; 95% con-
fidence interval [CI], 1.0 to 46.3; p < 0.05) in the first 18 months and then decreased (APC,
4.5; 95% CI, 8.2 to 0.7; p < 0.05). Metastasis-free interval, age, metastasis location,
and hormone receptor status were independent prognostic factors and were included in
the nomogram, which had a concordance index of 0.69 in the training cohort and 0.67 in
the validation cohort. Calibration curves indicated good consistency between the two cohorts
at 1 and 3 years.   

Conclusion
In conclusion, the fatality risk of MBC was increasing and reached the summit between
13th and 18th month after the detection of MBC. We have developed and validated a nomo-
gram to predict the 1- and 3-year survival probability in MBC.
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Breast neoplasms, Metastasis, Mortality rate, Survival, Nomogram
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Introduction

Metastatic breast cancer (MBC) is diagnosed in nearly 30%
of breast cancer patients, and is the major cause of cancer-
related deaths among breast cancer patients [1]. In most 
patients with MBC, the median survival ranges from 2 to 3
years [2,3]. Various therapeutic approaches have been used
in MBC, and most of physicians consider the information of
survival as the most critical basis for therapy selection in

MBC [4,5]. However, the outcomes of MBC cannot be pre-
dicted in the large majority of patients, as most prognosis
models were developed for early-stage breast cancer and are
not applicable to patients with MBC [6,7]. Thus, effective
methods to predict the prognosis of MBC are required.

The outcome of MBC patients varies from person to person
and was largely correlated with clinical and tumour charac-
teristics of patients [8]. For most of patients with MBC,
metastasis disease would progress rapidly involving multi-
ple organ and cause destruction of organ function in a short
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time [3,9]. Meanwhile, a part of MBC patients was reported
to achieve tumour remission with systematic therapy and
have a relatively prolonged survival [10]. Several population-
based studies have shown that MBC patients with longer
metastasis-free interval (MFI > 5 years) had a superior prog-
nosis to those with a shorter MFI (MFI < 5 years) [11,12]. In
2015, a study of 850 MBC patients found that those with de
novo stage IV BC or with an MFI > 24 months had a better
survival than those with an MFI < 24 months [13]. In addi-
tion, prognosis of patients with different location and quan-
tity of metastatic lesions varies a lot. The spread of metastatic
disease to the viscera or the central nervous system (CNS) is
usually rapid and causes severe complications and organ
failure, which leads to death; in contrast, metastases to the
bones or soft tissues could be controlled for a long period by
multidisciplinary therapy [14]. Furthermore, patients with
primarily metastatic involvement at a single site have better
outcomes and are more likely to have improved survival
after local surgery than those with metastatic lesions at mul-
tiple sites [15]. Hormone receptor (HR) status is an important
prognostic factor in breast cancer [16]. HR-positive MBC
shows a favourable response to endocrine therapy, which
largely prolongs the survival of MBC patients [17]. Triple-
negative breast cancer cells, which are negative for HRs, tend
to disseminate much earlier and progress more rapidly than
cancer cells expressing HRs [18]. Although there have been
many reports regarding the MFI, metastasis organ, or HR sta-
tus to the prognosis of the MBC, there remained no model
incorporating these indexes to estimate the survival proba-
bility of the MBC.

A nomogram is a graphical calculating model constructed
with known prognostic factors that generates a numerical
probability of a clinical event [19]. In breast cancer, nomo-
grams have been widely used as a prediction model to pre-
dict specific outcomes (such as disease recurrence and distant
metastasis) [20,21]. Our study aimed to study trend of mor-
tality risk in MBC and construct a nomogram to quantifying
the survival probability of breast cancer patients with distant
metastasis.

Materials and Methods

1. Study population

We retrospectively reviewed the medical data of patients
who were diagnosed with MBC at Sun Yat-sen University
Cancer Center between January 2004 and July 2013. The 
inclusion criteria were as follows: (1) pathological diagnosis
of breast cancer; (2) diagnosis of MBC on imaging or biopsy

examination; and (3) age less than 70 years. Patients were 
excluded if any of the following applied: (1) unknown date
of initial breast cancer diagnosis, (2) unclear date of MBC 
diagnosis, (3) no follow-up information, or (4) history of
other cancer or presence of synchronous malignant tumours.  

2. Clinical data collection

The clinical and histological characteristics of the patients
were obtained from the database of Sun Yat-sen University
Cancer Center. Metastatic disease was diagnosed using
pathological biopsy or imaging examinations, such as ultra-
sound/contrast-enhanced ultrasound, computed tomogra-
phy scan, magnetic resonance imaging, positron emission
tomography–computed tomography, and bone scan. The
clinical stages were stratified based on the eighth American
Joint Committee on Cancer/TNM staging system [6].
Human epidermal growth factor receptor 2 (HER2) amplifi-
cation was defined as “3+” staining on immunohistochem-
istry or a positive result on fluorescence in situ hybridisation
(FISH), while no-amplification was defined as “1+” or “-”
staining on immunohistochemistry or negative result on
FISH.

Overall survival (OS) was defined as the interval between
the date of diagnosis of MBC and the date of death. Patient
age was recorded at the date of initial diagnosis of breast can-
cer. The MFI was calculated from the date of diagnosis of
breast cancer to the date of detection of MBC. We divided
patients into five groups based on MFI: (1) primary stage IV
disease, (2) MFI < 6 months, (3) MFI of 6 months-2 years, (4)
MFI of 2-5 years, and (5) MFI > 5 years [22]. The number of
metastasis sites, as observed on imaging examination, was
stratified as 1 and > 1. The location of metastasis sites was
categorized as follows: visceral/CNS metastasis, bone or
soft-tissue (distant lymph nodes, skin, and subcutaneous tis-
sues) metastasis, and multiple metastases (patients with both
visceral/CNS and bone/soft-tissue metastasis). Tumour
mass was classified as  2 cm, > 2 and  5 cm, and > 5 cm
[23]. Patients with locoregional lymph node metastasis were
considered to have a positive lymph node status [19].

3. Nomogram development and statistical analysis

We used the chi-square and Fisher exact test to compare
the clinical and pathological characteristics between the
training and validation cohorts. Survival probability and case
fatality rate (CFR) in entire group were assessed by the 
Kaplan-Meier method. CFR was defined as the risk of death
from MBC per 6 months. We identified the year when sig-
nificant changes of CFR took place by Joinpoint regression
analysis [24]. Six hundred thirty-four patients diagnosed
with MBC between January 2004 and July 2011 were divided

Zhenchong Xiong, Nomogram for Predicting Prognosis in MBC



Variable Training cohort Validation cohort p-value(n=634) (n=159)
Age at diagnosis (yr)

< 35 132 (20.8) 25 (15.7) 0.127
35-50 300 (47.3) 71 (44.7)
> 50 202 (31.9) 63 (39.6)

Menopause status
Premenopausal 434 (68.5) 99 (62.7) 0.185
Menopausal 200 (31.5) 60 (37.3)

Tumour size (cm)
 2 128 (20.2) 27 (17.0) 0.373
> 2 and  5 261 (41.2) 78 (49.1)
> 5 147 (23.2) 41 (25.8)
Unknown 98 (15.5) 13 (8.2)

Axillary lymph node involvement
Yes 483 (76.2) 123 (77.4) 0.242
No 139 (21.9) 36 (22.6)
Unknown 12 (1.9) 0 (

MFI
Primary stage IV 194 (30.6) 64 (40.3) < 0.001
< 6 mo 57 (9.0) 17 (10.7)
6 mo-2 yr 203 (32.0) 23 (14.5)
2-5 yr 146 (23.0) 50 (31.4)
> 5 yr 34 (5.4) 5 (3.1)

No. of metastases
1 382 (60.3) 84 (52.8) 0.105
> 1 252 (39.7) 75 (47.2)

Metastasis sites
Visceral or CNS 191 (30.1) 38 (23.9) 0.243
Bone or soft tissue 234 (36.9) 60 (37.7)
Multiple 209 (33.0) 61 (38.4)

Hormone receptor status
HR+ 432 (68.1) 107 (67.3) 0.850
HR– 202 (31.9) 52 (32.7)

HER2 receptor status
Amplified 213 (33.6) 57 (35.8) 0.261
Non-amplified 369 (58.2) 95 (59.7)
Equivocal (2+) 52 (8.2) 7 (4.5)

Type of surgery
MRM 525 (82.8) 120 (75.5) 0.103
BCT 23 (3.6) 4 (2.5)
Tumour resection 5 (0.8) 2 (1.2)
No 81 (12.8) 33 (20.8)

Endocrine therapy
Yes 381 (60.1) 76 (47.8) 0.002
No 194 (30.6) 54 (34.0)
Unknown 59 (9.3) 29 (18.2)

Anti-HER2 therapy
Yes 117 (18.5) 31 (19.5) 0.978
No 509 (80.3) 125 (78.6)
Unknown 8 (1.3) 3 (1.9)

Table 1. Characteristics of patients with metastatic breast cancer

(Continued to the next page)
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into training cohort while 159 MBC cases diagnosed between
August 2011 and July 2013 were stratified as internal valida-
tion cohort. Univariable and multivariable analysis with Cox
hazard regression in the training cohort were used to assess
the correlation of survival with clinical and pathological
characteristics. A p-value of less than 0.05 was considered
significant.

We constructed a nomogram model based on the results
of the multivariable analysis with the Cox hazard model. The
survival probability of the patients could be assumed by
summing the scores of the factors and higher score represent
the higher risk of mortality. The effectiveness of the nomo-
gram was tested in regards to discrimination and calibration.
The concordance index (c-index) along with the 95% confi-
dence interval (95% CI) of the c-index was used to quantify
discrimination, which ranged from 0 to 1 (< 0.5, absolute dis-
cordance; 0.5, equal concordance to chance; and 1, best con-
cordance). We used calibration curves to compare the
predicted survival with the observed survival at 1 and 3
years in both the training and validation cohorts. More spe-
cific details about nomogram construction have been pro-
vided in Supplementary Methods.

4. Ethical statement

Ethical approval was obtained from the respective Institu-
tional Review Boards of the Ethics Committee of Sun Yat-sen
University Cancer Center (YB2017-034). All patients pro-
vided written informed consent to participate in this study. 

Results

1. Patient characteristics

This study involved a total of 793 MBC patients. The 
median follow-up duration and the median age of the 
patients were 42.5 months and 45 years, respectively. The
training cohort contained 634 patients, and the validation 
cohort contained 159 patients. The median survival since 
diagnosis of MBC was 40.5 months and 31.1 months in the
training and validation cohorts, respectively. Table 1 com-
pares clinical and tumour characteristics between the train-
ing and validation cohorts. 

Survival analysis of entire group of MBC showed that 
median OS among patients with primary stage IV disease,
MFI < 6 months, MFI of 6 months-2 years, MFI of 2-5 years,
and MFI > 5 years was 54.1, 53.2, 26.6, 39.3, and 58.8 months,
respectively (p < 0.001, log-rank test). MBC patients with an
MFI of 6 months-2 years had the worst prognosis (p < 0.001,
log-rank test). There were no significant differences in OS
among patients with primary stage IV disease, MFI < 6
months, and MFI > 5 years (MFI > 5 years vs. MFI < 6
months, p=0.612; MFI > 5 years vs. primary stage IV disease,
p=0.470; and MFI < 6 months vs. primary stage IV disease,
p=0.826, log-rank test) (S1A Fig.). With adjustment of age,
menopause status, tumour size, lymph node involvement,
MFI, number of metastasis, location of metastasis site, HR
status, and HER2 receptor status, MFI was significantly cor-
related with outcome in MBC (MFI < 6 months vs. primary
stage IV disease: HRs, 1.125; p=0.607; MFI of 6 months-2
years vs. primary stage IV disease: HRs, 1.851; p < 0.001; MFI

Variable Training cohort Validation cohort p-value(n=634) (n=159)
Chemotherapy (first-line regimen)

Yes 616 (97.2) 151 (95.0) 0.082
No 16 (2.5) 5 (3.1)
Unknown 2 (0.3) 3 (1.9)

Radiotherapy
Yes 328 (51.7) 63 (60.4) 0.008
No 305 (48.1) 96 (39.6)
Unknown 1 (0.2) 0 (

Vital status
Alive 286 (45.1) 104 (65.4) < 0.001
Death 348 (54.9) 55 (34.6)

Table 1. Continued

Values are presented as number (%). MFI, metastasis-free interval; CNS, central nervous system; HR, hormone receptor; HER2,
human epidermal growth factor receptor 2; MRM, modified radical mastectomy; BCT, breast conserving therapy.
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of 2-5 years: HRs, 1.331; p=0.063; MFI > 5 years vs. primary
stage IV disease: HRs, 0.836; p=0.571; multivariable analysis)
(S2 Table). Correlation between clinical factors (age, metas-
tasis location, and HR status) and OS was calculated by sur-
vival curves (S1B-S1D Fig., S2 Table).

2. Fatality risk

The 1-, 3-, and 5-year CFR of MBC was 14.5%, 46.5%, and
60.8%, respectively (Table 2, Fig. 1A). Joinpoint model fitted
a serials of straight line to the CFR. Line of joinpoint was con-
tinuously rising in the first 18 months as the fatality rate was
increasing (annual percentage change [APC], 21.6; 95% CI,
1.0 to 46.3; p < 0.05). After reached the peak at the joinpoint

Time period No. of CFR (%) SEM Cumulate APC 95% CI(mo) deaths survival rate (%)
Trend 1 0 to 6 42 5.4 0.01 94.6 21.6* 1.0 to 46.3

7 to 12 68 9.6 0.01 85.5
13 to 18 71 11.6 0.01 75.6

Trend 2 19 to 24 59 11.5 0.01 66.9 –4.5* –8.2 to –0.7
25 to 30 53 12.7 0.02 58.4
31 to 36 26 8.3 0.02 53.5
37 to 42 22 8.9 0.02 48.8
43 to 48 17 8.6 0.02 44.6
49 to 54 9 5.8 0.02 42.0
55 to 60 8 6.6 0.02 39.2

Table 2. Trend of mortality risk for patients with metastatic breast cancer (Joinpoint model)

CFR, case fatality rate; SEM, standard error of mean; APC, annual percentage change; CI, confidence interval. *p < 0.05.

Fig. 1.  Mortality risk of metastatic breast cancer (MBC) patients. (A) Kaplan-Meier survival curves estimate case fatality rate
of MBC patients: the 1-, 3-, and 5-year fatality rate were 14.5%, 46.5%, and 60.8%, respectively. (B) Analysis of trend of fatality
rate per month by Joinpoint regression: the joinpoint of lines was located at 13-18 (95% confidence interval [CI], [13-18] to
[25-30]); trend 1 of fatality rate ranged from 0 to 18th month (annual percentage change [APC], 21.6; 95% CI, 1.0 to 46.3; 
p < 0.05); trend 2 of fatality rate ranges from 19th to 60th month (APC, –4.5; 95% CI, –8.2 to –0.7; p < 0.05).
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(joinpoint, 13 to 18; 95% CI, [13-18] to [25-30]), the line began
to fall indicating the decreasing fatality rate in MBC (APC, 
–4.5; 95% CI, –8.2 to –0.7; p < 0.05) (Table 2, Fig. 1B). 

3. Outcome-prediction nomogram in the training cohort

Of the 634 patients in the training cohort, 348 (54.9%) died
of breast cancer during the follow-up period. Univariable
analysis using the Cox hazard model identified the following
significant factors (Table 3): age (35-50 years vs. < 35 years;
> 50 years vs. < 35 years; p=0.001), MFI (MFI < 6 months vs.
primary stage IV disease; MFI of 6 months-2 years vs. pri-
mary stage IV disease; MFI of 2-5 years vs. primary stage IV
disease; MFI > 5 years vs. primary stage IV disease; p=0.006),

location of metastasis sites (bone/soft tissue vs. viscera/
CNS; multiple vs. viscera/CNS; p=0.001), and HR status
(positive vs. negative, p=0.013). The multivariable Cox haz-
ard model showed that the following factors were independ-
ently correlated with patient survival (Table 3): age (35-50
years vs. < 35 years; > 50 years vs. < 35 years; p=0.005), MFI
(MFI < 6 months vs. primary stage IV disease; MFI of 
6 months-2 years vs. primary stage IV disease; MFI of 2-5
years vs. primary stage IV disease; MFI > 5 years vs. primary
stage IV disease; p=0.007), location of metastasis site (bone/
soft tissue vs. viscera/CNS; multiple vs. viscera/CNS; p <
0.001), and HR status (positive vs. negative; p=0.008).

A nomogram based on data from the training cohort was
developed for the prediction of OS at 1 and 3 years. We con-

Characteristic Univariable 95% CI p-value Multivariable 95% CI p-valuehazard ratios hazard ratios
Age (yr) 0.001 0.005

< 35 1 1
35-50 0.500 0.334-0.749 0.001 0.526 0.306-0.906 0.020
> 50 0.607 0.277-1.328 0.231 0.873 0.214-1.452 0.374

Menopause status
Menopause vs. menses 0.102 0.010-1.015 0.052

Tumour size (cm) 0.480
 2 1
> 2 and  5 1.266 0.802-1.998 0.312
> 5 1.214 0.583-2.525 0.604

Lymph node involvement 
Yes vs. no 1.382 0.577-3.310 0.468

MFI 0.006 0.007
Primary stage IV 1 1
< 6 mo 0.872 0.512-1.484 0.613 0.670 0.372-1.209 0.184
6 mo-2 yr 1.257 0.752-2.103 0.383 0.780 0.369-1.648 0.515
2-5 yr 0.773 0.371-1.612 0.492 0.469 0.157-1.402 0.176
> 5 yr 0.468 0.170-1.288 0.142 0.208 0.048-0.905 0.036

No. of metastases
> 1 vs. 1 0.596 0.142-2.502 0.480

Metastasis site 0.001 < 0.001
Visceral/CNS 1 1
Bone/Soft tissue 0.483 0.324-0.721 < 0.001 0.745 0.478-1.163 0.195
Multiple 0.477 0.111-2.054 0.320 1.991 0.715-5.544 0.187

HR status
HR+ vs. HR– 0.321 0.131-0.788 0.013 0.270 0.102-0.711 0.008

HER2 receptor status 0.937
Non-amplification 1
Amplification 0.838 0.320-2.191 0.718
Not known or equivocal (2+) 0.702 0.090-5.456 0.735

Table 3. Univariable and multivariable Cox regression model in metastatic breast cancer (training cohort)

CI, confidence interval; MFI, metastasis-free interval; CNS, central nervous system; HR, hormone receptor; HER2, human epi-
dermal growth factor receptor 2.
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structed the nomogram with the following factors: age (< 35,
35-50, or > 50 years), MFI (primary stage IV disease, MFI < 6
months, MFI 6 months-2 years, MFI 2-5 years, or MFI > 5

years), location of metastasis (viscera/CNS, bone/soft tissue,
or multiple), and HR status (positive or negative) (Fig. 2). The
score scale of MFI ranged from 0 to 100, and was larger than

Fig. 2. Prognostic nomogram for metastatic breast cancer patients with factors, including age, metastasis-free interval (MFI),
location of metastasis site, and hormone receptor (HR) status. Points are defined based on the prognostic contribution of the
factors (top). Points summing the contribution of age, MFI, location of metastasis site, and HR status are translated to the
survival probability at 1 and 3 years (bottom). CNS, central nervous system.
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Fig. 3.  Calibration plots for predicting patient survival at 1 and 3 years in the training and validation cohorts. Calibration plots
of survival probability in training (A) and validation (B) cohort. Probability of survival based on the nomogram has been listed
on the x-axis, while actual probability of survival has been listed on the y-axis. OS, overall survival.
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the scales for the other factors (Fig. 3). The score for an MFI
of 6 months-2 years was much higher than that for primary
stage IV disease, MFI < 6 months, MFI of 2-5 years, and MFI
> 5 years. The score for MFI > 5 years was ranked for 0 point
while MFI 6 months-2 years was ranked for 100 point. The
c-index of this model was 0.69 (95% CI, 0.62 to 0.71).

4. Validation of the nomogram

In all, 159 MBC patients diagnosed between August 2011
and July 2013 were stratified as internal validation cohort.
As shown in Table 1, there was no significant difference 
between the validation and training cohorts with regard to
clinical and tumour characteristics. In the validation cohort,
55 MBC patients (34.6%) died of breast cancer during the
study period. The c-index of the nomogram in the external
validation cohort was 0.67 (95% CI, 0.63 to 0.71). The calibra-
tion curve indicated good consistency at 1 and 3 years 
between the training and validation cohorts (Fig. 3).

Discussion

This is the first study to develop and validate a nomogram
which could calculate the 1- and 3-year survival probability
of MBC. We have shown that the 1-, 3-, and 5-year CFR of
MBC was 14.5%, 46.5% and 60.8%, and mortality risk of MBC
was increasing and reached the summit between the 18th
and 30th month after the detection of MBC.

MBC remains an incurable disease wit poor prognosis
among breast cancer [25]. Our study showed that almost half
of MBC patients (46.5%) would die of cancer within 3 years,
which was concordant with the previuos report [10]. The
purpose of treatment for MBC is to reduce tumour burden,
relieve symptoms, and improve the quality of life [3]. 
Although many therapeutic approaches have been devel-
oped in MBC, the selection of an optimal regimen remains a
great challenge in clinical practice [26]. Patients with stable
disease and low tumour burden might benefit from aggres-
sive multidisciplinary therapy by delaying tumour progres-
sion and prolonging survival. However, in most MBC
patients, diseases progress rapidly which would soon 
destruct organ-function and cause death, and application of
aggressive therapy in such MBC patients might increase side
effects without improving outcomes. In our study, mortality
risk of MBC was increasing and reached the summit soon
(13th to 30th month) after the detection of MBC. Consistently,
survival analysis showed that almost half of patients died
within 3 years since diagnosis of MBC. These results indi-
cated that majority of MBC patients were unresponsive to 

alleviative treatment or became resistent to systematic ther-
apy in a short period, which makes aggressive multidiscipli-
nary therapy useless. Thus, methods to predict which
patients may be at a low risk of mortality and suitable to 
aggressive therapy are required for the individualized treat-
ment of MBC patients. Interestingly, our model was an 
effective statistical method to predict mortality risk in MBC
patients. Patients with MFI > 5 years, HR-positive status,
young age, or bone/soft-tissue metastases tended to have
better outcomes. Physicians may be able to quantify the mor-
tality risk of MBC patients and individualize treatments
based on our nomogram.

Cancer researchers are increasingly interested in statistical
methods of survival or recurrence prediction in breast cancer.
Although several studies have reported that short MFI, HR-
negative tumour, and viscera metastasis are correlated with
worse outcomes in MBC, models combining clinical and 
tumour characteristics might be more effective to predict the
outcomes of MBC patients [27]. Nomograms based on the
Cox regression model have been proved to be superior to
other statistical models (such as probability tables, regression
tree analyses, and risk groupings) [19,28]. We constructed a
nomogram combining age, MFI, location of metastasis site,
and HR status. In this model, MFI played a major role in the
scoring system. An MFI > 5 years yielded the lowest score,
while an MFI of 6 months-2 years was associated with a
higher score than those for primary stage IV disease, MFI of
2-5 years, and MFI  6 months.These are consistent with our
results that MBC patients with an MFI of 6 months-2 years
had the worst prognosis, while those with an MFI > 5 years
had the longest survival. The poor survival in the group with
an MFI of 6 months-2 years might be attributable to tumour
resistance or unresponsiveness to systemic therapy. Previ-
ously, study has suggested that patients with triple-negative
breast cancer, which lacks therapeutic targets and is associ-
ated with poor outcomes, tended to have a much higher risk
of disease recurrence than did patients with other types of
breast cancer [18]. HR-positive breast cancer, which can be
effectively treated with current therapeutic methods and is
associated with good outcomes, tends to develop distant
metastases beyond 5 years after the diagnosis [4,29]. This
might partly explain the better survival of patients with an
MFI > 5 years than that of patients with an MFI of 6 months-
2 years. One study has reported that women with primary
stage IV breast cancer had superior survival to that of 
relapsed-MBC patients, as the former were chemotherapy-
naïve [13,22]. In our study, the survival curves showed that
patients with primary stage IV disease had a similar progno-
sis to that of patients with an MFI > 5 years. Interestingly,
our study also showed that the prognosis of patients with an
MFI < 6 months was equal to that of patients with an MFI 
> 5 years or those with primary stage IV disease. We 
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assumed that a portion of patients with an MFI < 6 months
might have had occult metastatic lesions long before they
were detected, and could therefore be considered to have a
low tumour burden.

At last, we evaluated the effectiveness of the nomogram
via discrimination calibration and the c-index. In our study,
the c-index was good in both the training and validation 
cohorts, and the calibration curves of both groups indicated
a favourable prediction stability of our model.

The current study has several limitations. First, this was a
single-centre study that the validation cohort came from the
same cohort with training set, and the internal validity may
give over-optimistic result. However, we have included 793
metastasis breast cancer patients with complete clinical and
follow-up information, which may limit the number of the
cohort but guaranteed the accuracy of the model. Second,
gene signatures were unavailabe in our study population. As
many studies have revealed that tumour biology and patient
outcomes are significantly correlated with gene expression,

gene signatures should be incorporated into the nomogram
[9,30]. Finally, our study is retrospective in nature; we will
carry out a prospective study to evaluate our nomogram in
the future.

In conclusion, we have constructed a nomogram including
MFI, location of metastasis site, age, and HR status, which is
an effective model to predict survival in MBC patients. Our
model could help identify patients with long life expectan-
cies and thus guide clinical decision-making.
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Factors Associated with Prolonged Patient-Attributable Delay 
in the Diagnosis of Colorectal Cancer
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Purpose
The delayed diagnosis of colorectal cancer (CRC) may be attributable to sociodemographic
characteristics, to aspects of tumour histopathology or to the functioning of the health sys-
tem. We seek to determine which of these factors most influences prolonged patient-attrib-
utable delay (PPAD) in the diagnosis and treatment of CRC.

Materials and Methods
A prospective, multicentre observational study was conducted in 22 Spanish hospitals. In
total, 1,785 patients were recruited to the study between 2010 and 2012 and underwent
elective or urgent surgery. PPAD is considered to occur when the time elapsed between a
patient presenting the symptom and him/her seeking attention from the primary care physi-
cian or hospital emergency department exceeds 180 days. A bivariate analysis was per-
formed to assess differences in variables segmented by tumour location and patient delay.
Multivariate logistic regression analysis was performed on the outcome variable, PPAD.

Results
The rate of PPAD among this population was 12.1%. PPAD was significantly associated with
altered bowel rhythm (odds ratio [OR], 1.36; 95% confidence interval [CI], 1.02 to 1.83) and
with adenocarcinoma histology, in comparison with mucinous adenocarcinoma (OR, 2.03;
95% CI, 1.11 to 3.71). Other sociocultural factors and clinicopathological features were not
independent predictors of PPAD.  

Conclusion
Many patients do not consider altered bowel rhythm an alarming symptom, warranting a
visit to the doctor. PPAD could be reduced by improving health education, raising awareness
of CRC-related symptoms. 
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Introduction

Colorectal cancer (CRC) is one of the most prevalent neo-
plasms in the world. It is the third most commonly diag-
nosed tumour in men and the second in women, provoking
an estimated 1.4 million cases and 693,900 deaths in 2012 [1].

In Spain, the national health system is universal and free
of charge. Population has direct access to primary healthcare,
and family physicians can derive patients to specialized
medicine. Around 90% of the population use the public
healthcare system, and about 18% are members of a private
healthcare scheme. A mandatory CRC screening programme
is applied throughout the country, except in two regions.
Nonetheless, over 25,000 new cases of CRC are diagnosed
and 14,000 persons die of the disease each year. It is therefore
considered a major public health problem.

The detection of pre-cancerous lesions or the diagnosis of
CRC at an early stage in asymptomatic patients, with the con-
sequent rapid initiation of treatment, is a fundamental objec-
tive in cancer care procedures, because despite its high
incidence and mortality, this is one of the tumours on which
preventive measures have most effect [2]. In this respect,
studies have highlighted the possible influence of diagnostic
and therapeutic delays on the prognosis of patients with
CRC [3,4], although other research groups have reported
conflicting results [5,6].

In general, three phases of diagnostic delay can be identi-
fied. The first is patient-attributable delay, i.e., the period 
between the patient’s observation of the first disease-related
symptom and the moment at which the doctor is consulted.
The second is medical delay, or the time elapsed between the
first medical examination and referral to the specialist doctor
for diagnostic tests. Finally, hospital delay is the time elapsed
between this referral and the date on which the diagnosis is
issued. Other models of diagnostic delay, such as Andersen’s
Model of Total Patient Delay, describe different phases, but
also include treatment delay in the concept (delay stages: 
appraisal, illness, behavioural, scheduling, treatment) [7].
However, the term diagnostic delay is often used without
specifying the period of time it refers to. Previous studies of
delay have shown that those attributable to the patient are
greater than those arising within the health system [8]. Pre-
vious studies of CRC delay have concluded that rectal bleed-
ing is one of the factors associated with a longer delay to
medical consultation, but other socio-demographic factors
analysed were not found to be related to the delay [9]. How-
ever, other authors have observed an association between
factors such as age, sex, educational level and marital status
and delay in CRC [10]. Early recognition by primary care
physicians of the digestive symptoms related to colorectal
tumours and the consequent referral for study is an element

of vital importance in reducing diagnostic delay. However,
the delay attributable to the health system represents only a
small proportion of the total diagnostic delay and the lifes-
pan of the tumour. For this reason, our study examined fac-
tors that may influence patient-attributable diagnostic delay,
which in many cases is excessive.

Materials and Methods

1. Study design

This descriptive cross-sectional study was conducted from
2010 to 2012, addressing a multicentre prospective cohort,
based on 22 hospitals belonging to the Spanish public health
system, located in six regions, or Autonomous Communities,
(Andalusia, Canary Islands, Catalonia, Madrid, Valencia,
and Basque Country) [11]. All regions are subject to the gen-
eral health law of Spain and so there are no significant 
regional differences in the health care system. The study pop-
ulation was composed of patients diagnosed with new or 
incident colon cancer (CC) or rectal cancer (RC), stage 1-4,
who underwent either urgent or elective surgery. 

All patients were included, regardless of whether they 
received previous or subsequent treatment.

Inclusion criteria is as follows: (1) patients diagnosed with
CC (to 15 cm above the anal margin) or RC (from the anal
margin to 15 cm above it), who undergo curative and/or pal-
liative surgery for the first time; (2) pathological diagnosis of
CC or RC after biopsy performed by colonoscopy; and (3)
signed informed consent provided.

Exclusion criteria is as follows: (1) patients diagnosed with
CC or RC in situ; (2) tumour unresectable; (3) severe mental
or physical conditions which preclude the patient from 
responding to questionnaires; terminal patients; patients 
unable to respond to questionnaires from any cause; and (4)
failure to provide signed informed consent.

Patients were recruited prospectively and consecutively at
each of the participating centres (Fig. 1). Following recruit-
ment, information was collected both directly from the 
patients and from the corresponding medical record.

2. Study definitions

Prolonged patient-attributable delay (PPAD) is defined as
occurring when the time elapsed between the patient’s 
observation of the first symptom and his/her communicat-
ing this to the physician exceeds 180 days. This cut-off point
is arbitrary, since no generally-agreed definition has yet been
established and various time intervals are referred to in the
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literature [12-15], although the cut-off point of 180 days has
been used in a previous report on breast cancer [16]. 

The anatomical location and histology of the tumours were
coded in accordance with the International Classification of
Diseases for Oncology (ICD-O). Classification by stages,
based on the TNM staging system, was conducted in line
with the recommendations of the International Union
Against Cancer seventh edition.

3. Study variables

The clinical record of each patient was consulted to obtain
data on the dependent variable: PPAD, the time elapsed
since the presentation of symptoms and the moment at
which the patient consulted the doctor for this reason.

The following data regarding the patients’ medical record
were compiled: sex, age, body mass index, smoking habit,
family history of any cancer, family history of CRC, date of
first contact with the hospital, date of diagnosis, date of start-
ing treatment, existence of prior CRC screening, location of
the tumour (rectum/colon), histological type (conventional
adenocarcinoma/mucinous adenocarcinoma/others), degree
of histological differentiation (low/high degree), stage 
(tumour stage “T”/nodal stage “N”, under the TNM staging
system), lymphovascular or perineural invasion, and pres-
ence of metastases. 

The following variables were self-reported by the patient:
initial gastrointestinal signs or symptoms (abdominal pain,
bleeding, altered bowel rhythm [i.e., diarrhoea and/or con-
stipation], perforation or intestinal obstruction), date of onset
of symptoms, marital status, employment status, educational
level, require assistance (receiving any help from others or
from some institution), receiving social benefits (government
subsidy for home help), and housing status.

4. Statistical analysis 

A descriptive analysis was performed with measures of
central tendency and dispersion for the quantitative variables
and of frequency distribution for the qualitative ones. A 
bivariate analysis was performed to assess differences, seg-
mented by tumour type and patient delay, using Student’s t
test for quantitative variables and the chi-square test for qual-
itative ones. Multivariate logistic regression analysis was per-
formed on the outcome variable, PPAD. Backwards stepwise
conditional analysis was applied, with an input criterion of
0.05 and an output of 0.1. Variables with p < 0.2 were 
included in the bivariate analysis, together with age, sex and
tumour location. The goodness of fit was assessed by the
Hosmer-Lemeshow test and the percentage of correct classi-
fication. We also checked the interaction between the vari-
ables included in the multivariate model. In view of the

Recruited patients (n=3,915) Total of exclusions (n=1,166, 29.8%)
   

Reasons for exclusions
  Reject to participate (n=512)
  No colorectal cancer (n=267)
  In situ cancer (n=113)
  Recurrence (n=60)
  Inoperable (n=58)
  Pre-intervention deaths (n=35)
  Out of inclusion period (n=34)
  Terminal patient (n=33)
  Not specified (n=21)
  Others (n=17)
  Sent to other hospital (n=16)

Patients excluded due to
  absence of symptom onset date 
  (n=964, 35.1%)

Included patients in 
CARESS/CCR study (n=2,749)

Included patients in 
PPAD study (n=1,785)

Fig. 1. Description of subject selection for the study. PPAD, prolonged patient-attributable delay.
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losses in the independent variables, the fitted model coeffi-
cients were calculated from the information for all patients
who presented the variables included in the model, and not
from the variables included in the previous steps. The level
of significance used in this analysis was p < 0.05. All statisti-
cal calculations were performed with SPSS ver. 15 (SPSS Inc.,
Chicago, IL).

5. Ethical statement 

The study was performed in accordance with the good
clinical practice guidelines of the Helsinki Declaration. 

Informed consent was obtained from all patients to take part
in the study and for their clinical records to be reviewed. This
project was approved by the ethics review board of each of
participating centres (reference 10/09). 

The patients included were informed of the study and all
gave their informed consent to perform an interview related
to their symptoms, lifestyle, and medical history.

Table 1.  Sociodemographic data for the total population and segmented by tumour location
Total (n=1,785) Colon (n=1,266) Rectal (n=519) p-value

Sex
Male 1,124 (63.0) 776 (61.3) 348 (67.1) 0.026
Female 661 (37.0) 490 (38.7) 171 (32.9)

Age (yr) 1,782 (
< 70 843 (47.2) 555 (43.9) 288 (55.6) < 0.001
 70 939 (52.6) 709 (56.1) 230 (44.4)

Marital status 1,503 (
Single 106 (7.1) 64 (6.0) 42 (9.5) 0.007
Married-Partnership 1,068 (71.1) 743 (70.2) 325 (73.2)
Separated-Divorced 74 (4.9) 54 (5.1) 20 (4.5)
Widowed 255 (17.0) 198 (18.7) 57 (12.8)

Education 1,511 (
None-Primary 1,178 (78.0) 832 (78.0) 346 (77.9) 1.000
Secondary-University 333 (22.0) 235 (22.0) 98 (22.1)

Currently employed 1,484 (
No 1,153 (77.7) 809 (77.4) 344 (78.4) 0.741
Yes 331 (22.3) 236 (22.6) 95 (21.6)

Require assistance 1,434 (
No 538 (37.5) 378 (37.5) 160 (37.5) 1.000
Yes 896 (62.5) 629 (62.5) 267 (62.5)

Receiving social benefit 1,453 (
No 1,235 (85.0) 854 (83.2) 381 (89.4) 0.003
Yes 218 (15.0) 173 (16.8) 45 (10.6)

Current housing status 1,497 (
Living alone in a house/Flat 224 (15.0) 163 (15.5) 61 (13.6) 0.807
Living in a house/Flat with spouse, relative or other person 1,229 (82.1) 856 (81.5) 373 (83.4)
Living in a retirement or care home 8 (0.5) 6 (0.6) 2 (0.4)
Other situation 36 (2.4) 25 (2.4) 11 (2.5)

BMI 1,420 (
Mean±standard deviation 27.6±4.8 27.9±5.0 26.9±4.3 0.001

Smoking habit 1,728 (
Never smoked 850 (49.2) 614 (50.2) 236 (46.7) 0.160
Current smoker 212 (12.3) 139 (11.4) 73 (14.5)
Ex-smoker 666 (38.5) 470 (38.4) 196 (38.8)

Values are presented as number (%) unless otherwise indicated.
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Results

A total of 1,785 patients diagnosed with CRC who met the
inclusion criteria were included in this study. The mean age
of this population was 68.7 years (standard deviation [SD],
11.3) and 63% were men. Segmenting the population by 
tumour location showed that both CC and RC were signifi-
cantly more prevalent among the male patients. Patients 
diagnosed with RC were younger than those with CC (66
years vs. 69 years, p < 0.001). Among patients with CC or RC,
the majority were married or in a civil partnership (CC,
70.2%; RC, 73.2%). Social benefits were more likely to be 

received by patients with CC than by those with RC (16.8%
vs. 10.6%, respectively; p=0.003). Body mass index was
higher among the patients with CC (27.9 vs. 26.9, respec-
tively; p < 0.001). Regarding the clinical characteristics 
observed at the time of diagnosis, tumour extension, the
presence of affected lymph nodes and metastases were all
greater among the patients with CC than among those with
RC (stages T3-4, 83.3% vs. 54.5%, p < 0.001; lymph node 
involvement, 40.4% vs. 32.1%, p=0.002; distant metastasis,
10% vs. 6.3%, p=0.022, respectively). Vascular and perineural
invasion were also more frequent in CC than in RC (17.2%
vs. 9.4%, p < 0.001 and 20.8% vs. 16%, p=0.041, respectively).

Tables 1 and 2 describe the sociodemographic and clinico-

Table 2.  Clinical and pathological characteristics for the total population and segmented by tumour location
Total (n=1,785) Colon (n=1,266) Rectal (n=519) p-value

Family history of cancers 1,617 (
No 1,023 (63.3) 734 (64.8) 289 (59.6) 0.051
Yes 594 (36.7) 398 (35.2) 196 (40.4)

Family history of CRC 1,140 (
No 997 (87.5) 704 (87.6) 293 (87.2) 0.945
Yes 143 (12.5) 100 (12.4) 43 (12.8)

Altered bowel rhythm 1,780 (
No 833 (46.8) 620 (49.1) 213 (41.1) 0.002
Yes 947 (53.2) 642 (50.9) 305 (58.9)

Tumour location 1,785 (
Colon 1,266 (70.9)
Rectal 519 (29.1)

Size of tumour 1,752 (
Small local extension (T0-T1-T2) 438 (25.0) 208 (16.7) 230 (45.5) < 0.001
Large local extension (T3-T4) 1,314 (75.0) 1,038 (83.3) 276 (54.5)

Presence of nodes 1,707 (
Absence 1,058 (62.0) 730 (59.6) 328 (67.9) 0.002
Presence 649 (38.0) 494 (40.4) 155 (32.1)

Histology 1,759 (
Adenocarcinoma 1,578 (89.7) 1,118 (89.0) 460 (91.5) 0.152
Mucinous adenocarcinoma 181 (10.3) 138 (11.0) 43 (8.5)

Metastasis 1,645 (
Absence 1,498 (91.1) 1,052 (90.0) 446 (93.7) 0.022
Presence 147 (8.9) 117 (10.0) 30 (6.3)

Differentiation 1,508 (
Low degree 1,299 (86.1) 958 (86.2) 341 (85.9) 0.936
High degree 209 (13.9) 153 (13.8) 56 (14.1)

Vascular invasion 1,512 (
Absence 1,285 (85.0) 900 (82.8) 385 (90.6) 0.001
Presence 227 (15.0) 187 (17.2) 40 (9.4)

Perineural invasion 1,470 (
Absence 1,184 (80.5) 832 (79.2) 352 (84.0) 0.041
Presence 286 (19.5) 219 (20.8) 67 (16.0)

Values are presented as number (%). 
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pathological features of the study population, segmented 
according to tumour location.

The distribution of patient-attributable delays, for CC and
RC, was as follows. Among the 1,266 patients with CC, the
median number of days elapsed from observation of symp-
toms until the first medical visit was 22 days, with an 
interquartile range of 1-77; for the 519 patients with RC, the
median delay was 31 days, with an interquartile range of 
2-106 (Fig. 2).

PPAD was detected in 12.1% of 1,751 patients (95% confi-
dence interval [CI], 10.5 to 13.6). The independent variables
found in the bivariate analysis to be significantly related to a
higher PPAD are shown in Table 3. After adjusting for the
variables found to be significant in the raw analysis, the mul-
tivariate analysis showed that the following were indicators
of a greater PPAD: adenocarcinoma-type histology (odds
ratio [OR], 2.03; 95% CI, 1.11 to 3.71) in comparison with 
mucinous-type histology; and the presence of altered bowel
rhythm (OR, 1.36; 95% CI, 1.02 to 1.83), in comparison with
patients without altered bowel rhythm. The other sociode-
mographic and clinical variables did not present statistical
significance. We also checked the interaction between the
variables included in the multivariate model and no signifi-
cant interactions were found.

Discussion

The duration of delay in the diagnosis and treatment of
cancer patients is a matter of some controversy, and various
definitions and cut-off points have been proposed. What is
unquestioned is that the process is a complex one, and that
it can influence disease prognosis, through factors such as
tumour biology, host-tumour interaction, medical skills, the
quality of the health system and the sociocultural and psy-
chological characteristics of the patient [10].

In this multi-centre study of a population diagnosed with
CRC, we analyse the patients’ delay in seeking medical treat-
ment, whether through primary care or via a hospital emer-
gency service. Unlike previous research on diagnostic delay,
the present study was conducted with a large number of 
patients, who were recruited prospectively and systemati-
cally. Other studies carried out on this subject in Spain have
reported a relatively short average patient-attributable delay
of 49 days [11]; other observers, however, have measured
longer delays, of up to 130 days [16]. In this respect, too, a
review of 20 studies on the patient-attributable delay 
observed in a study population with upper gastrointestinal
cancer, described average values ranging from 14 to 225 days
(7.5 months) [12-15]. Various time intervals have been sug-
gested in definitions of PPAD, and it has even been evalu-
ated as a continuous variable [5]. Our research group
decided to use a cut-off point of 180 days taking into account
our study aim, namely to determine which factors might be
responsible for the patient allowing a prolonged period of
time to elapse between observation of the initial symptoms
related to CRC and seeking medical attention for this condi-
tion.

Among the 1,751 patients analyzed, the rate of PPAD 
observed (12.1%) was, in fact, relatively low. The delay in
seeking a first medical visit was significantly associated with
the presence of altered bowel rhythm, i.e. constipation or 
diarrhoea. Although these signs and symptoms are known
to be related to the diagnosis of CRC [17], the population at
large may not be alarmed by them; they are non-specific and
often attributable to other, less serious diagnoses such as 
altered intestinal function, changes in dietary habits or sim-
ple gastrointestinal infections. Similarly, in a previous study
conducted by our group, slight or moderate digestive symp-
toms were associated with greater delays in seeking treat-
ment for RC [18]. Other studies of PPAD have shown that
symptoms such as mucorrhoea, bleeding and tenesmus were
associated with greater delay in seeking a medical consulta-
tion, while pain motivated earlier consultation [5].

It appears, therefore, that achieving the patient’s recogni-
tion of the fact that mild or moderate symptoms may be 
associated with CRC could be of major importance in 

Fig. 2.  Distribution of patient delays. The line within each
box represents the median, and the height of each box, the
interquartile range (Q3-Q1).
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Patient delay Crude Adjustedb)

 180 days > 180 daysa) p-value OR (95% CI) p-value OR (95% CI)
Sex

Male 994 (88.4) 130 (11.6) 0.418 1.00 ( - -
Female 576 (87.1) 85 (12.9) 1.13 (0.84-1.51) -

Age (yr)
< 70 733 (87.0) 110 (13.0) 0.201 1.00 ( - -
 70 833 (88.9) 104 (11.1) 1.20 (0.90-1.60) -

Marital status
Single 86 (81.1) 20 (18.9) 0.210 1.00 ( - -
Married-Partnership 943 (88.3) 125 (11.7) 0.57 (0.34-0.96) -
Separated-Divorced 65 (87.8) 9 (12.2) 0.95 (0.25-1.39) -
Widowed 22 (87.1) 33 (12.9) 0.64 (0.35-1.17) -

Education
None-Primary 1,036 (87.9) 142 (12.1) 0.570 1.00 ( - -
Secondary-University 289 (86.8) 44 (13.2) 1.11 (0.77-1.60) -

Currently employed
No 1,016 (88.1) 137 (11.9) 0.204 1.00 ( - -
Yes 283 (85.5) 48 (14.5) 1.26 (0.88-1.79) -

Require assistance
No 460 (85.5) 78 (14.5) 0.144 1.00 ( - -
Yes 790 (88.2) 106 (11.8) 0.79 (0.58-1.08) -

Receiving social benefit
No 1,078 (87.3) 157 (12.7) 0.893 1.00 ( - -
Yes 191 (87.6) 27 (12.4) 0.97 (0.63-1.50) -

Current housing status
Living alone in a house/Flat 187 (83.5) 37 (16.5) 0.259 1.00 ( - -
Living in a house/Flat with spouse, 1,085 (88.3) 144 (11.7) 0.67 (0.45-0.99) -
relative or other person

Living in a retirement or care home 8 (100) 0 ( - -
Other situation 31 (86.1) 5 (13.9) 0.81 (0.30-2.23) -

BMI
Mean±standard deviation 27.6±4.8 27.8±4.9 0.630 1.01 (0.97-1.04) - -

Smoking habit
Never smoked 750 (88.2) 100 (11.8) 0.618 1.00 ( - -
Current smoker 182 (85.8) 30 (14.2) 1.24 (0.80-1.92) -
Ex-smoker 587 (88.1) 79 (11.9) 1.01 (0.74-1.38) -

Family history of tumours
No 893 (87.3) 130 (12.7) 0.587 1.00 ( - -
Yes 524 (88.2) 70 (11.8) 0.92 (0.67-1.25) -

Family history of CRC
No 870 (87.3) 127 (12.7) 0.318 1.00 ( - -
Yes 129 (90.2) 14 (9.8) 0.74 (0.41-1.33) -

Altered bowel rhythm
No 745 (89.4) 88 (10.6) 0.067 1.00 ( 0.039 1.00 (
Yes 820 (86.6) 127 (13.4) 1.31 (0.98-1.75) 1.36 (1.02-1.83)

Type of tumour
Colon 1,122 (88.6) 144 (11.4) 0.175 1.00 ( - -
Rectal 448 (86.3) 71 (13.7) 1.23 (0.91-1.67) -

Table 3. Bivariate and multivariate analysis with patient delay (180 days)

(Continued to the next page)
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decreasing PPAD. This view was underlined in a wide-rang-
ing review of the literature on patient and health system-
related factors that may influence treatment delays for upper
gastrointestinal tumours. This review concluded that such
delays are affected not only by awareness of symptoms but
also by the recognition (or failure to recognise) that these
symptoms may reflect an underlying neoplasm [19,20]. 
Another factor that could prolong delay is that of reluctance
to inform the doctor of clinical signs, for fear of a diagnosis
of cancer, thus provoking the concealment or redefinition of
its symptoms [21-23].

In the understanding that diagnostic delay of CRC is a
major public health problem that must be addressed, in 2000
the UK Department of Health introduced the "Fast-Track" or
"Two Week Wait" system for patients with suspected CRC.
A test/proforma system was introduced to help the general
practitioner identify CRC-related symptoms; if these were
observed, the patients would be referred for prompt study
(within 14 days). However, this initiative did not reduce the
proportion of patients with acute presentation, with 

advanced stages at diagnosis, or the number of cases requir-
ing curative surgery; nor did this system influence the prog-
nosis of patients with CC, whose survival rates remained
unchanged, unlike patients with RC [24].

Other factors related to the healthcare system that may 
influence treatment delay include regulation, finance, direct
access to secondary care and the type of primary care
providers within the healthcare system [25]. There are no sig-
nificant differences in these characteristics between the dif-
ferent regions in Spain. As mentioned before, all regions are
subject to the same healthcare legislation. Therefore, a rea-
sonable degree of homogeneity is to be expected within the
healthcare system. 

As in other countries, CRC screening is not yet fully 
implemented throughout Spain, and was much less so in
2010, when recruitment for this study began. Our findings
clearly show that patient-attributable delay is greater when
the first symptom is altered bowel rhythm. Accordingly, we
believe significant benefits would be achieved, in terms of
reducing this delay, by the systematic implantation of CRC

Patient delay Crude Adjustedb)

 180 days > 180 daysa) p-value OR (95% CI) p-value OR (95% CI)
Size of tumour

Small local extension (T0-TI-TII) 388 (88.6) 50 (11.4) 0.797 1.00 ( - -
Large local extension (TIII-TIV) 1,158 (88.1) 156 (11.9) 1.04 (0.74-1.47) -

Presence of nodes
Absence 929 (87.7) 129 (12.2) 0.624 1.00 ( - -
Presence 575 (88.6) 74 (11.4) 0.93 (0.68-1.26) -

Histology
Adenocarcinoma 1,379 (87.4) 199 (12.6) 0.021 2.03 (1.11-3.72) 0.022 2.03 (1.11-3.71)
Mucinous adenocarcinoma 169 (93.4) 12 (6.6) 1.00 ( 1.00 (

Metastasis
Absence 1,321 (88.2) 177 (11.8) 0.119 1.00 ( - -
Presence 136 (92.5) 11 (7.5) 0.60 (0.32-1.14) -

Differentiation
Low degree 1,137 (87.5) 162 (12.5) 0.320 1.00 ( - -
High degree 188 (90.0) 21 (10.0) 0.78 (0.48-1.27) -

Vascular invasion
Absence 1,123 (87.4) 162 (12.6) 0.628 1.00 ( - -
Presence 201 (88.5) 26 (11.5) 0.90 (0.58-1.39) -

Perineural invasion
Absence 1,036 (87.5) 148 (12.5) 0.657 1.00 ( - -
Presence 253 (88.5) 33 (11.5) 0.91 (0.61-1.36) -

Table 3. Continued

OR, odds ratio; CI, confidence interval; BMI, body mass index; CRC, colorectal cancer. a)12%; 95% CI, 10.5 to 13.6, b)In multi-
variate logistic regression with a sample of 1,751 patients, 88% correct classification. Hosmer-Lemeshow test, p=0.916 (the
proposed model fits the data observed). The variables included in the backwards stepwise conditional analysis were: sex, age,
require assistance, altered bowel rhythm–previous symptom, type of tumour, histology, and metastasis.
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screening in primary care. This screening would detect the
condition even in the absence of symptoms or with mild-
to-moderate symptoms, cases in which patients might oth-
erwise pay little attention and fail to consult their doctor at a
sufficiently early stage.

Mucinous histology is present in 5%-15% of all cases of
CRC. This condition is defined as being present when the
mucinous component represents > 50% of the pathology
sample [26]. It is associated with younger patients and with
tumours of greater size and stage at diagnosis. It is often 
located in the right colon and accompanied by a greater pres-
ence of microsatellite instability with respect to non-muci-
nous histology. This tumour type presents a poorer response
to cytostatic treatments in CRC and its prognosis is usually
worse, especially in rectal tumours [27]. In our study, it was
found to be an independent protective factor against PPAD,
compared to adenocarcinoma histology, probably because
the clinical course tends to be more insidious at the onset,
and it is often not perceived. In consequence, when it finally
becomes apparent, the condition is at a more advanced stage
(III or IV) and the symptoms are more severe. Thus, patients
are motivated to seek prompt medical consultation [28].

Other clinicopathological features with recognised prog-
nostic value, such as histological differentiation, lymph node
involvement, perineural involvement and the presence of
metastases, were not related to PPAD. Nor was the rectal 
location of the tumour, in this analysis, although a previous
study did find it to be a risk factor for greater treatment
delay, as were the early stages (T1-T2) of CC [18].

As well as failure to recognise the severity of the symptom
and its relation to CRC, there exists a certain culture of rejec-
tion of medical treatment, in preference for alternative 
approaches or focusing on preceding psychological disorders
such as depression, which has been related to diagnostic and
treatment delays [29]. Accordingly, our analysis also inclu-
ded certain socio-demographic and cultural characteristics
of the population such as toxic habits (i.e., smoking), the
availability of social benefits, employment status, education
and marital status. However, none of these were found to be
related to PPAD. An earlier report found no overall relation-
ship between socio-economic status and delay for CRC treat-
ment [30]. We did not include income level in our model 
because we did not gather this information, but we included
the variable education which may give a similar information
and we also found no relation. Other potentially relevant fac-
tors not included in our analyses, such as health insurance
or residential area, we think that they would not have an 
important impact in our results, given that the healthcare 
insurance status is rather homogeneous for all the study par-
ticipants. On the other hand, the period of delay may be 
affected by memory bias, regarding the patient’s identifica-
tion of when the first CRC-related symptom was observed.

In addition, the patient may not have correctly identified the
main symptom if several were simultaneously present at the
outset of the process. Moreover, we do not know what effect
would be produced by a prolonged diagnostic delay (> 180
days) on the prognosis of patients with CRC, since this was
not the aim of our study; nevertheless, this question will be
addressed in a future analysis, as other researchers have 
reported that diagnostic delay may influence survival in RC,
but not in CC [5]. In contrast to previous research, our main
strength is having conducted a prospective cohort study with
a large number of patients and health centres, belonging to
the public health system, applying consistent inclusion cri-
teria and systematically compiling the study data.

In view of the enhanced survival and cure rates associated
with early CRC diagnosis, we consider it important to deter-
mine which factors might influence any prolonged delay in
a patient with CRC symptoms receiving initial medical treat-
ment. The results obtained lead us to conclude that more
health education programmes should be provided, to alert
the population to the symptoms associated with CRC, such
as altered bowel rhythm, and to stress the importance of
early medical consultation. 
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Geographical Variations and Trends in Major Cancer Incidences
throughout Korea during 1999-2013
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Purpose
We aimed to describe the temporal trends and district-level geographical variations in cancer
incidences throughout Korea during 1999-2013.  

Materials and Methods
Data were obtained from the Korean National Cancer Incidence Database. We calculated
the age-standardized cumulative cancer incidences according to sex and geographical region
(metropolitan cities, provinces, and districts) for three 5-year periods (1999-2003, 2004-
2008, and 2009-2013). Each quintile interval contained the same number of regions. Dis-
ease maps were created to visualize regional differences in the cancer incidences. 

Results
Substantial differences in cancer incidences were observed according to district and cancer
type. The largest variations between geographical regions were found for thyroid cancer
among both men and women. There was little variation in the incidences of stomach, col-
orectal, and lung cancer according to geographical region. Substantially elevated incidences
of specific cancers were observed in Jeollanam-do (thyroid); Daejeon (colorectum); Jeol-
lanam-do, Gyeongsangbuk-do, and Chungcheongbuk-do (lung); Seocho-gu, Gangnam-gu
and Seongnam, Bundang-gu (breast and prostate); Chungcheong and Gyeongsang
provinces (stomach); Ulleung-gun and the southern districts of Gyeongsangnam-do and 
Jeollanam-do (liver); and along the Nakdonggang River (gallbladder and biliary tract).   

Conclusion
Mapping regional cancer incidences in Korea allowed us to compare the results according
to geographical region. Our results may facilitate the development of infrastructure for sys-
tematic cancer incidence monitoring, which could promote the planning and implementation
of region-specific cancer management programs.
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Incidence, Neoplasms, Korea, Geographic locations, 
Small-area analysis
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Introduction

Cancer creates a significant burden that is expected to
grow during the coming years because of population aging.
A 2012 GLOBOCAN report highlighted the geographical
variation in worldwide cancer incidences [1], and noted up
to five-fold differences between countries. The highest inci-
dences for both sexes were noted in Australia/New Zealand

and North America, and the lowest incidences were noted in
south-central Asia and middle Africa Africa [1], and prostate,
colorectal, female breast, and lung cancer incidence rates
were several times higher in more developed countries than
less developed countries [2].  Possible causes of these inter-
national variation in cancer incidence of all cancer combined
could be the younger age structure, competing risks of death
(such as infection), and lower smoking prevalence in less 
developed countries [2].



In Korea, the incidence of cancer had increased until 2011,
although it has subsequently decreased. The Korea Central
Cancer Registry (KCCR) was established as a national cancer
incidence database that combines data from the KCCR and
11 population-based regional cancer registries. The KCCR
publishes annual cancer statistics for the national and provin-
cial levels. However, district-level incidences have not been
published because of concerns regarding the disclosure of
private information and statistical stability.

Spatial epidemiology is the description and analysis of 
geographically indexed health data in terms of demographic,
environmental, behavioral, and socioeconomic risk factors.
Disease maps provide a visual summary of large amounts of
geographical information and have become widely used dur-
ing recent years. In addition, disease maps can show patterns
of diseases within small geographical areas, as they intrinsi-
cally provide information regarding the geographical varia-
tions in disease patterns. Cancer atlases that provide national
or regional incidences have also been developed in many
countries, including the United States [3], the United King-
dom and Ireland [4], and Australia [5]. In United Kingdom,
only small geographical variations existed in incidence for
colorectal, female breast and prostate cancer [4]. In contrast,
the rate of lung cancer in patients living in the most deprived
areas were three times higher than in the affluent, and very
wide geographical variations existed in the incidence of cer-
vical cancer, which is related to patterns in sexual behavior
and human papillomavirus infection [4].

Although Statistics Korea has provided district-level can-
cer mortality data since 2005, district-level cancer incidence
data have not been reported. Therefore, we present the first
report of district-level temporal trends and spatial variations
in cancer incidences throughout Korea according to sex, age,

and cancer type. 

Materials and Methods

The KCCR is a nationwide hospital-based cancer registry
that was launched by the Korean Ministry of Health and
Welfare in 1980. The KCCR was subsequently expanded in
1999 to include the entire Korean population [6]. The present
study evaluated cancer incidence data for 1999-2013 that
were obtained from the Korean National Cancer Incidence
Database. The mid-year populations were obtained from Sta-
tistics Korea [7]. To enhance statistical stability, cancer inci-
dence data according sex and geographical region were
divided into three 5-year periods (1999-2003, 2004-2008, and
2009-2013). The incidences of eight cancer types were calcu-
lated according to their International Classification of Dis-
eases, 10th edition (ICD-10) codes: thyroid cancer (C73),
stomach cancer (C16), colorectal cancer (C18-C20), lung can-
cer (C33-34), female breast cancer (C50), liver cancer (C22),
prostate cancer (C61), and gallbladder and biliary tract can-
cer (C23-24). 

Geographical regions were defined and classified in accor-
dance with Statistics Korea’s classification of administrative
areas, which are determined according to population and 
regional characteristics. These areas included 16 metropoli-
tan cities and provinces with 245-249 districts, depending on
the specific time period. Inter-regional comparisons were cal-
culated for age-standardized incidences, based on the mid-
2000 population of registered residents as the standard
population. Disease maps were created using ArcMap soft-

Cancer Res Treat. 2018;50(4):1281-1293

National incidences Regional incidences
(cases per 100,000 persons) (cases per 100,000 persons)

Cancer 2009-2013
1999-2003 2004-2008 2009-2013 Min Median Max Absolute Relative

differencea) differenceb)

Stomach 67.9 66.5 63.0 38.9 64.3 94.3 55.4 2.4
Colorectum 31.1 44.3 50.8 27.8 50.5 68.2 40.4 2.5
Lung 50.8 50.1 46.6 33.1 48.8 73.7 40.6 2.2
Liver 45.7 42.3 36.8 24.2 37.2 83.4 59.2 3.4
Prostate 9.7 19.0 26.5 13.7 25.4 48.8 35.1 3.6
Thyroid 2.9 9.8 24.3 3.8 20.9 47.7 43.9 12.6
Gallbladder and biliary tract 8.1 8.5 7.9 4.2 7.6 15.4 11.2 9.9

Table 1. National and regional trends and changes in the incidences of cancers among Korean men

Min, minimum; Max, maximum. a)Absolute difference between maximum and minimum incidence among regions, b)Relative
difference between maximum and minimum incidence among regions. 
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ware ver. 9.1 (ESRI, Redlands, CA) to visualize regional dif-
ferences in the incidences. Each quintile interval included the
same number of regions and was shown on the regional dis-
ease map. Statistical analyses were performed using SAS
software ver. 9.3 (SAS Institute Inc., Cary, NC) and STATA
software (Stata Corp., College Station, TX).

Results

Table 1 shows the national incidences for each cancer type
during the three study periods, as well as regional differ-
ences during 2009-2013 among men. The differences in the
regional incidences ranged from two- to 13-fold. The largest
regional difference was observed for thyroid cancer, while
smaller regional differences were observed for stomach, col-
orectal, and lung cancer. Among women, the regional differ-
ences ranged from two- to six-fold (Table 2). The largest
regional difference was observed for gallbladder and biliary
tract cancer, while smaller regional differences were 
observed for colorectal, breast, and stomach cancer.

1. Thyroid cancer

During 2009-2013, elevated incidences of thyroid cancer
were observed in most areas of Jeollanam-do, including
Yeosu, whereas the lowest incidence was observed in Gang-
won-do. High incidences of thyroid cancer were observed in
some metropolises, including Seoul, Daejeon, and Daegu, 
although the district-level difference decreased during the

study period (Fig. 1A and C). The national and regional 
incidences of thyroid cancer increased during the study 
period for both sexes. In addition, the absolute variation in
the regional differences for thyroid cancer incidences broad-
ened over time (Fig. 1B and D).

2. Stomach cancer

High incidences of stomach cancer were observed along
the border of the Chungcheongbuk-do and Gyeongsangbuk-
do. Among men, the highest incidences of stomach cancer
during 2009-2013 were observed in Cheongyang-gun,
Chungcheongbuk-do (age-standardized rate [ASR], 94.3),
whereas the highest incidences among women were 
observed in Uljin-gun, Gyeongsangbuk-do (ASR, 44.4) 
(Fig. 2A and C). The national and regional incidences and
their variations for stomach cancer decreased during the
study period among men and women (Fig. 2B and D). 

3. Colorectal cancer

High incidences of colorectal cancer were observed in the
Daejeon and Chungcheong Province. Among men, the high-
est incidences of colorectal cancer during 2009-2013 were 
observed in Chungcheongbuk-do, and especially in Jeung-
pyeong-gun (ASR, 68.2). Similarly, among women, the high-
est incidences of colorectal cancer were observed in Chung-
cheong Province, with a maximum incidence in the Cheong-
yang-gun district of Chungcheongnam-do (ASR, 39.3) 
(Fig. 3A and C). The national and regional incidences of col-
orectal cancer increased during the study period among men
and women (Fig. 3B and D). 

Young-Joo Won, Regional Cancer Variations and Trends in Korea

National incidences Regional incidences
(cases per 100,000 persons) (cases per 100,000 persons)

Cancer 2009-2013
1999-2003 2004-2008 2009-2013 Min Median Max Absolute Relative

differencea) differenceb)

Thyroid 16.7 55.2 110.6 44.6 106.8 185.1 140.5 4.2
Breast 28.2 39.0 49.5 24.6 46.9 65.1 40.5 2.6
Colorectum 18.8 24.8 27.4 16.6 27.3 39.3 22.7 2.4
Stomach 27.8 27.3 26.3 15.2 26.4 44.4 29.2 2.9
Lung 12.9 14.3 15.4 7.6 15.2 23.1 15.5 3.0
Liver 12.2 11.4 10.2 4.1 10.3 21.1 17.0 5.1
Gallbladder and biliary tract 5.8 5.9 5.6 2.1 5.5 11.8 9.7 5.6

Table 2. National and regional trends and changes in the incidences of cancers among Korean women

Min, minimum; Max, maximum. a)Absolute difference between maximum and minimum incidence among regions, b)Relative
difference between maximum and minimum incidence among regions. 
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Fig. 1.  District-level incidences (2009-2013) (A, C) and incidence trends (1999-2013) (B, D) for thyroid cancer.
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Fig. 2.  District-level incidences (2009-2013) (A, C) and incidence trends (1999-2013) (B, D) for stomach cancer.
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Fig. 3.  District-level incidences (2009-2013) (A, C) and incidence trends (1999-2013) (B, D) for colorectal cancer.
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Fig. 4.  District-level incidences (2009-2013) (A, C) and incidence trends (1999-2013) (B, D) for lung cancer.
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4. Lung cancer

The incidences of lung cancer varied according to period,
region, and sex, although no consistently elevated incidences
were observed in any of the regions, and the regional differ-
ences were relatively small. During 2009-2013, elevated inci-
dences of lung cancer among men were observed in
Gunwi-gun, Gyeongsangbuk-do (ASR, 73.7), compared to in
Boeun-gun, Chungcheongbuk-do for women (ASR, 23.1)
(Fig. 4A and C). During the study period, the incidence of
lung cancer decreased among men and increased among
women (Fig. 4B and D).

5. Breast cancer

During 2009-2013, high incidences of breast cancer were
observed in Seocho-gu, Seoul (ASR, 65.1), Gangnam-gu,
Seoul (ASR, 64.4), Suji-gu, Gyeonggi-do (ASR, 63.0), and
Bundang-gu, Seongnam, Gyeonggi-do (ASR, 62.2). The 
national and regional incidences of breast cancer increased
during the study period (Fig. 5).

6. Liver cancer

High incidences of liver cancer were found in Ulleung-
gun, Gyeongsangbuk-do, and along the southern coastal
areas of the Gyeongsangnam-do and Jeollanam-do. In Ulle-
ung-gun, Gyeongsangbuk-do, liver cancer was ranked
among the top 10 cancers for women in terms of incidence.
The national and regional incidences of liver cancer 
decreased during the study period (Fig. 6). 

7. Prostate cancer

The incidences of prostate cancer were consistently high
in Gangnam-gu, Seoul (1999-2003 ASR, 20.4; 2004-2008 ASR,
37.5; 2009-2013 ASR, 42.2), Seocho-gu, Seoul (1999-2003 ASR,
20.0; 2004-2008 ASR, 39.5; 2009-2013 ASR, 43.4), and Bun-
dang-gu, Seongnam, Gyeonggi-do (1999-2003 ASR, 17.6;
2004-2008 ASR, 48.1; 2009-2013 ASR, 44.8). The national and
regional incidences of prostate cancer increased gradually
during the study period (Fig. 7).

8. Gallbladder and biliary tract cancer

The incidences of gallbladder and biliary tract cancer were
elevated in regions downstream from the Nakdonggang

Cancer Res Treat. 2018;50(4):1281-1293

Fig. 5.  District-level incidences (2009-2013) (A) and incidence trends (1999-2013) (B) for breast cancer.
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Fig. 6.  District-level incidences (2009-2013) (A, C) and incidence trends (1999-2013) (B, D) for liver cancer.
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River. Among men, the incidence during 2009-2013 was
highest in Haman-gun, Gyeongsangnam-do (ASR, 15.4),
with consistently high incidences in Haman-gun and Mil-
ryang, Gyeongsangnam-do (Fig. 8). Among women, the 
incidence of gallbladder and biliary tract cancer was high in
Gangseo-gu, Busan district.

Discussion

The present study revealed differences in Korean cancer
incidences according to geographical region and cancer type.
Thyroid cancer had the greatest district-level differences, as
well as a sharp increase in its incidence during the study 
period. The absolute differences in the incidences of stomach,
colorectal, liver, and lung cancer were larger among men,
compared to among women. The incidence rate of lung can-
cer and stomach cancer is mainly attributable to smoking rate
[8] and the incidence rate of colorectal cancer and liver cancer
is affected by alcohol drinking [9]. Generally, the regional
gap in smoking rate or alcohol drinking among men are
much greater than among women [10]. This may be one of
the reasons of sex disparity in these types of cancer. High 

incidences of breast and prostate cancer were observed in the
Gangnam-gu, Seocho-gu, and Bundang-gu districts. In addi-
tion, high incidences of liver cancer were observed along the
southern coastal area. Furthermore, high incidences of gall-
bladder and biliary tract cancer were observed in regions
downstream from the Nakdonggang River. 

Regarding the regional differences in cancer incidence, the
district-level difference of thyroid cancer incidence has 
increased both in men and women from 1999-2003 to 2009-
2013. For men, gap of cancer incidence of stomach cancer,
lung cancer by region has decreased from 1999-2003 to 2009-
2013, whereas the difference in regional colorectal cancer has
increased during the same period. There was no clear trend
in regional difference in cancer incidence of liver cancer,
prostate cancer, and gallbladder and biliary tract cancer in
men. For women, regional gap in cancer incidence of breast
cancer, lung cancer has increased from 1999-2003 to 2009-
2013, whereas there were no notable changes in regional dif-
ferences in cancer incidence of colorectal cancer, stomach
cancer, liver cancer, and gallbladder and biliary tract cancer.
However, it is beyond the scope of this study to know why
there are increasing or decreasing pattern in the regional dif-
ference in cancer incidence. Further sophisticated epidemio-
logical study including changes in the screening patterns and
related risk factors will be necessary.

Cancer Res Treat. 2018;50(4):1281-1293

Fig. 7.  District-level incidences (2009-2013) (A) and incidence trends (1999-2013) (B) for prostate cancer.
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Fig. 8.  District-level incidences (2009-2013) (A, C) and incidence trends (1999-2013) (B, D) for gallbladder and biliary tract can-
cer.
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Although we do not have clear evidence regarding the rea-
sons for these geographical differences, there are several pos-
sible explanations. First, there were regional differences in
the distributions of major cancer risk factors. For example,
the high incidences of liver cancer in the southern districts
of the Jeollanam-do and Gyeongsangnam-do could be attrib-
uted to the elevated rates of hepatitis B and C in these areas.
A 2009 program with nationwide hepatitis B antigen and 
antibody screening revealed high positivity for hepatitis B
surface antigens in the Gyeongsangnam-do (4.5%) and Jeol-
lanam-do (5.6%) [11]. Compared to other provinces, elevated
prevalences of hepatitis C antigens have also been observed
in the Busan, Gyeongsangnam-do, and Jeollanam-do [12].
The high incidences of gallbladder and biliary tract cancer in
the regions around the Nakdonggang River may be partially
attributable to the high prevalence of clonorchiasis in these
areas, based on a recent nationwide survey of intestinal par-
asite infections [13].

Another possible explanation for the differences in regio-
nal cancer incidences could be regional differences in cancer
screening practices. Especially, the rapid increase in thyroid
cancer is mostly due to increase in screening practice. A
study of Brito et al. [14] showed that there was a high corre-
lation between regional incidence of thyroid cancer and 
regional screening rate for thyroid cancer. According to the
Korean Community Health Survey [10], breast cancer screen-
ing rates were higher in regions with high reported inci-
dences of breast cancer. Thus, the apparently elevated
incidences of breast cancer in the Gangnam-gu, Seocho-gu,
and Bundang-gu districts may be partially attributable to
high screening rates. However, there was no clear association
between regional screening rate and other type of cancer 
included in national cancer screening program.

A third possible explanation is that cancer incidences are
affected by differences in socioeconomic status and health
behaviors. For example, smoking is a well-known risk factor
for various cancers, including lung cancer and stomach can-
cer, and approximately 46.5% of the risk of lung cancer in
Korea can be attributed to smoking [8]. Socioeconomic status
also affects participation in cancer screening [15,16] and is
strongly associated with smoking, alcohol consumption,
physical activity, and female hormonal and reproductive fac-
tors, such as age at menarche, birth rate, and age at first birth
[17-20]. 

The present study has several limitations. First, the 
patients’ addresses were recorded at their cancer diagnosis,
although those addresses might not reflect previous residen-
tial environments, which could be associated with substan-
tial risk factors. Second, the different population sizes in each
region could induce large fluctuations in the cancer statistics
for each administrative district, compared to national cancer
statistics for the same time period.  

Nevertheless, our disease maps provide a substantial
amount of information regarding regional cancer incidences
in intuitive and easily interpretable images. The data may 
facilitate the identification of previously unrecognized high-
risk regions, which could allow regional health authorities
to create region-specific cancer screening, treatment plan-
ning, and management programs.

This study is the first to examine the district-level cancer
incidences throughout Korea. The results can be used by
local governments to plan and implement cancer manage-
ment projects that are tailored to the characteristics of their
region. Detailed regional variation and trends for cancer 
incidence are available through the National Statistics Portal
(http://kosis.kr).
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The Association of Acquired T790M Mutation with Clinical 
Characteristics after Resistance to First-Line Epidermal Growth Factor
Receptor Tyrosine Kinase Inhibitor in Lung Adenocarcinoma

Original Article

Purpose
The main objective of this study was to investigate the relationship among the clinical char-
acteristics and the frequency of T790M mutation in advanced epidermal growth factor 
receptor (EGFR)mutant lung adenocarcinoma patients with acquired resistance after first-
line EGFRtyrosine kinase inhibitor (TKI) treatment. 

Materials and Methods
We enrolled EGFR-mutant stage IIIB-IV lung adenocarcinoma patients, who had progressed
to prior EGFR-TKI therapy, and evaluated their rebiopsy EGFR mutation status.

Results
A total of 205 patients were enrolled for analysis. The overall T790M mutation rate of 
rebiopsy was 46.3%. The T790M mutation rates among patients with exon 19 deletion 
mutation, exon 21 L858R point mutation, and other mutations were 55.0%, 37.3%, and
27.3%, respectively. Baseline exon 19 deletion was associated with a significantly higher
frequency of T790M mutation (adjusted odds ratio, 2.14; 95% confidence interval [CI], 1.20
to 3.83; p=0.010). In the exon 19 deletion subgroup, there was a greater prevalence of
T790M mutation than other exon 19 deletion subtypes in patients with the Del E746-A750
mutation (61.6% vs. 40.6%; odds ratio, 2.35; 95% CI, 1.01 to 5.49; p=0.049). The progres-
sion-free survival (PFS) of first-line TKI treatment > 11 months was also associated with a
higher T790M mutation rate (54.1% vs. 39.3%; adjusted odds ratio, 1.82; 95% CI, 1.02 to
3.25; p=0.044). Patients who underwent rebiopsy at metastatic sites had more chance to
harbor T790M mutation (52.6% vs. 33.8%; adjusted odds ratio, 1.97; 95% CI, 1.06 to 3.67;
p=0.032).  

Conclusion
PFS of first-line EGFR-TKI, rebiopsy site, EGFR exon 19 deletion and its subtype Del E746-
A750 mutation are associated with the frequency of T790M mutation.
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Epidermal growth factor receptor mutation, 
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Introduction

Lung cancer is the leading cause of cancer-related death
worldwide. Non-small cell lung cancer (NSCLC) accounts
for about 80%-85% of all lung cancer. The treatment of lung
cancer is individualized according to the results of molecular
biology tests and histology. Epidermal growth factor recep-
tor (EGFR) mutation is the most common driver mutation
gene among lung cancer patients in East Asians, as well in
Taiwan [1,2]. Previous clinical trials and studies had demon-
strated that EGFR–tyrosine kinase inhibitors (TKI) had a bet-
ter response rate and less adverse effect than platinum-based
chemotherapy in EGFR-mutant NSCLC patients [3-9]. 

Although most EGFR-mutant NSCLC patients have a good
response to EGFR-TKI initially, progressive disease (PD)
eventually occurs due to acquired resistance. Various mech-
anisms of acquired resistance to first- and second-generation
EGFR-TKIs have been identified, including secondary EGFR
mutation, which involves a substitution of threonine to 
methionine at position 790 (T790M), small cell transforma-
tion, mesenchymal-epithelial transition (MET) amplification,
epithelial-to-mesenchymal transition, phosphatidylinositol-
4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA)
mutations, and so on [10-12]. Among the above mechanisms,
the T790M mutation accounts for 50%-60% of acquired 
resistance mechanisms [10,13]. 

The third-generation of EGFR-TKI had significantly
greater efficacy than standard chemotherapy with platinum
plus pemetrexed in advanced T790M-positive NSCLC 
patients who had PD after first-line EGFR-TKI treatment 
[14-16]. Thus, rebiopsy was needed to document the mecha-
nism of acquired resistance for EGFR-mutant patients with
PD after EGFR-TKI treatment. Although the mechanisms are
yet to be fully elucidated, the clinical predictors for T790M
mutation are important. Recent studies have discussed the
association between exon 19 deletion (19Del) at baseline and
the frequency of T790M mutation [17-19]. However, the 
results were not consistent and the studies had relatively low
patient numbers. 

Our previous study indicated that rebiopsy timing did not
influence the detection rate of T790M and that the mutation
could be identified in patients with a long EGFR-TKI–free 
interval [20]. Also, in that study, we did not fully explore the
associations between patients’ clinical characteristics and the
prevalence of T790M mutation in mixed lines of EGFR-TKI
treatment. Therefore, in this study, we limited the scope of
our investigation to advanced lung adenocarcinoma patients
with acquired resistance after first-line EFGF-TKI treatment.
The main objective of this study was to investigate the rela-
tionship among the clinical characteristics, EGFR mutation
subtypes, and the frequency of T790M mutation.

Materials and Methods

1. Patients

This study was a retrospective, single-center, observational
study at Taichung Veterans General Hospital (TCVGH) in
Taiwan. We enrolled lung cancer patients who received 
rebiopsy between July 2014 and August 2017. To be eligible
for the study, patients had to fulfill the inclusion criteria as
follows: histologically and cytologically confirmed EGFR-
mutant lung adenocarcinoma, stage IIIB-IV, according to the
seventh edition of the American Joint Committee for Cancer
staging system [21], first-line EGFR-TKI treatment, rebiopsy
after disease progression confirmed by the Response Evalu-
ation Criteria in Solid Tumors ver. 1.1 [22]. Patients were 
excluded if they had primary treatment failure to EGFR-TKI,
if the T790M mutation presented before EGFR-TKI treat-
ment, or if they had been diagnosed with another active 
malignancy. Demographic characteristics and clinical data,
including age, sex, smoking status, baseline EGFR mutation
status, the type of first-line EGFR-TKI treatment, progres-
sion-free survival (PFS) of first-line EGFR-TKI, and rebiopsy
site were collected for analysis. A never-smoker was defined
as someone who had never smoked or smoked less than 100
cigarettes in his or her lifetime. 

2. EGFR mutation test

EGFR mutations were assessed by matrix-assisted laser
desorption ionization-time of flight mass spectrometry, as
described in our previous study [2]. All tests were performed
at the ISO15189-certified TR6 Pharmacogenomics Labora-
tory, as part of the National Research Program for Biophar-
maceuticals, in the National Center of Excellence for Clinical
Trial and Research of National Taiwan University Hospital. 

3. Statistical analyses

Univariate analysis by Fisher exact test was performed for
assessing the associations between the frequency of T790M
mutation and patients’ characteristics, including age, sex,
smoking status, baseline EGFR mutation status, the type of
first-line EGFR-TKI treatment, PFS of first-line EGFR-TKI,
and rebiopsy site. Multivariate analysis for the impact of
baseline EGFR mutation status, PFS of first-line EGFR-TKI
and rebiopsy site to the T790M mutation of rebiopsy was per-
formed by logistic regression models. All statistical tests
were done with SPSS ver. 23.0 (IBM Corp., Armonk, NY).
Two-tailed tests and p-values of < 0.05 for significance were
used.
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4. Ethical statement

The study was approved by the Institutional Review Board
(IRB) of TCVGH, Taiwan, and written informed consent for
genetic testing and clinical data records were obtained from
all patients (IRB No. CF12019).

Results

1. Patients’ characteristics

In total, 205 patients with advanced EGFR mutant lung
adenocarcinoma met the study criteria and were enrolled for
analysis (Fig. 1). The baseline characteristics are shown in
Table 1. The median age of the patients was 60 years (range,
32 to 88 years). Seventy-six patients were male (37.1%), and
129 patients were female (62.9%). Most of the patients were
never-smokers (n=162, 79.0%), and 43 patients were former
or current smokers (21.0%). Regarding baseline EGFR muta-
tion status, 111 patients harbored the exon 19 deletion muta-
tion (19Del) (54.1%), 83 patients harbored the exon 21 L858R
point mutation (L858R) (40.5%), and 11 patients had other
mutations including mixed mutation (5.4%) (one patient with
19Del+L858R, one patient with 19Del+G719S, one patient
with G719S+S768I, one patient with G719A+S861I, one 
patient with G719A+L861Q, two patients with G719S+L861Q,
and four patients with L861Q). Ninety-four patients used
gefitinib (45.9%) as the first-line EGFR-TKI treatment, and 98
patients were treated with erlotinib (47.8%). Concerning the
best response of first-line EGFR-TKI, 176 patients had a par-
tial response (85.9%), whereas 29 patients had stable disease
(14.1%). With respect to the PFS of first-line EGFR-TKI, 98
patients had PFS > 11 months (47.8%), and 107 patients had
PFS  11 months (52.2%). Rebiopsy of the primary tumor was
performed in 68 patients (33.2%), and rebiopsy of metastatic
lesions was performed in 137 patients (66.8%).

2. The T790M mutation status of rebiopsy

The results of T790M mutation status of rebiopsy and base-
line EGFR mutation status are summarized in Fig. 2. The
overall T790M mutation rate of rebiopsy was 46.3%. Accord-
ing to the baseline EGFR mutation status, 61 of 111 patients
with the 19Del mutation had the T790M mutation (55.0%),
31 of 83 patients with the L858R mutation harbored the
T790M mutation (37.3%), and three of 11 patients with other
mutations (19Del+L858R, 19Del+G719S, and G719S+S768I)
tested positive for the T790M mutation (27.3%).

Table 1. Patients' characteristics and demographic data

EGFR, epidermal growth factor receptor; TKI, tyrosine 
kinase inhibitor; PFS, progression-free survival. a)Includes
complex mutation. 

Characteristic No. (%) (n=205)
Age, median (range, yr) 60 (32-88)
Sex

Male 76 (37.1)
Female 129 (62.9)

Smoking status
Never smokers 162 (79.0)
Former smokers 23 (11.2)
Current smokers 20 (9.8)

Baseline EGFR mutation status
Exon 19 deletions 111 (54.1)
Exon 21 L858R 83 (40.5)
Other mutationsa) 11 (5.4)

First-line TKI
Gefitinib 94 (45.9)
Erlotinib 98 (47.8)
Afatinib 13 (6.3)

Best response of first-line TKI
Stable disease 29 (14.1)
Partial response 176 (85.9)

PFS of first-line TKI
 11 mo 107 (52.2)
> 11 mo 98 (47.8)

Rebiopsy site
Primary tumor 68 (33.2)
Metastases 137 (66.8)

EGFR-TKI as non-first-line 
  treatment (n=44)

July 2014 to August 2017
PD after EGFR-TKI (n=490)

EGFR-TKI as first-line 
treatment (n=224)

Primary PD (n=17)
Rociletinib (n=1)
Exon 20 insertion (n=1)

Rebiopsy and success (n=268)

Final analysis (n=205)

Fig. 1. The patient collection flow chart. PD, progressive
disease; EGFR, epidermal growth factor receptor; TKI, 
tyrosine kinase inhibitor.
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3. The association between T790M mutation status of 
rebiopsy and patients’ characteristics

Univariate analyses of the associations between T790M
mutation status and patients’ characteristics are summarized
in Table 2. Patients with baseline 19Del mutation had a sig-
nificantly higher positive rate of T790M mutation than 
patients with L858R or other mutations (p=0.022). Patients
with a PFS of first-line EGFR-TKI > 11 months harbored a
higher frequency of T790M mutation than that of patients
with a PFS of first-line EGFR-TKI  11 months (p=0.036). 
Patients who underwent rebiopsy at metastatic site had
higher incidence of T790M mutation than at primary site
(p=0.012). There were no relationships of T790M mutation
status of rebiopsy with age, sex, smoking status, the type of
first-line EGFR-TKI treatment and best response of first-line
EGFR-TKI. The detail of relationship between metastatic sites
and the frequency of T790M mutation was presented in 
S1 Table. Additionally, we showed the rebiopsy methods in
S2 Table.

4. The association between T790M mutation status of 
rebiopsy and exon 19 deletion

Not only univariate analysis but also multivariate analysis
by logistic regression models demonstrated a significantly
higher T790M mutation rate in patients with 19Del (adjusted
odds ratio, 2.14; 95% confidence interval [CI], 1.20 to 3.83;
p=0.010) (Table 3). Because the frequency of the T790M 

mutation was significantly different between patients with
the baseline 19Del mutation and patients with other muta-
tions, we performed a further detailed analysis of the rela-
tionship between the subtype of 19Del and T790M mutation
of rebiopsy (Table 4). Six patients with the baseline 19Del did
not have subtype data. Thus, only 105 patients were enrolled
in the analysis. Seventy-three patients had the Del E746-A750
mutation, and the positive rate of T790M mutation was
61.6%. According to the univariate analysis, patients with the
Del E746-A750 mutation had a significantly higher frequency
of T790M mutation than that of patients with other mutations
(odds ratio, 2.35; 95% CI, 1.01 to 5.49; p=0.049), and there was
a trend by multivariate analysis (adjusted odds ratio, 2.37;
95% CI, 0.96 to 5.87; p=0.062).

5. The association between T790M mutation status of 
rebiopsy and PFS of first-line EGFR-TKI

Univariate analysis demonstrated patients with PFS of
first-line EGFR-TKI > 11 months harbored a higher fre-
quency of the T790M mutation (p=0.036) (Table 2). Multivari-
ate analysis by logistic regression models showed patients
with PFS > 11 months after first-line EGFR-TKI treatment
had a higher T790M mutation positive rate with an adjusted
odds ratio of 1.82 (95% CI, 1.02 to 3.25; p=0.044) (Table 3). We
divided patients into three groups (PFS:  11 months, 11-20
months, and > 20 months), and it appeared that the fre-
quency of T790M mutation and PFS of first-line EGFR-TKI
treatment were directly correlated (Fig. 3). 

Fig. 2.  The association between baseline epidermal growth factor receptor (EGFR) mutation status and T790M mutation
status of rebiopsy.

Rebiopsy

19Del+L858R
19Del+G719S
G719S+S768I 

L861Q (n=4)
G719S+L861Q (n=2)
G719A+L861Q
G719A+S861I

Baseline EGFR status

100
(%)

80

0

20

40

60

OthersL858R19Del

61, 55.0%

50, 45.0%

52, 62.7%
8, 72.7%

31, 37.3%
3, 27.3%

T790M
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95, 46.3%

T790M
negative

110, 53.7%

19Del
111, 54.1%

L858R
83, 40.5%

Others
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Positive Negative
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Characteristic No.
T790M status

p-valuea)

Positive Negative
Age (yr)
 60 103 51 (49.5) 52 (50.5) 0.402
> 60 102 44 (43.1) 58 (56.9)

Sex
Male 76 33 (43.4) 43 (56.6) 0.563
Female 129 62 (48.1) 67 (51.9)

Smoking status
Non-smokers 162 79 (48.8) 83 (51.2) 0.229
Current/Former-smokers 43 16 (37.2) 27 (62.8)

Baseline EGFR mutation status 
19Del 111 61 (55.0) 50 (45.0) 0.022
L858R 83 31 (37.3) 52 (62.7)
Others 11 3 (27.3) 8 (72.7)

First-line TKI
Gefitinib 94 47 (50.0) 47 (50.0) 0.188
Erlotinib 98 45 (45.9) 53 (54.1)
Afatinib 13 3 (23.1) 10 (76.9)

Best response of first line TKI
Stable disease 29 12 (41.4) 17 (58.6) 0.688
Partial response 176 83 (47.2) 93 (52.8)

PFS of first-line TKI
 11 mo 107 42 (39.3) 65 (60.7) 0.036
> 11 mo 98 53 (54.1) 45 (45.9)

Rebiopsy site
Primary 68 23 (33.8) 45 (66.2) 0.012
Metastases 137 72 (52.6) 65 (47.4)

Table 2. Univariate analysis of the association between patients' characteristics and T790M status of rebiopsy

Values are presented as number (%). EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; PFS, progres-
sion-free survival. a)By Fisher exact test.

Table 3.  Multivariate analysis of the association between patients' characteristics and T790M status of rebiopsy
Characteristic Odds ratio (95% CI) p-valuea) Adjusted odds ratio (95% CI) p-valuea)

Baseline EGFR mutation status
19Del vs. others 2.15 (1.23-3.78) 0.008 2.14 (1.20-3.83) 0.010b)

PFS of first-line TKI
> 11 mo vs.  11 mo 1.82 (1.05-3.18) 0.034 1.82 (1.02-3.25) 0.044c)

Rebiopsy site
Metastasis vs. primary 2.17 (1.19-3.97) 0.012 1.97 (1.06-3.67) 0.032d)

CI, confidence interval; EGFR, epidermal growth factor receptor; PFS, progression-free survival; TKI, tyrosine kinase inhibitor.
a)By logistic regression model, b)Adjusted by age, sex, rebiopsy site, PFS of first-line TKI, c)Adjusted by age, sex, rebiopsy site,
and baseline EGFR mutation status, d)Adjusted by age, sex, PFS of first-line TKI and baseline EGFR mutation status.
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The analysis of the major mutations (exon 19 deletion 
mutation and exon 21 L858R point mutation) revealed that
the median PFS of first-line EGFR-TKI was 11.5 months in
patients with the T790M mutation, and 9.1 months in 
patients without the T790M mutation. There was no statisti-
cally significant relationship between PFS and the T790M
mutation status in patients harboring the exon 19 deletion
and the L858R mutation (p=0.235) (Fig. 4A). Additionally,
we divided the patients into four groups to evaluate the 
association between PFS of first-line EGFR-TKI therapy,

baseline EGFR mutation status, and T790M mutation status
of rebiopsy (19Del with T790M, 19Del without T790M, L858R
with T790M, L858R without T790M), and no significant dif-
ferences in PFS was found among these four groups
(p=0.250) (Fig. 4B).

6. The association between clinical characteristics and the
first-line EGFR-TKI treatment

We showed the relationship between clinical characteris-
tics and the first-line EGFR-TKI in S3 Table. Fifty-three 
patients (54.1%) were female in erlotinib group, and seven
patients (53.8%) were female in afatinib group. Sixty-nine 
patients (73.4%) were female in gefitinib group, and signifi-
cant higher female percentage than other groups was noted
by univariate analysis (p=0.015). There were no difference of
age, smoking status, baseline EGFR mutation status, best 
response of first-line EGFR-TKI, PFS of first-line EGFR-TKI
and rebiopsy site between three kinds of EGFR-TKI.

Discussion

Our study demonstrated that PFS of first-line EGFR-TKI 
> 11 months and rebiopsy at metastatic sites were correlated
with a higher frequency of the T790M mutation. More 
importantly, not only the EGFR exon 19 deletion but also its
subtype deletion E746-A750 at baseline was a predictor of
the T790M mutation.

Nosaki et al. [17] stated that the frequency of the T790M
mutation was higher in patients with the EGFR exon 19 dele-

Fig. 3.  The association between progression-free survival
of first-line epidermal growth factor receptor–tyrosine 
kinase inhibitor and T790M mutation status of rebiopsy.
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Exon 19 deletions type No.
T790M status

Positive Negative
Del E746-A750 73 45 (61.6) 28 (38.4)
Del L747-P753 ins S 7 4 (57.1) 3 (42.9)
Del E746-S752 ins V 6 1 (16.7) 5 (83.3)
Del E746-T751 3 1 (33.3) 2 (66.7)
Del L747-T751 2 1 (50.0) 1 (50.0)
Del L747-T751 ins P 2 0 ( 2 (100)
Del L747-E750 2 0 ( 2 (100)
Del L747-A750 1 0 ( 1 (100)
Del L747-P753 1 0 ( 1 (100)
Mixed 8 6 (75.0) 2 (25.0)
Total 105 58 ( 47 (

Table 4. EGFR exon 19 deletions mutation patterns in relation to T790M status of rebiopsya)
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tion than in those with the L858R mutation (55.6% vs. 43.0%,
p=0.05 by Fisher exact test). Matsuo et al. [18] also reported
that patients with the 19Del mutation had a higher frequency
of the T790M mutation than patients with the L858R muta-
tion (63% vs. 38%, p=0.035). However, Oya et al. [19] demon-
strated that there was no relationship between the baseline
EFGR mutation and T790M mutation status (exon 19 deletion
49.5%, L858R 48.1%, p=0.240). Because the results were 
inconsistent, we designed the present study to include a rel-
atively homogenous patient population and a larger total
number of patients. We enrolled only adenocarcinoma 
patients who had acquired resistance after first-line EGFR-
TKI treatment. Patients with primary T790M and patients
who failed to respond to primary treatment with EGFR-TKI
were excluded. We then compared the frequency of EGFR
mutation between patients with 19Del and those with other
mutations. A significantly higher T790M mutation positive
rate in patients with 19Del was found in both the univariate
and multivariate analysis. Additionally, in the present study,
three patients with a complex EGFR mutation had the T790M
mutation after first-line EGFR-TKI treatment. Two of them
had the exon 19 deletion plus another mutation (19Del+
L858R and 19Del+G719S). It appeared that the baseline 19Del
was still the most influential mutation type.

Regarding the subtypes of EGFR exon 19 deletions, the
most common subtype in our study was Del E746-A750, fol-
lowed by Del L747-P753 ins S, which was consistent with the
results of previous study [23,24]. Lee et al. [23] disclosed that
patients with the exon 19 deletion starting on codon E746 had

a better median PFS than those starting on L747 (14.2 months
vs.6.5 months, p=0.021). Chung et al. [24] reported patients
with LRE deletions in exon 19 had a better response to EGFR-
TKIs, compared to patients with non-LRE deletions. In the
present study, we evaluated the relationship between the
subtype of baseline 19Del mutation and T790M mutation sta-
tus after acquired resistance to first-line EGFR-TKI. Univari-
ate analysis showed that patients with the Del E746-A750
mutation had a higher frequency of the T790M mutation than
patients with other subtypes, and it had a trend by multivari-
ate analysis also. This is the first study to demonstrate the 
association between the subtype Del E746-A750 of EGFR
exon 19 deletion and positive T790M status.

Structural analyses showed an allosteric mechanism 
important for EGFR kinase domain activation in a previous
report [25]. The deletions in EGFR exon 19, located between
strand 3 and helix C, could disrupt inactive conformation
of the EGFR kinase domain and enhance the effectiveness of
EGFR-TKIs [26]. However, because the deletions can occur
in various fragments of exon 19 of the EGFR gene, the exon
19 deletion mutation is relatively complex compared with
other EGFR mutations. Thus, it is challenging to elucidate the
precise mechanism by which the pathophysiology of the sub-
type of exon19 deletion influences the frequency of the
T790M mutation. Further research is needed to understand
the underlying mechanisms involved.

Concerning the PFS of first-line EGFR-TKI treatment, Mat-
suo et al. [18] stated that the total duration of EGFR-TKI treat-
ment was related to the frequency of patients with T790M

Fig. 4.  (A) Progression-free survival (PFS) of first-line epidermal growth factor receptor (EGFR)–tyrosine kinase inhibitor
(TKI) versus T790M mutation status of rebiopsy by Kaplan-Meier survival curve analysis. (B) PFS of first-line EGFR-TKI
versus T790M mutation status of rebiopsy and baseline EGFR mutation status by Kaplan-Meier survival curve analysis.
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mutation. Oya et al. [19] demonstrated patients with PFS less
than 6 months were significantly less likely to harbor the
T790M mutation than those with PFS  6 months. In our
study, the median PFS was 10.7 months, and we found that
patients with PFS > 11 months under first-line EGFR-TKI
therapy had a higher prevalence of T790M mutation than 
patients with PFS  11 months. Although the area under
curve in the receiver operating characteristic curve analysis
of the association between the duration of PFS and T790M
detection rate was only 0.594 (Fig. 5), we found there was a
direct correlation between the PFS of first-line EGFR-TKI and
the frequency of T790M mutation, as shown in Fig. 3. The
above research may support the concept that longer EGFR-
TKIs exposure induces a greater frequency of T790M muta-
tion.

Moreover, previous studies demonstrated that the PFS of
initial EGFR-TKI treatment was longer in patients with the
T790M mutation [18,19]. In our study, the median PFS of
first-line EGFR-TKI was 11.5 months in patients with the
T790M mutation, and 9.1 months in patients without the
T790M mutation. There was no statistically significant rela-
tionship between PFS and T790M mutation status (p=0.235).
In the present study, we excluded patients who failed to 
respond to primary treatment with EGFR-TKIs, while other
studies usually included patients with primary treatment
failure. Patients with primary PD usually had a lower rate of
T790M compared with patients with acquired resistance [19].
Patients with primary PD had a shorter PFS than patients

with acquired resistance, which explains why there was no
statistically significant result despite a difference in PFS of
2.4 months in this study. These findings are consistent with
the idea that patients who acquired the T790M mutation
have more indolent tumors than those without the T790M
mutation. Compared with other studies, our patient group
was relatively homogenous, had a higher number of patients,
and our investigation was more clinically oriented. 

Additionally, our study demonstrated a significantly
higher T790M mutation positive rate in patients who recei-
ved rebiopsy at metastatic site by both univariate and multi-
variate analysis (adjusted odds ratio, 1.97; 95% CI, 1.06 to
3.67; p=0.032). This could be explained by the tumor hetero-
geneity and the different characteristics between primary
tumor and metastatic lesions [27,28]. Previous studies had
suggested that tissue specimen should be obtained on new
or progressing lesions after disease progression to determine
the suitable treatments against the EGFR mutation profiles
[28,29]. 

Concerning the relationship between prior EGFR-TKI
treatment and the frequency of T790M mutation, patients
who treated with afatinib as prior TKI had lower positive
rate of T790M mutation (3/13, 23.1%) than gefitinib group
(47/94, 50.0%) and erlotinib group (45/98, 45.9%) in present
study. According to previous studies, the range of frequency
of T790M mutation was from 25% to 47.6% [18,19,30,31].
However, the patient number and patient group were het-
erogeneous. We included only 13 patients with afatinib treat-
ment, and it was difficult to make conclusion about the exact
T790M mutation rate due to smaller patient numbers.

Our study had some limitations. First, it was a retrospec-
tive study, and thus more bias may have been present com-
pared with a study that had been prospectively designed.
Second, the research was undertaken at a single center, and
therefore there may have been selection bias. Third, all 
patients in this study were Taiwanese, so our findings may
not be generalizable to other ethnic populations. Although
this study is the first to discuss the relationship between the
subtypes of baseline 19Del and the frequency of T790M 
mutation status after acquired resistance to first-line EGFR-
TKI treatment, further research is needed to confirm our 
results.

Our findings shed light on which patients may have a
greater tendency to develop the T790M mutation after EGFR-
TKIs treatment. Our study demonstrated that PFS of first-
line EGFR-TKI and rebiopsy site influence the frequency of
the T790M mutation. More importantly, both the exon 19
deletion and its subtype at baseline were predictors of the
T790M mutation.

Fig. 5.  The relationship between the duration of progres-
sion-free survival and T790M detection rate by receiver 
operating characteristic curve analysis. AUC, area under
curve.
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Induction Chemotherapy Plus Concurrent Chemoradiotherapy versus Concurrent
Chemoradiotherapy Alone in Locoregionally Advanced Nasopharyngeal 
Carcinoma in Children and Adolescents: A Matched Cohort Analysis

Original Article

Purpose
The purpose of this study was to evaluate the long-term clinical outcome and toxicity of 
induction chemotherapy (IC) followed by concomitant chemoradiotherapy (CCRT) compared
with CCRT alone for the treatment of children and adolescent locoregionally advanced 
nasopharyngeal carcinoma (LACANPC). 

Materials and Methods
A total of 194 locoregionally advanced nasopharyngeal carcinoma patients younger than 21
years who received CCRT with or without IC before were included in the study population.
Overall survival (OS) rate, progression-free survival (PFS) rate, locoregional recurrence-free
survival (LRFS) rate, and distant metastasis-free survival (DMFS) rate were assessed by the
Kaplan-Meier method and a log-rank test. Treatment toxicities were clarified and compared
between two groups.

Results
One hundred and thiry of 194 patients received IC+CCRT. Patients who were younger and
with more advanced TNM stage were more likely to receive IC+CCRT and intensive modu-
lated radiotherapy. The addition of IC before CCRT failed to improve survival significantly.
The matched analysis identified 43 well-balanced patients in both two groups. With a 
median follow-up of 51.5 months, no differences were found between the IC+CCRT group
and the CCRT group in 5-year OS (83.7% vs. 74.6%, p=0.153), PFS (79.2% vs. 73.4%,
p=0.355), LRFS (97.7% vs. 88.2%, p=0.083), and DMFS (81.6% vs. 81.6%, p=0.860). N3
was an independent prognostic factor predicting poorer OS, PFS, and DMFS. The addition
of IC was associated with increased rates of grade 3 to 4 neutropenia.  

Conclusion
This study failed to demonstrate that adding IC before CCRT could provide a significant 
additional survival benefit for LACANPC patients. Further investigations are warranted.
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Nasopharyngeal carcinoma, Children and adolescents, 
Chemoradiotherapy, Induction chemotherapy, Survival
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Introduction

Nasopharyngeal carcinoma (NPC), a malignancy arising
from nasopharynx epithelium, is endemic in southern China
and Southeast Asia [1]. Although most patients with NPC
present in the fourth to fifth decade, there is an additional
minor peak appearing at 10-20 years of age [2]. Compared
with NPC in adults, NPC in children and adolescents
(CANPC) has a closer association with Epstein-Barr virus 
infection, which is more commonly present as advanced 
locoregional disease and has a high rate of distant metastasis
[3]. As the optimal treatment modality for juvenile patients
has not yet been established, the primary treatment strategy
is concomitant chemoradiotherapy (CCRT) with or without
additional cycles of chemotherapy, which is extrapolated
from guidelines tailored for adult patients. With the use of
CCRT with or without additional cycles of chemotherapy,
CANPC showed better survival than in adults [4]. Distant
metastasis is now the main source of treatment failure in
CANPC [5,6].    

Induction chemotherapy (IC) has been considered to show
good compliance and improve distant control in adult NPC.
Recently, a phase III study conducted by Sun et al. [7] in
adult NPC comparing IC+CCRT with CCRT alone demon-
strated that patients receiving IC+CCRT had improved fail-

ure-free survival. An individual patient data network meta-
analysis [8] also showed that the addition of IC to CCRT
achieved the highest effect on distant control. Some studies
documented the efficacy and safety of IC followed by CCRT
in juvenile NPC with the goal of limiting the high incidence
of distant metastasis and improve the outcome [9-11]. Varan
et al. [12] retrospectively analyzed 10 patients (aged < 21
years) with NPC who received four cycles of IC before radio-
therapy and demonstrated that neoadjuvant chemotherapy
before radiotherapy is safe for use in pediatric and young
adult nasopharyngeal carcinoma [12]. 

So far, randomized studies regarding IC followed by
CCRT compared with CCRT alone in childhood and young
adult NPC patients are deficient. Therefore, we conducted
the present observational study to examine the long-term
clinical outcome and toxicity of IC followed by CCRT com-
pared with CCRT alone for the treatment of children and
adolescent locoregionally advanced nasopharyngeal carci-
noma.

Study population (n=194)

CCRT (n=64) IC+CCRT (n=130)

CCRT (n=43) IC+CCRT (n=43)

Exclude (n=267)
No follow-up information available (n=6)
Incomplete treatment (n=3)
Distant metastasis at diagnosis (n=45)
Clinical stage I-II (n=28)
Not received CCRT (n=159)
Received adjuvant chemotherapy (n=26)

Variables for matching
  Sex
  Age (±2 yr)
  Tumor stage
  Node stage
  RT technique

NPC patients aged 21 years or younger,
in SYSUCC from 1989 to 2015 (n=461)

1:1 individually matched 
population (n=86)

Fig. 1. Summary of the inclusion and exclusion criteria. NPC, nasopharyngeal carcinoma; SYSUCC, Sun Yat-Sen University
Cancer Center; CCRT, concurrent chemoradiotherapy; IC, induction chemotherapy; RT, radiotherapy.
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Materials and Methods

1. Patients

Patients, who were 21 years or younger, that were biopsy
diagnosed with World Health Organization types II-III NPC
at our institution between November 1989 and April 2015
were identified; there was a total of 461 patients. All the 
patients were re-evaluated using the seventh American Joint
Committee on Cancer staging system. Fig. 1 shows the sum-
mary of the inclusion and exclusion criteria of patients in this
study. Patients were excluded if they had no available fol-
low-up information, incomplete treatment, distant metastatic
disease, clinical stage I-II, had not received CCRT, or received
adjuvant chemotherapy. Ultimately, 194 patients who recei-
ved CCRT with or without IC were included in the study
population, and of these, 64 patients were treated with CCRT
alone.

2. Chemotherapy

IC was cisplatin-based chemotherapy, which was cisplatin
in combination with fluorouracil or taxane or with both tax-
ane and fluorouracil. Chemotherapy was administered every
3 weeks for two or three cycles. Concurrent chemotherapy
with cisplatin was administered either every 3 weeks (80-100
mg/m2) or weekly (30-40 mg/m2) during radiotherapy.

3. Radiotherapy

All patients received definitive radiotherapy in the form
of two-dimensional conventional radiotherapy (2D-CRT) or
intensity-modulated radiotherapy (IMRT). All patients were
treated with one fraction daily for 5 days per week. Uniform
radiotherapy protocols for 2D-CRT and IMRT used at Sun
Yat-Sen University Cancer Center (SYSUCC) were described
in previous studies [13-16]. The accumulated radiation doses
for 2D-CRT were 64-80 Gy to the primary tumor at 2 Gy per
fraction, 60-64 Gy to the involved areas of the neck, and 50
Gy to the uninvolved areas. The prescribed IMRT radiation
doses were 64-70 Gy to the planning target volume (PTV) of
the gross tumor volumes of the nasopharynx, 60-68 Gy to the
PTV of the gross tumor volumes of the positive neck lymph
nodes, 56-64 Gy to the PTV of the first clinical tumor volume,
and 50-58 Gy to the PTV of the second clinical target volume
in 30-33 fractions.

4. Outcome and follow-up

The primary endpoint for the study was overall survival
(OS), which is defined as the date of treatment to the date of

death from any cause or patient censoring at the date of the
final follow-up. The secondary endpoints for the study were
progression-free survival (PFS), distant failure-free survival
(DMFS), and locoregional failure-free survival (LRFS). PFS
was calculated from the date of treatment to the date of 
locoregional failure, distant failure, or death from any cause,
whichever occurred first. DMFS was defined as the time
from the date of treatment to the date of the first observation
of distant metastasis or until the date of the last follow-up,
and LRFS was defined as the time from the date of treatment
to the absence of a primary site or neck lymph node relapse
or until the date of the last follow-up. Follow-up was meas-
ured from the first day of treatment until the day of the last
examination or the day of death. During the first 3 years, 
patients were evaluated every 3 months and then every 6
months thereafter until death. Treatment-related acute toxi-
cities were graded according to the Common Terminology
Criteria for Adverse Events ver. 4.0. Acute and late radiation-
related complications were scored according to the Radiation
Therapy Oncology Group and the European Organization
for Research and Treatment of Cancer late radiation morbid-
ity scoring schema. The last follow-up date was April 30,
2017.

5. Statistical analysis

Statistical analyses were performed using SPSS software
ver. 22.0 (IBM Corp., Armonk, NY). Fisher exact test and a
chi-square test were used to explore the differences between
categorical variables, while t tests and Mann-Whitney U tests
were used to analyze continuous variables. Actuarial rates
were estimated using the Kaplan-Meier method, and the sur-
vival curves were compared using the log-rank test. Multi-
variate analyses were performed using the Cox proportional
hazards model to estimate hazard ratios (HR). All statistical
tests were two-sided, and the criterion for statistical signifi-
cance was set at p=0.05.

6. Ethical statement

This retrospective study was approved by the institutional
review board and ethics committee of the SYSUCC. All of the
participants provided written informed consent.

Results

1. Patient characteristics and patterns of failure

Table 1 illustrates the pretreatment characteristics of the
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Table 1.  Baseline patient demographic and clinical characteristics 
IC+CCRT (n=130) CCRT (n=64) p-valuea)

Age, mean (range, yr) 17.28 (8-21) 18.08 (9-21) 0.046
Sex

Male 94 (72.3) 46 (71.9) 0.950
Female 36 (28.7) 18 (28.1)

Tumor stage
T1 0 ( 1 (1.6) 0.006
T2 6 (4.6) 3 (4.7)
T3 56 (43.1) 41 (64.1)
T4 68 (52.3) 19 (29.7)

Node stage
N0 5 (3.8) 3 (4.7) 0.005
N1 25 (19.2) 22 (34.4)
N2 73 (56.2) 36 (56.3)
N3 27 (20.8) 3 (4.7)

Clinical stage
Stage III 50 (38.5) 44 (68.8) < 0.001
Stage IVa 53 (40.8) 17 (26.6)
Stage IVb 27 (20.8) 3 (4.7)

RT technique
2DRT 21 (16.2) 27 (42.2) < 0.001
IMRT 109 (83.3) 37 (57.8)

Values are presented as number (%) unless otherwise indicated. IC, induction chemotherapy; CCRT, concurrent chemoradio-
therapy; RT, radiotherapy; 2DRT, two-dimensional radiotherapy; IMRT, intensity-modulated radiotherapy. a)p-values were
calculated using a chi-square test (or Fisher exact test).

A B
Failure site CCRT IC+CCRT     p-valuea) CCRT IC+CCRT p-valuea)

(n=64) (n=130) (n=43) (n=43)
T 6 ( 2 ( 4 ( 0 (
N 3 ( 2 ( 1 ( 1 (
M 7 ( 17 ( 7 ( 7 (
T+N 1 ( 0 ( 0 ( 0 (
T+M 1 ( 0 ( 1 ( 0 (
N+M 0 ( 1 ( 0 ( 0 (
T+N+M 0 ( 0 ( 0 (( 0 (
LF 8 (12.5) 4 (3.1) 0.010 5 (11.6) 1 (2.3) 0.090
DF 7 (10.9) 17 (13.1) 0.67 7 (16.3) 7 (16.3) > 0.999
Progression 14 (21.9) 20 (15.4) 0.264 11 (25.6) 8 (18.6) 0.436

Table 2. Patterns of failure

Values are presented as number (%). CCRT, concomitant chemoradiotherapy; IC, Induction chemotherapy; T, nasopharynx;
N, neck; M, distant metastasis; LF, locoregional failure; DF, distant failure. a)p-values were calculated using a chi-square test
(or Fisher exact test).
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patients. There were no statistically significant differences in
terms of sex and tumor stage among the patients both with
and without IC. Patients who were younger and with a more
advanced node stage were more likely to received IC+CCRT
and IMRT (p < 0.05 for all comparisons). 

After a median follow-up of 48.1 months, 15.4% of patients
(20 of 130) receiving IC+CCRT and 21.9% of patients (14 of
64) receiving CCRT alone experienced tumor progression
(p=0.264). Table 2 shows the detailed patterns of failure. The
most common failure was distant failure. There was a signif-
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Fig. 2.  Comparison of the overall survival (A), progression-free survival (B), locoregional failure (C), and distant metasta-
sise-free survival (D) between patients with (n=130) and without (n=64) induction chemotherapy (IC). CCRT, concurrent
chemoradiotherapy.
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icant reduction in locoregional failure (p=0.010) but not in
distant recurrence for patients who received IC.

2. Survival outcome

The 5-year OS rate was 86.6% (95% confidence interval
[CI], 79.5 to 93.7) in the IC+CCRT group and 80.2% (95% CI,
70.0 to 90.4) in the CCRT group (p=0.211), and the 5-year PFS
rate was 83.7% (95% CI, 76.8 to 90.6) for patients in IC+CCRT
group compared with 77.7% (95% CI, 67.3 to 88.1) for 
patients in the CCRT group (p=0.255). The 5-year DMFS rates
of the IC+CCRT group versus the CCRT group were 85.9%
(95% CI, 79.2 to 92.6) versus 88.0% (95% CI, 79.6 to 96.4)
(p=0.602). The 5-year LRFS rates for patients with and with-
out IC were 97.6% (95% CI, 95.1 to 100) and 87.4% (95% CI,
79.2 to 95.6) (p=0.011), which showed that IC significantly
improved LRFS (Fig. 2).

3. Outcome analysis limited to matching cohorts with same
tumor stage, node stage, and radiotherapy technique

To avoid the potential interference of the imbalance of
tumor stage, node stage and radiotherapy technique in both

groups, 43 patients from the CCRT group matching the 43
patients in the IC+CCRT group were reanalyzed. The
matched cohort achieved an adequate balance between the
IC+CCRT group and the CCRT group for all variables 
(Table 3). 

In the matched cohort, with a median follow-up duration
of 48.1 months (range, 5.26 to 303.7 months), six patients 
developed local failure (one from IC+CCRT group and five
from CCRT group), 14 exhibited distant metastasis (seven
from IC+CCRT group and seven from CCRT group), and 15
patients died (five from IC+CCRT group and 10 from CCRT
group). The detailed patterns of failure are listed in Table 2.
The 5-year OS rate was 83.7% (95% CI, 70.2 to 97.2) in the
IC+CCRT group and 74.6% (95% CI, 60.9 to 88.3) in the CCRT
group (p=0.153) (Fig. 3). The 5-year probabilities for PFS in
the IC+CCRT group and the CCRT group were 79.2% (95%
CI, 66.1 to 92.3) and 73.4% (95% CI, 59.7 to 87.1) (p=0.355),
respectively. The 5-year DMFS rates in the IC+CCRT group
vs. the CCRT group were 81.6% (95% CI, 69.1 to 94.1) vs.
81.6% (95% CI, 69.1 to 94.1) (p=0.860). The 5-year LRFS rates
for patients with and without IC were 97.7% (95% CI, 93.2 to
100) and 88.2% (95% CI, 78.6 to 97.8). Although the CCRT
group had about a 10% greater risk of locoregional failure

Table 3.  Patient characteristics after match
IC+CCRT (n=43) CCRT (n=43) p-valuea)

Age, mean (range, yr) 18.23 (14-21) 18.37 (12-21) 0.587
Sex

Male 33 (74.4) 33 (74.4) > 0.999
Female 10 (23.3) 10 (23.3)

Tumor stage
T1 0 ( 0 ( > 0.999
T2 1 (2.3) 1 (2.3)
T3 26 (60.5) 26 (60.5)
T4 16 (37.2) 16 (37.2)

Node stage
N0 2 (4.7) 2 (4.7) > 0.999
N1 11 (25.6) 11 (25.6)
N2 28 (65.1) 28 (65.1)
N3 2 (4.7) 2 (4.7)

Clinical stage
Stage III 26 (60.5) 26 (60.5) > 0.999
Stage IVa 15 (34.9) 15 (34.9)
Stage IVb 2 (4.7) 2 (4.7)

RT technique
2DRT 13 (30.2) 13 (30.2) > 0.999
IMRT 30 (69.8) 30 (69.8)

Values are presented as number (%) unless otherwise indicated. IC, induction chemotherapy; CCRT, concurrent chemoradio-
therapy; RT, radiotherapy; 2DRT, two-dimensional radiotherapy; IMRT, intensity-modulated radiotherapy. a)p-values were
calculated using a chi-square test (or Fisher exact test).
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than the IC+CCRT group, the difference was not significant,
and the p-value was borderline (p=0.083).

The following factors were included in the multivariate
analyses: sex (male vs. female), T stage (T4 vs. T2-3), N stage
(N3 vs. N0-2), radiotherapy technique (IMRT vs. 2D-CRT)

and IC (yes or not). Multivariate analyses revealed that N3
was an independent prognostic factor predicting poorer OS
(HR, 4.958; 95% CI, 1.035 to 23.748; p=0.045), PFS (HR, 5.446;
95% CI, 1.482 to 20.017; p=0.011), and DMFS (HR, 9.501; 95%
CI, 2.445 to 36.920; p=0.001). The radiotherapy technique was
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Fig. 3.  Comparison of the overall survival (A), progression-free survival (B), locoregional failure (C), and distant metasta-
sise-free survival (D) in the matched cohort between patients with (n=43) and without (n=43) induction chemotherapy (IC).
CCRT, concurrent chemoradiotherapy.
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the only independent prognostic predictor of LRRFS (HR,
0.174; 95% CI, 0.031 to 0.962; p=0.045).

4. Treatment compliance and toxicities in the matched 
cohort

In pre-matched cohort, only one patient dropped out dur-
ing IC because of grade 2 transaminase increase and regional
lymph node progression. After matching, all patients com-
pleted planned radiotherapy, while all the patients in the
IC+CCRT group received 2-4 cycles of IC. In terms of con-
current chemotherapy, 71 patients received triweekly cis-
platin, and among these patients, 38 (88.3%) and 33 (76.7%)
patients were from the IC+CCRT group and CCRT group,

respectively. The remaining 14 patients received weekly cis-
platin. In the IC+CCRT group and CCRT group, 40 (93.0%)
and 39 (90.7%) patients received at least two cycles of tri-
weekly cisplatin or five cycles of weekly cisplatin, respec-
tively. Six patients dropped out from treatment due to
toxicities. S1 Table lists the specifics of the concurrent
chemotherapy in both groups.

The most common side effects included myelosuppression,
radiotherapy-related dermatitis and mucositis. In terms of
myelosuppression, 20.9% of patients suffered from grade 3
leucopenia, and no patients developed grade 4 leucopenia.
Furthermore, 19.8% and 4.7% of patients suffered from neu-
tropenia and anemia, respectively. No patients underwent
moderate to severe thrombocytopenia. The IC+CCRT group

Toxic effect p-valuea)

Adverse event IC+CCRT (n=43) CCRT (n=62)
All grades Grade 3-4

All grades 1 2 3 4 All grades 1 2 3 4
Leucopenia 39 (90.7) 8 19 12 0 40 (93.0) 18 16 6 0 1 0.112
Neutropenia 36 (83.7) 7 15 12 2 22 (51.2) 11 8 3 0 0.001 0.003
Anemia 32 (74.4) 21 8 2 1 17 (39.5) 12 4 1 0 0.001 0.609
Thrombocytopenia 12 (27.9) 8 4 0 0 9 (20.9) 6 3 0 0 0.451 -
AST increased 8 (18.6) 8 0 0 0 2 (4.7) 2 0 0 0 0.044 -
ALT increased 21 (48.8) 18 3 0 0 8 (18.6) 8 0 0 0 0.003 -
BUN 5 (11.6) 5 0 0 0 1 (2.3) 1 0 0 0 0.204 -
CRE 4 (9.3) 4 0 0 0 1 (2.3) 1 0 0 0 0.357 -
Mucositis 38 (88.4) 14 17 7 0 42 (97.7) 13 23 6 0 0.204 0.763
Dermatitis 33 (76.7) 25 7 1 0 34 (79.1) 24 9 1 0 0.795 > 0.999
Vomiting 28 (65.1) 17 9 2 0 32 (74.4) 21 9 2 0 0.348 > 0.999

Table 4. Cumulative adverse events during treatment by maximum grade per patient during treatment

Values are presented as number (%). IC, induction chemotherapy; CCRT, concurrent chemoradiotherapy; AST, aspartate
amino transferase; ALT, alanine amino transferase; BUN, blood urea nitrogen; CRE, creatinine. a)p-values were calculated
using a chi-square test (or Fisher exact test).

Table 5.  Late toxicities in patients treated with IC+CCRT versus CCRT
Late toxicity IC+CCRT (n=38) CCRT (n=33) p-valuea)

Xerostomiab) 4 (10.5) 7 (21.2) 0.215
Hearing lossb) 14 (36.8) 10 (30.3) 0.561
Skin dystrophy 1 (2.6) 1 (3.0) > 0.999
Neck fibrosis 9 (23.7) 6 (18.2) 0.571
Trismusb) 3 (8.1) 2 (6.1) > 0.999
Radiation encephalopathy 1 (2.6) 2 (6.1) 0.901
Cranial nerve palsy 2 (5.2) 4 (12.1) 0.543
Memory impairmentc) 7 (18.4) 5 (15.2) 0.714

Values are presented as number (%). IC, induction chemotherapy; CCRT, concomitant chemoradiotherapy. a)p-values were
calculated using a chi-square test (or Fisher exact test), b)Grade 2-4 toxicities, c)Grade 2-3 toxicities.
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had significantly greater rates of grade 3 to 4 neutropenia.
With the exceptions of leucopenia, neutropenia, anemia and
mucositis, other treatment-related toxicities were mild in
both groups. Table 4 lists the distribution of all grades of
acute adverse effects.

To the date of the final follow-up, 71 patients survived, and
38 of these patients were from IC+CCRT group, and the 
remaining received CCRT. In terms of late toxicities, 38 
patients (53.5%) suffered different levels of hearing impair-
ment, which was the most common late toxicity. Radiation-
induced brain injuries were observed in nine patients
including temporal brain lobes injury in three patients (4.2%)
and cranial nerve palsy in six patients (8.5%). Grade 2-4 
xerostomia, hearing loss and trismus were observed in 11,
24, and three patients, respectively (Table 5). No significant
difference was found between both groups. 

Discussion

CANPC shows better survival in adults [4]. The combina-
tion of chemotherapy and radiotherapy has been accepted as
the optimal treatment for CANPC patients in recent litera-
ture [17,18] reporting a 5-year OS and PFS of 41-91% and
47%-85%, respectively [5,6,19-22]. The treatment outcome of
patients in our study showed a 5-year OS of approximately
80%, which is comparable to previous data. Currently, the
primary treatment failure pattern of CANPC is distant
metastasis [5,6]. The relatively short time to systemic failure,
in the absence of locoregional failure, might suggest the pres-
ence of occult systemic disease at the time of diagnosis and
the need for a more effective treatment strategy in locore-
gionally advanced disease. Increasing evidence to incorpo-
rate IC into the treatment of patients with the locoregionally
advanced disease has been reported. IC followed by CCRT
has been accepted as a useful regimen to significantly 
improve distant control in adult NPC [7]. Though IC was
used as part of treatment in several studies, it was difficult
to differentiate how much IC contributed to the long-term
outcome. Due to the small size of pediatric and adolescents
NPC cohort, no prospective trial has been carried out to test
the efficacy of IC by directly comparing the treatment out-
come of CCRT with or without IC. The role of IC in CANPC 
remains controversial.

In our study, we first compared the long-term outcomes
of children and adolescent patients with locoregionally 
advanced NPC that received CCRT with or without IC. 
Individually matching was performed to balance the baseline
characteristics between the groups. In both the pre-matched
and the matched cohorts, we compared 5-year OS, PFS,

LRFS, and DMFS between IC+CCRT and CCRT and failed
to demonstrate a survival benefit in locally advanced
CANPC patients. IC showed a trend of improving local con-
trol, and adding IC improved the rate of LRFS from 88.2% of
patients in the CCRT alone group to 97.7% of patients in
IC+CCRT group (p=0.083) in this study. Distant metastasis
remains a major obstacle in the cure of CANPC, and N3 node
stage was the only independent factor predicting poorer OS,
PFS, and DMFS.

We have reviewed previous studies about the use of IC fol-
lowed by CCRT in children and adolescent NPC, which 
reported the survival rates vary between 55% and 90% for
OS and between 60.6% and 77% for disease-free survival and
event-free survival [12,18,20,23-25]. Guo et al. [6] retrospec-
tively reviewed 95 locoregionally advanced NPC child and
adolescent patients treated with IC before radiotherapy with
or without concurrent chemotherapy/adjuvant chemother-
apy and reported that the 4-year OS and PFS were 90.8% and
79.1%, respectively. Yan et al. [5] report a retrospective analy-
sis of 185 CANPC cases in an endemic area of which 83.4%
patients received IC+CCRT, and the 5-year OS was 78%. The
survival rates of these two studies were in accordance with
the data in this study. Recently, increasing evidence to incor-
porate IC into the treatment has been reported. The Italian
Rare Tumors in Pediatric Age Project, which uses a prospec-
tive protocol of three courses of cisplatin/5-fluorouracil IC
followed by CCRT in CANPC, reported that the 5-year OS
and PFS rates were 80.9% and 79.3%, respectively [26]. This
result was very close to the survival rate that we reported in
the IC+CCRT group of the matched cohort. An international
randomized phase 2 study comparing two regimens of IC
followed by CCRT reported that the estimated 3-year OS rate
was 78.0% for the cisplatin and 5-fluorouracil (PF) group and
85.7% for the docetaxel with PF group [9], which is a lower
survival rate than in our study probably because of the rela-
tively greater proportion of stage IV disease (approximately
55%) compared to our study (39.6%).

There is no other published direct comparison of the treat-
ment outcome between IC+CCRT and CCRT in CANPC. 
Experience in adult NPC demonstrated that adding IC could
significantly improve failure-free survival in locoregionally
advanced nasopharyngeal carcinoma. However, the analysis
of the survival outcome in this study showed no significant
difference between the two groups, while it seemed to have
a trend that with a larger size of study population, adding
IC could increase the rate of survival significantly. One plau-
sible explanation for these negative results in this study is
that the greater incidence of toxicities caused by adding IC
may result in radiotherapy interruption(s) and chemother-
apy dose reduction. Another potential explanation for the
lack of a benefit is that, in this study, only 12 patients 
received positron emission tomography and computed 
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tomography (PET/CT), which can detect more distant
metastases than conventional staging in patients with NPC
[27] during diagnosis. All the patients who developed distant
metastases after treatment did not received PET/CT. Addi-
tionally, patients with high risk of distant recurrence may
benefit from IC; however, the high risk factors of distant
metastases have not been identified in children and adoles-
cents NPC.

All the patients in our study completed planned radiother-
apy. During CCRT, 93.0% of patients in the IC+CCRT group
and 90.7% of patients in CCRT group completed at least two
cycles of triweekly cisplatin or five cycles of weekly cisplatin.
Toxicities were the main reasons for discontinuation of con-
current cisplatin. As expected, more adverse events were
found in IC+CCRT group involving the blood/lymphatic
system because of the increased cycles of chemotherapy.
Apart from this, including radiotherapy-related acute toxic-
ities, the incidence and severity of adverse events were sim-
ilar in the two treatment groups. These results showed the
feasibility of these two regimens. With better outcomes and
longer survival, the incidence of radiation-induced late com-
plications has drawn more attention. The study from Cheuk
et al. [23] reported a 15-year cumulative incidence of any
morbidity to be 84% (53% for hearing loss, 43% for hypothy-
roidism, and 14% for growth hormone deficiency). The
prospective clinical trial [26] referenced above reported a
65% incidence of all types of morbidity. Consistent with pre-
vious studies, we demonstrated that hearing loss and xeros-
tomia were the most common morbidities. No difference was
found between the two groups. In the view of similar sur-
vival benefit and toxicities, IC followed by CCRT as a pri-
mary treatment should be used with more caution, and more
evidence is needed to guide the use of IC in locoregionally
advanced CANPC patients. Future studies should focus on
selecting patients who may benefit from IC and adjusting 
radiation dose according to how well the tumor responds to
IC so to lessen the side effects of the radiation.

However, several limitations of our study should be 
addressed. Firstly, the retrospective nature of the study cer-
tainly served as a fundamental pitfall of the current study.
Secondly, for the reason of low incidence of CANPC, the
number of patients that can be included is relatively limited,
which might make the results of the study underpowered,
and selection bias might exist. Thirdly, IC regimens in this
study were heterogeneous. These limitations make us more
cautious when interpreting the result of this study. Although
this study failed to demonstrate that adding IC before CCRT
could provide a significant additional survival benefit in 
locally advanced CANPC patients, it seemed to have a trend
that with a larger size of study population, adding IC could
increase the rate of survival significantly. In addition, in
adult NPC, a phase III study demonstrated that adding IC

before CCRT had improved failure-free survival [7]. Further-
more, radiotherapy dose can be adaptation according to IC
response to minimize late effects in CANPC. However, 
besides survival and toxicities, medical and time cost 
incurred in an effort to control or alleviate the symptoms of
either complication or cancer progression in each group is
also an important issue we should concern.  For example,
treatment of myelosuppression and adding IC do cost more.
And the duration of IC+CCRT regimen is about 1.5 months
longer than treating with CCRT. Therefore, multicenter
prospective studies with the emphasis on survival, medical
and time cost and quality of life measurement in refined
high-risk populations are warranted to validate the benefit
of IC with CCRT in the treatment of locoregionally advanced
CANPC.
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Purpose
The aim of this study is to compare the treatment outcomes of breast conserving surgery
(BCS) plus radiotherapy (RT) versus mastectomy for patients with pT1-2N1 triple-negative
breast cancer (TNBC).

Materials and Methods
Using two multicenter retrospective studies on breast cancer, a pooled analysis was per-
formed among 320 patients with pT1-2N1 TNBC. All patients who underwent BCS (n=212)
received whole breast RT with or without regional nodal RT, while none who underwent mas-
tectomy (n=108) received it. All patients received taxane-based adjuvant chemotherapy. The
median follow-up periods were 65 months in the BCS+RT group, and 74 months in the mas-
tectomy group.

Results
The median age of all patients was 48 years (range, 24 to 70 years). Mastectomy group
had more patients with multiple tumors (p < 0.001), no lymphovascular invasion (p=0.001),
higher number of involved lymph node (p=0.028), and higher nodal ratio  0.2 (p=0.037).
Other characteristics were not significantly different between the two groups. The 5-year 
locoregional recurrence-free, disease-free, and overall survival rates of BCS+RT group versus
mastectomy group were 94.6% versus  87.7%, 89.5% versus  80.4%, and 95.0% versus
87.8%, respectively, and the differences were statistically significant after adjusting for 
covariates (p=0.010, p=0.006, and p=0.005, respectively).  

Conclusion
In pT1-2N1 TNBC, breast conservation therapy achieved better locoregional recurrence-
free, disease-free, and overall survival rates compared with mastectomy.

Key words
Triple negative breast neoplasms, Breast conservation therapy, 
Mastectomy
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Introduction

Triple-negative breast cancer (TNBC) has the higher risk
for locoregional recurrence than any other molecular sub-
types in the absence of effective targeted agents which are
known to further decrease locoregional recurrence [1]. There-
fore, there have been concerns on the potentially increased
risk of locoregional recurrence after breast conservation ther-
apy in TNBC [2-5]. Although a meta-analysis demonstrated
the improved locoregional control by breast conserving sur-
gery (BCS) plus radiotherapy (RT) compared with mastec-
tomy alone in TNBC [6], stage-specific comparisons were not
performed in this meta-analysis.

Recently, the survival benefit of breast conservation ther-
apy over mastectomy alone in the early stage breast cancer
has been suggested in the population-based studies [7-10],
but molecular subtypes were not considered in these studies.
Among patients with early stage breast cancer, pT1-2N1 has
become the candidate for intensifying treatment, with the 
addition of regional nodal RT or post-mastectomy RT. In the
absence of specific guidelines on post-mastectomy RT in pT1-
2N1 breast cancer, it is still questionable whether mastec-
tomy alone is a sufficient local treatment for pT1-2N1 TNBC.

In Korea, the number of breast cancer patients and those
receiving RT for breast cancer is increasing [11]. Among
them, the prevalence of TNBC was reported to be about 20%,
and the surgical type did not impact on the 3-year survival
in the registry data including 5,586 TNBC patients with var-
ious stages [12]. However, the receipt of RT was not analyzed
as the covariate.

Given these observation, we compared the treatment out-
comes of BCS+RT versus mastectomy alone for patients with
pT1-2N1 TNBC via a pooled analysis of multicenter retro-
spective studies conducted by Korean Radiation Oncology
Group (KROG).

Materials and Methods

1. Study population

Two multicenter retrospective studies on pN1 breast can-
cer were conducted by KROG: KROG 14-18 and 14-23.
KROG 14-18 was designed to evaluate the role of regional
nodal RT in addition to whole breast RT [13], and KROG 14-
23 was to evaluate the recurrence outcomes after mastectomy
without adjuvant RT [14]. Among patients enrolled in these
two studies, 320 patients with pT1-2N1 TNBC were selected
for a pooled analysis. Patients treated with BCS+RT were

compared with those undergoing mastectomy alone in terms
of patient and tumor characteristics as well as the treatment
outcomes.

2. Treatment

All patients underwent upfront surgery, either BCS or
mastectomy, with axillary lymph node dissection or sentinel
lymph node biopsy. All patients who underwent BCS 
received adjuvant RT, while none who underwent mastec-
tomy received it. Adjuvant RT was given to whole breast up
to a median dose of 50.4 Gy (range, 45 to 50.4 Gy) with 1.8-2
Gy/fraction. The median dose of tumor bed boost was 9 Gy
(range, 8 to 16 Gy). Regional nodal RT was determined at the
discretion of attending radiation oncologists. As for systemic
therapy, all patients received taxane-based adjuvant chemo-
therapy.

3. Statistical analysis

Locoregional recurrence-free survival (LRRFS), disease-
free survival (DFS), and overall survival (OS) rates were 
estimated from the date of surgery by Kaplan-Meier method.
To evaluate risk factors associated with each endpoint, log-
rank test was used for univariate analysis. For multivariate
analysis, Cox proportional-hazards model was used incor-
porating factors seemed to be significant on univariate analy-
sis (p < 0.2). Otherwise, a p-value of < 0.05 was considered
statistically significant. A chi-square test was used for com-
parison among categorical variables. All analyses were per-
formed in PAWS Statistics for Windows, ver. 18.0 (SPSS Inc.,
Chicago, IL).

4. Ethical statement

The institutional review board approved these studies 
(approval number: SMC 2014-12-005 at Samsung Medical
Center for KROG 14-18 and H-1503-053-655 at Seoul 
National University Hospital for KROG 14-23), and waived
the requirement for obtaining informed consent.

Results

1. Characteristics

The median age of all patients was 48 years (range, 24 to
70 years). Most patients had invasive ductal carcinoma
(96.6%). One hundred and six patients (33.1%) had T1 
tumors, and 214 patients (66.9%) had T2 tumors. The number
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Characteristic BCS+RT Mastectomy p-value(n=212) (n=108)
Age (yr)

< 40 44 (20.8) 24 (22.2) 0.874
 40 168 (79.2) 84 (77.8)

T stage
T1 78 (36.8) 28 (25.9) 0.068
T2 134 (63.2) 80 (74.1)

No. of tumors
Single 187 (88.2) 73 (67.6) < 0.001
Multiple 25 (11.8) 32 (29.6)
Not reported 0 ( 3 (2.8)

HG
1 5 (2.4) 2 (1.9) 0.176
2 35 (16.5) 28 (25.9)
3 169 (79.7) 78 (72.2)
Not reported 3 (1.4) 0 (

LVI
Absent 90 (42.5) 69 (63.9) 0.001
Present 112 (52.8) 37 (34.3)
Not reported 10 (4.7) 2 (1.9)

Resection margin
Clear 212 (100) 108 (100) > 0.999
Not reported 0 ( 0 (

No. of examined LNs
Median (range) 17 (1-48) 16 (3-37) 0.237

No. of involved LNs
1 135 (63.7) 52 (48.1) 0.028
2 48 (22.6) 34 (31.5)
3 29 (13.7) 22 (20.4)

Nodal ratio
Median (range) 0.08 (0.02-1) 0.11 (0.03-0.75) 0.660

Nodal ratio
< 0.2 187 (88.2) 85 (78.7) 0.037
 0.2 25 (11.8) 23 (21.3)

Axillary surgery
ALND 204 (96.2) 104 (96.3) > 0.999
SLNB only 8 (3.8) 4 (3.7)

Adjuvant chemotherapy
Yes 212 (100) 108 (100) > 0.999
No 0 ( 0 (

RT
Yes 212 (100) 0 ( < 0.001
No 0 ( 108 (100)

Table 1. Patient and tumor characteristics

BCS, breast conserving surgery; RT, radiotherapy; HG, histologic grade; LVI, lymphovascular invasion; LN, lymph node;
ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy. 

Cancer Res Treat. 2018;50(4):1316-1323
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of involved lymph node (LN) was one in 187 patients
(58.4%), two in 82 (25.6%), and three in 51 (15.9%). The nodal
ratio was  0.2 in 48 patients (15.0%).

Patient and tumor characteristics according to the treat-
ment were summarized in Table 1. Mastectomy group had
more patients with multiple tumors (p < 0.001), no lympho-
vascular invasion (LVI) (p=0.001), higher number of involved
LN (p=0.028), and higher nodal ratio (p=0.037). Other char-
acteristics were not significantly different between the two
groups.

In the BCS+RT group, whole breast RT alone was given to

141 patients (66.5%), whole breast plus supraclavicular nodal
RT to 59 (27.8%), and whole breast plus supraclavicular/
internal mammary nodal RT to 12 (5.7%). As for systemic
chemotherapy, 304 patients (95.0%) received anthracycline-
based chemotherapy followed by taxane, 14 patients (4.4%)
received taxane-anthracycline combination chemotherapy,
and two patients (0.6%) received taxane plus cyclophos-
phamide.

Fig. 1.  Locoregional recurrence-free survival (A), disease-free survival (B), and overall survival (C) curves according to the
treatment. BCS, breast conserving surgery; RT, radiotherapy.
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2. Patterns of failure

The median follow-up period was 65 months in the
BCS+RT group, and 74 months in the mastectomy group. As
the cumulative events, there were 11 local recurrences; six in
BCS+RT group and five in mastectomy group. Regional 
recurrences occurred in 18 patients; seven in BCS+RT group
and 11 in mastectomy group. Distant metastases were pres-
ent in 41 patients; 20 in BCS+RT group and 21 in mastectomy
group.

3. Survival outcomes and prognostic factors

The univariate and multivariate analyses for LRRFS, DFS,
and OS were presented in Table 2. The 5-year LRRFS rate
was 94.6% in BCS+RT group and 87.7% in mastectomy group
(p=0.025). Presence of LVI (p=0.030) and nodal ratio  0.2
(p=0.006) were also significantly associated with inferior
LRFFS on univariate analysis. After adjusting treatment
group, LVI, and nodal ratio, BCS+RT as well as the absence
of LVI achieved a superior LRRFS (p=0.010 and p=0.012, 
respectively) (Fig. 1A).

When the LRRFS was separated into local recurrence-free
and regional recurrence-free survival rates, BCS+RT group
showed a better regional recurrence-free survival rate than
mastectomy group (5-year rate, 96.6% vs. 89.6%, respectively;
p=0.011), but the local recurrence-free survival rates were
similar (5-year rate, 97.1% vs. 95.3%, respectively; p=0.404).

In addition, BCS+RT resulted in a superior DFS compared
with mastectomy (89.5% vs. 80.4% at 5 years, p=0.018) (Fig. 1B).
As for OS, BCS+RT was also correlated with a better outcome
(95.0% vs. 87.8%, p=0.010) (Fig. 1C). After adjusting treat-
ment group, LVI, and nodal ratio, BCS+RT and the absence
of LVI were favorable prognosticators for both DFS (p=0.006
and p=0.013, respectively) and OS (p=0.005 and p=0.008, 
respectively).

Discussion

TNBC is a well-known entity of aggressive clinical behav-
ior and poor prognosis [1]. While breast conservation ther-
apy has been established as the appropriate local therapy for
most of early stage breast cancer [15,16], mastectomy is still
performed in a significant number of patients. Moreover,
considering a higher rate of locoregional recurrence in
TNBC, the optimal local therapy for these patients has been
under debate [2-5]. Regarding this issue, a meta-analysis by
Wang et al. demonstrated that BCS+RT was less likely to 
develop locoregional recurrence compared with mastec-

tomy, but comparisons according to specific stage were not
performed [6]. More recently, Abdulkarim et al. [17] showed
that BCS+RT resulted in a better locoregional control com-
pared with mastectomy in pT1-2N0 TNBC, while a compa-
rable locoregional control between the two groups was
shown in a similar population from Memorial Sloan Ketter-
ing [18].

Other investigators also analyzed the impact of adjuvant
RT among TNBC patients with various stages, and the 
results were inconsistent. Kindts et al. [19] reported that
BCS+RT showed a higher breast cancer-specific survival in
the whole population compared with mastectomy alone, but
not in pT1-2N0 subgroup. Similarly, multi-institutional
analysis from five Asian cancer centers demonstrated that
BCS+RT was associated with a superior OS compared with
mastectomy alone in the whole population, but not in pT1-
2N0-1 subgroup [20]. However, there are few studies analyz-
ing the specific subgroup of pN1 TNBC. In the aforemen-
tioned studies, moreover, the number of patients with pN1
disease in the BCS+RT or mastectomy groups was only 59
and 141, respectively.

In the present study, only patients with pT1-2N1 TNBC
were analyzed, and the number of patients in the BCS+RT
and mastectomy groups was 212 and 108, respectively. In 
addition, all patients completed taxane-based adjuvant
chemotherapy, and 95% of patients received anthracycline-
based chemotherapy followed by taxane. Without effective
targeted agents such as endocrine therapy or anti-HER2 ther-
apy, chemotherapy is the mainstay of systemic treatment for
TNBC. Appropriate usage of chemotherapy is well known
to be associated with better local control as well as survival
outcomes [21]. With the sufficient number of patients treated
with appropriate systemic therapy, our study showed that
BCS+RT improved LRRFS, DFS, and OS compared with mas-
tectomy alone in pT1-2N1 TNBC. This observation also sug-
gests that definitive local modality cannot be completely
replaced with taxane-based chemotherapy in TNBC and
post-mastectomy RT should be considered for these patients.

In the historical randomized trials conducted in the 1980s,
BCS+RT and mastectomy achieved an equivalent OS in the
early stage breast cancer [15,16]. However, in the real-world
situation, there are several reports observing the superiority
of breast conservation therapy over mastectomy [7-9]. 
Regarding this discrepancy, the selection bias cannot be fully
excluded, but the improvement of radiotherapeutic tech-
nique and systemic therapy might also contribute to these 
results. It is well known that with the increased systemic con-
trol with newer chemotherapeutic regimens, local control
could be translated into OS benefit [22]. A recent population-
based study from Netherlands also noted that BCS+RT sig-
nificantly improved long-term survival of pT1-2N0-1 breast
cancer compared with mastectomy, and such improvement
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was consistently observed in all T and N categories [10].
However, the impact of molecular subtypes was not fully
considered in these studies, but only information on hor-
monal receptor status was collected. The present study sup-
ports the conclusion of these population-based studies in
patients with pT1-2N1 TNBC, whom the risk of recurrences
is higher and the benefit of RT might be prominent than in
those with more indolent diseases.

Considering 12.3% of patients experienced locoregional 
recurrence after mastectomy at 5 years in the current study,
post-mastectomy RT needs be considered for these patients.
Recent guideline update from American Society of Clinical
Oncology, American Society for Radiation Oncology, and 
Society of Surgical Oncology also noted that post-mastec-
tomy RT reduces the risks of locoregional recurrence in pT1-
2N1 breast cancer, but many other clinicopathologic factors
should be considered together in the decision making [23].
Although many investigators sought to find out such indi-
cations for pT1-2N1 breast cancer [24-26], however, the role
and/or indication of post-mastectomy RT is beyond the
scope of our study.

Given the positive results of recent randomized trials
[27,28], the role of regional nodal RT becomes more impor-
tant in the treatment of early stage breast cancer. According
to the Canadian trial, the survival benefit was prominent 
especially in hormonal receptor-negative tumors [27]. In our
study, about one-third of patients received regional nodal
RT, but supraclavicular/internal mammary nodal RT was
given to only 5.7% of patients. Despite this, the improved
LRRFS of BCS+RT group comes mainly from better regional
control. One possible explanation is that a significant portion
of axilla was included in the whole breast RT field [29]. When
the regional recurrences were divided into subsites, eight of
11 regional recurrences were of axilla in the mastectomy

group, whereas two of seven in the BCS+RT group (data not
shown). More comprehensive nodal RT might further 
improve the outcomes of TNBC patients with nodal involve-
ment.

This study has the typical shortcomings from the retro-
spective nature of the study design. Some characteristics 
between the two groups were different, and selection biases
might not be fully resolved via multivariate analysis. In 
addition, the follow-up period was relatively short, although
most recurrences of TNBC are known to occur within 2-3
years.

In conclusion, breast conservation therapy achieved bet-
ter LRRFS, DFS, and OS rates compared with mastectomy
alone in patients with pT1-2N1 TNBC. The role of post-mas-
tectomy RT should be evaluated for these patients.

Conflicts of Interest

Conflict of interest relevant to this article was not reported. 

Author Details

1Department of Radiation Oncology, Ewha Womans University Col-
lege of Medicine, Seoul, 2Department of Radiation Oncology,
Hanyang University College of Medicine, Seoul, 3Department of 
Radiation Oncology, Seoul National University College of Medicine,
Seoul, 4Department of Radiation Oncology, Samsung Medical Cen-
ter, Sungkyunkwan University School of Medicine, Seoul, 5Depart-
ment of Radiation Oncology, Asan Medical Center, Ulsan Univer-
sity College of Medicine, Seoul, 6Proton Therapy Center, Research
Institute and Hospital, National Cancer Center, Goyang, 7Depart-
ment of Radiation Oncology, Dongsan Medical Center, Keimyung
University School of Medicine, Daegu, Korea

1. Lowery AJ, Kell MR, Glynn RW, Kerin MJ, Sweeney KJ. 
Locoregional recurrence after breast cancer surgery: a system-
atic review by receptor phenotype. Breast Cancer Res Treat.
2012;133:831-41.

2. Ihemelandu CU, Naab TJ, Mezghebe HM, Makambi KH,
Siram SM, Leffall LD Jr, et al. Treatment and survival outcome
for molecular breast cancer subtypes in black women. Ann
Surg. 2008;247:463-9.

3. Parker CC, Ampil F, Burton G, Li BD, Chu QD. Is breast con-
servation therapy a viable option for patients with triple-
receptor negative breast cancer? Surgery. 2010;148:386-91.

4. Adkins FC, Gonzalez-Angulo AM, Lei X, Hernandez-Aya LF,

Mittendorf EA, Litton JK, et al. Triple-negative breast cancer
is not a contraindication for breast conservation. Ann Surg
Oncol. 2011;18:3164-73.

5. Ahn KJ, Park J, Choi Y. Lymphovascular invasion as a nega-
tive prognostic factor for triple-negative breast cancer after
surgery. Radiat Oncol J. 2017;35:332-9.

6. Wang J, Xie X, Wang X, Tang J, Pan Q, Zhang Y, et al. Locore-
gional and distant recurrences after breast conserving therapy
in patients with triple-negative breast cancer: a meta-analysis.
Surg Oncol. 2013;22:247-55.

7. Hwang ES, Lichtensztajn DY, Gomez SL, Fowble B, Clarke
CA. Survival after lumpectomy and mastectomy for early

References

Cancer Res Treat. 2018;50(4):1316-1323

1322 CANCER  RESEARCH  AND  TREATMENT



stage invasive breast cancer: the effect of age and hormone 
receptor status. Cancer. 2013;119:1402-11.

8. Agarwal S, Pappas L, Neumayer L, Kokeny K, Agarwal J. 
Effect of breast conservation therapy vs mastectomy on dis-
ease-specific survival for early-stage breast cancer. JAMA
Surg. 2014;149:267-74.

9. Hartmann-Johnsen OJ, Karesen R, Schlichting E, Nygard JF.
Survival is better after breast conserving therapy than mastec-
tomy for early stage breast cancer: a registry-based follow-up
study of Norwegian women primary operated between 1998
and 2008. Ann Surg Oncol. 2015;22:3836-45.

10. van Maaren MC, de Munck L, de Bock GH, Jobsen JJ, van
Dalen T, Linn SC, et al. 10 year survival after breast-conserving
surgery plus radiotherapy compared with mastectomy in
early breast cancer in the Netherlands: a population-based
study. Lancet Oncol. 2016;17:1158-70.

11. Kang JK, Kim MS, Jang WI, Seo YS, Kim HJ, Cho CK, et al. The
clinical utilization of radiation therapy in Korea between 2009
and 2013. Radiat Oncol J. 2016;34:88-95.

12. Lee JA, Kim KI, Bae JW, Jung YH, An H, Lee ES, et al. Triple
negative breast cancer in Korea-distinct biology with different
impact of prognostic factors on survival. Breast Cancer Res
Treat. 2010;123:177-87.

13. Kim H, Park W, Yu JI, Choi DH, Huh SJ, Kim YJ, et al. Prog-
nostic impact of elective supraclavicular nodal irradiation for
patients with N1 breast cancer after lumpectomy and anthra-
cycline plus taxane-based chemotherapy (KROG 1418): a mul-
ticenter case-controlled study. Cancer Res Treat. 2017;49:
970-80.

14. Park HJ, Shin KH, Kim JH, Ahn SD, Kim JY, Park W, et al. 
Incorporating risk factors to identify the indication of post-
mastectomy radiotherapy in N1 breast cancer treated with 
optimal systemic therapy: a multicenter analysis in Korea
(KROG 14-23). Cancer Res Treat. 2017;49:739-47.

15. Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M,
Fisher ER, et al. Twenty-year follow-up of a randomized trial
comparing total mastectomy, lumpectomy, and lumpectomy
plus irradiation for the treatment of invasive breast cancer. N
Engl J Med. 2002;347:1233-41.

16. Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R,
Luini A, et al. Twenty-year follow-up of a randomized study
comparing breast-conserving surgery with radical mastec-
tomy for early breast cancer. N Engl J Med. 2002;347:1227-32.

17. Abdulkarim BS, Cuartero J, Hanson J, Deschenes J, Lesniak D,
Sabri S. Increased risk of locoregional recurrence for women
with T1-2N0 triple-negative breast cancer treated with modi-
fied radical mastectomy without adjuvant radiation therapy
compared with breast-conserving therapy. J Clin Oncol.
2011;29:2852-8.

18. Zumsteg ZS, Morrow M, Arnold B, Zheng J, Zhang Z, Robson

M, et al. Breast-conserving therapy achieves locoregional out-
comes comparable to mastectomy in women with T1-2N0
triple-negative breast cancer. Ann Surg Oncol. 2013;20:3469-
76.

19. Kindts I, Buelens P, Laenen A, Van Limbergen E, Janssen H,
Wildiers H, et al. Omitting radiation therapy in women with
triple-negative breast cancer leads to worse breast cancer-spe-
cific survival. Breast. 2017;32:18-25.

20. Bhoo-Pathy N, Verkooijen HM, Wong FY, Pignol JP, Kwong
A, Tan EY, et al. Prognostic role of adjuvant radiotherapy in
triple-negative breast cancer: a historical cohort study. Int J
Cancer. 2015;137:2504-12.

21. Mamounas EP, Tang G, Liu Q. The importance of systemic
therapy in minimizing local recurrence after breast-conserving
surgery: the NSABP experience. J Surg Oncol. 2014;110:45-50.

22. Poortmans P. Postmastectomy radiation in breast cancer with
one to three involved lymph nodes: ending the debate. Lancet.
2014;383:2104-6.

23. Recht A, Comen EA, Fine RE, Fleming GF, Hardenbergh PH,
Ho AY, et al. Postmastectomy radiotherapy: an American 
Society of Clinical Oncology, American Society for Radiation
Oncology, and Society of Surgical Oncology focused guideline
update. J Clin Oncol. 2016;34:4431-42.

24. Truong PT, Olivotto IA, Kader HA, Panades M, Speers CH,
Berthelet E. Selecting breast cancer patients with T1-T2 tumors
and one to three positive axillary nodes at high postmastec-
tomy locoregional recurrence risk for adjuvant radiotherapy.
Int J Radiat Oncol Biol Phys. 2005;61:1337-47.

25. Tendulkar RD, Rehman S, Shukla ME, Reddy CA, Moore H,
Budd GT, et al. Impact of postmastectomy radiation on locore-
gional recurrence in breast cancer patients with 1-3 positive
lymph nodes treated with modern systemic therapy. Int J 
Radiat Oncol Biol Phys. 2012;83:e577-81.

26. McBride A, Allen P, Woodward W, Kim M, Kuerer HM,
Drinka EK, et al. Locoregional recurrence risk for patients with
T1,2 breast cancer with 1-3 positive lymph nodes treated with
mastectomy and systemic treatment. Int J Radiat Oncol Biol
Phys. 2014;89:392-8.

27. Whelan TJ, Olivotto IA, Parulekar WR, Ackerman I, Chua BH,
Nabid A, et al. Regional nodal irradiation in early-stage breast
cancer. N Engl J Med. 2015;373:307-16.

28. Poortmans PM, Collette S, Kirkove C, Van Limbergen E, 
Budach V, Struikmans H, et al. Internal mammary and medial
supraclavicular irradiation in breast cancer. N Engl J Med.
2015;373:317-27.

29. van Roozendaal LM, Schipper RJ, Smit LH, Brans BT, Beets-
Tan RG, Lobbes MB, et al. Three-dimensional breast radiother-
apy and the elective radiation dose at the sentinel lymph
nodes site in breast cancer. Ann Surg Oncol. 2015;22:3824-30.

Kyubo Kim, BCT vs. Mastectomy in T1-2N1 TNBC

VOLUME 50 NUMBER 4 OCTOBER 2018  1323



│ http://www.e-crt.org │1324 Copyright ⓒ 2018 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/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2018;50(4):1324-1330

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2017.526 

Open Access

Multicenter Phase II Study of Oxaliplatin, Irinotecan, and S-1 
as First-Line Treatment for Patients with Recurrent or Metastatic 
Biliary Tract Cancer

Original Article

Purpose
Although gemcitabine plus cisplatin has been established as the standard first-line
chemotherapy for patients with advanced biliary tract cancer (BTC), overall prognosis 
remains poor. We investigated the efficacy of a novel triplet combination of oxaliplatin,
irinotecan, and S-1 (OIS) for advanced BTC.

Materials and Methods
Chemotherapy-naive patients with histologically documented unresectable or metastatic BTC
were eligible for this multicenter, single-arm phase II study. Patients received 65 mg/m2

oxaliplatin (day 1), 135 mg/m2 irinotecan (day 1), and 40 mg/m2 S-1 (twice a day, days 1-7)
every 2 weeks. Primary endpoint was objective response rate. Targeted exome sequencing
for biomarker analysis was performed using archival tissue.

Results
In total, 32 patients were enrolled between October 2015 and June 2016. Median age was
64 years (range, 40 to 76 years), with 24 (75%) male patients; 97% patients had metastatic
or recurrent disease. Response rate was 50%, and median progression-free survival and
overall survival (OS) were 6.8 months (95% confidence interval [CI], 4.8 to 8.8) and 12.5
months (95% CI, 7.0 to 18.0), respectively. The most common grade 3-4 adverse events
were neutropenia (32%), diarrhea (6%), and peripheral neuropathy (6%). TP53 and KRAS
mutations were the most frequent genomic alterations (42% and 32%, respectively), and
KRAS mutations showed a marginal relationship with worse OS (p=0.07).

Conclusion
OIS combination chemotherapy was feasible and associated with favorable efficacy out-
comes as a first-line treatment in patients with advanced BTC. Randomized studies are
needed to compare OIS with gemcitabine plus cisplatin.

Key words
Biliary tract neoplasms, Cholangiocarcinoma, Chemotherapy, 
Irinotecan, Oxaliplatin, S-1
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Introduction

Biliary tract cancer (BTC) is a rare malignancy comprising
a heterogeneous group of diseases including intrahepatic/
extrahepatic cholangiocarcinoma and gallbladder cancer. Up
to 10,000 new BTC patients are diagnosed annually in the
United States and Europe [1]. In Korea, BTC is one of leading
causes of cancer-related deaths (sixth in males and seventh
in females) [2]. Surgical resection is the only curative thera-
peutic modality for localized BTC; however, recurrence after
curative resection is common, and most patients present with
unresectable or metastatic disease at the time of diagnosis.
These clinical characteristics in advanced BTC are associated
with poor prognosis, with up to 10% 5-year overall survival
(OS) rates [3].

After the success of the pivotal phase III ABC-02 study,
gemcitabine plus cisplatin (GemCis) has been established as
the standard first-line chemotherapy for patients with unre-
sectable or metastatic BTC [4]. In that study, GemCis demon-
strated significantly improved OS compared with gemcita-
bine alone (11.7 months vs. 8.1 months). The superiority of
GemCis to gemcitabine alone was confirmed in a subsequent
Japanese randomized phase II study (11.2 months vs. 7.7
months) [5]. Despite this improvement, the median survival
remains < 1 year for patients with advanced BTC, highlight-
ing the large unmet need for improving the efficacy of sys-
temic chemotherapy.

Investigation of combination therapy including three 
cytotoxic chemotherapeutic agents has revealed a significant
survival benefit in multiple cancer types [6,7]. Particularly in
pancreatic cancer, FOLFIRINOX, the combination of fluo-
rouracil, irinotecan, and oxaliplatin, leads to significantly 
improved survival outcomes compared with gemcitabine
monotherapy; this has been globally accepted as one of stan-
dard first-line regimens for patients with locally advanced
or metastatic pancreatic cancer [7]. Considering these suc-
cess, gemcitabine-free triplets including irinotecan, oxali-
platin, and fluorouracil might also be effective in treating
advanced BTC. Furthermore, in a previous phase I study, 
biweekly triplet combination of oxaliplatin, irinotecan, and
S-1 (oral fluoropyrimidine) (OIS) for multiple cancer types
was associated with remarkable preliminary efficacy out-
comes in advanced BTC, with four of nine BTC patients
achieving partial response (PR) [8].

Based on these findings, we herein report the results of a
single-arm, phase II study that aimed to evaluate the efficacy
and safety of OIS in patients with unresectable or metastatic
BTC.

Materials and Methods

1. Eligibility

Patients with histologically confirmed BTC were eligible if
they were chemotherapy-naive and had inoperable locally
advanced or metastatic disease. Other inclusion criteria 
included age of  19 years; measurable lesion according to
the Response Evaluation Criteria in Solid Tumors (RECIST)
ver. 1.1 [9]; Eastern Cooperative Oncology Group perform-
ance status of 0-2; adequate bone marrow, renal, and hepatic
function; life expectancy of  3 months; and written informed
consent. Patients were excluded if they had received chemo-
therapy for BTC. However, previous adjuvant chemotherapy
without platinum was allowed if the interval between the
completion of adjuvant chemotherapy and enrollment in the
study was > 6 months. 

2. Treatment

Patients received intravenous 65-mg/m2 oxaliplatin and
135-mg/m2 irinotecan on day 1 and 40-mg/m2 oral S-1 twice
daily on days 1-7, every 2 weeks. This dosing schedule was
based on a previous phase I study [8]. Treatment continued
until disease progression, intolerable toxicity, or patient’s
withdrawal of consent. Doses were interrupted or modified
for grade 3-4 hematological toxicities and grade 2-4 non-
hematological toxicities according to the protocol. Primary
prophylactic granulocyte-colony stimulating factor support
was not allowed. In patients who did not exhibit disease pro-
gression during completion of the 12th cycle of OIS, contin-
uation of S-1 monotherapy was allowed at the discretion of
the attending physician.

3. Assessment

Baseline assessment included medical history, physical 
examination, laboratory tests, and computed tomography
(CT) of the chest, abdomen, and pelvis. Physical examination
and laboratory tests were performed at each treatment cycle.
For response evaluation, CT was performed every three 
cycles or in the presence of signs or symptoms indicating dis-
ease progression. Tumor responses were determined by local
investigators according to the RECIST ver. 1.1. Toxicities
were assessed every cycle and graded according to the 
National Cancer Institute Common Terminology Criteria for
Adverse Events ver. 4.03.
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4. Biomarker analysis

Somatic mutations and copy number variation analyses
were performed on archival tumor tissues using targeted
exome sequencing. Details of methods for next generation
sequencing (NGS) experiments and bioinformatics analyses
are described in the Supplementary Methods. Somatic 
mutations were manually reviewed using Integrative
Gemonic Viewers, and correlative analyses were performed
between these results and clinical outcomes.

5. Statistical analysis

Primary endpoint was overall response rate (ORR) accord-
ing to the local investigator’s assessment. Secondary end-
points were progression-free survival (PFS), OS, and safety.
Simon’s optimal two-stage design was used to estimate sam-
ple size [10]. Estimated ORR of patients who received stan-
dard GemCis was approximately 15% according to our large
retrospective analysis (P0) [11], and investigational OIS was
expected to improve to 35% (P1) in ORR with two-sided  of
0.05 and power of 80%. We assumed that 20% improvement
in ORR is acceptable for further investigation of OIS in ran-
domized phase II or III trials. After expecting a 10% drop-out
rate, target enrollment was 31 patients. In the first stage, dur-
ing which 15 patients were enrolled, two patients with 
objective responses (complete response [CR] or PR) were 
required to proceed to the second stage of patient enrollment.
At least 10 patients with objective responses were needed to
declare OIS as effective.

PFS was defined as the time from the initiation of study
treatment to disease progression or death, whichever 
occurred first. OS was defined as the time from the initiation
of study treatment to death from any cause. The Kaplan-
Meier method was used to estimate time-to-event variables.
All efficacy parameters were analyzed based on the full
analysis set, which included all patients who met the eligi-
bility criteria. A two-sided p-value of < 0.05 was considered
statistically significant. SPSS ver. 22.0 (IBM Corp., Armonk,
NY) was used to perform all statistical analyses.

6. Ethical statement

This multicenter, open-label, single-arm, phase II study
was conducted at two tertiary referral hospitals in Korea. The
study protocol was approved by the Institutional Review
Board of Hallym University Sacred Heart Hospital (2015-
1020) and Asan Medical Center (2015-1070), and all patients
provided written informed consent prior to enrollment. This
study was conducted in accordance with the Declaration of
Helsinki and the guidelines of Good Clinical Practice (Clini-
calTrial.gov identifier: NCT02527824).

Results

1. Patients

Between 22 October 2015, and 16 June 2016, 32 patients
with histologically documented advanced BTC were 
enrolled. Baseline characteristics of the patients are summa-
rized in Table 1. Median age was 64 years (range, 40 to 76
years); 24 patients (75%) were males. The most common con-
dition for which study treatment was provided was initially
metastatic disease (n=24, 75%); this was followed by recur-
rent disease after curative surgery (n=7, 22%) and locally 
advanced unresectable disease (n=1, 3%). Among seven 
patients who underwent surgery, there was no patient who
received adjuvant chemotherapy and adjuvant radiotherapy
was given in two patients. The most common location of 
tumors was intrahepatic (n=13, 41%), followed by gallblad-
der (n=11, 34%) and extrahepatic (n=8, 25%). Liver (n=23,
72%), lymph nodes (n=21, 66%), peritoneum (n=10, 31%),
and lungs (n=7, 22%) were frequent metastatic sites. At the

Table 1. Patient characteristics

ECOG, Eastern Cooperative Oncology Group.

Characteristic No. (%) (n=32)
Sex

Male 24 (75)
Female 8 (25)

Age, median (range, yr) 64 (40-76)
Primary tumor site

Intrahepatic 13 (41)
Gallbladder 11 (34)
Extrahepatic 8 (25)

Disease status
Initially metastatic 24 (75)
Recurrent 7 (22)
Locally advanced unresectable 1 (3)

ECOG performance status
0 7 (22)
1 25 (78)

Previous surgery 8 (25)
No. of metastatic sites 

0-2 18 (56)
3-5 14 (44)

Metastatic site
Liver 23 (72)
Lymph nodes 21 (66) 
Peritoneum 10 (31)
Lung 7 (22)
Bone 5 (16)
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time of analysis, study treatment was ongoing in seven 
patients without disease progression and was discontinued
in 25 patients because of disease progression (n=14), patient
refusal (n=4), adverse events (n=4), and death without evi-
dence of disease progression (n=3).

2. Efficacy

All patients enrolled in this study had measurable disease.
The waterfall plot for maximal percent changes in target 
lesions is presented in Fig. 1. ORR was 50% (95% confidence
interval [CI], 34 to 66) according to RECIST ver. 1.1. No 
patient achieved CR, whereas 16 patients (50%) achieved PR.
Disease control rate, defined as the proportion of patients
demonstrating CR, PR, or stable disease, was 88% (95% CI,
71 to 96). Progressive disease was the best response in three
patients (9%). Tumor response could not be assessed in one
patient (3%) because of early death prior to the first assess-
ment. Response rates were highest in patients with gallblad-
der cancer (73%), followed by those in patients with extra-
hepatic (63%) and intrahepatic cholangiocarcinoma (23%,
p=0.04).

After a median follow-up period of 12.1 months (range, 0.3
to 16.2), median PFS was 6.8 months (95% CI, 4.8 to 8.8) 
(Fig. 2). PFS rates at 6 and 12 months were 53% and 27%, 
respectively. Median OS was 12.5 months (95% CI, 7.0 to
18.0); OS rates at 6 and 12 months were 75% and 53%, respec-
tively. Patients with extrahepatic cholangiocarcinoma had
superior PFS (median, 15.3 months) compared to those with
gallbladder cancer (5.9 months) and intrahepatic cholangio-
carcinoma (3.0 months) (Fig. 3); this difference was margin-

ally significant (p=0.051). A similar trend was also observed
in OS as median OS was better in patients with extrahepatic
cholangiocarcinoma (median value not reached) than in
those with intrahepatic cholangiocarcinoma (12.5 months)
and gallbladder cancer (10.1 months); however, this was not
statistically significant (p=0.21).

Following progression on OIS, 50% patients (12/24) 
received second-line chemotherapy: 10 patients (83%) 
received GemCis and two patients who received flouropy-

Fig. 2.  Survival outcomes with oxaliplatin, irinotecan, and
S-1 combination treatment. CI, confidence interval.

Su
rv

iva
l p

ro
ba

bi
lit

y (
%

)

100

0

20

40

60

80

0
Time (mo)

151293 6 18

75%

53%
53%

27%

Progression-free survival
  Median, 6.8 mo (95% CI, 4.8-8.8)
Overall survival
  Median, 12.5 mo (95% CI, 7.0-18.0)

Fig. 1.  Waterfall plots of changes in target lesions.

M
ax

im
al

 p
er

ce
nt

 c
ha

ng
e 

of
 ta

rg
et

 le
sio

ns

20

10

–60

–100

–80

–40

–20

–30

–10

0

Gallbladder cancer
Intrahepatic cholangiocarcinoma
Extrahepatic cholangiocarcinoma

Fig. 3.  Progression-free survival according to the primary
tumor site.

Pr
og

re
ss

io
n-

fre
e 

su
rv

iva
l (

%
)

100

0

20

40

60

80

0
Time (mo)

151293 6 18

p=0.051

Gallbladder cancer
Intrahepatic cholangiocarcinoma
Extrahepatic cholangiocarcinoma

VOLUME 50 NUMBER 4 OCTOBER 2018  1327

Changhoon Yoo, Oxaliplatin, Irinotecan and S-1 in BTC



rimidine monotherapy (17%). One patient underwent con-
current chemoradiation as salvage therapy.

3. Safety profile

Safety analysis was available in 31 patients (97%), exclud-
ing one patient who was lost to follow-up after one cycle. A
median of 12 cycles (range, 1 to 21) were administered. Study
treatment was discontinued because of adverse events in
four patients, and doses were interrupted and reduced in 17
(55%) and 13 (41%) patients, respectively. The mean relative
dose intensity (the total delivered dose as a percentage of the
targeted dose per unit time) was 87.0% (standard deviation
[SD], 18.7%) for oxaliplatin, 86.4% (SD, 19.2%) for irinotecan,
and 86.0% (SD, 19.3%) for S-1 during sixth cycles (S1 Fig.).
Adverse events developed in 10% patients are listed in
Table 2. The most common grade 3-4 adverse event was neu-
tropenia (n=10, 32%), followed by diarrhea (n=2, 6%), and
peripheral neuropathy (n=2, 6%). Despite the relatively high
frequency of severe neutropenia, no patient developed
febrile neutropenia.

4. Biomarker analysis

Eighteen of 32 patients (56%) were available for targeted
exome sequencing. TP53 (n=7, 42%), KRAS (n=5, 32%, 
including G12D in two, G13D in two, and G12A in one),

IDH1 (n=3, 16%), and ARID1A (n=2, 11%) were the most fre-
quent genomic alterations in this study population. Although
TP53 mutations were not associated with PFS (p=0.43) or OS
(p=0.76), KRAS mutations showed a marginal relationship
with worse OS (p=0.07) (S2 Fig.); however, PFS was not 
associated with KRAS mutations (p=0.90). Although no sta-
tistical significance was observed (p=0.60), there was a trend
toward greater tumor shrinkage (> 50%) in patients without
KRAS mutations (6/13, 46%) compared with that in patients
harboring KRAS mutations (1/5, 20%).

Discussion

In this single-arm, phase II study, we investigated the effi-
cacy and safety of the triplet OIS regimen in chemotherapy-
naive patients with advanced BTC. Our findings suggested
that OIS was well-tolerated and effective in patients with 
unresectable or metastatic BTC as first-line chemotherapy
and that the prespecified primary endpoint was attained.

OIS demonstrated an ORR of 50%, with median OS of 12.5
months, which were better than those in the pivotal phase III
ABC-02 study (26% and 11.7 months, respectively) [4]. Mean-
while, median PFS of 6.8 months with OIS in the current
study seems to be inferior to 8.1 months in the ABC-02 study.

Adverse event
No. (%) (n=31)

Grade 1-2 Grade 3-4 All grades
Neutropenia 17 (55) 10 (32) 27 (87)
Anemia 24 (77) 0 ( 24 (77)
Thrombocytopenia 22 (71) 0 ( 22 (71)
Elevated AST 11 (35) 0 ( 11 (36)
Elevated ALT 8 (26) 1 (3) 9 (29)
Hyperbilirubinemia 5 (16) 0 ( 5 (16)
Anorexia 16 (52) 1 (3) 17 (55)
Nausea 13 (42) 1 (3) 14 (45)
Vomiting 12 (39) 1 (3) 13 (42)
Diarrhea 16 (52) 2 (6) 18 (58)
Constipation 10 (32) 0 ( 10 (32)
Fatigue 8 (26) 1 (3) 9 (29)
Alopecia 11 (35) 0 ( 11 (35)
Skin pigmentation 3 (10) 0 ( 3 (10)
Peripheral neuropathy 14 (45) 2 (6) 16 (52)
Stomatitis 6 (19) 0 ( 6 (19)
Edema 7 (23) 0 ( 7 (23)

Table 2. Adverse events occurring in  10% of the patients

AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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However, this comparison should be interpreted with cau-
tion because PFS outcomes might be affected by the presence
of measurable lesions or the time interval of response assess-
ment. In contrast to the ABC-02 study that imaging studies
were conducted every 12 weeks, the current study per-
formed response evaluation every 6 weeks. Additional sup-
port for this interpretation is provided by the Japanese phase
II study as well as our previous retrospective analysis, which
included response evaluation every 6 weeks and demon-
strated shorter PFS (median, 5.2 to 5.8 months) despite com-
parable OS (10.4-11.2 months) [5,11]. Compared with these
Asian studies investigating GemCis [5,11], median PFS was
better with OIS (6.8 months vs. 5.2-5.8 months).

Despite the dramatic improvement in response rates with
OIS compared with those achieved with GemCis in previous
studies [4,5,11], differences in survival outcomes between the
two regimens were not remarkable. This finding might be
because of the increased rate of unfavorable clinical features
in our patient population compared with that in patient pop-
ulation included in the ABC-02 study [4]. Only 3% of patients
in the current study had locally advanced non-metastatic dis-
ease (vs 27% in the ABC-02 study), and all patients had meas-
urable lesions according to the RECIST criteria (vs. 79% in
the ABC-02 study). In a previous retrospective analysis 
involving 740 patients treated with first-line GemCis,
metastatic disease and the presence of measurable lesion 
according to the RECIST criteria were independent poor
prognostic factors [11].

OIS was generally well-tolerated, with a toxicity profile
consistent with that in the previous phase I study [8]. The
dose intensities of oxaliplatin, irinotecan, and S-1 were well-
maintained. Neutropenia, diarrhea, and peripheral neuropa-
thy were the most frequent grade 3-4 toxicities associated
with OIS and were manageable with dose interruption/mod-
ification and appropriate supportive care. Compared with
GemCis in the ABC-02 study, OIS in our study showed 
increased incidence rates of grade 3-4 neutropenia (25% vs.
32%) and neuropathy (not reported vs. 6%). Although 
increases in the rate of certain toxicities with the use of triplet
combination regimens rather than doublets might be 
inevitable, the current study showed that the safety profile
of OIS was clinically acceptable.

In the biomarker analysis using NGS, KRAS mutations
were revealed as potential poor prognostic factors for 
patients with advanced BTC. Although the number of 
patients included in the biomarker analysis was too small to
be conclusive, our results were consistent with those of pre-
vious studies [12,13]. In terms of the potential impact of the
primary tumor location to the efficacy of chemotherapy in
BTC, the current study showed that survival outcomes might
be better in patients with extrahepatic cholangiocarcinoma
than in those with gallbladder cancer or intrahepatic cholan-

giocarcinoma. In previous prognostic factor analyses in 
patients with advanced BTC, primary tumor location was not
associated with survival outcomes in patients treated with
first-line GemCis [11]; however, intrahepatic cholangiocarci-
noma was revealed as an independent poor prognostic factor
for PFS and OS in patients treated with second-line fluo-
rouracil-based chemotherapy [14]. These findings, together
with those of the current study, suggest that the chemother-
apeutic activity might differ among primary tumor sites, par-
ticularly with the use of fluorouracil-based regimens. Distinct
anti-cancer activities between gemcitabine- and fluorouracil-
based treatments in different primary tumor locations should
therefore be investigated in future studies.

The current study had an inherent limitation as a single-
arm study based on small number of patients. Considering
the high heterogeneity in clinical and genetic features of 
patients with BTC [15], cross-study comparisons using data
from single-arm studies are difficult as heterogeneity might
independently impact the clinical outcomes. Another draw-
back of this study is that sample size calculation was based
on the results of our previous retrospective analysis, not on
those of the pivotal randomized trial, considering the poten-
tial ethnic discrepancies on the activity of chemotherapy. To
assess the clinical relevance and future development strategy
of OIS in patients with advanced BTC, therefore, a random-
ized trial with a control arm including GemCis is necessary.

In conclusion, triplet OIS regimen comprising oxaliplatin,
irinotecan, and S-1 was feasible and effective as first-line
chemotherapy in patients with unresectable or metastatic
BTC. Further evaluation of OIS in randomized studies is war-
ranted.
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High-Dose Metformin Plus Temozolomide Shows Increased 
Anti-tumor Effects in Glioblastoma In Vitro and In Vivo Compared 
with Monotherapy

Original Article

Purpose
The purpose of the study is to investigate the efficacy of combined treatment with temo-
zolomide (TMZ) and metformin for glioblastoma (GBM) in vitro and in vivo.   

Materials and Methods
We investigated the efficacy of combined treatment with TMZ and metformin using cell via-
bility and apoptosis assays. A GBM orthotopic mice model was established by inoculation of
5105 U87 cells and treated with metformin, TMZ, and the combination for 4 weeks. Western
blotting and immunofluorescence of tumor specimens were analyzed to investigate AMP-
activated protein kinase (AMPK) and AKT pathway. 

Results
The combination of TMZ and metformin showed higher cytotoxicity than single agents in
U87, U251, and A172 cell lines. A combination of high-dose metformin and TMZ showed
the highest apoptotic activity. The combination of TMZ and metformin enhanced AMPK
phosphorylation and inhibited mammalian target of rapamycin phosphorylation, AKT phos-
phorylation, and p53 expression. The median survival of each group was 43.6, 55.2, 53.2,
65.2, and 71.3 days for control, metformin treatment (2 mg/25 g/day or 10 mg/25 g/day),
TMZ treatment (15 mg/kg/day), combination treatment with low-dose metformin and TMZ,
and combination treatment with high-dose metformin and TMZ, respectively. Expression of
fatty acid synthase (FASN) was significantly decreased in tumor specimens treated with
metformin and TMZ.

Conclusion
The combination of metformin and TMZ was superior to monotherapy using metformin or
TMZ in terms of cell viability in vitro and survival in vivo. The combination of high-dose met-
formin and TMZ inhibited FASN expression in an orthotopic model. Inhibition of FASN might
be a potential therapeutic target of GBM. 
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Introduction

Glioblastoma multiforme (GBM) is the most prevalent and
deadly brain tumor, with an average survival of less than 1.5
year. The current treatment regimen includes surgery, radio-
therapy, and chemotherapy. Temozolomide (TMZ) is one of
the major components of chemotherapy regimens. However,
despite multimodal therapies most patients suffer recurrence

and die within 40 weeks [1,2]. There is no consensus on the
treatment for recurrent and TMZ-refractory GBM. Various
combination therapies with TMZ have been investigated for
newly diagnosed and recurrent GBM [3-5].

Recent work has shown that metformin, an anti-diabetes
agent, exhibited anti-cancer effects in a variety of tumors 
including breast cancer, pancreatic cancer, colon cancer, and
ovarian cancer [6-9]. In addition, metformin might have syn-
ergistic effects with TMZ treatment and can enhance chemo-
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therapy efficacy in GBM [10-12], opening a new avenue to
overcoming TMZ resistance in glioma treatment. As an 
inexpensive, well-tolerated, first-line oral anti-diabetes drug,
metformin suppresses hepatic glucose production and 
reduces insulin resistance in peripheral tissues. In addition,
metformin also functions through the fatty acid metabolism
pathway by de-repressing fatty acid oxidation [13].

Several mechanisms have been reported to be involved in
the anti-cancer effects of metformin. Previous studies have
demonstrated that metformin activates the AMP-activated
protein kinase (AMPK)mammalian target of rapamycin
(mTOR) signaling pathway, which is also involved in the
regulation of cancer cell survival, proliferation, and apopto-
sis, as well as the epithelial-to-mesenchymal transition phe-
notype [7-9]. 

In this study, we showed the potential efficacy of com-
bined treatment with metformin and TMZ in vitro. This effi-
cacy was confirmed in vivo in a xenograft mouse model of
glioblastoma treated with clinically relevant dosages of met-
formin and TMZ. Additionally, the efficacy of high-dose met-
formin combined with TMZ was investigated to evaluate the
possible translational value for clinical applications.

Materials and Methods

1. Cell culture 

Human glioblastoma cell lines U87 and A172 originally 
obtained from American Type Culture Collection (ATCC)
and U-251 MG originally obtained from Sigma-Aldrich (St.
Louis, MO) were cultured in Eagle's minimum essential
medium supplemented with 10% fetal bovine serum, 1%
MEM NEAA (Life Technologies, Carlsbad, CA), and 1% Glu-
taMAX (Life Technologies) at 37°C and 5% CO2 in a humid-
ified incubator. TMZ (Sigma-Aldrich) was dissolved in
dimethyl sulfoxide to prepare a stock concentration of 200
mM, which was further diluted in cell culture medium to
working concentrations.

2. Cell viability assay

Glioblastoma U87, U251, and A172 cells (1104 cells/well)
were plated in 96-well flat bottom tissue culture plates and
incubated at 37°C in a 5% CO2/95% air atmosphere. The cells
were treated for 24, 48, and 72 hours with 50, 250, and 500
µM TMZ or for 24, 48, and 72 hours with 5, 10, and 20 mM
metformin (Sigma-Aldrich). Next, combined administration
of TMZ and metformin was performed in the same manner.
After treatment for 24, 48, or 72 hours, 10 µL of MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) stock
solution (Ez CyTox, Daeil Lab Service Co., Ltd., Seoul, Korea)
was added to each well, and the plates were incubated for 4
hours. Plates were agitated on a plate shaker for 3 seconds,
and the absorbance at 540 nm was determined using a scan-
ning multi-well spectrophotometer (VERSA max, Molecular
Device, Sunnyvale, CA) and cell viability (%) was deter-
mined by normalizing each group to the control.

3. Apoptosis assay

U87 cells were plated in 12-well plates and treated with
TMZ (50, 250, and 500 µM), metformin (5, 10, and 20 mM),
or a combination of TMZ and metformin for 48 hours. After
treatment, the cells were washed and allowed to grow in
TMZ-free medium for 48 hours. The apoptosis ratio was 
analyzed using an Annexin V FITC Apoptosis Detection Kit
(BD Biosciences, San Diego, CA) according to the manufac-
turer's instructions. Annexin V/FITC and propidium iodide
double staining was used to evaluate the percentages of 
annexin V–/propidium iodide (PI)+ (necrosis), annexin
V+/PI– (early apoptosis), and V+/PI+ (later apoptosis) cells.
Tests were repeated in triplicate.

4. Intracranial inoculation of cancer cells and experimental
design

Athymic nude mice were anesthetized with an intraperi-
toneal injection of 12 mg/kg xylazine (Rompun, Cutter Lab-
oratories, Shawnee, KS) and 30 mg/kg ketamine (Ketalar,
Parke-Davis & Co., Morris Plains, NJ). The mice were then
stereotactically inoculated with 5105 U87 cells into the right
frontal lobe (2 mm lateral and 1 mm anterior to bregma, at a
depth of 2.5 mm from the skull) using a sterile Hamilton 
syringe fitted with a 26-gauge needle (Hamilton Co., Reno,
NV) and a microinfusion pump (Harvard Apparatus, Hol-
liston, MA). 

Each experimental group contained five mice. Mice in the
first group were treated with metformin (2 mg/25 g/day)
via intraperitoneal injection for 4 weeks after intracranial 
inoculation with U87 cells. Mice in the second treatment
group were treated with TMZ (15 mg/kg/day) via intraperi-
toneal injection for 4 weeks after intracranial inoculation.
Mice in the combination treatment groups were treated with
metformin (2 mg/25 g/day or 10 mg/25 g/day) and TMZ
(15 mg/kg/day) via intraperitoneal injection for 4 weeks. 

5. Western blot analysis

Total protein was extracted using a PhosSTOP EASYpack
(Roche, Mannheim, Germany) according to the manufac-
turer’s instructions. The proteins were separated by sodium
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Fig. 1.  The cytotoxic effects of metformin (Met) and temozolomide (TMZ) on U87 (A), U251 (B), and A172 (C) cell lines. Cell
viability was measured by MTT assay and cell viability (percentage) was determined by normalizing each group to the con-
trol. Values are presented as mean±standard error of mean (n=3). *p < 0.05. (Continued to the next page)
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Fig. 1.  (Continued from the previous page) (Continued to the next page)
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Fig. 1. (Continued from the previous page)
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dodecyl sulfate polyacrylamide gel electrophoresis, trans-
ferred to nitrocellulose membranes, and detected with anti-
bodies against p53, AMPK, mTOR, fatty acid synthase
(FASN) (Cell Signaling Technology, Danvers, MA), and 
-actin (Sigma). Immunoreactivity was detected using the
ECL chemiluminescence system and quantified using an 
imaging densitometer. The density of each band was quan-
tified using Quantity One software (Bio-Rad, Hercules, CA).

6. Immunofluorescence analysis

We performed immunofluorescence analysis for phospho-
Thr172 AMPK (1:25, Cell Signaling Technology) in brain tissue
sections using a tyramide signal amplification fluorescence
system (Perkin Elmer, Waltham, MA). The samples were
counterstained with 4,6-diamidino2-phenylindole (DAPI).
Fluorescent images were examined under a laser scanning
confocal microscope system (LSM 700, Carl Zeiss, Oberko-
chen, Germany).

7. Statistical analysis

The results of cell survival assays were analyzed by a two-
tailed Student's t test. Overall survival was analyzed using
the Kaplan-Meier method, and survival data were compared
using a log-rank test. A p-value of < 0.05 was considered sta-
tistically significant. Statistical analysis was performed with
the SPSS ver. 23.0 (IBM Corp., Armonk, NY). 

8. Ethical statement

The study was approved by the Institutional Review Board
of St. Vincent’s Hospital, The Catholic University of Korea
(IRB 16-07) and performed in accordance with the principles
of the Declaration of Helsinki. The informed consent was
waived.

Results

1. MTT assay

We performed the MTT assay to determine the combina-
tion effect of TMZ and metformin in U87, U251, and A172
cell lines. The combination of TMZ (50 µm) and metformin
(5 mM) did not show higher cytotoxicity against U87 cells
than TMZ (50 µm) only or metformin (5 mM) only after 
72-hour treatment. The combination of TMZ (250 µm) and
metformin (10 mM) showed higher cytotoxicity against U87
cells than metformin (10 mM), but not TMZ (250 µm) after

48-hour and 72-hour treatment. The combination of TMZ
(500 µm) and metformin (20 mM) showed higher cytotoxicity
against U87 cells than TMZ (500 µm) only or metformin 
(20 mM) only after 48-hour and 72-hour treatment. A signif-
icant additive effect was not seen after 24-hour or 48-hour
treatment in U251 cells. The combination of TMZ (250 and
500 µm) and metformin (10 and 20 mM) showed higher 
cytotoxicity against U251 cells than TMZ only or metformin
(20 mM) only after 72-hour treatment. The combination of
TMZ (50 µm) and metformin (5 mM) showed higher cytotox-
icity against A172 cells than TMZ (50 µm) only or metformin
(5 mM) only after 48-hour and 72-hour treatment. The com-
bination of TMZ (500 µm) and metformin (20 mM) showed
higher cytotoxicity against A172 cells than TMZ (500 µm),
but not metformin (20 mM) after 48-hour and 72-hour treat-
ment. Overall, the combination of TMZ (250 µm) and met-
formin (10 mM) showed the highest cytotoxicity after
48-hour treatment (Fig. 1).

2. Fluorescence-activated cell sorting analysis

We next determined whether the TMZ- or metformin-
induced reduction in cell viability was accompanied by cell
apoptosis. Annexin V/PI staining with flow cytometry was
used to detect apoptosis in U87 cells treated with TMZ (5, 10,
and 20 mM), metformin (50, 250, and 500 µM), or a combina-
tion of TMZ and metformin for 48 hours. As shown in Fig. 2,
combined treatment with TMZ and metformin induced a
higher level of cell apoptosis with increasing doses of TMZ
and metformin, respectively. The high-dose combination of
metformin (20 mM) and TMZ (500 µM) showed the highest
apoptotic activity.

3. Western blot and immunofluorescence analysis

Metformin, as an AMPK-activating agent, is widely used
to suppress tumor cell proliferation. To examine whether the
growth inhibitory effect of treatment with TMZ and met-
formin in GBM was mediated by activation of the AMPK sig-
naling pathway, we performed western blot analysis of
AMPK, mTOR, AKT, and p53 expression in U87 cells treated
with metformin, TMZ, or the combination of metformin and
TMZ.

As shown in Fig. 3, both TMZ and metformin clearly 
induced AMPK phosphorylation in a dose-dependent man-
ner. The combination of TMZ and metformin enhanced
AMPK phosphorylation. High-dose metformin (20 mM) 
inhibited mTOR and AKT phosphorylation. Although TMZ
treatment did not affect mTOR phosphorylation, the combi-
nation treatment of TMZ and metformin significantly inhib-
ited mTOR phosphorylation and p53 expression. It could be
caused by the effect of high-dose metformin. Activation of
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phosphorylated AMPK and its downstream molecules was
greater under combination treatment compared with single-
drug treatment.

4. Glioblastoma mouse model

We also examined whether the combination of TMZ and
metformin displays synergistic anti-glioma effects in vivo.

Mice in the combination treatment group were treated with
metformin (2 mg/25 g/day) and TMZ (15 mg/kg/day) via
i.p. injection for 4 weeks. These dosages are clinically rele-
vant [14,15]. Additionally, we compared the efficacy of com-
bined treatment with a higher dosage of metformin (10
mg/25 g/day) and TMZ (15 mg/kg/day) (S1 Fig.).

The median survival of each group was 43.6, 55.2, 53.2,
65.2, and 71.3 days for control, metformin treatment (2 mg/

Jung Eun Lee, Metformin and Glioblastoma

Fig. 2.  Flow cytometry analysis of apoptosis and necrosis. The high-dose combination of metformin (Met; 20 mM) and temo-
zolomide (TMZ; 500 µM) showed the highest apoptotic activity.
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25 g/day), TMZ treatment (15 mg/kg/day), combination
treatment with low-dose metformin (2 mg/25 g/day) and
TMZ (15 mg/kg/day), and combination treatment with
high-dose metformin (10 mg/25 g/day) and TMZ (15 mg/
kg/day), respectively (Fig. 4). Combination treatment with
high-dose metformin and TMZ is superior to monotherapy
(p < 0.05) but is similar to low-dose metformin and TMZ
(p=0.43) in terms of survival benefit.

AMPK immunohistochemistry was strongly positive in
mice treated with the combination of metformin and TMZ
compared with the control group. Similarly, immunofluores-
cence showed higher expression of AMPK in the tumors
treated with the combination of metformin and TMZ (Fig. 5).

FASN expression was investigated to explain the mecha-
nism by which the combination treatment with high-dose
metformin was superior to combination treatment with the
clinically relevant dosage of metformin. The expression of
FASN was significantly decreased in tumor specimens
treated with metformin (10 mg/25 g/day) and TMZ (15 mg/
kg/day) (Fig. 6).

Cancer Res Treat. 2018;50(4):1331-1342

Fig. 3.  Combined treatment with metformin (Met) and temozolomide (TMZ) enhanced AMP-activated protein kinase
(AMPK) phosphorylation and inhibited mammalian target of rapamycin (mTOR) phosphorylation, AKT phosphorylation,
and p53 expression. PBS, phosphate buffered saline.
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Fig. 5.  (A) AMP-activated protein kinase (AMPK) immunohistochemistry showed strong positivity in tumor specimens
treated with a combination of metformin (Met) and temozolomide (TMZ) (200). Similarly, high immunofluorescence
showed that the combined treatment increased nuclear accumulation of phosphorylated AMPK (p-AMPK). (B) 4',6-
Diamidino-2-phenylindole (DAPI) staining was used to determine nuclear localization (200).
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Discussion

In this study, we showed that combination treatment with
metformin and TMZ was superior to monotherapy using
metformin or TMZ in terms of cell viability in vitro and sur-
vival in vivo. The action mechanism of metformin on cancer
cells involves cytotoxicity mediated through AMPK-p53-
mTOR pathway. Our results revealed that combined treat-
ment of TMZ and metformin enhanced the activation of the
AMPK-p53-mTOR pathway compared to monotherapy with
either TMZ or metformin. Superiority of the combination
strategy of metformin and TMZ has been reported recently
in two studies [11,12]. However, one study was restricted to
in vitro experiments only [11]. The other study showed effi-
cacy of the combination treatment in vivo using a model in
which 1106 U87 cells were injected subcutaneously into the
right flank of immunodeficient mice [12]. Combined treat-
ment of metformin (400 mg/kg/day) and TMZ (25 mg/
kg/day) significantly reduced tumor growth rates and pro-
longed survival in in vivo xenograft models. They found that
combined treatment of metformin and TMZ synergistically
inhibited proliferation and induced apoptosis of both glioma
cells and glioma stem cells (GSCs) through downregulating
the AKT-mTOR signaling pathway. In the present study, we
established an orthotopic GBM mouse model and adminis-
tered clinically relevant dosages of metformin and TMZ. We
believe that our protocol is more similar to clinical settings
than previous studies. In vivo results following treatment
with clinically relevant dosages of both metformin and TMZ
showed a survival benefit compared to monotherapy. We
also investigated the efficacy of a higher dosage of metformin
(five times higher than the initial dose). A trend of survival
gain was noted with the higher dose, although the survival
gain was not statistically significant. More importantly, mice
tolerated the high dose of metformin. To the best of our
knowledge, only three clinical trials have been undertaken

using metformin to treat malignant glioma in adults (NCT-
02149459, NCT02780024, and NCT01430351). The dosage of
metformin administered is up to 2,000 mg a day, comparable
to that administered for diabetic patients. In a phase 2 trial
to access the efficacy after the addition of metformin to stan-
dard therapy in patients with advanced pancreatic cancer,
patients with high plasma concentrations (> 1 mg/L) of met-
formin seemed to have improved survival [16]. Patients with
diabetes given metformin at doses of more than 2,000 mg per
day could develop unacceptable toxic effects. Therefore, sim-
ple escalation of metformin dosage is unlikely to be clinically
feasible for treating GBM patients. Further studies are
needed to test more potent biguanides because a higher dose
of metformin might activate the AMPK-p53-mTOR pathway
and provide survival benefit.

FASN is a multifunctional enzyme that plays a central role
in fatty acid synthesis and lipid biosynthesis [17]. In various
cancers, aggressive features such as migration, invasion,
metastasis, and chemo-resistance have been shown to be 
dependent on FASN [18-20]. Overexpression of FASN is also
associated with glioma grade. Treating glioblastoma cells
with FASN inhibitors has resulted in significant reduction in
tumor cell viability [21]. It has been reported that inhibition
of FASN can block hypoxia-inducible factor-1/vascular 
endothelial growth factor A (VEGF-A) signaling and upreg-
ulate anti-angiogenic isoform-VEGF165b [22]. FASN inhibition
has markedly decreased the proliferation and migration of
GSCs, although the mechanism by which FASN-mediated
cellular fatty acid homeostasis regulates the biological fea-
tures of GSCs is currently unknown [23]. One author of the
present study has recently reported that upregulated FASN
expression in TMZ-resistant lines is decreased after met-
formin treatment [24]. We compared expression levels of
FASN between treatments using clinically relevant dosage
and high dosage of metformin. Interestingly, FASN expres-
sion was decreased to a greater extent after treatment with
high-dose metformin. Lipid metabolism might be considered
as a new therapeutic target for GBM. Many cytotoxic chemo-
therapy drugs and cytostatic targeted agents have failed to
increase the survival of GBM patients. Metabolic targeting
using metformin could be an alternative strategy for newly
diagnosed GBM and recurrent GBM. Our study provides
further evidence that metformin is effective for treating
GBM. However, its optimal treatment dosage and duration
remain to be determined through further studies. In addi-
tion, FASN inhibition by metformin should be validated with
patient-derived models. More potent drugs targeting the
AMPK-p53-mTOR pathway are also needed for treating
GBM.

The combination of metformin and TMZ has superiority
over monotherapy using metformin or TMZ in terms of GBM
cell viability in vitro and survival in vivo. The combination of

Fig. 6.  Western blot analysis showed inhibition of fatty
acid synthase (FASN) expression after combined treat-
ment with high-dose metformin (Met) and temozolomide
(TMZ).
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candidate for a combined regimen with TMZ in clinical set-
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Purpose
The aim of this study was to evaluate recent trends in gastric cancer incidence according
to the age, sex, and tumor location in the Korean population. 

Materials and Methods
Using data from the Korea Central Cancer Registry between 1999 and 2014, gastric cancer
incidence, annual percent changes, and male-to-female incidence rate ratios (IRRs) according
to tumor location were determined. The distribution of disease extent according to the tumor
location and its changes between 2006 and 2014 were also analyzed. 

Results
Incidence of gastric cancer was stable until 2011 and decreased between 2011 and 2014.
The age-standardized incidence rate of gastric cancer was 43.6 (per 100,000) in 1999 and
35.8 in 2014. The proportion of cardia/fundus cancer remained stable (5.9% to 7.1%), and
that of body cancer increased (35.3% to 43.2%). The male-to-female IRR decreased in most
age groups, except for those in their 60s. In the distribution of disease extent, the proportion
of localized disease increased, and regional and distant disease decreased in all tumor 
locations (53.9% to 66.0%, 31.4% to 22.5%, and 14.8% to 11.5%, respectively; p < 0.001).
For histological type, the proportion of carcinoid tumor and non-epithelial tumor increased
(0.3% to 1.0%, and 0.8% to 1.4%, respectively). 

Conclusion
In the 15 years from 1999 through 2014, age-standardized incidence of gastric cancer
started to decrease from 2012, and the proportion of cardia/fundus cancer remained 
unchanged. The trend of increasing localized cancer was observed in all tumor locations.

Key words
Stomach neoplasms, Epidemiology, Incidence, Korea 
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Introduction

Gastric cancer is the fifth most common cancer and the
third leading cause of cancer mortality worldwide [1]. 
Although the incidence of gastric cancer has been decreasing
in developed countries, 1.3 million new cases of gastric can-
cer and 819,000 deaths were still reported in 2015. In the 
Republic of Korea, gastric cancer ranks second in cancer 
incidence and third in cancer mortality [2]. Approximately
30,000 new gastric cancer cases and about 9,000 deaths were
reported in 2014.

Previous studies using the Korea Central Cancer Registry
(KCCR), a nationwide cancer database, analyzed the inci-
dence, mortality, survival, and prevalence of 23 cancer types
since its first functional year in 1999 [2,3]. However, these
studies did not evaluate incidence stratified by specific clin-
icopathological factors, such as tumor location, stage, and
histology. 

Another nationwide epidemiological study for gastric can-
cer, which was performed by the Korean Gastric Cancer 
Association (KGCA), did evaluate incidence according to
clinicopathological factors, such as tumor location and patho-
logical TNM [4]. However, only surgically treated patients
were included in its survey data. Meaning, patients who 
received endoscopic or chemotherapeutic treatment were 
excluded from this study, and the KGCA statistics therefore
did not depict an accurate portrayal of the overall gastric can-
cer status in Korea. To our knowledge, no previous studies
have analyzed trends in gastric cancer incidence according
to the specific characteristics using nationwide cancer data
in Korea.

Domestically, reports evaluating nationwide trends in can-
cer incidence are necessary for the development of up-to-
date and evidence-based health care policies and guidelines
by both clinicians and policy makers. For example, policy
makers can analyze the effectiveness of Korea’s National
Cancer Control Program and update their recommendations
and initiatives accordingly. On a larger scale, these epidemi-
ological reports can also advance general understating of
cancer etiology in the context of treated patients. Clinicians
can assess the effect of biological and environmental risk fac-
tors on cancer incidence, and focus on important factors to
prevent and treat cancer. 

The aim of this study was to evaluate recent trends in gas-
tric cancer incidence according to clinicopathological factors
using the KCCR. In particular, specific incidences of gastric
cancer according to tumor location were determined.

Materials and Methods

1. Data sources

When the KCCR was launched in 1980 by the Ministry of
Health and Welfare, Korea, this database initially collected
information on cancer cases only from training hospitals and
then expanded to collecting nationwide data in 1999, by 
integrating the hospital-based KCCR database with data
from regional cancer registry programs [3]. Currently, the
KCCR provides nationwide cancer incidence, survival, and
prevalence statistics annually. 

Gastric cancer incidence data between 1999 and 2014 were
obtained from the KCCR. Anatomical tumor location was
classified based on the 10th version of the International Sta-
tistical Classification of Disease and Related Health Problems
(ICD-10) and divided into four categories in this study: (1)
cardia (C16.0) and fundus (C16.1), (2) body (C16.2), (3)
antrum (C16.3) and pylorus (C16.4), and (4) non-specific 
including lesser curvature (C16.5), greater curvature (C16.6),
overlapping lesion (C16.8), and unspecified (C16.9) [5]. The
histology of gastric cancers was classified into six groups: 
tubular adenocarcinoma (ICD-O-3: 8140/3, 8143/3, 8144/3,
8190/3, 8210/3, 8211/3, 8221/3, 8255/3, 8261/3-8263/3),
signet ring cell carcinoma (ICD-O-3: 8145/3, 8490/3), other
carcinoma, carcinoid tumor (ICD-O-3: 8013/3, 8153/3,
8240/3-8246/3, 8249/3, 9364/3, 9473/3), non-epithelial, and
unclassified (ICD-O-3: 8000/3, 8001/3, 8010/3, 8142/3,
8050/3, 8052/3). 

Stage at diagnosis was classified as localized (invasive can-
cer confined to the organ of origin), regional (spread to adja-
cent organs by direct extension and/or regional lymph node
metastasis), distant (extension to organs other than those cov-
ered in the regional category or metastases to distant organs
or distant lymph nodes), or unknown. 

The KCCR records constituted the best available informa-
tion on the stage of disease as it appears in the medical record
within 4 months of diagnosis.

2. Statistical analysis  

The age-standardized incidence rates per 100,000 people
were calculated as the sum of the expected age-specific rates
divided by the sum of the standard population [6]. The sum
of the expected age-specific rates was obtained by multiply-
ing the age-specific incidence rates among study population
by the proportion of population in the corresponding age-
specific groups among standard population. We used the
Segi’s world population as the standard population, and the
structure of the standard population is shown in S1 Table.
Annual percent changes (APCs) for the incidence rates is cal-
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culated using a linear model, according to the following for-
mula; (exp()–1)100, where the regression coefficient () is
the slope of the regression of the natural logarithm of the age-
standardized rate (ASR) in a calendar year [7]. The 95% con-
fidence intervals (CIs) were obtained with a standard error
from the fit of the regression and the t-distribution function. 

Male-to female incidence rate ratios (IRR) were calculated
using the numbers of cancer patients for each tumor location
and the sex-specific population structure for each year [8].
Statistical significance in difference between IRRs was deter-
mined if the 95% CIs did not overlap between IRRs. 

The most recent (2014) male-to female IRRs was compared
to those of 2004, because we thought that 10 years of interval
is appropriate to evaluate the trend of IRRs. The Surveillance
Epidemiology and End Results (SEER) stage distributions
were compared between 2006 and 2014, because SEER stage
data have been collected since 2005 in KCCR and the 2006
data is the oldest reliable one. 

A p-value of < 0.05 indicated statistical significance. All
analyses were conducted using the R-2.12.2 (http://cran.
r-project.org) software and STATA ver. 11.0 (StataCorp LP,
College Station, TX). 

3. Ethical statement

This study was approved by the Institutional Review
Board at the National Cancer Center, Korea (No. NCC2017-
0012) and performed in accordance with the principles of the
Declaration of Helsinki. The informed consent was waived.

Results

1. Changes of gastric cancer incidences according to the age
and tumor location

Overall gastric cancer incidence and incidences by tumor
location are shown in Table 1. Incidence of gastric cancer 
increased from 20,870 in 1999 to 31,937 in 2011, and then
slightly decreased to 29,854 in 2014. The ASR was main-
tained, ranging from 41.2 to 44.4 per 100,000 between 1999
and 2011, but decreased to 35.8 in 2014. 

The antrum/pylorus was the most common location
throughout all periods. Incidence and ASR of cardia/fundus,
body, and antrum/pylorus cancer slightly increased, and
those of non-specific markedly decreased. When the cases

Bang Wool Eom, Trends in Gastric Cancer Incidence in Korea 

Year
Overall Cardia/Fundus Body Antrum/Pylorus Non-specific

No. ASRa) No. (%)b) ASRa) No. (%)b) ASRa) No. (%)b) ASRa) No. ASRb)

1999 20,870 43.6 775 (6.8) 1.6 4,030 (35.3) 8.3 6,623 (58.0) 14.0 9,442 19.7
2000 20,972 42.3 813 (7.1) 1.7 4,067 (35.5) 8.1 6,591 (57.5) 13.4 9,501 19.1
2001 22,541 44.0 878 (6.6) 1.7 4,929 (37.3) 9.5 7,405 (56.0) 14.6 9,329 18.1
2002 23,220 43.6 999 (7.0) 1.9 5,223 (36.4) 9.7 8,123 (56.6) 15.4 8,875 16.6
2003 23,927 43.3 1,016 (6.8) 1.8 5,548 (37.0) 10.0 8,434 (56.2) 15.4 8,929 16.1
2004 23,636 41.2 1,013 (6.7) 1.8 5,737 (38.1) 10.0 8,304 (55.2) 14.6 8,582 14.9
2005 26,367 44.4 1,114 (6.3) 1.9 6,816 (38.4) 11.5 9,806 (55.3) 16.6 8,631 14.4
2006 26,434 42.9 1,208 (6.4) 2.0 7,173 (38.2) 11.6 10,386 (55.3) 17.0 7,667 12.3
2007 26,820 41.8 1,251 (6.3) 2.0 7,739 (39.1) 12.1 10,799 (54.6) 16.9 7,031 10.8
2008 28,394 42.6 1,326 (6.1) 2.0 8,664 (39.8) 13.1 11,758 (54.1) 17.8 6,646 9.8
2009 30,019 43.4 1,382 (5.9) 2.0 9,345 (39.8) 13.7 12,754 (54.3) 18.5 6,538 9.3
2010 30,680 42.6 1,495 (6.2) 2.1 9,534 (39.6) 13.4 13,056 (54.2) 18.2 6,595 9.0
2011 31,937 42.9 1,668 (6.3) 2.2 10,938 (41.5) 14.9 13,759 (52.2) 18.5 5,572 7.3
2012 31,067 40.2 1,662 (6.4) 2.1 10,993 (42.1) 14.5 13,442 (51.5) 17.3 4,970 6.2
2013 30,328 37.6 1,582 (6.2) 2.0 10,672 (42.0) 13.6 13,181 (51.8) 16.2 4,893 5.8
2014 29,854 35.8 1,566 (6.2) 1.9 10,981 (43.2) 13.6 12,849 (50.6) 15.2 4,458 5.1
APC (95% CI) –0.9 (–1.4 to –0.3) 1.3 (0.6 to 2.1) 3.7 (2.9 to 4.6) 1.3 (0.3 to 2.2) –8.5 (–9.3 to –7.7)
p-value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Table 1. Age-standardized gastric cancer incidence rates per 100,000 and APCs by tumor location

APC, annual percent changes; ASR, age-standardized rate; CI, confidence interval. a)The Segi’s world population was used
as standard population, b)Proportions of each tumor location excluding non-specific.
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classified as non-specific were excluded, the proportion of
cardia/fundus cancer had little change, the body cancer 
increased from 35.3% in 1999 to 43.2% in 2014, and the
antrum/pylorus cancer decreased from 58.0% in 1999 to
50.6% in 2014. The positive values of APCs for cardia/fun-
dus, body, and antrum/pylorus cancer can be associated
with a negative APC value for non-specific tumors (1.3, 3.7,
and 1.3 in the cardia/fundus, body, and antrum/pylorus
cancer respectively, and –8.5 in the non-specific tumor).

Fig. 1 demonstrates incidence rates per 100,000 according
to the age groups in each location. The incidence rate was the
highest in 70-79-year-old age group followed by the age
groups of  80, 60-69, 50-59, 40-49, and 30-39 years. 

2. Changes of male-to-female ratios according to the age
and tumor location

The male-to-female IRRs according to the age groups in
2004 and 2014 are shown in Table 2. Generally, male patients
occupied 2 to 3 times of female patients in most age groups.
The highest male-to-female IRRs were observed in the 60s
and the lowest in the 30s. 

For overall gastric cancer, male-to-female IRRs signifi-
cantly decreased in the 40s (1.8 in 2004 vs. 1.5 in 2014;
p < 0.001). For body cancer, it significantly decreased in 30s,
40s, and 60s (p=0.003, p=0.006, and p=0.011, respectively). 

3. Changes of SEER stage at diagnosis according to tumor
location

Distributions of SEER stage by tumor location are shown
in Table 3. In overall gastric cancer, the proportion of local-
ized cancer increased from 53.9% in 2006 to 66.0% in 2014,
and those of regional and distant cancer decreased from
31.4% to 22.5% and 14.8% to 11.5%, respectively (p < 0.001).
These changes of increased localized cancer and decreased
regional and distant cancer were observed in each tumor 
location.

4. Changes of SEER stage at diagnosis in 30s and others

The change of SEER stage was specifically evaluated in the
30s, because the National Cancer Screening Program is per-
formed for patients above 40 years. Compared to patients
older than 40 years, patients in their 30s experienced lower
rates of localized cancer but higher rates of regional or dis-
tant cancer (Table 4). However, the changes between 2006
and 2014 were similar in both the 30s and 40 or more popu-
lations; the proportion of localized cancer increased from
45.3% to 55.5% between 2006 and 2014, and regional and dis-
tant cancer decreased from 33.4% to 24.3% and 21.3% to
20.2% between 2006 and 2014, respectively. 

5. Changes of incidence and proportion according to his-
tology

Table 5 demonstrates incidence and proportion according
to histology. The proportion of each histological type was

Cancer Res Treat. 2018;50(4):1343-1350

Fig. 1.  Incidence rates (per 100,000) of gastric cancer by age groups.
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calculated excluding unclassified tumors. Most common his-
tology was tubular adenocarcinoma followed by signet ring
cell, other carcinoma, non-epithelial tumor, and carcinoid
tumor. The proportions of carcinoid tumor and non-epithe-
lial tumor increased from 0.3% to 1.0% and 0.8% to 1.4% 
between 1999 and 2014, respectively. However, the propor-
tion of other carcinoma decreased from 3.8% to 3.1% between
1999 and 2014. The proportions of tubular adenocarcinoma
and signet ring cell were stable.  

Discussion

In this study, we evaluated recent trends in gastric cancer
incidence according to tumor location, stage, and histology
using the KCCR database. Between 1999 and 2014, the inci-
dence of gastric cancer decreased, but the proportion of car-
dia/fundus cancer has remained stable so far. Localized
gastric cancer increased in all tumor locations, and an 
increase in carcinoid and non-epithelial tumors was also 
observed. 

Gastric cancer ranks as the second-most common cancer
following thyroid cancer in Korea, but only a few longitudi-
nal studies evaluating its incidence have been performed
thus far [2,9-11]. Previous nationwide longitudinal studies
that reported these results, however, did not stratify data by
specific clinicopathological factors or encompass patients
treated by non-surgical modalities. A study by Song et al.
[10] revealed age- and sex-specific gastric cancer incidence
and APCs from 1999 to 2010 using the KCCR data, but no
other clinical factors except age and sex in the study was
studies.

Disparity in the tumor location of gastric tumors between
the East and West is well known [12-15]. While the majority
of gastric cancers in the East are located in the distal part of
the stomach (antrum/pylorus), proximal gastric cancers (car-
dia/fundus) are more common in Western countries. How-
ever, recent studies using large surgical cohorts showed
increased incidence of proximal gastric cancer in Japan and
Korea [9,16]. The proportion of cardia cancer increased from
2.3% (1962-1965) to 10.0% (2001-2005) in the Japanese cohort
and from 11.2% (1995) to 16.0% (2014) in the Korean cohort.
Considering the transition towards a westernized life-style
and increased rates of obesity in East Asia, we hypothesized
that a gradual increase of proximal gastric cancers would be
observed in this study. However, no significant change in the
proportion of proximal gastric cancer was found; the propor-
tion consistently ranged between 6% and 7% in all gastric
cancer cases in Korea. 

Proximal location is known to be a negative prognostic fac-
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tor because of its association with advanced stages and high
metastasis rates [17-19]. The change in SEER stage according
to the tumor location was therefore evaluated, and the pro-
portion of patients with localized cancer was found to be
smaller in cardia/fundus cancers than in antrum/pylorus
cancers. However, overall incidence of localized tumors in
both cardia/fundus and antrum/pylorus locations increased.
Even the proportion of localized tumors in young patients
aged 30-39, who are not covered by the National Cancer
Screening Program, increased from 45% to 56%. This trend
of increased incidence in localized cancer was found in all
tumor locations and age groups. 

This study has several limitations. First, as the proportion
of non-specific tumor location decreased, other specific

tumor locations increased. These changes can be explained
by improved accuracy in topology coding. The National 
Endoscopy Quality Improvement Program which was initi-
ated in 2009 probably affected the topical accuracy, and it
was recommended that information about the location,
shape, and size of lesion are reported in endoscopic finding
[20,21]. Therefore, positive APC values of each specific tumor
location (cardia/fundus, body, and antrum/pylorus) are not
actual increases. Instead, the relative proportion of each
tumor location can suggest actual changes of gastric cancer
incidence according to the tumor location. Second, approxi-
mately 15% (4,458/29,854 in 2014) of tumor location was 
unspecified. Even though the proportion of non-specific 
tumors gradually decreased throughout the timeframe of

Cancer Res Treat. 2018;50(4):1343-1350

Table 3.  SEER stage distribution according to tumor location between 2006 and 2014 
Tumor location SEER 2006 2014 p-value
Overall Localized 11,712 (53.9) 18,572 (66.0) < 0.001

Regional 6,819 (31.4) 6,335 (22.5)
Distant 3,213 (14.8) 3,242 (11.5)
Unknown 4,690 1,705

Cardia/Fundus Localized 466 (44.4) 799 (54.2) < 0.001
Regional 392 (37.3) 453 (30.8)
Distant 192 (18.3) 221 (15.0)
Unknown 158 93

Body Localized 3,497 (55.6) 6,999 (66.1) < 0.001
Regional 1,952 (31.0) 2,447 (23.1)
Distant 841 (13.4) 1,136 (10.7)
Unknown 883 399

Antrum/Pylorus Localized 5,308 (59.3) 8,728 (70.8) < 0.001
Regional 2,671 (28.8) 2,589 (21.0)
Distant 972 (10.9) 1,010 (8.2)
Unknown 1,435 522

Values are presented as number (%). SEER, Surveillance Epidemiology and End Results.

Table 4.  SEER stage distribution in 30s and 40s or more between 2006 and 2014 
Age group (yr) SEER 2006 2014 p-value
30-39 Localized 508 (45.3) 453 (55.5) < 0.001

Regional 375 (33.4) 198 (24.3)
Distant 239 (21.3) 165 (20.2)
Unknown 128 21 

 40 Localized 11,130 (54.4) 18,076 (66.4) < 0.001
Regional 6,396 (31.3) 6,118 (22.5)
Distant 2,931 (14.3) 3,048 (11.2)
Unknown 4,533 1,680

SEER, Surveillance Epidemiology and End Results.
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this study, these non-specific tumors could potentially skew
the available data. Improvements in the KCCR data supple-
mentation policies and increased effort by physicians can 
decrease the proportion of non-specific entities in the future. 

These findings describing changes in gastric cancer inci-
dence and trends when stratified by specific clinicopatholog-
ical factors warrants further studies to investigate the cause
of these noted changes. In turn, this information can be valu-
able when revising current guidelines to implement more 
effective prevention and surveillance programs for gastric
cancer.

In the 15 years from 1999 through 2014, age-standardized
incidence of gastric cancer started to decrease from 2012, and
the proportion of cardia/fundus cancer remained unchan-
ged. The trend of increasing localized cancer was observed
in all tumor locations.

Electronic Supplementary Material

Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).

Conflicts of Interest

Conflict of interest relevant to this article was not reported. 

Acknowledgments

This work was supported by a grant of the National Cancer Cen-
ter (No. NCC-1710120-1 and NCC-1610200).

Bang Wool Eom, Trends in Gastric Cancer Incidence in Korea 

Table 5.  Incidences according to the histological classification

Year Tubular Signet Other Carcinoid Non-epithelial Unclassifiedadenocarcinoma ring cell carcinoma tumor tumor
1999 13,153 (75.9)a) 3,348 (19.3) 653 (3.8) 50 (0.3) 133 (0.8) 3,533
2000 13,553 (75.8) 3,443 (19.3) 672 (3.8) 49 (0.3) 156 (0.9) 3,099
2001 14,964 (75.6) 3,918 (19.8) 660 (3.3) 45 (0.2) 199 (1.0) 2,755
2002 15,566 (75.4) 4,107 (19.9) 697 (3.4) 71 (0.3) 203 (1.0) 2,576
2003 16,334 (75.4) 4,235 (19.6) 778 (3.6) 79 (0.4) 227 (1.0) 2,274
2004 16,010 (74.2) 4,521 (20.9) 710 (3.3) 110 (0.5) 236 (1.1) 2,049
2005 18,357 (75.5) 4,755 (19.6) 832 (3.4) 128 (0.5) 232 (1.0) 2,063
2006 18,894 (76.1) 4,756 (19.2) 782 (3.2) 124 (0.5) 258 (1.0) 1,620
2007 18,973 (75.3) 5,006 (19.9) 828 (3.3) 133 (0.5) 260 (1.0) 1,620
2008 20,506 (75.6) 5,353 (19.7) 856 (3.2) 141 (0.5) 252 (0.9) 1,286
2009 21,877 (75.8) 5,576 (19.3) 951 (3.3) 174 (0.6) 282 (1.0) 1,159
2010 22,526 (76.4) 5,577 (18.9) 867 (2.9) 217 (0.7) 310 (1.1) 1,183
2011 23,488 (76.2) 5,870 (19.1) 865 (2.8) 255 (0.8) 328 (1.1) 1,131
2012 22,916 (76.2) 5,631 (18.7) 895 (3.0) 278 (0.9) 341 (1.1) 1,006
2013 21,982 (74.9) 5,849 (19.9) 918 (3.1) 260 (0.9) 356 (1.2) 963
2014 21,430 (74.0) 5,947 (20.5) 902 (3.1) 277 (1.0) 395 (1.4) 903
APC (95% CI) 3.8 (3.0-4.6) 3.8 (3.2-4.4) 2.4 (1.8-3.0) 13.0 (11.1-14.9) 5.9 (5.1-6.7)
p-value < 0.001 ( < 0.001 ( < 0.001 ( < 0.001 ( < 0.001 (

Values are presented as number (%). APC, annual percent changes; CI, confidence interval. a)Proportion of each histological
type among whole types excluding unclassified. 
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Ligand-Independent Epidermal Growth Factor Receptor 
Overexpression Correlates with Poor Prognosis in Colorectal Cancer
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Purpose
Molecular treatments targeting epidermal growth factor receptors (EGFRs) are important
strategies for advanced colorectal cancer (CRC). However, clinicopathologic implications of
EGFRs and EGFR ligand signaling have not been fully evaluated. We evaluated the expres-
sion of EGFR ligands and correlation with their receptors, clinicopathologic factors, and 
patients’ survival with CRC.  

Materials and Methods
The expression of EGFR ligands, including heparin binding epidermal growth factor–like
growth factor (HBEGF), transforming growth factor (TGF), betacellulin, and epidermal growth
factor (EGF), were evaluated in 331 consecutive CRC samples using mRNA in situ hybridiza-
tion (ISH). We also evaluated the expression status of EGFR, human epidermal growth factor 
receptor 2 (HER2), HER3, and HER4 using immunohistochemistry and/or silver ISH.

Results
Unlike low incidences of TGF (38.1%), betacellulin (7.9%), and EGF (2.1%), HBEGF expres-
sion was noted in 62.2% of CRC samples. However, the expression of each EGFR ligand
did not reveal significant correlations with survival. The combined analyses of EGFR ligands
and EGFR expression indicated that the ligands/EGFR+ group showed a significant asso-
ciation with the worst disease-free survival (DFS; p=0.018) and overall survival (OS;
p=0.005). It was also an independent, unfavorable prognostic factor for DFS (p=0.026) and
OS (p=0.007). Additionally, HER4 nuclear expression, regardless of ligand expression, was
an independent, favorable prognostic factor for DFS (p=0.034) and OS (p=0.049), by mul-
tivariate analysis.

Conclusion
Ligand-independent EGFR overexpression was suggested to have a significant prognostic
impact; thus, the expression status of EGFR ligands, in addition to EGFR, might be necessary
for predicting patients' outcome in CRC. 

Key words
Colorectal neoplasms, Epidermal growth factor receptor, 
Ligands, mRNA in situ hybridization
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Introduction

Recently, considerable progress has been made in molec-
ular studies of carcinogenesis and cancer progression. This
deeper understanding has led to advances in new treatment
strategies, including the use of molecularly targeted agents.

One of the therapeutic targets in clinical use is the epidermal
growth factor receptor (EGFR) [1-3]. EGFR, a member of the
EGFR family, is known to be overexpressed in various can-
cers including colorectal cancer (CRC) [1,2]. Several EGFR
signaling inhibitors, such as cetuximab and panitumumab,
against the EGFR’s extracellular domain have an important
clinical role in treatment and provide significant survival
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benefits in advanced CRC patients [4]. Unfortunately, a sig-
nificant number of CRC patients with activated EGFR sig-
naling suffered resistance to these treatments [4]. Several
studies suggested that other genetic alterations influenced
the therapeutic resistance in these cases, and more studies
focused on the underlying mechanisms of resistance to EGFR
inhibitors and predictive biomarkers to discriminate the 
patients who may receive greater benefits from treatment
with EGFR inhibitors [4].    

Various ligands are known to activate EGFR signaling, 
including heparin-binding epidermal growth factor–like
growth factor (HBEGF), transforming growth factor (TGF),
betacellulin, and epidermal growth factor (EGF) [5]. These
ligands bind to the extracellular domain of EGFR and acti-
vate downstream signaling pathways [5]. Several studies
have investigated the protein and mRNA expressions of
some EGFR ligands, such as amphiregulin and epiregulin 
[6-8]. These ligands are commonly detected in CRC, suggest-
ing their potential prognostic and predictive impact for anti-
EGFR inhibition therapy in CRC [6,7,9-11]. Khelwatty et al.
[8] also demonstrated that the evaluation of not only EGFR 
expression, but also the expression of its ligands may be used
to predict the effect of anti-EGFR treatments. Furthermore,
some EGFR ligands including HBEGF and betacellulin inter-
act with human epidermal growth factor receptor 4 (HER4)—
another member of the EGFR family—that may have close
associations with favorable features and prognosis in cancer
[12-14]. However, the clinicopathologic impact of various
EGFR ligands and underlying mechanisms in ligand-depen-
dent EGFR signaling remains unclear. 

Therefore, wqe evaluated the mRNA expression of EGFR
ligands including HBEGF, TGF, betacellulin, and EGF in a con-
secutive CRC cohort, and explored the clinicopathologic 
implications of EGFR ligands in relation to EGFR families. 

Materials and Methods

1. Patients characteristics and tissue microarray construc-
tion

A total of 331 CRC samples were collected from 2005 to
2006 at Seoul National University Bundang Hospital. All
patents had undergone curative surgical resection without
preoperative chemoradiation therapy. Patients’ characteris-
tics and clinicopathologic details including age, sex, tumor
location, tumor differentiation, pathologic stage (American
Joint Committee on Cancer TNM stage, seventh edition),
time of death, tumor recurrence, and adjuvant chemoradia-
tion treatment status were obtained from medical and patho-

logic records. Disease-free survival (DFS) was defined as the
time from the date of curative resection to tumor recurrence
and overall survival (OS) was calculated to the date of death.
Of these 331 CRC cases, patients were treated with chemo-
therapy alone in 234 cases and both chemotherapy and 
radiotherapy in 15 cases. Among 188 patients with stage III/
IV CRC, 155 and nine patients received treatments with 
additional chemotherapy alone and chemotherapy plus 
radiotherapy, respectively. After a microscopic review of
each case, 2-mm-sized tissue cores from the most represen-
tative tumor areas were extracted to construct tissue microar-
ray (TMA) blocks, as previously described [15]. 

2. mRNA in situ hybridization

Next, the expression levels of EGFR ligands were meas-
ured by mRNA in situ hybridization (ISH) using the RNA
scope 2.0 HD Reagent kit (Advanced Cell Diagnostics Inc.,
Hayward, CA) on TMA blocks, according to the manufac-
turer’s instructions. After pretreatment with heat and pro-
tease, 4-µm tissue sections were incubated and hybridized
with the target probes for EGFR ligands. Each hybridized
slide was then hybridized with preamplifier, amplifier, and
horseradish peroxidaselabeled  probes in order. The colori-
metric reaction with 3,3-diaminobenzidine followed. As a
positive control, ubiquitin C staining was applied under oth-
erwise identical conditions, and cases with negative or weak
ubiquitin C signals were excluded from further analysis. The
slides were scored according to the manufacturer’s scoring
guideline: 0, no staining or less than 1 dot/cell; 1, 1-3 dots/
cell; 2, 4-10 dots/cell; 3, > 10 dots/cell and dot clusters visible
in less than 10% positive cells under 20 objective; and 4, 
> 10 dots/cell and dot clusters visible in more than 10% pos-
itive cells under 20 objective. 

3. Immunohistochemistry and interpretation 

Immunohistochemical staining was performed on the 
4-µm-thick sections of TMA blocks with EGFR (pharmDX kit,
prediluted, DAKO, Glostrup, Denmark), HER3 (1:20, DAKO),
and HER4 (1:8,000, Thermo Scientific, Fremont, CA) antibod-
ies. Staining was carried out according to the manufacturer’s
protocols. In brief, the slides from the TMA blocks with 
4-µm thickness were deparaffinized and rehydrated. Then,
these slides were placed for antigen retrieval and incubated
with antibodies [13,16,17]. EGFR-positive expression was 
defined as membranous staining in > 0% of the tumor cells,
according to the DAKO EGFR pharmDX assay interpretation
guideline. For evaluation of HER3 and HER4 expression, a
previously described 4-tiered scoring system based on the
staining intensity was applied [16]. The cytoplasmic and/or
membranous expression of HER3 was categorized into four
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grades, as follows: 0, negative; 1, weak staining; 2, moderate
staining; and 3, strong staining. In addition, cytoplasmic and
nuclear expression of HER4 was evaluated separately. Posi-
tivity for HER3 and HER4 expression was considered as 
 10% of tumor cells with moderate to strong immunostain-
ing. 

4. Assessment of HER2 status

The evaluation of HER2 status was performed by immuno-
histochemistry and silver in situ hybridization (SISH), 
according to the DAKO HercepTest interpretation manual
for gastric cancer [16]. The slides were stained with an anti-
body to HER2/neu (predilution, Ventana Medical Systems,
Tucson, AZ) using an automated BenchMark XT stainer.
HER2 SISH was also performed with INFORM HER2 DNA
and INFORM chromosome 17 (CEP17) probes (Ventana
Medical Systems). The entire core was scanned and the sig-
nals for 20 non-overlapping tumor cell nuclei were calculated
in the hot spot area. HER2 status was considered positive if
 10% of tumor cells revealed 2+ and 3+ immunostaining and
a ratio between HER2 and CEP17 of  2.0 upon SISH.

5. Microsatellite instability determination 

The microsatellite instability (MSI) status was determined
using five markers of NCI recommended microsatellite loci
(BAT-25, BAT-26, D5S346, D17S250, and D2S123) [13].
Briefly, tissue sections obtained from the tumor area and
matching normal colonic mucosa were analyzed for MSI sta-
tus using an automated DNA sequencer (ABI3731 Genetic
Analyzer, Applied Biosystems, Foster City, CA). The MSI sta-
tus was divided into three groups as followed: microsatellite
stable (MSS; no unstable markers), microsatellite instability-
low (MSI-L; one unstable marker), and microsatellite insta-
bility-high (MSI-H; two or more unstable markers).  

6. Statistical analysis 

We implemented the chi-square test and Fisher exact test
to compare the differences between the expression of EGFR
ligands and EGFR families, and various clinicopathologic
characteristics. The Kaplan-Meier method with the log-rank
test was applied for survival analysis. To analyze the prog-
nostic significance of the expression of EGFR ligands and
EGFR families, we performed univariate and multivariate
Cox regression analyses. The SPSS ver. 21 (IBM Corp., 
Armonk, NY) was used for all statistical analyses, and we
considered p < 0.05 as statistically significant.  

7. Ethical statement

The study was approved by the Institutional Review Board
of The Seoul National University Bundang Hospital (B-1210/
174-301) and performed in accordance with the principles of
the Declaration of Helsinki. The informed consent was
waived.

Results

1. Patient characteristics 

A total of 331 CRC cases consisting of 184 men and 147
women were included in this study. The median age of these
patients was 66 years (range, 20 to 95 years). Regarding
tumor histology, well to moderate differentiation was 
observed in 300 cases (90.6%), and poorly differentiated and
mucinous-type CRCs were observed in 31 cases (9.4%). Of
the 320 cases with available results for MSI status, 27 cases
(8.4%) were categorized to MSI-H and 293 cases (91.6%) were
determined as MSS/MSI-L. S1 Table summarizes the pati-
ents’ characteristics.  

Sumi Yun, Expression of EGFR Ligands in Colorectal Cancer

Ligand
mRNA expression

0 1 2 3 4
HBEGF 125 (37.8) 96 (29.0) 57 (17.2) 37 (11.2) 16 (4.8)
TGF 205 (61.9) 88 (26.6) 27 (8.2) 10 (3.0) 1 (0.3)
Betacellulin 305 (92.1) 23 (6.9) 3 (0.9) 0 ( 0 (
EGF 324 (97.9) 1 (0.3) 6 (1.8) 0 ( 0 (

Table 1. Distribution of EGFR ligands expression in CRC

Values are presented as number (%). HBEGF, heparin binding epidermal growth factor like growth factor; TGF, transforming
growth factor; EGF, epidermal growth factor.   
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Fig. 1.  Representative images of mRNA expression of epidermal growth factor receptor ligands in colorectal cancer. (A) 
Heparin binding epidermal growth factor–like growth factor (400). (B) Transforming growth factor (400). (C) Betacellulin
(400). (D) Epidermal growth factor (400). 

A B

C D

Table 2.  Association between expression of EGFR ligands and EGFR families

Ligand EGFR- p-value HER2- p-value HER3- p-value HER4cyto- p-value HER4nu- p-valuepositive positive positive positive positive
HBEGF

0 44 (35.2) 0.273 6 (4.8) 0.380 74 (59.2) 0.003 71 (56.8) 0.093 12 (9.6) 0.561
1-4 85 (41.3) 6 (2.9) 154 (74.8) 136 (66.0) 24 (11.7)

TGF
0 78 (38.0) 0.660 9 (4.4) 0.546 132 (64.4) 0.024 131 (63.9) 0.513 22 (10.7) 0.914
1-4 51 (40.5) 3 (2.4) 96 (76.2) 76 (60.3) 14 (11.1)

Betacellulin
0 121 (39.7) 0.372 12 (3.9) 0.609 209 (68.5) 0.630 189 (62.0) 0.463 33 (10.8) > 0.999
1-4 8 (30.8) 0 ( 19 (73.1) 18 (69.2) 3 (11.5)

EGF
0 127 (39.2) 0.710 12 (3.7) > 0.999 223 (68.8) > 0.999 203 (62.7) > 0.999 36 (11.1) > 0.999
1-4 2 (28.6) 0 ( 5 (71.4) 4 (57.1) 0 (

Values are presented as number (%). EGFR, epidermal growth factor receptor; HER2, human epidermal growth factor 
receptor 2; HER3, human epidermal growth factor receptor 3; HER4cyto, human epidermal growth factor receptor 4 cyto-
plasmic expression; HER4nu, human epidermal growth factor receptor 4 nuclear expression; HBEGF, heparin binding epi-
dermal growth factor like growth factor; TGF, transforming growth factor; EGF, epidermal growth factor.  
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2. Expression of EGFR ligands and EGFR families in CRC

The expression of EGFR ligands was not detected in the
non-neoplastic colorectal mucosa. In CRC, EGFR ligands
were expressed in the cytoplasm of tumor cells. The CRC
cases were divided into two groups according to the expres-
sion of EGFR ligands: positive (1-4) or negative (0). Although
betacellulin (7.9%, 26/331) and EGF (2.1%, 7/331) were faintly
expressed in a small number of CRC cases, expression of

HBEGF and TGF were observed in 62.2% (206/331) and
38.1% (126/331) with various staining intensities, respec-
tively (Table 1, Fig. 1). 

Immunohistochemical expression for EGFR families were
also performed in 331 CRC tissue samples, using TMA
blocks. EGFR and HER3 were overexpressed in 129 (39.0%)
and 228 (68.9%) out of 331 cases, respectively. Twelve cases
(3.6%) showed HER2 positivity. Regarding to the sublocal-
ization, HER4 cytoplasmic and nuclear expression were

Sumi Yun, Expression of EGFR Ligands in Colorectal Cancer

Characteristic
EGFR ligands EGFR HER4cyto HER4nu

Positive p-value Positive p-value Positive p-value Positive p-value 
Age (yr)
 60 76 (69.7) 0.377 33 (30.3) 0.023 68 (62.4) 0.968 11 (10.1) 0.748
> 60 165 (74.3) 96 (43.2) 139 (62.6) 25 (11.3)

Sex
Male 138 (75.0) 0.316 62 (33.7) 0.028 118 (64.1) 0.503 18 (9.8) 0.475
Female 103 (70.1) 67 (45.6) 89 (60.5) 18 (12.2)

Location
Right sided 68 (70.1) 0.476 47 (48.5) 0.023 55 (56.7) 0.158 7 (7.2) 0.169
Left sided 173 (73.9) 82 (35.0) 152 (65.0) 29 (12.4)

Depth of tumor (pT)
T1, T2 36 (75.0) 0.712 13 (27.1) 0.068 39 (81.3) 0.004 12 (25.0) 0.001
T3, T4 205 (72.4) 116 (41.0) 168 (59.4) 24 (8.5)

Differentiation
Low grade 227 (75.7) < 0.001 115 (38.3) 0.458 192 (64.0) 0.087 34 (11.3) 0.553
High grade 14 (45.2) 14 (45.2) 15 (48.4) 2 (6.5)

Tumor border
Expanding 31 (64.6) 0.166 13 (27.1) 0.068 29 (60.4) 0.743 5 (10.4) 0.912
Infiltrative 210 (74.2) 116 (41.0) 178 (62.9) 31 (11.0)

Lymphatic invasion
Absent 94 (66.7) 0.030 48 (34.0) 0.113 96 (68.1) 0.072 21 (14.9) 0.043
Present 147 (77.4) 81 (42.6) 111 (58.4) 15 (7.9)

Vascular invasion
Absent 196 (72.9) 0.964 107 (39.8) 0.532 167 (62.1) 0.721 30 (11.2) 0.737
Present 45 (72.6) 22 (35.5) 40 (64.5) 6 (9.7)

Neural invasion
Absent 165 (72.1) 0.643 83 (36.2) 0.127 143 (62.4) 0.959 21 (9.2) 0.135
Present 76 (74.5) 46 (45.1) 64 (62.7) 15 (14.7)

pTNM stage 
I, II, III 200 (73.8) 0.389 107 (39.5) 0.686 176 (64.9) 0.055 33 (12.2) 0.106
IV 41 (68.3) 22 (36.7) 31 (51.7) 3 (5.0)

MSI status (n=320)
MSS/MSI-L 220 (75.1) 0.009 119 (40.6) 0.135 185 (63.1) 0.247 33 (11.3) 1.000
MSI-H 14 (51.9) 7 (25.9) 14 (51.9) 3 (11.1)

Table 3. Expression of EGFR ligands, EGFR, HER4, and their correlation with clinicopathologic characteristics  

Values are presented as number (%). EGFR, epidermal growth factor receptor; HER4, human epidermal growth factor
receptor 4; HER4cyto, human epidermal growth factor receptor 4 cytoplasmic expression; HER4nu, human epidermal growth
factor receptor 4 nuclear expression; MSI, microsatellite instability; MSS, microsatellite stable; MSI-L, microsatellite instabil-
ity–low; MSI-H, high microsatellite instability–high.
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found in 207 (62.5%) and 36 (10.9%) cases, respectively. 

3. Association between the expression of EGFR ligands and
EGFR families 

We explored the correlation between the expression of
EGFR ligands and EGFR families. Our results revealed that
HBEGF and TGF expressions were significantly associated
with HER3 expression (p=0.003 and p=0.024, respectively).
However, we did not observe other significant associations
between the expression of EGFR ligands and EGFR families
(Table 2).  

4. Association between EGFR ligands and clinicopatho-
logic variables

HBEGF expression revealed a positive correlation with low
grade differentiation (p < 0.001), but not with other various
clinicopathologic characteristics (all p > 0.05). TGF expression
revealed a tendency to be detected in low-grade CRCs with
borderline statistical significance (p=0.062). Although the fre-
quencies were low, EGF positivity was associated with vas-
cular invasion (p=0.025) and tended to be detected in CRC
with expanding tumor borders (p=0.066). However, no sig-
nificant difference between betacellulin expression and vari-

Cancer Res Treat. 2018;50(4):1351-1361

Table 4.  Combined expression of EGFR ligands and EGFR expression 
Characteristic Others Ligand–/EGFR+ p-value
Age (yr)
 60 102 (93.6) 7 (6.4) 0.131
> 60 196 (88.3) 26 (11.7)

Sex
Male 164 (89.1) 20 (10.9) 0.541
Female 134 (91.2) 13 (8.8)

Location
Right sided 86 (88.7) 11 (11.3) 0.592
Left sided 212 (90.6) 22 (9.4)

Depth of tumor (pT)
T1, T2 45 (93.8) 3 (6.3) 0.444
T3, T4 253 (89.4) 30 (10.6)

Differentiation
Low grade 274 (91.3) 26 (8.7) 0.023
High grade 24 (77.4) 7 (22.6)

Tumor border
Expanding 43 (89.6) 5 (10.4) > 0.999
Infiltrative 255 (90.1) 28 (9.9)

Lymphatic invasion
Absent 130 (92.2) 11 (7.8) 0.257
Present 168 (88.4) 22 (11.6)

Vascular invasion
Absent 245 (91.1) 24 (8.9) 0.185
Present 53 (85.5) 9 (14.5)

Neural invasion
Absent 208 (90.8) 21 (9.2) 0.467
Present 90 (88.2) 12 (11.8)

pTNM stage 
I, II, III 245 (90.4) 26 (9.6) 0.628
IV 53 (88.3) 7 (11.7)

MSI status (n=320)
MSS/MSI-L 264 (90.1) 29 (9.9) 0.742
MSI-H 24 (88.9) 3 (11.1)

Values are presented as number (%). EGFR, epidermal growth factor receptor; MSI, microsatellite instability; MSS, microsatel-
lite stable; MSI-L, microsatellite instability–low; MSI-H, microsatellite instability–high. 

1356 CANCER  RESEARCH  AND  TREATMENT



ous clinicopathologic variables was noted. Regarding the as-
sociation with MSI status, TGF expression was significantly
associated with MSS/MSI-L status (p=0.009) (S1 Table). Upon
Kaplan-Meier survival analysis with the log-rank test, no sig-
nificant relationships with either DFS or OS were revealed
according to the expression status of each EGFR ligand in
CRC (S2 Fig.). 

5. Combined analysis of EGFR ligands and EGFR in CRC 

We assessed the correlation with clinicopathologic param-
eters depending on the combined status of EGFR ligands. A
total of 241 cases (72.8%) revealed positivity for at least one
EGFR ligand in CRC. EGFR ligand positivity was signifi-
cantly correlated with low grade differentiation (p < 0.001)
and the presence of lymphatic invasion (p=0.030), but not
with other clinicopathologic factors. The expression of EGFR
ligands was more frequently detected in MSS/MSI-L CRC
(p=0.009) (Table 3). 

Next, we analyzed the clinicopathologic significance 
depending on the combined status of EGFR ligands and
EGFR expression. Interestingly, the EGFR-positive CRC
group without ligand expression revealed a significant asso-
ciation with poorly differentiated histology (p=0.023) (Table 4).
We explored survival differences using Kaplan-Meier analy-
sis. Patients with ligand–/EGFR+ revealed the worst DFS
compared to other groups, but these differences were not sta-
tistically significant (p=0.123). The ligand–/EGFR+ group
also revealed the poorest OS (p=0.039). After dichotomiza-

tion, we compared the prognostic significance in the CRC
with ligand–/EGFR+ group compared to the CRC with any
other expression group; patients with ligand–/EGFR+ 
revealed significantly shorter DFS and OS (p=0.018 and
p=0.005, respectively) (Fig. 2). Moreover, we performed mul-
tivariate analysis to determine the prognostic impact. In the
Cox model, dichotomization into EGFR ligands–/EGFR+
and others predicted unfavorable DFS and OS (p=0.026 and
p=0.007, respectively). Tumor differentiation, invading bor-
ders, neural invasion, and pathologic stage also indicated
their prognostic significance for patients’ survival (Table 5). 

6. Association of combined status of HBEGF, betacellulin,
and HER4 expression with clinicopathologic paracmeters

Since HBEGF and betacellulin have also been reported as
ligands for HER4, we explored the clinicopathologic signifi-
cance of HBEGF, betacellulin, and HER4 expression. HER4 
cytoplasmic expression was found in 207 cases (62.5%), while
its nuclear expression was observed in 36 cases (10.9%) 
(S3 Fig.). HER4 cytoplasmic expression was correlated with
lower T category (p=0.004). HER4 nuclear immunoreactivity
was significantly associated with lower T category (p=0.001)
and the absence of lymphatic invasion (p=0.043). Other clin-
icopathologic parameters were not correlated with HER4 
cytoplasmic or nuclear expression (Table 3). Patients with
HER4 nuclear expression, regardless of its ligands, HBEGF
and betacellulin expression status, revealed superior DFS
(p=0.035) and OS (p=0.030), as determined in the survival

Sumi Yun, Expression of EGFR Ligands in Colorectal Cancer

Fig. 2.  Kaplan-Meier survival curves according to the combined expression status of ligands and epidermal growth factor
receptor (EGFR). (A) Disease-free survival. (B) Overall survival. 
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analysis. However, we failed to determine a significant cor-
relation between HER4 cytoplasmic expression or its co-expre-
ssion with its ligands with regard to DFS and OS (S4 Fig.).
HER4 nuclear expression predicted favorable DFS and OS
upon multivariate analysis (p=0.034 and p=0.049, respec-
tively) (Table 5).

Discussion

In this study, we found that EGFR ligands including
HBEGF, TGF, betacellulin, and EGF were expressed with
various intensities in CRC tissue. While we failed to deter-
mine the significant prognostic values of each EGFR ligand,
CRC patients with EGFR overexpression and no other ligand
expression presented with significantly unfavorable out-
comes, compared to others. This result indicated its inde-
pendent prognostic value for poor survival. Furthermore,

HER4 nuclear expression, regardless of its ligands, HBEGF,
and betacellulin expressions, is also a better prognostic indi-
cator for CRC. Our results may provide the basis for under-
standing EGFR signaling pathways and the development of
new treatments targeting EGFR signaling. 

EGFR, a well-known transmembrane receptor kinase, is
composed of three structural and functional domains: the 
extracellular ligand binding domain, transmembrane region,
and cytoplasmic domain containing tyrosine kinase [18]. Pre-
vious studies identified two different EGFR downward sig-
naling pathways. Various ligands activate EGFR signaling
by binding to the extracellular domain, which results in con-
formational changes of EGFR and activation of several
canonical signals, such as ERK and Akt [5]. Contrary to lig-
and-dependent signaling, ligand-independent constitutive
activation of EGFR induces a distinct signaling pathway
through the transcription factor interferon regulatory factor
3 [18,19]. Interestingly, these two signaling pathways are 
exclusively activated [18,19]. 

Previous studies have mainly focused on the prognostic

Cancer Res Treat. 2018;50(4):1351-1361

Variable
Disease-free survival Overall survival

HR 95% CI p-value HR 95% CI p-value 
Univariate analysis

Age  (> 60 yr vs.  60 yr) 1.189 0.794-1.778 0.400 1.312 0.834-2.066 0.240
Sex (male vs. female) 1.435 0.979-2.104 0.064 1.240 0.817-1.881 0.312
Location (left sided vs. right sided) 1.198 0.789-1.821 0.397 1.168 0.738-1.849 0.507
Differentiation (high grade vs. low grade) 3.040 1.853-4.988 < 0.001 3.583 2.135-6.014 < 0.001
Tumor border (infiltrative vs. expanding) 4.148 1.692-10.172 0.002 4.050 1.487-11.031 0.006
Lymphatic invasion (present vs. absent) 2.770 1.805-4.251 < 0.001 3.256 1.983-5.346 < 0.001
Venous invasion (present vs. absent) 3.287 2.230-4.843 < 0.001 3.799 2.495-5.783 < 0.001
Neural invasion (present vs. absent) 3.030 2.090-4.393 < 0.001 3.520 2.331-5.314 < 0.001
pTNM stage (IV vs. I, II, III) 4.562 3.116-6.678 < 0.001 7.592 5.009-11.506 < 0.001
MSI status (MSS/MSI-L vs. MSI-H) 1.381 0.642-2.974 0.409 1.051 0.485-2.278 0.899
Ligand–/EGFR+ vs. others 1.843 1.099-3.088 0.020 2.146 1.251-3.682 0.006
HER4nu (positive vs. negative) 0.423 0.186-0.964 0.041 0.347 0.128-0.946 0.039

Multivariate analysis
Differentiation (high grade vs. low grade) 2.964 1.762-4.986 < 0.001 3.487 1.998-6.084 < 0.001
Tumor border (infiltrative vs. expanding) 2.888 1.161-7.184 0.023 2.446 0.878-6.815 0.087
Lymphatic invasion (present vs. absent) 1.414 0.876-2.283 0.156 1.369 0.780-2.402 0.274
Venous invasion (present vs. absent) 1.348 0.844-2.154 0.212 1.197 0.723-1.982 0.484
Neural invasion (present vs. absent) 2.277 1.529-3.391 < 0.001 2.593 1.658-4.057 < 0.001
pTNM stage (IV vs. I, II, III) 3.022 2.006-4.552 < 0.001 5.578 3.543-8.780 < 0.001
Ligand–/EGFR+ vs. others 1.824 1.074-3.098 0.026 2.158 1.230-3.787 0.007
HER4nu (positive vs. negative) 0.408 0.178-0.935 0.034 0.363 0.132-0.994 0.049

Table 5. Univariate and multivariate survival analysis 

HR, hazard ratio; CI, confidence interval; MSI, microsatellite instability; MSS, microsatellite stable; MSI-L, microsatellite 
instability–low; MSI-H, microsatellite instability–high; EGFR, epidermal growth factor receptor; HER4nu, human epidermal
growth factor receptor 4 nuclear expression. 
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and predictive impacts of amphiregulin and epiregulin,
which are commonly expressed in CRC and might be asso-
ciated with favorable prognostic effects in CRC [6,7,9-11].
However, the clinicopathologic implications of other ligands,
including HBEGF, TGF, betacellulin, and EGF, are insuffi-
ciently investigated. For HBEGF, a pivotal role in cancer pro-
gression has been proposed in various cancers, including
cervical, breast, and gastric cancers [20-23]. In CRC, Kawa-
saki et al. [24] suggested that HBEGF has roles in CRC pro-
gression through the recruitment of intestinal myofibroblasts.
In our cohort, although HBEGF expression is commonly 
detected in CRC, we were unable to determine a significant
correlation with various clinicopathologic factors except for
tumor differentiation. Interestingly, stromal HBEGF expres-
sion was observed in 21.5% (71/331) of our cohort. Among
these, 63 cases revealed HBEGF expression in both stromal
and tumor cells (S5 Fig.). Recent studies by Schrevel et al. [20]
and Murata et al. [25] described the possible role of HBEGF
from fibroblasts and macrophages, which are associated with
cancer cell proliferation in cervical cancer. Based on these 
results of HBEGF expression in the tumor microenviron-
ment, we analyzed the association between stromal HBEGF
expression and clinicopathologic parameters, but no signifi-
cant differences including patients’ survival depending on
stromal HBEGF expression was observed in CRC (data not
shown).

A recent study by Khelwatty et al. [8] conducted in
metastatic CRC using immunohistochemistry, demonstrated
that betacellulin was the most commonly expressed ligand
and was associated with unfavorable prognosis in metastatic
CRC. However, HBEGF expression was not detected in that
study. Inconsistent with their results, our study found dif-
ferent expression frequencies, wherein HBEGF and TGF were
relatively commonly expressed, while betacellulin expression
presented in only a few subsets of the consecutive CRC 
cohort, using mRNA ISH. Immunohistochemistry is consid-
ered as a reproducible and efficient tool for the characteriza-
tion of proteins of interest on formalin fixed paraffin
embedded slides. However, there is a paucity of reliable
commercially available immunohistochemical antibodies
against various EGFR ligands. In addition, the cutoff value
of immunohistochemical expression for EGFR ligands 
remains variable and controversial. Yoshida et al. [26] 
observed the predictive impact of  30% expression of four
EGFR ligands including amphiregulin, HBEGF, TGF-, and
epiregulin. Khelwatty et al. [8] adopted various cutoff points
(> 5-50% of tumor cells) for each EGFR ligand to avoid the 
effect of low specific staining. Considering the above matters,
we evaluated the expression of four EGFR ligands, using
mRNA ISH, but mRNA levels were not completely overlap-
ping with the levels of their translated protein expression. It
was expected that several factors including different cohorts

and detection methods may contribute to explain these dis-
cordant results. In addition, previous studies have evaluated
the mRNA expression of several EGFR ligands including
EGF, TGF in colon cancer cell lines and human colon cancer
tissue [27,28]. As these studies, EGF mRNA was significantly
expressed in colon cancer cell lines and fresh-frozen human
colon cancer specimen. Rajagopal et al. [28] also detected the
EGF mRNA expression in non-neoplastic colon specimen, by
reverse transcription–polymerase chain reaction analysis, in
contrast with our results that no EGF mRNA expression was
found in non-neoplastic colonic mucosa. In present study,
we examined EGR ligand expression in formalin fixed paraf-
fin embedded specimens by mRNA ISH. The difference of
samples used for mRNA measurements and detection meth-
ods might explain these conflicting results. Further studies
regarding the expression of EGFR ligands are warranted to
validate these results.     

Because the expression of each EGFR ligand was not a
prognostic marker in CRC according to our results, we
adopted the combined expression status of four ligands to
evaluate the clinicopathologic significance of ligand associ-
ated EGFR overexpression in CRC. Our results revealed that
ligand-independent EGFR overexpression was related to
poor prognosis in CRC patients. In addition, different from
low-affinity ligands such as amphiregulin and epiregulin, the
ligands that we tested, including HBEGF, TGF, betacellulin,
and EGF, are known as high-affinity ligands and these lig-
ands have relatively high levels of signaling potential and 
activating effects for canonical pathways [6]. From these find-
ings, we infer that ligand-dependent EGFR signaling is not
a decisive factor for poor prognosis. Several recent studies
have described that there were two distinct signaling path-
way, ligand dependent and ligand independent constitutive
pathway and these two signaling showed the mutually 
exclusive nature [18,19]. However, the downstream signaling
of EGFR activation cooperatively or independently with
EGFR ligands was not clear in CRC. In present study, we
evaluated the expression status of EGFR and its ligands and
showed the prognostic impact depending on their expression
phenotypes in CRC, but we could not show the association
with EGFR downstream signaling deeply. Furthermore, 
immunohistochemical staining using EGFR pharmDX anti-
bodies, which were used to determine the expression status
of EGFR in this study, have also been identified to be reactive
in cases of EGFRvIII mutants, which trigger ligand-indepen-
dent EGFR signaling [19]. Given these points, our study has
certain limitations and further studies will be necessary to
elucidate EGFR downstream signaling, considering the 
association of its ligands in CRC. 

For HER4 expression, immunohistochemically, cytoplas-
mic localization was the predominant pattern and some cases
revealed nuclear immunostaining in our study. HER4 acti-
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vation generates two structurally and functionally different
isoforms by alternative splicing: CYT1 and CYT2. While the
CYT2 isoform can enter the nucleus easily and regulates tran-
scription related to favorable features including cell differ-
entiation, the CYT1 isoform is insufficient to translocate into
the nucleus and contains a phosphatidylinositol-3 kinase
binding motif to activate its signaling pathway to induce
tumor cell proliferation [13,14]. These findings suggested
that, as for staining patterns, nuclear accumulation of HER4
might indicate better prognosis, in contrast to cytoplasmic
localization that is associated with tumor progression [12].
We previously reported that HER4 nuclear expression might
be regarded as a favorable prognostic marker in gastric can-
cer [13]. However, clinicopathologic significance depending
on the subcellular localization of the HER4 protein was not
fully evaluated in CRC. Based on the results of previous
studies, cytoplasmic HER4 indicated a positive association
with poor survival in CRC [12,29]. In our study, the prognos-
tic impact of HER4 cytoplasmic expression was not signifi-
cant, which was inconsistent with previous results. More-
over, HER4 nuclear expression was significantly associated
with the absence of lymphatic invasion and lower pathologic
stage, and was determined to be an independent factor for
improved prognosis in CRC. These findings are generally
consistent with the results demonstrated in gastric cancer
[13]. Interestingly, these prognostic impacts were not influ-
enced by the status of its ligands, or HBEGF and betacellulin
expressions. Therefore, our results suggest that HER4 
nuclear expression, not cytoplasmic localization, and regard-
less of ligand expression, might be a biomarker for predicting

better prognosis in CRC patients. Because there were more
known ligands for HER4 that we did not test, larger and
more comprehensive studies for the subcellular localization
of HER4 expression are needed to explain the underlying
mechanism and the different prognostic impacts in CRC. 

In conclusion, we identified that EGFR overexpression
without ligand expression could be a biomarker for unfavor-
able prognosis. Moreover, the evaluation of EGFR ligand 
expression, in addition to EGFR expression, could provide
meaningful information for predicting patients’ survival in
CRC. Together, HER4 nuclear expression, regardless of its
ligands expression, is suggested as an independent favorable
prognostic factor in CRC. 
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Purpose
Tumor xenograft model is an indispensable animal cancer model. In esophageal squamous
cell carcinoma (ESCC) research, orthotopic tumor xenograft model establishes tumor
xenograft in the animal esophagus, which allows the study of tumorigenesis in its native
microenvironment. 

Materials and Methods
In this study, we described two simple and reproducible methods to develop tumor xenograft
at the cervical or the abdominal esophagus in nude mice by direct injection of ESCC cells in
the esophageal wall. 

Results
In comparing these two methods, the cervical one presented with more clinically relevant
features, i.e., esophageal stricture, body weight loss and poor survival. In addition, the 
derived tumor xenografts accompanied a rapid growth rate and a high tendency to invade
into the surrounding structures. This model was subsequently used to study the anti-tumor
effect of curcumin, which is known for its potential therapeutic effects in various diseases
including cancers, and its analogue SSC-5. SSC-5 was selected among the eight newly syn-
thesized curcumin analogues based on its superior anti-tumor effect demonstrated in an
MTT cell proliferation assay and its effects on apoptosis induction and cell cycle arrest in
cultured ESCC cells. Treatment of orthotopic tumor-bearing mice with SSC-5 resulted in an
inhibition in tumor growth and invasion. 

Conclusion
Taken together, we have established a clinically relevant orthotopic tumor xenograft model
that can serve as a preclinical tool for screening new anti-tumor compounds, e.g., SSC-5, in
ESCC. 
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Curcumin, Esophageal squamous cell carcinoma
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Introduction

Esophageal cancer is one of the most life-threatening gas-
trointestinal cancers. It is composed of two main histological
types, i.e., esophageal squamous cell carcinoma (ESCC) and
esophageal adenocarcinoma. ESCC is commonly found in
high risk Asian regions. It is originated from epithelial cells
lining along the esophagus, and occurs frequently in the
upper and middle parts of the esophagus. Patients may 
experience difficulty in swallowing and body weight loss
due to the growing tumor that obstructs the esophageal
lumen. The prognosis of patients is poor and approximately
10% of patients can survive for more than 5 years. Patients
are strategically managed with multimodality treatments, 
including surgery, chemotherapy and/or radiotherapy. 
Despite that, there is no significant improvement on patient
outcomes and that ESCC remains an aggressive cancer with
high mortality. To address these clinical limitations, much
efforts have been devoted to research for new treatments, 
especially for some new compounds with anti-tumor effects
in ESCC. 

Cancer research depends on the use of relevant animal
models to provide a vital platform for preclinical studies. The
most commonly used animal model for ESCC is subcuta-
neous tumor xenograft model, for which this model can be
established by transplanting human ESCC cells/xenografts
subcutaneously into immunodeficiency animals. This model
is simple to establish and reproducible. However, it does not
fully mimic the clinical situation as the tumor xenograft does
not grow at the organ of origin, i.e., at the esophagus. Alter-
natively, orthotopic tumor xenograft model can be estab-
lished by developing tumor xenograft at the esophagus, thus
allowing the study of tumor-stromal interaction. As this 
interaction is important for tumorigenesis and responses to
treatments [1-3], this latter model is more superior than the
subcutaneous model when it is used to examine the anti-
tumor effects of new compounds. A number of studies 
reported the successful establishment of ESCC xenograft in
the animal esophagus either at the cervical or at the abdom-
inal part [4-9]. Despite that, no studies have been conducted
so far to compare different features of these two methods.
This study addressed this issue and aimed to identify which
of these two methods could be used to develop tumor
xenograft model that can mimic the clinical ESCC situation
better.   

Curcumin, which is derived from Curcuma longa, has long
been used in traditional medicine [10]. It is traditionally used
to treat various disorders and diseases including cancers [11].
Its use in cancers is based on its anti-tumor effects on growth
and apoptosis [12]. These effects can be mediated by different
mechanisms, including transcription factor inhibition, cal-

cium homeostasis disruption, and epigenetics modulation
[13-15]. Despite these diverse anti-tumor effects, the clinical
use of curcumin remains limited partly due to its poorly
characterized pharmacokinetics profile and low potency [16].
In order to potentiate the clinical use of curcumin, several 
research groups synthesized different curcumin analogues
by molecular structure modifications, e.g., PGV-0/PGV-1
and EF31/UBS109 with respective anti-tumor effects in
breast and pancreatic cancers [16,17]. Despite these promis-
ing results, the study of curcumin in ESCC is limited and no
studies have yet been performed on the use of curcumin ana-
logues. To advance curcumin research in ESCC, this study
employed the use of a clinically relevant animal model to 
examine the anti-tumor effects of a newly synthesized cur-
cumin analogue SSC-5 in ESCC. 

Materials and Methods

1. ESCC cell lines

In-house developed ESCC cell lines SLMT-1, HKESC-1,
and HKESC-2 were used as before [18,19]. ESCC cell lines
KYSE-150, KYSE-180, KYSE-270, KYSE-410, and KYSE-450
purchased from Leibniz Institute DSMZ-German Collection
of Microorganisms and Cell Cultures (Braunschweig, Ger-
many) were cultured accordingly. Cultured cells were main-
tained in a humidified atmosphere at 37°C with 5% CO2.
Culture reagents were obtained from Life Technologies
(Waltham, MA). 

2. Nude mice

Male nude mice obtained from Laboratory Animal Unit in
The University of Hong Kong, Hong Kong were housed in
individually ventilated cages under a 12-hour light/dark
cycle, and fed with sterilized food and water. 

3. Orthotopic tumor xenograft models

Two methods were used to establish tumor xenograft at
the cervical and abdominal part of the esophagus in nude
mice. In the first method to establish tumor xenograft at the
cervical esophagus, a 10-mm incision was first introduced
vertically and through the neck skin of an anesthetized
mouse, which was prepared by intraperitoneal injection of
sodium pentobarbital at 54 mg/kg. Cervical muscles, sali-
vary glands, and collective tissues between the trachea and
the esophagus were carefully separated by fine point forceps,
then the trachea was pulled lightly aside by serrated tip for-
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ceps to expose part of the cervical esophagus for cell injec-
tion. ESCC cells suspension in 20 µL was injected into the
esophageal wall using a 29-gauge BD Ultra-Fine insulin 
syringe (BD Biosciences, San Jose, CA) (Fig. 1A). A small
edema at the cell injection site indicated successful cell injec-
tion. The cell suspension was prepared by mixing 1106

ESCC cells in serum-free medium with an equal volume of
Matrigel (Corning, Tewksbury, MA). After the surgical pro-
cedure, the skin was closed using non-absorbable 5-0 poly-
propylene suture (Ethicon, Somerville, NJ). In the second
method to establish tumor xenograft at the abdominal part
of the esophagus, a horizontal incision of 15 mm was made
through the skin and muscle right below the rib cage of an
anesthetized mouse using dissection scissors. After putting
aside the liver and the stomach with serrated tip forceps, part
of the abdominal esophagus between stomach and dia-
phragm was exposed for cell injection. ESCC cell suspension
prepared above was then injected into the esophageal wall
(Fig. 1B) and the appearance of small edema at the cell injec-
tion site indicated successful cell injection. For both methods,
body weight and survival time of the mice were monitored
after tumor cell injection. At the experimental end-point, the
mice were sacrificed, while the tumor xenografts were dis-
sected for size measurement. Serial cross-sections of the
esophagus prepared from paraffin-embedded samples were

stained with hematoxylin and eosin to detect any tumor 
invasion events into the esophageal lumen. These sections
were also stained with Ki-67 and CD34 following a standard
immunohistochemistry protocol. Histological images were
viewed under a microscope and captured using a DXM1200F
digital camera (Nikon, Tokyo, Japan). 

4. Curcumin analogues synthesis

Curcumin was purchased from Aladdin (Shanghai, China).
Curcumin analogues SSC-3, SSC-5, SSC-6, SSC-8, SSC-9, SSC-
10, SSC-19, and SSC-20 were designed and synthesized based
on the reported methods [20-24], with some modifications.
1-Methylpiperidin-4-one (10.0 mmol) was added to the mix-
ture of 24.0 mmol of the corresponding aldehyde compound
in 40-60 mL of saturated HCl-CH3CO2H in a round bottom
flask, which was then sealed and placed at 5°C-40°C for 
32-72 hours. Ultrasonic oscillation was applied to promote
the dissolution of aldehyde compound when necessary. The
mixture was subsequently poured into 250 mL of ice water
and stirred well before its neutralization with 25% of NaOH-
H2O. Filtration was used to collect the solid product. The
cake was grounded and washed twice with ethanol using 
ultrasonic oscillation. Further filtering and drying was used
to obtain the pure product, which was then analyzed using

Fig. 1.  Surgical procedures to inject esophageal squamous cell carcinoma (ESCC) cells at different anatomical locations in
the mouse esophagus. ESCC cells mixed with Matrigel were injected into the esophageal wall at the cervical esophagus (A)
and at the abdominal esophagus (B).

Cervical

Abdominal

A

B
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the below instruments. WRS-1B digital melting point appa-
ratus (Zhengzhou Nanbei Instrument Equipment, Henan,
China) was used to measure the purity of substances. Varian
Mercury Plus 300 spectrometer (Varian, Palo Alto, CA) (in
DMSO-d6) was used to obtain the NMR spectra. All chemical
shifts () were given in parts per million, while the coupling
constants (J) were given in hertz. Mass spectra were obtained
from ZAB-HS (VG Analytical, London, UK), LCMS-2010A
(Shimadzu, Kyoto, Japan) or LCQ Deca XP (Thermo Finni-
gan, Waltham, MA) mass spectrometers. Elemental analyses
were performed in a vario EL/MICRO cube elemental ana-
lyzer (Elementar Analysensysteme GmbH, Langenselbold,
Germany) and results were generated within ±0.4% of the
theoretical values. Finally, curcumin and its analogues were
dissolved in dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St.
Louis, MO) before use. 

5. MTT cell proliferation assay

MTT cell proliferation assay was performed as described
[18]. ESCC cells (2,000 to 8,000 cells/well) were seeded in a
96-well plate overnight before treatment with curcumin (1.25
to 20 µM) and its analogues (0.625 to 5 µM) for 48 hours. MTT
reagent (Sigma-Aldrich) was added and incubated for an
hour. The reduced MTT was dissolved in sodium dodecyl
sulfate. Colorimetric signal was measured at 570 nm, with
650 nm as a reference wavelength, in a Multiskan FC 
microplate reader (Thermo Fisher Scientific) and analyzed
using Skanlt software ver. 3.1 (Thermo Fisher Scientific). 
Experiments were performed in triplicate wells, and 
repeated for three times. 

6. Cell cycle analysis

Cell cycle was analyzed as before [25]. SLMT-1 and KYSE-
450 cells were treated with curcumin, SSC-5, and SSC-19 at 
2 µM (SLMT-1) or 1 µM (KYSE-450). Treated cells were har-
vested at 16 to 24 hours afterwards and fixed with ethanol.
After washing, the fixed cells were then re-suspended in 
2 µg/mL propidium iodide (Sigma-Aldrich) and 200 µg/mL
RNase (Life Technologies). Cell cycle was analyzed in a BD
FACSCanto II analyzer (BD Biosciences) with the use of
FlowJo software ver. 7.6.1 (FlowJo, Ashland, OR). Experi-
ments were repeated in triplicate. 

7. Western blotting

Protein lysates were prepared from ESCC cells treated
with curcumin, SSC-5, and SSC-19 using RIPA buffer sup-
plemented with complete EDTA-free protease inhibitors
(Roche Applied Science, Mannheim, Germany) and Phos-
STOP-phosphatase inhibitors (Roche Applied Science). West-

ern blotting was conducted as before [18,25] with the use of
the following primary antibodies: mouse anti--actin (1:10,000,
Dako, Santa Clara, CA), rabbit anti-cleaved poly(ADP-ribose)
polymerase (PARP; 1,5000, Abcam, Cambridge, MA), and
rabbit anti-Bcl-2 (1:1,000, Abcam). 

8. In vivo tumor growth assay

Tumor xenograft was developed at the cervical esophagus
in mice using SLMT-1 and KYSE-450 cells as above. One
week after tumor cell injection, mice were randomly divided
into three groups (12 mice per group) and treated with an 
intraperitoneal injection of DMSO (control), 50 mg/kg cur-
cumin and 50 mg/kg SSC-5 three times a week for two
weeks. At the end of the study period, tumor xenografts were
collected for size measurement based on the use of the for-
mula: tumor volume=1/2(lengthwidth2). The presence of
tumor invasion into the esophageal lumen was assessed by
histological examination as above.  

9. Statistical analyses

Statistical analyses were performed using Excel 2007 
(Microsoft, Redmond, WA) and Prism 6 ver. 6.07 (GraphPad
Software, La Jolla, CA). Data in bar charts are presented as
mean±standard deviation/standard error of mean. Student’s
t test was used to calculate the difference between experi-
mental groups. Post-treatment survival was analyzed by 
Kaplan-Meier method and log-rank test. A p-value of below
0.05 was considered statistically significant.

10. Ethical statement

Committee on the Use of Live Animals in Teaching and
Research (CULATR) has approved the use of animals in this
study.

Results

1. Tumor xenograft establishment in mouse esophagus

We successfully established tumor xenograft at the cervical
or the abdominal part of mouse esophagus using SLMT-1
ESCC cells (Fig. 2A). Comparison of the two methods 
revealed shorter operation time for injecting tumor cells at
the cervical esophagus (300±31 seconds) compared to those
performed at the abdominal part (409±48 seconds, p < 0.01).
Despite this difference, the percentage of mice survived after
tumor cell injection was actually quite similar (cervical,
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Fig. 2.  Comparison between orthotopic tumor xenograft models at the cervical and abdominal esophagus. (A) Photos taken
at week 4 (cervical) or week 6 (abdominal) after SLMT-1 esophageal squamous cell carcinoma cell injection into the
esophageal wall show successful establishment of tumor xenografts, marked by asterisk, at the cervical or abdominal esoph-
agus. (B) Mice bearing tumor xenograft at the cervical esophagus experienced a significant body weight reduction in 4 weeks’
time, whereas a gradual increase was noticed in those with tumor xenograft at the abdominal esophagus. Bars indicate
mean±standard deviation (SD). **p < 0.01. (C) When the tumor xenografts were dissected for tumor size measurement every
two weeks, we observed faster growth of tumor xenografts at the cervical esophagus compared to those at the abdominal
esophagus. Error bars indicate SD. *p < 0.05. ns, statistically not significant. (D) Kaplan-Meier survival curve analysis revealed
poorer survival in mice bearing tumor xenograft at the cervical esophagus than those with tumor xenograft at the abdominal
esophagus. p < 0.001. n, animal number. 
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93.06%; abdominal, 92.59%). 
Next, we examined the effects of tumor xenograft growing

at different parts of the esophagus on animal outcomes, i.e.,
body weight and survival. Mice with tumor xenograft at the
cervical esophagus suffered significant body weight loss in
four weeks’ time after tumor cell injection (p=0.009), while
the body weight of those with tumor xenograft at the abdom-
inal part gradually increased up to 6 weeks (Fig. 2B). We first
observed a faster growth rate of tumor xenograft at the cer-
vical esophagus in 4 weeks’ time compared to those at the
abdominal part (57.89±17.64 mm3 vs. 20.43±7.71 mm3,

p < 0.050) (Fig. 2C). These effects observed in mice with
tumor xenograft at the cervical esophagus could account for
their shorter survival time after tumor cell injection (median,
40 days) compared to those with tumor xenograft at the 
abdominal part. In this latter animal group, as much as more
than 50% of mice survived at the end of the study period on
day 60 (p < 0.005) (Fig. 2D).         

Tumor invasion into different layers of the esophageal wall
is a hallmark feature of ESCC, for which this event can be
readily visualized in our developed orthotopic tumor xeno-
graft models. At different time points after injection of SLMT-

Fig. 3.  Histological images of SLMT-1-derived tumor xenografts at the cervical and abdominal esophagus. (A) Mouse esoph-
agus with tumor xenograft was dissected to prepare serial sections from proximal location S1 to distal location S4, as indicated
by dotted lines. (B) Hematoxylin and eosin staining was used to reveal the histology of the representative sections at location
S1, S2, S3, and S4. S1, no observable tumor; S2, tumor centered in the muscularis propria and submucosa of the esophageal
wall; S3 and S4, tumor invasion into the esophageal lumen and at the same time causing luminal stricture (40). (C) The
tumor invasive front can be clearly seen in a high magnification image of squared area in S3 section (200). E, epithelium of
esophagus; L, esophageal lumen; M, muscular layer of esophagus; T, tumor. 
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1 cells to form orthotopic tumor xenograft (cervical, week 4;
abdominal, week 6) (Fig. 3A), we examined the serial cross
sections of the esophagus and found that tumor xenograft
centered in the muscularis propria and submucosa, and 
invaded into the lumen with ulceration of the squamous 
epithelium (Fig. 3B). In addition to lumen stricture (Fig. 3B),
we also observed that the tumor invasive front broke
through the squamous epithelium of the esophagus in a high

magnification image (Fig. 3C). The growth of these tumor
xenografts was supported by rapid cell proliferation and new
blood vessel formation, as shown by the intense staining of
two molecular markers at the tumor periphery, i.e., Ki-67 for
proliferating cells (Fig. 4A) and CD34 for blood vessels (Fig. 4B).
Collectively, these observations have clearly revealed the
presence of tumor invasion in our models.   

Fig. 4.  Immunohistochemical staining of Ki-67 and CD34 in orthotopic tumor xenografts. Tumor xenografts formed at the
cervical and abdominal esophagus using SLMT-1 esophageal squamous cell carcinoma cells were subjected to immunohis-
tochemistry by staining with two different molecular markers, i.e., Ki-67 for proliferating cells (A) and CD34 for tumor
vessels (B). Most of the positively stained cells (arrows) were concentrated at the tumor periphery (area F) rather than the
tumor center (area C). 

Ce
rv
ic
al

Ki-67

Ab
do
m
in
al

A

Ce
rv
ic
al

CD34

Ab
do
m
in
al

B

1368 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2018;50(4):1362-1377



Fi
g.

 5.
  M

ol
ec

ul
ar

 st
ru

ctu
re

s o
f c

ur
cu

m
in

 an
d 

its
 an

al
og

ue
s. 

Cu
rc

um
in

, 1
,7-

Bi
s(4

-h
yd

ro
xy

-3
-m

et
ho

xy
ph

en
yl

)-1
,6-

he
pt

ad
ien

e-
3,5

-d
io

ne
; S

SC
-3

, 3
,5-

Bi
s-(

4-
ch

lo
ro

be
n-

zy
lid

en
e)

-1
-m

et
hy

lp
ip

er
id

in
-4

-o
ne

; S
SC

-5
, 1

-M
et

hy
l-3

,5-
bi

s-(
3,4

,5-
tri

m
et

ho
xy

be
nz

yl
id

en
e)

pi
pe

rid
in

-4
-o

ne
; S

SC
-6

, 3
,5-

Bi
s-(

4-
hy

dr
ox

y-
3-

m
et

ho
xy

be
nz

yl
id

en
e)

-1
-

m
et

hy
lp

ip
er

id
in

-4
-o

ne
; S

SC
-8

, 1
-M

et
hy

l-3
, 5

-b
isp

yr
id

in
-4

-y
lm

et
hy

le
ne

pi
pe

rid
in

-4
-o

ne
; S

SC
-9

, 1
-M

et
hy

l-3
,5-

bi
sp

yr
id

in
-3

-y
lm

et
hy

le
ne

pi
pe

rid
in

-4
-o

ne
; S

SC
-1

0,
3,5

-B
is-

(4
-fl

uo
ro

be
nz

yl
id

en
e)

-1
-m

et
hy

lp
ip

er
id

in
-4

-o
ne

; S
SC

-1
9, 

3,5
-B

is-
(3

-h
yd

ro
xy

be
nz

yl
id

en
e)

-1
-m

et
hy

lp
ip

er
id

in
-4

-o
ne

; S
SC

-2
0, 

3,5
-B

is-
(2

,5-
di

hy
dr

ox
yb

en
zy

li-
de

ne
)-1

-m
et

hy
lp

ip
er

id
in

-4
-o

ne
.

CH
3

CH
3

OC
H3

OC
H3

CH
3

CH
3

CH
3

OH
OH

CH
3

CH
3

H3
CO HO

OC
H3

OH

H3
CO

OC
H3

Cu
rc

um
in

O
O

CI
CI

SS
C-

3

O N
H3
CO

OC
H3

SS
C-

5

O N

H3
CO

OC
H3

HO
OH

F

SS
C-

6

O N

SS
C-

8

O N

C2
1H

20
O6

, M
W

: 3
68

.38
C2

0H
17
CI

2N
O,

 M
W

: 3
58

.26
C2

6H
31
NO

7, M
W

: 4
69

.53

C 2
2H

23
NO

5, M
W

: 3
81

.42
C1

8H
17
N3

O,
 M

W
: 2

91
.35

C1
8H

17
N3

O,
 M

W
: 2

91
.35

N
N

SS
C-

9

O N

N
N

F

SS
C-

10

O N

OH
OH

OH
OH

SS
C-

19

O N

C2
0H

17
F2N

O,
 M

W
: 3

25
.35

C2
0H

19
NO

3, M
W

: 3
21

.37
C2

0H
19
NO

5, M
W

: 3
53

.37

CH
3

SS
C-

20

O N

VOLUME 50 NUMBER 4 OCTOBER 2018  1369

Lai Nar Tung, ESCC Animal Model for Curcumin Study



Fi
g.

 6
.  

Cu
rc

um
in

 a
na

lo
gu

es
 ex

hi
bi

t p
ot

en
t g

ro
w

th
 in

hi
bi

tin
g 

ef
fe

ct
 in

 cu
ltu

re
d 

es
op

ha
ge

al
 sq

ua
m

ou
s c

el
l c

ar
cin

om
a 

(E
SC

C)
 ce

lls
. I

n 
vi

tro
M

TT
 ce

ll 
pr

ol
ife

ra
tio

n
as

sa
y 

w
as

 p
er

fo
rm

ed
 in

 th
re

e E
SC

C 
ce

ll 
lin

es
 SL

M
T-

1, 
H

KE
SC

-2
, a

nd
 K

YS
E-

27
0 a

fte
r t

re
at

m
en

t w
ith

 cu
rc

um
in

 (0
-2

0 µ
M

) a
nd

 it
s a

na
lo

gu
es

 (0
-5

 µ
M

). 
Ba

se
d 

on
 th

e
IC

50
ob

ta
in

ed
 af

te
r a

 48
-h

ou
r t

re
at

m
en

t p
er

io
d,

 cu
rc

um
in

 an
al

og
ue

s d
em

on
str

at
ed

 m
or

e p
ot

en
t g

ro
w

th
 in

hi
bi

tin
g e

ffe
ct 

in
 E

SC
C 

ce
lls

 th
an

 cu
rc

um
in

. R
ep

re
se

nt
at

iv
e

re
su

lts
 ar

e s
ho

w
n.

  

Viable cell (%)

0204010
0

12
0 6080

0
Co

nc
en

tra
tio

n 
(µ

M
)

Cu
rc

um
in

 

20
10

5
15

SL
M

T-
1

HK
ES

C-
2

KY
SE

-2
70

Viable cell (%)

0204010
0

12
0 6080

0
Co

nc
en

tra
tio

n 
(µ

M
)

SS
C-

3

5
2

1
4

3

SL
M

T-
1

HK
ES

C-
2

KY
SE

-2
70

Viable cell (%)

0204010
0

12
0 6080

0
Co

nc
en

tra
tio

n 
(µ

M
)

SS
C-

5

5
2

1
4

3

SL
M

T-
1

HK
ES

C-
2

KY
SE

-2
70

Viable cell (%)
0204010
0

12
0 6080

0
Co

nc
en

tra
tio

n 
(µ

M
)

SS
C-

8

5
2

1
4

3

SL
M

T-
1

HK
ES

C-
2

KY
SE

-2
70

Viable cell (%)

0204010
0

12
0 6080

0
Co

nc
en

tra
tio

n 
(µ

M
)

SS
C-

9

5
2

1
4

3

SL
M

T-
1

HK
ES

C-
2

KY
SE

-2
70

Viable cell (%)

0204010
0

12
0 6080

0
Co

nc
en

tra
tio

n 
(µ

M
)

SS
C-

19

5
2

1
4

3

SL
M

T-
1

HK
ES

C-
2

KY
SE

-2
70

Viable cell (%)

0204010
0

12
0 6080

0
Co

nc
en

tra
tio

n 
(µ

M
)

SS
C-

6

5
2

1
4

3

SL
M

T-
1

HK
ES

C-
2

KY
SE

-2
70

Viable cell (%)

0204010
0

12
0 6080

0
Co

nc
en

tra
tio

n 
(µ

M
)

SS
C-

10

5
2

1
4

3

SL
M

T-
1

HK
ES

C-
2

KY
SE

-2
70

Viable cell (%)

0204010
0

12
0 6080

0
Co

nc
en

tra
tio

n 
(µ

M
)

SS
C-

20

5
2

1
4

3

SL
M

T-
1

HK
ES

C-
2

KY
SE

-2
70

1370 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2018;50(4):1362-1377



2. In vitro anti-tumor effects of curcumin analogues in
ESCC

To examine whether structural modifications of curcumin
could enhance its anti-tumor effects in ESCC, we synthesized
eight curcumin analogues (SSC-3, SSC-5, SSC-6, SSC-8, SSC-
9, SSC-10, SSC-19, and SSC-20) (Fig. 5) and compared their
anti-tumor effects with parental compound on SLMT-1,
HKESC-2, and KYSE-270 ESCC cells in vitro. All examined
curcumin analogues showed a better anti-tumor effect than
the parental compound in an MTT cell proliferation assay,
while curcumin exhibited a similar effect on all studied cell
lines (IC50 from 13.15±0.49 to 14.43±0.11 µM) (Table 1, Fig. 6).
Among the eight analogues, SSC-5 elicited the best anti-
tumor effect, such that more than 10-fold reduction in the
IC50 was detected compared to curcumin (SLMT-1, 11.68-
fold; HKESC-2, 27.98-fold; KYSE-270, 11.93-fold) (Table 1).
Second to SSC-5, SSC-19 also showed a strong anti-tumor 
effect, which resulted in a reduction of the IC50 by 9.31-fold
in SLMT-1, 11.14-fold in HKESC-2, and 11.64-fold in KYSE-
270 compared to curcumin (Table 1). To consolidate the

above finding, SSC-5 and SSC-19 were subjected to a second
round of MTT cell proliferation assay in an additional panel
of ESCC cell lines (HKESC-1, KYSE-150, KYSE-180, KYSE-
410, and KYSE-450). Similar to the above result, a strong anti-
tumor effect of these two analogues was largely maintained
in this additional experiment (Table 2). 

Next, we looked into two known tumor-related mecha-
nisms, i.e., apoptosis and cell cycle arrest, and examined
whether they could be affected in ESCC under the treatment
of SSC-5 and SSC-19. In SLMT-1 and KYSE-450 cells treated
with SSC-5 and SSC-19, an induction of apoptosis as indi-
cated by an increase in the percentage of cells in the sub-G1
phase, as well as a cell cycle arrest at the G2/M phase were
demonstrated using flow cytometry (Fig. 7A). This effect on
apoptosis was further confirmed using Western blotting 
experiment on apoptosis-related molecules, which showed
an increase of cleaved PARP and Bcl-2 de-phosphorylation
in cells treated with these two curcumin analogues (Fig. 7B).
On the contrary, no similar effects were observed in parallel
experiments when cells were treated with the same amount
of curcumin (Fig. 7). 

IC50 (µM)
SLMT-1 HKESC-2 KYSE-270

Curcumin 14.25±0.36 13.15±0.49 14.43±0.11
SSC-3 2.75±0.44 1.75±0.05 0.96±0.04
SSC-5 1.22±0.41 0.47±0.06 1.21±0.18
SSC-6 > 5 2.57±1.07 4.52±0.91
SSC-8 2.98±1.18 2.33±1.04 2.98±0.81
SSC-9 3.13±0.59 1.82±0.16 1.86±0.29
SSC-10 2.39±1.13 1.82±0.16 1.61±0.18
SSC-19 1.53±0.43 1.18±0.55 1.24±0.12
SSC-20 3.16±0.63 1.67±0.42 3.56±0.10

Table 1. In vitro anti-tumor effect of curcumin and its analogues against SLMT-1, HKESC-2, and KYSE-270 ESCC cell lines

ESCC, esophageal squamous cell carcinoma.

IC50 (µM)
HKESC-1 KYSE-150 KYSE-180 KYSE-410 KYSE-450

Curcumin 13.47±1.45 15.83±3.62 > 20 17.67±1.89 17.37±1.60
SSC-5 1.29±0.52 0.59±0.16 0.62±0.16 0.38±0.08 0.69±0.09
SSC-19 1.08±0.07 0.43±0.11 0.89±0.06 1.40±0.66 0.55±0.11

Table 2. In vitro anti-tumor effect of curcumin, SSC-5 and SSC-19 against HKESC-1, KYSE-150, KYSE-180, KYSE-410, and
KYSE-450 ESCC cell lines

ESCC, esophageal squamous cell carcinoma.
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Fig. 7.  SSC-5 and SSC-19 induce cell cycle arrest and apoptosis in cultured esophageal squamous cell carcinoma (ESCC)
cells. (A) Flow cytometry analysis revealed the DNA content of SLMT-1 and KYSE-450 ESCC cells after treatment with dis-
solved in dimethyl sulfoxide (control), curcumin, SSC-5, and SSC-19. Representative flow cytometric profiles are shown.
Treatment with SSC-5 and SSC-19 resulted in a significant induction of cells in the sub-G1 and G2/M phase of the cell cycle.
Bars indicate mean±standard deviation. *p < 0.05, **p < 0.01. (Continued to the next page)
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3. Tumor growth and invasion inhibition capacity of SSC-
5 in ESCC in vivo

To consolidate the above in vitro findings, we further 
examined the anti-tumor effect of SSC-5, which elicited the
best anti-tumor effect among the eight curcumin analogues
examined, in vivo. We observed a mild tumor size reduction
in mice bearing tumor xenograft at the cervical esophagus
after treatment with curcumin, which inhibited tumor
growth by 57.8% in SLMT-1 (from 47.90±17.28 to 20.21±7.57
mm3, p=0.073) and 47.6% in KYSE-450 (from 50.44±13.90 to
26.45±15.94 mm3, p=0.154). Treatment with SSC-5 associated
with a more significant tumor growth inhibition compared
to curcumin, and further decreased the tumor size by as
much as 76.5% in SLMT-1 (from 47.90±17.28 to 11.26±5.34
mm3, p=0.030) and 75.6% in KYSE-450 (from 50.44±13.90 to
12.30±8.67 mm3, p=0.022) (Fig. 8A).

Apart from tumor size reduction, SSC-5 treatment also
lowered the risk of tumor invasion into the esophageal
lumen in mice bearing tumor xenograft at the cervical esoph-
agus. This event can be detected by examining the serial
cross sections of the mouse esophagus under a microscope
(Fig. 8B). In our current models on two ESCC cell lines, we
found that 71.43% (SLMT-1) and 41.67% (KYSE-450) of mice
presented with tumor invasion into the esophageal lumen.
In SLMT-1 model, we found that SSC-5 treatment reduced
the percentage of mice with tumor invasion into the eso-
phageal lumen (from 71.43% to 28.57%), while curcumin
treatment only led to a mild reduction (from 71.43% to
60.00%). In KYSE-450 model, however, we observed a similar

reduction in both treatments with SSC-5 and curcumin. Sim-
ilar to the in vitro finding, SSC-5 treatment also led to an 
increase of cleaved PARP in tumor xenografts when com-
pared to curcumin and control experiment group (Fig. 9).
Taken together, our data have supported the potential use of
SSC-5 as a new anti-tumor compound in ESCC.    

Discussion

Tumor xenograft models are commonly used in cancer 
research. Among different types, subcutaneous tumor xeno-
graft model that establishes subcutaneous tumors in immun-
odeficient animals is widely used in cancer research for
decades. Although the use of this model associates with sev-
eral technical advantages, it has a limited use to study tumor-
stromal interaction. In view of this limitation, orthotopic
tumor xenograft model that establishes tumor xenograft at
the organ of origin in immunodeficient animals has been 
developed. Over the past years, this latter model provides a
clinically relevant research platform for the study of various
cancers, including esophageal, colon, and kidney [1,4,5,26,27].
Tumor microenvironment is an important factor determining
treatment sensitivity, as reflected in a colon cancer study that
showed differences on chemotherapeutic drug sensitivity 
between subcutaneous tumor xenograft and orthotopic
tumor xenograft derived from the use of the same cell line
[1,28]. In addition to treatment responses mechanisms, 

Fig. 7. (Continued from the previous page) (B) Western blotting experiment showed an obvious induction of cleaved poly(ADP-
ribose) polymerase (PARP) and a de-phosphorylation of Bcl-2 in ESCC cells after treatment with SSC-5 and SSC-19. -Actin
was used as a loading control. 
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Fig. 8.  SSC-5 inhibits growth and invasion abilities of orthotopic tumor xenografts. Tumor xenografts were established at
the cervical esophagus in nude mice using SLMT-1 and KYSE-450 esophageal squamous cell carcinoma (ESCC) cells. Tumor-
bearing mice were randomly divided into three groups for a 2-week treatment with dissolved in dimethyl sulfoxide (control),
curcumin and SSC-5. (A) Treatment with SSC-5 resulted in a significant tumor size reduction (left panel) and a drop in the
percentage of mice with tumor invasion into the esophageal lumen (middle panel). Right panel shows the representative
photographs from each experimental group. Data are presented in mean±standard error of mean. ns, statistically not signif-
icant. *p < 0.05. (B) Representative histological images show tumor invasion into the esophageal lumen in control group,
while the occurrence of such event was reduced under the treatment with curcumin or SSC-5 (40). E, epithelium of esoph-
agus; L, esophageal lumen; M, muscular layer of esophagus; T, tumor.
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orthotopic tumor xenograft model can also allow the study
of tumor invasion in the respective tumor microenvironment
[1,29,30]. In this study, we have provided evidences support-
ing the use of our developed models for preclinical ESCC 
research.      

Different research groups have developed their own
method to form tumor xenograft at different parts of the
esophagus, i.e., at the cervical esophagus [4,5] or at the 
abdominal part [6-9]. Although both methods have been
widely used, the method on cervical esophagus seems to be
more clinically relevant since most ESCC originates at this
site in the patients. In this study, the mice bearing tumor
xenograft at this site present similar clinical features as in the
patients, such as body weight loss and poor survival that
could be possibly explained due to the reduced food intake
or suffocation resulting from the pressures developed from
the growing tumor on the esophagus and trachea. Based on
these findings, we have chosen this method for further use
in this study. Our method differs from two other similar
methods in terms of cost, tumor location, and consistency in
the tumor implantation site. The method by Hori et al. [4] 
involves the use of nude rats, which is more costly than the
use of nude mice as in our study. Besides, their study per-
forms tumor implantation procedure by suturing onto the
esophageal wall, at which this location does not represent
the tumor location in the clinical situation, while our study
injects tumor cells directly into the esophageal wall. In 
another study, the method adopted by Ohara et al. [5] might
show certain level of inconsistency in the tumor implantation
site as the cells are injected through the mouse esophagus,
while our method is more precise in this aspects by perform-
ing small animal surgery. Another distinct feature of our
model is the use of Matrigel to prepare tumor cell suspension
for injection into the esophageal wall. Our Matrigel-based
method limits the initial tumor spread at the injection site,
facilitating the formation of a solid tumor. Indeed, Matrigel

has been widely used in other studies that develop tumor
xenografts at the esophagus or at other body sites, e.g., pan-
creas [6,30,31].       

Curcumin has long been used to prevent and treat malig-
nant diseases. Its anti-tumor effects are mediated by different
molecules and pathways, such as calcium homeostasis dis-
ruption [14], nuclear factor B signaling inhibition [13], and
DNA methylation modulation [15]. However, its clinical 
application is hindered by its limited potency [16]. In ESCC,
a preclinical study has revealed a mild effect of curcumin on
tumor growth inhibition [32], which is similar to the current
study. Despite the limited anti-tumor effects, curcumin 
indeed provides a flexible backbone for analogues synthesis,
for which some of them are proven to have promising
growth inhibiting effects on cancer cells [23,24,33,34]. Based
on these earlier studies, we have designed and synthesized
a series of curcumin analogues and to examine their anti-
tumor effects in ESCC. Among the studied analogues, SSC-
5 demonstrates strongest anti-tumor effects in cultured ESCC
cells through its influences on apoptosis and cell cycle. Based
on chemical structure analysis, the potent effects of SSC-5
could be partly due to its structural similarity with some
known compounds with proven anti-tumor activity, e.g., 3,5-
bis-(3,4,5-trimethoxybenzylidene) tetrahydropyran-4-one;
3,5-bis-(3,4,5-trimethoxybenzylidene) tetrahydrothiopyran-
4-one; and 1-methyl-3,5-bis-(3,4,5-trimethoxybenzylidene)
piperi-din-4-one [12,22]. Second to SSC-5, SSC-19 also
demonstrates strong anti-tumor effects in ESCC cells. How-
ever, addition of hydroxyl on 2-position of phenyl ring on
SSC-19 as in SSC-20 reduces the anti-tumor activity, which
clearly suggests the harmful effect of this modification. In 
addition to the in vitro study, we have provided further evi-
dences in an in vivo setting by showing the effect of SSC-5 on
tumor invasion inhibition by stimulating apoptosis. As
tumor invasion is an important process leading to tumor
metastasis in advanced disease condition, the ability of SSC-

Fig. 9.  SSC-5 treatment induces expression level of cleaved poly(ADP-ribose) polymerase (PARP) in orthotopic tumor
xenografts. KYSE-450 esophageal squamous cell carcinoma cells were used to establish tumor xenografts at the cervical
esophagus in nude mice. Treatment of these mice with SSC-5 induced the expression level of cleaved PARP in tumor
xenografts, while a lower level was detected in tumor xenografts from curcumin treatment and control group.  

Control Curcumin SSC-5
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5 on tumor invasion inhibition envisions its potential thera-
peutic use in ESCC.   
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Genetic Alterations among Korean Melanoma Patients Showing Tumor
Heterogeneity: A Comparison between Primary Tumors and 
Corresponding Metastatic Lesions
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Purpose
Melanoma is a highly heterogeneous neoplasm, composed of subpopulations of tumor cells
with distinct molecular and biological phenotypes and genotypes. In this study, to determine
the genetic heterogeneity between primary and metastatic melanoma in Korean melanoma
patients, we evaluated several well-known genetic alterations of melanoma. In addition, to
elucidate the clinical relevance of each genetic alteration and heterogeneity between pri-
mary and metastatic lesions, clinical features and patient outcome were collected. 

Materials and Methods
In addition to clinical data, BRAF, NRAS, GNAQ/11 mutation and KIT amplification data was
acquired from an archived primary Korean melanoma cohort (KMC) of 188 patients. Among
these patients, 43 patients were included for investigation of tumor heterogeneity between
primary melanoma and its corresponding metastatic lesions.

Results
Overall incidence of genetic aberrations of the primary melanomas in KMC was 17.6% of
BRAF V600, 12.6% of NRAS mutation, and 28.6% of KIT amplification. GNAQ/11 mutation
was seen in 66.6% of the uveal melanoma patients. Patients with BRAF mutation were 
associated with advanced stage and correlated to poor prognosis (p < 0.01). Among 43 
patients, 55.8% showed heterogeneity between primary and metastatic lesion. The fre-
quency of BRAF mutation and KIT amplification significantly increased in the metastatic 
lesions compared to primary melanomas. GNAQ/11 mutation showed 100% homogeneity
in uveal melanoma patients.  

Conclusion
Our data demonstrated heterogeneity between primary melanomas and corresponding
metastatic lesions for BRAF, NRAS mutation and KIT amplification. However, GNAQ/11
mutation was genetically homogeneous between primary and metastatic melanoma lesions
in uveal melanoma.
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Melanoma, Heterogeneity, BRAF, KIT, NRAS
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Introduction

Melanoma has one of the highest somatic mutational bur-
dens among solid malignancies [1]. In the last decade, a num-
ber of important genetic alterations have been identified
during various stages of melanoma progression leading to a
better understanding and molecular classification of the dis-
ease [2]. Unlike the older histological classification, molecular
approaches define melanoma as a more heterogeneous and
rather complex neoplasm [3]. In 2015, The Cancer Genome
Atlas (TCGA) program described the landscape of genomic
alterations in cutaneous melanoma in which established a
framework for genomic classification into four subtypes:
BRAF subtype, RAS subtype, NF1 subtype, and triple wild-
type (RAF, RAS, and NF1 wild-type) melanomas [4]. This
classification may guide clinical decision-making for targeted
therapy such as BRAF inhibitor or tyrosine kinase inhibitor
[5], and also offers insights to further personalized therapy. 

Like other malignancies, melanoma is a highly heteroge-
neous neoplasm, composed of subpopulations of tumor cells
with distinct molecular and biological phenotypes [6]. More-
over, genotypic and phenotypic analyses of metastatic
melanoma cells have revealed that the tumors are more het-
erogeneous than the primary lesions [7]. In this study, we 
investigated the mutation status of primary and metastatic
melanomas in Korean patients, and their association with
clinical features and impact on the outcome of melanoma 
patients. 

Materials and Methods

1. Patients

This study included 188 melanoma patients, diagnosed
during January 2005 to January 2012, at Yonsei University
College of Medicine, Severance Hospital and Yonsei Cancer
Hospital in Seoul, Korea (Fig. 1). Among the 188 patients
with primary tumors, 43 patients had lymph nodes or distant
metastatic lesions also. Clinical data including age, sex,
tumor-node-metastases (TNM) stage, tumor thickness (Bres-
low), ulceration, and survival (follow-up persisted until the
missing of follow-up or the death of patients) were collected.
The staging was determined according to the American Joint
Committee on Cancer (AJCC) guidelines for melanoma at the
time of diagnosis.  

2. DNA preparation and mutation analyses

Formalin-fixed, paraffin-embedded tissue blocks were 
retrieved and confirmed as malignant melanoma reviewed
by two independent pathologists. Tumor-rich areas (> 80%)
were extracted from five paraffin sections of 10-µm thickness
containing a representative portion of each tumor block,
using the QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden,
Germany). To detect hotspot mutations, we amplified exons
15 (codon 600) of the BRAF gene, exons 1, 2 (codon 12, 13,
and 61) of NRAS gene, and exons 4, 5 (codon 183 and 209) of
GNAQ/11 gene by polymerase chain reaction (PCR). The

Patients of non-CSD, CSD, acral, mucosal, UP type (n=174)

Patients with metastasis (n=38)
  Metachronous metastasis (n=26)
  Synchronous metastasis (n=12)

Patients of uveal type (n=14)

Enrolled 188 patients
  Primary tumor sample only (n=145)
  Primary and LN samples (n=16)
  Primary and distant metastasis samples (n=20)
  Primary and LN and distant metastasis samples (n=7)

BRAF, NRAS mutation by pyrosequencing (n=159)
KIT amplification by real-time PCR assay (n=161)

Patients with metastasis (n=5)
(all metachronous metastasis)

GNAQ/11 mutation by 
pyrosequencing (n=12)

Fig. 1. Study overview. LN, lymph node; CSD, chronic sun-induced damage; UP, unknown primary; PCR, polymerase chain
reaction.
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primer sequences are listed in S1 Table. GNAQ/11 gene 
mutation was only detected in uveal melanoma samples. We
performed pyrosequencing using a PyroMark Q24 (Qiagen,
Germantown, MD) at room temperature with PyroMark
Gold Q24 Reagents (Qiagen) following the manufacturer’s
instructions. Sequencing analysis was performed using 
PyroMark Q24 software ver. 1.0.10 (Qiagen). 

3. Real-time PCR assay for KIT copy number

KIT copy number was assessed by quantitative real-time
PCR using glyceraldehydes-3-phophate dehydrogenase
(GAPDH) as a control gene (The KIT exon 17 primers and
GAPDH primers are listed in S1 Table). PCR reactions were
done by QuantiTect SYBR Green PCR Kit (Qiagen), with a 
20 µL total volume and 100 ng genomic DNA by Rotor-gene
2000 Real-Time Cycler (Corbett Research, Mortlake, Aus-
tralia). The PCR condition was 1 cycle of 95°C for 15 minutes,
followed by 40 cycles of 95°C for 20 seconds, 50°C for 30 sec-
onds, and 72°C for 45 seconds. Relative copy numbers were
calculated by the Ct method, where Ct is the threshold
cycle for amplification. For each sample, Ct for KIT versus
GAPDH was calculated as Ct=Ct (KIT)–Ct (GAPDH). The
Ct value for each experimental test sample was calibrated
to a reference pool of human genomic DNA (Promega, Madi-
son, WI), using the formula Ct=Ct (test sample)–Ct (ref-
erence pool). Relative DNA copy number was calculated
using the formula 2-Ct.  

4. Statistical analysis

All the statistical analyses were performed using SPSS ver.
18.0 software (SPSS Inc., Chicago, IL) and MedCalc ver. 12.7.4.
Categorical data are described using frequencies and percent-
ages. Continuous data such as age are described using
mean±standard deviations or median (range) for normally

distributed data. Chi-square test or Fisher exact test was used
to differentiate the rates of different groups, and differences
in measurement data of two groups were evaluated by 
unpaired t test or Mann-Whitney test. Survival curves were
established using the Kaplan-Meier method and compared
by the log-rank test. All statistical analyses were two-sided,
and significance was assigned at p < 0.05.

5. Ethical statement

This study protocol was approved by the Institutional 
Review Board of Severance Hospital (4-2012-0165) and was
conducted according to the Declaration of Helsinki Princi-
ples. Written informed consent was obtained from all 
patients.

Results

1. Patients and tumor tissue samples

In a total of 188 melanoma patients, the median age was
60 (range, 18 to 89 years) and the sex (male:female) ratio was
1:1.1. The most common subtype was acral type (n=89,
47.3%) followed by nonchronic sun-induced damage (CSD)
type (n=32, 17%) and mucosal type (n=31, 16.5%). CSD type
consisted of 18 patients (9.6%) and 14 patients (7.5%) had
uveal type, while four patients (2.1%) had the tumors of 
unknown primary origin (UP) (Table 1). The UP was diag-
nosed in patients who had initial presentation of melanoma
in the lymph nodes, or subcutaneous tissue with no known
primary site. Of the total patients, 62.8% (n=118) were local-
ized tumors (stages I and II) and 27.2% (n=70) were advan-
ced tumors (stages III and IV). CSD and uveal type tend to

Table 1.  Clinical characteristics of enrolled melanoma patients
Clinicopathological factor Acral Mucosal CSD Non-CSD Uveal UP Total
No. of patients (%) 89 (47.3) 31 (16.5) 18 (9.6) 32 (17) 14 (7.5) 4 (2.1) 188 (100)
Age, median (range, yr) 62 (18-89) 62 (35-82) 60 (39-83) 52 (25-81) 56 (29-75) 47 (37-65) 60 (18-89)
Sex (male:female) 39:50 16:15 12:6 17:15 6:8 1:3 91:97
Stage, n (%)a)

I 30 (33.7) 5 (16.2) 5 (27.8) 13 (40.6) 1 (7.1) 0 ( 54 (28.8)
II 33 (37.0) 9 (29.0) 9 (50.0) 5 (15.6) 8 (57.1) 0 ( 64 (34.0)
III 18 (20.3) 9 (29.0) 2 (11.1) 8 (25.0) 2 (14.4) 2 (50.0) 41 (21.8)
IV 8 (9.0) 8 (25.8) 2 (11.1) 6 (18.8) 3 (21.4) 2 (50.0) 29 (15.4)

CSD, chronic sun-induced damage; UP, unknown primary. a)The staging was determined according to the American Joint
Committee on Cancer guidelines for melanoma at the time of diagnosis.
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have more localized tumors than the other types (77.8% and
64.2%) while mucosal type was more likely to have the 
advanced tumors (54.8%) (Table 1).  

2. Mutation types and frequencies of melanoma

Recent study of genetic alterations in 333 cutaneous
melanomas showed that mutations in BRAF V600 and NRAS
Q61 were found in 46% and 24%, respectively. Although
other genes, including NF1, HRAS, and NRAS, were highly
mutated in cutaneous melanoma, there are no specific hot
spots, which are frequently mutated as BRAF V600 and
NRAS Q61, in these genes [4]. According to a previous study,

KIT amplification was found in 40% of acral melanoma and
31% of mucosal melanoma in Korea [8]. Since our cohort
mainly comprised acral (47.3%) and mucosal (16.5%) mela-
noma, we evaluated genetic status of BRAF (V600) and NRAS
(G12, G13, and Q61), as well as KIT amplification for cuta-
neous melanoma in study. However, uveal melanoma is fre-
quently associated with GNAQ/11 mutations and lacks BRAF
mutation, NRAS mutation and KIT amplification [9,10].
Therefore, we sequenced GNAQ/11 (R183 and Q209) only for
uveal melanoma in this study.

The overall incidence of somatic mutations within the
BRAF V600 gene was 17.6%, NRAS 12.6%, and KIT amplifi-
cation 28.6% in primary melanoma samples. BRAF and NRAS

Table 2.  Genetic alteration status of primary melanoma tissues

Subtype BRAF mutation NRAS mutation KIT amplification GNAQ/11 mutation
V600 Q61 and G12-13 R183 and Q209

Non-CSD (n=32) 13/31 (41.9) 2/31 (6.45) 3/32 (9.3) -
CSD (n=18) 4/18 (22.2) 1/18 (5.5) 4/18 (22.2) -
Acral (n=89) 9/82 (10.9) 13/82 (15.8) 29/81 (35.8) -
Mucosal (n=31) 2/26 (7.7) 3/26 (11.5) 8/28 (28.6) -
Uveal (n=14) - - - 8/12 (66.6)
Unknown primary (n=4) 0/2 (0) 1/2 (50) 2/2 (100) -
Total (n=188) 28/159 (17.6) 20/159 (12.6) 46/161 (28.6) 8/12 (66.6)

Values are presented as number (%). CSD, chronic sun-induced damage.

Clinicopathologic
BRAF genotype NRAS genotype KIT genotype

feature Mutation Wild type p-value Mutation Wild type p-value Amplification Normal p-value(n=28) (n=80) (n=20) (n=80) (n=46) (n=78)
Age, median (range, yr) 54 (30-89) 60 (30-87) < 0.01 56 (25-85) 62 (30-87) 0.36 58 (35-81) 62 (30-87) 0.39
Sex

Male 15 (53.6) 35 (43.7) 0.37 9 (45.0) 35 (43.7) 0.92 28 (60.9) 35 (44.9) 0.09
Female 13 (46.4) 45 (56.3) 11 (55.0) 45 (56.3) 18 (39.1) 43 (55.1)

Stage
I 4 (14.3) 31 (38.8) < 0.01 5 (25.0) 31 (38.8) 0.12 12 (26.1) 29 (37.2) 0.33
II 5 (17.9) 24 (30.0) 9 (45.0) 24 (30.0) 20 (43.5) 25 (32.1)
III 10 (35.7) 19 (23.8) 2 (10.0) 19 (23.8) 8 (17.4) 18 (23.1)
IV 9 (32.1) 6 (7.5) 4 (20.0) 6 (7.5) 6 (13.0) 6 (7.7)

Subtype
Non-CSD 13 (46.3) 15 (18.8) 0.05 2 (10.0) 15 (18.8) 0.49 3 (6.5) 15 (19.2) 0.07
CSD 4 (14.3) 10 (12.5) 1 (5.0) 10 (12.5) 4 (8.7) 10 (12.8)
Acral 9 (32.1) 40 (50.0) 13 (65.0) 40 (50.0) 29 (63.0) 37 (47.4)
Mucosal 2 (7.1) 14 (17.5) 3 (15.0) 14 (17.5) 8 (17.4) 16 (20.5)
UP 0 ( 1 (1.3) 1 (5.0) 1 (1.3) 2 (4.3) 0 (

Table 3. Correlation of BRAF, NRAS, and c-KIT status to clinical features of melanoma

Values are presented as number (%) unless otherwise indicated. CSD, chronic sun-induced damage; UP, unknown primary.
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Fig. 2.  Overall survivals of melanoma patients in relation to genetic aberrations. (A) Overall survival in relation to BRAF
mutation. (B) Overall survival in relation to NRAS mutation. (C) Overall survival in relation to KIT amplification. (D) Overall
survival in relation to BRAF mutation in stage 1 and 2 patients. (E) Overall survival in relation to BRAF mutation in stage 3
and 4 patients.
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mutations were mutually exclusive as expected. GNAQ/11
mutation was found in 66.6% of the uveal type (Table 2).
Compared to other subtypes, non-CSD type and acral type
were highly associated with BRAF mutation (41.9%) and KIT
amplification (35.8%), respectively. The BRAF V600E muta-
tion was the most common genetic alteration in this study
(n=27). BRAF V600K mutation was found in only one patient
who was CSD type. 

3. Association of BRAF, NRAS mutations, and KIT ampli-
fication to the clinical features 

In this study, patients with BRAF mutation were signifi-
cantly younger (median age, 54 years) than those with wild-
type BRAF (median age, 60 years) (p < 0.01) (Table 3). Also
advanced tumors in stages III and IV (67.8%) were more sig-
nificantly noticed in patients with BRAF mutation whereas
patients with wild-type BRAF were more in stage I and II
(68.8%). No such tendency was seen in patients with NRAS
mutation or KIT amplification (Table 3).  

4. Prognostic significance of BRAF, NRAS mutations and
KIT amplification with overall survival of melanoma 

We observed that the median survival time for 28 patients
with BRAF mutation (22 months; range, 2 to 158 months) was
significantly shorter than that of 80 patients with wild-type
patients (39 months; range, 4 to 204 months; p < 0.001) (Fig. 2).

To exclude the effect of targeted therapy, including anti-
BRAF treatment, on survival of melanoma patients, patient
treated with targeted therapy was not included in this study.
However, NRAS mutation or KIT amplification did not show
any significant effect on the survival of melanoma patients.
Interestingly, the effect of the BRAF mutation was much
stronger in the patients with localized stage tumors (stage I
and II) rather than patients with regional or metastasized 
tumors (stage III and IV) (Fig. 2).

By Cox multivariate analysis, BRAF mutation was found
to be an independent prognostic factor with the hazard ratio
of 2.258 (p=0.029; 95% confidence interval, 1.08 to 4.69) 
(Table 4). Among the subtypes, mucosal type was shown to
be a poor prognostic factor (p=0.001) as well as increased
stage (p < 0.001), whereas female sex was seen to be a favor-
able prognostic factor (p=0.006) (Table 4). 

5. Comparison of mutation status between primary mela-
noma and corresponding metastatic lesion and its influ-
ence on the outcome of melanoma patients 

Among the 188 melanoma patients, 43 patients had pri-
mary melanoma and its corresponding metastatic lesions
available for the study. Sixteen patients had lymph node
metastasis only, 20 patients had distant metastasis only, and
seven patients had both lymph node and distant metastases.
Among the 43 patients, 55.8% (n=24) showed discordance in
the mutational status between the primary and the corre-

Table 4.  Cox proportional hazard ratios for clinical features and genetic aberrations for overall survival
HR 95% CI p-value

Type
Non-CSD 1.000 Reference 0.006
Acral 1.730 0.78-3.83 0.177
Mucosal 4.691 1.89-11.64 0.001
CSD 2.301 0.83-6.36 0.108
UP 1.378 0.25-7.34 0.707

Sex
Male 1.000 Reference
Female 0.479 0.28-0.81 0.006

Age 1.013 0.99-1.03 0.221
Stage

1, 2 1.000 Reference
3, 4 4.901 2.80-8.56 0.000

Mutation
WT 1.000 Reference 0.127
BRAF 2.258 1.08-4.69 0.029
NRAS 1.344 0.58-3.09 0.488
KIT 1.649 0.83-3.25 0.148

HR, hazard ratio; CI, confidence interval; CSD, chronic sun-induced damage; UP, unknown primary; WT, wild type.
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sponding metastatic lesion suggesting tumor heterogeneity
(S2 Table). In uveal melanoma, 100% concordance was seen
between the primary and corresponding metastatic tumors
(Table 5, S3 Table).

The discordance between the paired tumors did not show
significant association with age, sex, subtype, stage or type
of metastasis (S2 Table). When the metastasis was found at
the time of diagnosis of the primary tumor, it was designated
as a “synchronous” metastasis, and when the metastasis was
found after the initial diagnosis, it was designated as a
“metachronous” metastasis. Thirty-one patients had meta-
chronous metastasis, while 12 patients had synchronous
metastasis. Among the 12 patients with synchronous metas-
tasis, most of the metastasis was detected in the lymph
nodes, except for the two patients whose metastases were 
observed in esophagus and brain. Among the 31 patients
with metachronous metastasis, 15 patients did not receive
any systemic therapy until the metastasis was found (The 
patient characteristics with metastatic tumors are listed in S3
and S4 Table).

In the 31 metachronous metastatic tumors, the frequency
of BRAF mutation and KIT amplification increased in
metastatic tumors compared to its corresponding primary
tumor. The increase of such genetic aberrations at metastatic
lesion was similar in both lymph node metastasis and distant
metastasis (Table 5). Although survival curve suggested poor
survival rate in patient with genetic heterogeneity between
primary tumor and metastatic tumor, especially distant
metastasis, 5-year survival was not statistically different 
between the patient groups (Fig. 3). 

Discussion

Metastatic melanoma is often challenging to treat as 
patients often exhibit drug resistance and experience tumor
recurrence [11]. Resistance of tumors to drug therapy is at
least partially explained by tumor heterogeneity, or the exis-
tence of multiple subclones of tumor cells with varying phe-
notype [12]. In melanoma, the concept of tumor hetero-
geneity was described as early as 1820 when a dissected
melanoma metastasis was discovered to comprise of sections
of different regions in primary melanoma [7]. Thus, this
study aimed to identify the genetic heterogeneity within a
set of well-known genetic alterations including BRAF V600,
NRAS, and GNAQ/11 mutations, and KIT amplification in
188 Korean melanoma patients and its association with clin-
ical features and impact on survival.

The overall incidence of somatic mutations within the
BRAF V600 and NRAS genes were 17.6% and 12.6%, respec-
tively, and KIT amplification was seen in 28.6%. GNAQ/11
mutation in the uveal type was found in 66.6%. Comparing
with the Caucasian data, the frequency of NRAS mutation
were less in our study especially in non-CSD type and CSD
type (6.45% and 5.5%, respectively) [13]. This finding sug-
gests the existence of ethnic difference in molecular patho-
genesis of melanoma, even in same subtype. In addition,
there was a pronounced discrepancy in the proportion of
melanoma subtypes where the acral and mucosal types were
more common compared to Caucasian data [14]. This finding
is consistent with nationwide study investigating the inci-
dence of melanoma in Korea [15]. 

Due to its aggressive progression, there has been continu-
ous effort to find out the prognostic factors of melanoma [16].
Until now, the single most important prognostic factor for

Table 5.  Genetic aberration status in 31 patients with metachronous metastatic tumors 
Mutation in Mutation in distant BRAF mutation NRAS mutation KIT amplification GNAQ/11

primary tumor metastatic tumor (n=21) (n=21) (n=21) mutation (n=5)
Concordance (–) (–) 17 (81.0) 16 (76.2) 6 (28.6) 3 (60)

(+) (+) 0 ( 2 (9.5) 5 (23.8) 2 (40)
Discordance (–) (+) 4 (19.0) 2 (9.5) 6 (28.6) 0 (

(+) (–) 0 ( 1 (4.8) 4 (19.0) 0 (
Mutation in Mutation in metastatic  BRAF mutation NRAS mutation KIT amplification GNAQ/11

primary tumor lymph node (n=12) (n=12) (n=12) mutation (n=1)
Concordance (–) (–) 9 (75.0) 11 (91.7) 6 (50.0) 1 (100)

(+) (+) 1 (8.3) 0 ( 2 (16.7) 0 (
Discordance (–) (+) 2 (16.7) 0 ( 3 (25.0) 0 (

(+) (–) 0 ( 1 (8.3) 1 (8.3) 0 (

Values are presented as number (%).
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the survival in localized melanoma has been the tumor thick-
ness [17]. Activating mutations of the BRAF oncogene have
been reported in 33% to 47% of primary melanomas and 41%
to 55% of metastatic melanoma [18]. The BRAF mutation con-
stitutively activates BRAF and its downstream signaling of
the mitogen-activated protein kinase pathway promoting
proliferation, survival and spreading of tumor cells [19]. 
Although prognostic role of BRAF mutation in melanoma
progression is still controversial [20,21], Long et al. [18] found

that BRAF mutation associated with several features of high-
risk melanoma, including earlier age of onset and shortened
survival. In this study, although patients with BRAF muta-
tion were in advanced stage at the time of diagnosis com-
pared to BRAF wild-type patients, multivariate analysis
revealed that BRAF mutation can also act as an independent
prognostic factor, especially in the early stage melanomas
(stage 1 and 2). Also, patients with BRAF mutation were
younger compared to the BRAF wild-type patients which is

Fig. 3.  Comparison of survival in melanoma patients according to genetic heterogeneity. (A) 5-Year survival according to
genetic concordancy. (B) 5-Year survival according to discordance in metastatic sites. (C) 5-Year survival according to syn-
chronous and metachronous discordance. N, lymph node metastasis; M, distant metastasis; Syn, synchronous; Meta,
metachronous.
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consistent with previous reports [22,23]. 
During tumor progression, subclones frequently arise,

which may result in differences in the proportion and pattern
of specific aberrations between the primary and the metasta-
tic or recurrent tumors that originate from it [24]. In our
study, among the 43 patients with corresponding metastatic
lesions, 55.8% of the patients showed discordance in the 
mutational status suggesting tumor heterogeneity. However,
in our study, tumor heterogeneity did not show any associ-
ation with clinical features. Although survival curve sug-
gested negative effect of tumor heterogeneity on patient
survival, there is no statistical difference in 5-year survival
between the patients with genetic heterogeneity and homo-
geneity. Further study with a large sample size is necessary
to conclude the effect of tumor heterogeneity on patient sur-
vival.

The frequency of BRAF mutation increased significantly in
metastatic lesions compared to primary lesions. Our results
are contrary to previous data indicating that BRAF mutations
occur early in the development of melanoma and the inci-
dence may not vary significantly during tumor progression
[25,26]. However, sequential increase of BRAF mutation rate
was reported in a subset of melanomas during progression
of the disease [27-29]. Together, it is likely that BRAF muta-
tions is not merely initial event in melanomagenesis but has
a role in progression of melanoma.

In uveal melanoma patients, 100% concordance in muta-
tion status between primary and metastatic tumors was 
observed. GNAQ and GNA11 mutations are known to occur
in majority of uveal melanoma patients and are considered
to occur early in uveal melanoma development [9]. Interest-
ingly, several studies on uveal melanoma metastases describe

that most metastases reflect the primary tumor [9] which
may explain our results. However, further studies are 
required to clarify this prediction. 

In conclusion, our study revealed that BRAF mutation was
an independent prognostic factor of poor survival. Also, our
data demonstrated tumor heterogeneity between primary
melanomas and corresponding metastatic lesions for BRAF,
NRAS mutations and KIT amplification, and genetic homo-
geneity in uveal melanoma for GNAQ/11. However, tumor
heterogeneity did not show any significant association with
clinical features and also had no significant impact on sur-
vival of the patients. 
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Projection of Breast Cancer Burden due to Reproductive/Lifestyle
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an Age-Period-Cohort Model
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Purpose
The aim of this study was to estimate the burden of breast cancer that can be attributed to
rapid lifestyle changes in South Korea in 2013-2030.  

Materials and Methods
An age-period-cohort model was used to estimate the incidence and mortality. The Global
Burden of Disease Study Group method was used to calculate the years of life lost and years
lived with disability in breast cancer patients using a nationwide cancer registry. The popula-
tion attributable risks were calculated using meta-analyzed relative risk ratios and by assess-
ing the prevalence of risk factors. 

Results
Women’s reproductive/lifestyle changes, including advanced maternal age at first childbirth
(from 37 to 85 disability-adjusted life years [DALYs] per 100,000 person-years), total period
of breastfeeding (from 22 to 46 DALYs per 100,000 person-years), obesity (from 37 to 61
DALYs per 100,000 person-years), alcohol consumption (from 19 to 39 DALYs per 100,000
person-years), oral contraceptive use (from 18 to 27 DALYs per 100,000 person-years),
and hormone replacement therapy use (from 2 to 3 DALYs per 100,000 person-years) were
identified as factors likely to increase the burden of breast cancer from 2013 to 2030. 
Approximately, 34.2% to 44.3% of the burden of breast cancer could be avoidable in 2030
with reduction in reproductive/lifestyle risk factors.

Conclusion
The rapid changes of age structure and lifestyle in South Korea during the last decade are
expected to strongly increase the breast cancer burden over time unless the risk factors
can be effectively modified. 

Key words
Breast neoplasms, Lifestyle, Republic of Korea, Risk factors
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Introduction

Breast cancer is the second most common cancer among
Korean females and has been increasing during the last
decade [1]. According to the National Cancer Information
Center, breast cancer accounts for 19.3% of all cancers among
women [2], with an annual percentage change of 5.9% [1].
This increasing trend in breast cancer is probably related to
changes in reproductive/lifestyle factors secondary to the

rapid development and westernization of Korea, such as
more advanced maternal age at first pregnancy, oral contra-
ceptive (OC) use, hormone replacement therapy (HRT) use,
obesity, and alcohol consumption [3]. Moreover, Korea is
rapidly becoming an aged society, and survival from cancer,
particularly breast cancer, is becoming common (92.0%). Fur-
thermore, the 5-year survival rate is increasing with 
advanced medical technology and breast cancer screening
programs [2]. As the incidence and survival rates of breast
cancer are high and consistently increasing, the burden of
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breast cancer is becoming increasingly heavy. Furthermore,
South Korea will be the first country to have an average life
expectancy higher than 90 years by 2030 according to a pre-
vious study [4]. The growing burden of disease will be 
affected by the aging population, especially if people live an
extended period in poor health. Nevertheless, most resear-
chers have investigated only the cancer incidence or mortal-
ity for evaluating cancer burden, which do not reflect the
quality of life [5]. 

To evaluate the quality of life of cancer patients, the World
Health Organization and the Global Burden of Disease Study
Group (GBD) developed an indicator, known as disability-
adjusted life years (DALYs), which considers both the time
lost by premature death and time lived with disability [6].
DALYs can refer to the lost time of healthy life. DALYs are
widely used to estimate the burden of cancer as a reflection
of the quality of life, to confirm cost-effectiveness, and to
compare cancer burdens across nations [7]. 

As mentioned above, to our knowledge, most studies on
breast cancer burden have focused on breast cancer incidence
or mortality as the study outcome, and did not evaluate the
quality of life of breast cancer patients [5,8]. Further, the bur-
den of cancer was measured using only the years of life lost
(YLL) in some studies [9]. Kunnavil et al. [10] assessed the
estimated burden of breast cancer through DALYs in 2016,
2021, and 2026 in India; however, they did not consider risk
factors of breast cancer. Asadzadeh Vostakolaei et al. [11]
considered the effect of women’s lifestyle changes on the 
future burden of breast cancer; however, the burden of breast
cancer was measured as the change in breast cancer inci-
dence in their study. Therefore, in the present study, we 
attempted to assess the effects of women’s lifestyle changes
on the future burden of breast cancer using DALYs. 

Reproductive risk factors (i.e., advanced age at first child-
birth, early menarche, late menopause, and no or short
breastfeeding duration) and lifestyle risk factors (i.e., inac-
tivity, obesity, alcohol consumption, OC use, and HRT use)
are responsible for a considerable proportion of breast cancer
risk [12]. Unfortunately, the rapid westernization and eco-
nomic growth has led to rapid changes in the reproductive
and lifestyle risk factors of breast cancer in Korean women
[13]. However, most reproductive and lifestyle risk factors
of breast cancer are modifiable, which means that women
can take actions to reduce the risk of breast cancer [14]. For
example, the risk of breast cancer can be minimized by 
undergoing the first childbirth at an earlier age, losing
weight, or reducing alcohol consumption. 

The aim of this study was to estimate the trends in the bur-
den of breast cancer and the effects of modifiable risk factor
changes on the future burden of breast cancer. The findings
of this study will be helpful for determining target groups
for intervention and for providing evidence for resource 

allocation to reduce the burden of breast cancer. Further-
more, predicting the future burden may help policy makers
plan for the rapidly changing burden of breast cancer. More-
over, assessing the potential effect of modifiable risk factors
is essential for determining public health needs and devel-
oping strategies and policies for preventing breast cancer. 

Materials and Methods

This study included all Korean women aged > 20 years
who were identified using the Korea Central Cancer Registry
data (1999-2013) (16,812,720 in 1999, 19,953,695 in 2013). This
registry was established by the Ministry of Health and Wel-
fare and has collected cancer statistics since 1999. 

The methods used to predict the trends of the burden of
breast cancer and the effects of modifiable risk factor changes
on the burden of breast cancer in Korea during 2013-2030 are
summarized below. There are several methods for determin-
ing the future projection of cancer incidence and mortality,
such as simple linear regression, log linear regression, the
GBD model, and age-period-cohort (APC) model. In order
to predict the future cancer more accurately, we applied the
Nordpred APC model using the R-package to evaluate the
effects of age, period, and birth cohort on breast cancer inci-
dence and mortality in 1999-2013 and projected the future
trends for these effects for 2030. The APC model has the fol-
lowing several strengths: it consists of three interdependent
time dimensions, including age (age at diagnosis), period 
(diagnosis year), and cohort (birth year); uses the power 5
link function to decrease exponential changes; and assumes
that the overall past trends will continue in the future [15].
The Nordpred APC model is defined as follows: 

log(Rap)=Aa+Pp+Cc

, where Rap is the incidence or mortality rate for the age
group, a is the age at diagnosis in the calendar period, p is
the diagnosis year, and Aa, Pp, and Cc are the non-linear com-
position of the age group (a), period (p), and cohort (c), 
respectively. 

Next, the incidence-prevalence-mortality (IPM) model was
used to project the future prevalence of breast cancer [16],
the DisMod II program was used to estimate the average age
of onset and duration of disability using the projected future
incidence mortality and prevalence [17], and, finally, the
GBD method was used to calculate DALYs [18]. Average 
annual percent changes (AAPC) for YLL, years lived with
disability (YLD), and DALYs were estimated using the Join-
point analysis. The population attributable risk (PAR) was
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calculated using the meta-analyzed relative risks (RRs) and
prevalence of risk factors (p). Levin’s formula was used to
calculate the PAR for multiple categories [19], as follows:

pi (RRi–1)PAR=1+pi (RRi–1)

DALYs were calculated as the sum of the YLL and YLD.
The number of breast cancer deaths and standard life 
expectancy at the age of death were used for estimating the
YLL. The number of incident breast cancer cases, disability
weight (DW), and average duration of breast cancer were
used for estimating the YLD. To project the future YLL and
YLD, we applied the Nordpred APC model, IPM model, and
DisMod II program. The data source and summarized meas-
ures are shown in Table 1 [7,20-23]. The GBD formula to 
estimate the YLL, which was improved by using the Nord-
pred APC model, in this study was as follows:

YLL=M{[KCera/(r+)2][e–(r+)(L+a)[–(r+)(L+a)–1]–e–(r+)a

[–(r+)a–1]]+[(1-K)/r](1–e–rL)}

, where a is the average age at onset for each age cohort; the
discount rate (r) is 0.03; the age-weighting constants are
=0.04, K=1.00, and C=0.1658; M is mortalities; and L is the
standard life expectancy at the age of death.

In the current study, we modified the following GBD for-
mula to estimate the YLD with the Nordpred APC and IPM
models: 

YLD=IDW{[KCera/(r+)2][e–(r+e)(L+a)[–(r+)(L+a)–1]–e–(r+)a

[–(r+)a–1]]+[(1-K)/r](1–e–rL)}

, where I is the incidences; the DW is 0.37; a is the average
age at onset for each age cohort; r is 0.03; the age-weighting
constants are =0.04, K=1.00, and C=0.1658; and L is the 
expected duration of disability.

Of the breast cancer risk factors, we selected modifiable
and rapidly changing risk factors (i.e., age at first childbirth,
total breastfeeding period, obesity, alcohol drinking, OC use,
and HRT use). For PAR calculations, the RRs were deter-
mined from the National Cancer Institute report [13,24]; the
prevalence rates of obesity (body mass index  25 kg/m2)
and alcohol consumption (monthly drinking) were deter-
mined from Statistics Korea [25]; the total breastfeeding 
period, OC use, and HRT use were obtained from the Korea
National Health and Nutrition Examination Survey [26] and
Korea Institute for Health and Social Affairs [27]; and the age
at first childbirth was determined from the Micro-data Inte-
grated Service [28]. In this study, we assumed a latency 
period of about 15 years between the exposure of a risk factor
and breast cancer development, except for OC and HRT use
[24]. Specifically, OC and HRT use are associated with an 
increased risk of breast cancer, but the risk declines rapidly
after cessation of OC and HRT [29]. Therefore, we did not 
assume a latency period for OC and HRT use, and we 
assumed that the annual increasing rate for the past (1998-
2000) and future prevalence rates were 0% for OC use and
2% for HRT use, considering each trend of OC and HRT use
during 2001-2015 [26]. 

1. Ethical statement

The study was approved by the Institutional Review Board
of Yonsei University Graduate School of Public Health (IRB

Table 1.  Data sources and Global Burden of Disease Study Group formulae 
Measure Study
Years of life lost (YLL)

YLL=M{[KCera/(r+)2][e–(r+)(L+a)[–(r+)(L+a)–1]–e–(r+)a[–(r+)a–1]]+[(1–K)/r](1–e–rL)}
Average age at onset for each age cohort (a) Average age
Discount rate (r=0.03) [7]
Age-weighting constants (=0.04, K=1.00, C=0.1658) [7]
Mortalities (M) [20]
Standard life expectancy at the age of death (L) [20]

Years lived with disability (YLD)
YLD=IDW{[KCera/(r+)2][e–(r+)(L+a)[–(r+)(L+a)–1]–e–(r+)a[–(r+)a–1]]+[(1–K)/r](1–e–rL)}
Incidences (I) [21]
Disability weights (DW=0.37) [22]
Average age at onset for each age cohort (a) [23]
Discount rate (r=0.03) [7]
Age-weighting constants (=0.04, K=1.00, C=0.1658) [7]
Expected duration of disability (L) [23]
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Fig. 1.  Projected age-specific incidence rates of breast can-
cer per 100,000 women in South Korea from 2000 to 2030.
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Fig. 2  Projected age-specific mortality rates of breast cancer
per 100,000 women in South Korea from 2000 to 2030. 
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Age (yr)

Relative risk (95% CI)
Prevalence (%)

1998 2015 2030
Age at first birth (yr)
 23 1.00 ( 13.8 4.9 -
24-30 1.13 (0.98-1.32) 66.7 36.5 -
 31 1.27 (0.98-1.66) 9.5 48.6 -

Total period of breast feeding (mo)
Never 1.03 (0.87-1.21) 89.8 62.1 -
 6 1.28 (1.07-1.53) 9.2 22.5 -
> 6 1.00 ( 1.0 15.4 -

Obesity (kg/m2)
BMI < 25 1.00 ( 74.1 71.2 -
BMI  25 1.40 (1.02-1.53) 25.9 28.8 -

Alcohol drinking
No 1.00 ( 67.3 53.5 -
Yes 1.15 (0.72-2.66) 32.7 46.5 -

Oral contraceptive use
Never 1.00 ( - 84.3 84.3
Ever 1.31 (1.04-1.64) - 15.7 15.7

Hormone replacement therapy use
Never 1.00 ( - 97.5 96.6
Ever 1.16 (0.36-3.87) - 2.5 3.4

Table 2. Relative risks and changes in the prevalence (%) of breast cancer risk factors according to lifestyle changes from
1998 to 2015

This study assumed a latency period of about 15 years between the exposure of a risk factor and breast cancer development,
except for oral contraceptive (OC) and hormone replacement therapy (HRT) use. We assumed the annual increasing rates
for the future prevalence rates of OC and HRT use to be 0% and 2%, respectively, considering the trend for OC and HRT use
during 2001-2015. CI, confidence interval; BMI, body mass index.
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No. 4-2015-0278) and performed in accordance with the prin-
ciples of the Declaration of Helsinki. The informed consent
was waived.

Results

The projected age-specific incidence rates of breast cancer
per 100,000 women from 2000 to 2030 are shown in Fig. 1.
According to the recent trends of age-specific breast cancer
incidence rates, the incidence rates peak sharply in women
aged 45-49 years, and the future age-specific incidence rate
will peak in women of older age groups. The future trend in
the Korean breast cancer age-specific incidence curve is sim-
ilar to the current Western breast cancer curve. 

The projected age-specific mortality rates of breast cancer
per 100,000 women from 2000 to 2030 are shown in Fig. 2.
When the age-specific mortality rates were projected, the
peak age was observed in women aged  85 years, and the
future age-specific mortality rates are expected to increase. 

The RRs of breast cancer risk factors and changes in the
prevalence rates of these risk factors according to women’s
lifestyle changes between 1998 and 2015 are shown in Table 2.
Reproductive and lifestyle risk factors of breast cancer have
changed considerably in Korean women because of the rapid
modernization and economic growth in South Korea. The
percentage of women who experienced their first childbirth
at a delayed age (i.e.,  31 years old) has increased from 9.5%
in 1998 to 48.6% in 2015. However, the percentage of women
who breastfed increased from 10.2% to 36.2%. The percent-
ages of obesity and alcohol consumption were also increased
during the period (obesity, from 25.9% to 28.8%; alcohol con-
sumption, from 32.7% to 46.5%). In terms of OC and HRT
use, the estimated percentages of OC and HRT use are 15.7%
and 3.4%, respectively, in 2030, considering the annual 
increasing rate of OC and HRT use during 2001-2015. 

The projected trends for the DALYs, YLL, and YLD per
100,000 Korean women with breast cancer from 1999 to 2030
are shown in 5-year increments in Fig. 3. There was a slight
increase in the estimated trend in the YLL per 100,000
women from 1999 to 2030 (from 105 to 165 person-years;
AAPC, 1.37%) (S1 Table). However, the YLD, which was less
than half of the YLL in 1999 (50 YLD per 100,000 person-
years) and higher than the YLL in 2007 (136 YLL per 100,000
person-years;155 YLD per 100,000 person-years), is rapidly
increasing, and this increasing trend will continue to 2030
(423 YLD per 100,000 person-years; AAPC, 5.38%) based on
our projection (S2 Fig.). The trend for DALYs was similar to
the increasing trend for the YLD (155 DALYs per 100,000 per-
son-years in 1999, 395 DALYs per 100,000 person-years in

2013, and 588 DALYs per 100,000 person-years in 2030;
AAPC, 3.84%). Furthermore, the percentage of breast cancer
burden attributable to lifestyle changes was predicted to 
increase from 34.2% to 44.3% (135 DALYs per 100,000 per-
son-years in 2013, 260 DALYs per 100,000 person-years in
2030).

The YLD was estimated using the average age of onset and
breast cancer duration. The estimated average age of onset
and average duration of disability using the projected future
incidence mortality and prevalence are shown in S3 Table. 

The projected burden (DALYs) of breast cancer per 100,000
women that can be attributable to lifestyle changes is shown
in Fig. 4. The percentage of women experiencing their first
childbirth at  31 years increased dramatically by about 5
times during 1998-2015 (from 0.1% to 0.49%). Postponing the
first childbirth during the period could add an extra 48 per-
son-years to the future burden of breast cancer attributable
to the age at first childbirth per 100,000 women in 2030,
which is about 2.3 times the burden of breast cancer in 2013
(37 DALYs per 100,000 person-years in 2013, 85 DALYs per
100,000 person-years in 2030). The increase (~3%) in obesity
during 1998-2015 could add 24 person-years of additional
burden of breast cancer attributable to obesity in 2030, which
is approximately 1.6 times the burden of breast cancer in 2013
(37 DALYs per 100,000 person-years in 2013, 61 DALYs per
100,000 person-years in 2030). The increasing trend of alcohol
consumption during 1998 to 2013 could be attributable for
20 person-years of future burden of breast cancer in 2030,
which is about 2 times the burden of breast cancer in 2013

Fig. 3.  Projected disability-adjusted life years (DALYs),
years of life lost (YLL), and years lived with disability
(YLD) trends of breast cancer in Korean women from 1999
to 2030. 
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(19 DALYs per 100,000 person-years in 2013, 39 DALYs per
100,000 person-years in 2030). The increasing trend in breast-
feeding for less than 6 months (as compared to  7 months)
during 1998-2015 was predicted to add 24 person-years of 
future burden of breast cancer in 2030 (22 DALYs per 100,000
person-years in 2013, 46 DALYs per 100,000 person-years in
2030). Finally, we expect that the trends for OC and HRT use
during 2001-2015 will continue in the next decade. OC and
HRT use are predicted to add 9 and 1 person-year(s), respec-
tively, to the burden of breast cancer in 2030. 

Discussion

The burden of breast cancer has become heavier, owing to
the considerably increased incidence and survival rate of
breast cancer. These trends may reflect changes in lifestyle,
age structure, and medical technology in the last decade
[3,30].

In this study, we estimated and projected the trends in the
DALYs, YLL, and YLD for breast cancer in Korean women
during 1999-2030, and the burden of breast cancer attributa-
ble to lifestyle changes during 2013-2015. We considered sev-
eral modifiable reproductive and lifestyle-related risk factors
of breast cancer. In fact, the majority of breast cancer risk fac-
tors are modifiable; these include age at first childbirth, total
breastfeeding duration, obesity, alcohol consumption, OC

use, and HRT use. In this study, in 2030, the burden of breast
cancer attributable to advanced age at first childbirth was
predicted to be the highest, followed by the burden attribut-
able to obesity.

Korea's fertility rate has started to experience a lower birth
rate than that of Organization for Economic Co-operation
and Development (OECD) average since 1984, reaching 1.17;
the lowest among OECD countries in 2016, despite the gov-
ernmental full support to increase it. Furthermore, fertile 
Korean female population's delaying age of its first childbirth
is on progress [31]. Therefore, the burden of breast cancer 
attributable to late age at first childbirth is projected to keep
worsening. Although > $70 billion have been spent to raise
the low birthrate over the last decade, Korea has maintained
a low-fertility rate during the past 16 years [32]. Furthermore,
the proportion of older mothers (> 35 years) has more than
doubled to 1 in 4. On the other hand, the proportion of moth-
ers in their early 20s has considerably decreased from 40.5%
in 1984 to 5.2% in 2010 and that of mothers in their late 20s
also decreased from 54.6% in 1970 to 31.4% in 2010 [33,34].
These trends might be caused by a high unemployment rate
and the older age at marriage [35]. Therefore, solutions to 
address unemployment and residence problems for young
people should be priorities of the Korean government. 

There are many national breast cancer prevention support
programs, including primary, secondary, and tertiary pre-
ventions, such as financial support for cancer patients, breast
cancer self-check campaigns, and quality care for cancer 
patients. Moreover, the Korean government offers breast

Fig. 4.  Projected burden of breast cancer attributable to lifestyle changes (disability-adjusted life years [DALYs] per 100,000
women).
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screening services through the National Cancer Screening
Program. However, there is a lack of effort to improve public
awareness about the magnitude of modifiable breast cancer
risk factors and the effect of cancer prevention. In recent
studies, it has been reported that lifestyle changes can pre-
vent 25%-30% of breast cancer cases [36]. However, most
people consider that the majority of breast cancer cases are
caused by genetic factors and are beyond individual control
[12]. Therefore, education campaigns about lifestyle changes
(e.g., moderate alcohol consumption, physical activity,
and/or weight control) and their effects are important and
necessary for reducing the burden of breast cancer.

There are several limitations in this study. First, we
adopted RR estimations, as reported by the National Cancer
Institute. These RRs are representative estimations, which
were meta-analyzed using nationwide representative sample
data. However, as the meta-analysis estimations may include
heterogeneity between studies, the RR estimations should be
interpreted with caution. Second, accurate estimations of the
past (1998-2000) and future prevalence of OC and HRT use
were not available. Therefore, we predicted that the annual
increasing rate for the past (1998-2000) and future prevalence
of OC and HRT were 0% and 2%, respectively, assuming that
the trends for OC and HRT use were maintained during
2001-2015. Third, we were unable to consider all possible risk
factors associated with breast cancer due to the unavailability
of past prevalence data, such as percentages of each category
according to physical activity, the number of children, and
age at menarche. Fourth, although we used nationwide can-
cer data, including both cancer incidence and mortality, the
projected results should be interpreted with caution as we
did not analyze any individual data in this study. However,
using national data, including nationwide cancer incidence
and mortality data, ensures the external validity and permits
comparisons with other countries.

Despite these limitations, this study also has several
strengths. First, we measured the burden of disease as
DALYs, which indicate the lost time of healthy life, and we
did not rely on only breast cancer incidence or mortality as
the study outcome. Second, the breast cancer-specific inci-
dence and mortality rates were projected using the APC
model in addition to the simplified GBD equation, with a lin-

ear relationship, leading to more accurate estimations con-
sidering the age, period, and birth cohort effect. Third, we
used nationwide cancer data in Korea, classified by the can-
cer type and age, for breast cancer specific-incidence and
mortality, and nationwide community-based sample data for
risk factor prevalence. Using these nationwide data increases
the external validity of this study and makes the results more
representative. Fourth, most researchers provide estimations
of either PAR or the burden of breast cancer, but not both.
However, we projected the burden of breast cancer attribut-
able to modifiable risk factors. Furthermore, we estimated
the proportions of risk factors from 1998 to 2015, considering
a latency period of 15 years between the exposure of the risk
factor and breast cancer development. 

The dramatically increased burden of breast cancer is an
important issue. Moreover, changes in reproductive and
lifestyle factors (i.e., advanced maternal age at first child-
birth, alcohol consumption, and obesity) will worsen the 
future burden of breast cancer. The current findings suggest
that successful control of reproductive/lifestyle factors could
reduce 34.2% to 44.3% of the burden of breast cancer in 2030.
Policy makers should concentrate on lifestyle modifications
to reduce the long-term future burden of breast cancer in
Korea. Lifestyle modifications that encourage pregnancy 
before advanced maternal age and breastfeeding for  7
months, and that reduce obesity and alcohol consumption
could reduce the risks of breast cancer.
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Circular RNA-ZFR Inhibited Cell Proliferation and Promoted 
Apoptosis in Gastric Cancer by Sponging miR-130a/miR-107 and 
Modulating PTEN

Original Article

Purpose
This study aimed to probe into the associations among circular RNA ZFR (circ-ZFR), miR-
130a/miR-107, and PTEN, and to investigate the regulatory mechanism of circ-ZFRmiR-
130a/miR-107PTEN axis in gastric cancer (GC).

Materials and Methods
GSE89143 microarray data used in the study were acquired from publicly available Gene
Expression Omnibus database to identify differentially expressed circular RNAs in GC tissues.
The expressions of circ-ZFR, miR-130a, miR-107, and PTEN were examined by real-time 
reverse transcription polymerase chain reaction, while PTEN protein expression was meas-
ured by western blot. The variation of GC cell proliferation and apoptosis was confirmed by
cell counting kit-8 assay and flow cytometry analysis. The targeted relationships among circ-
ZFR, miR-130a/miR-107, and PTEN were predicted via bioinformatics analysis and demon-
strated by dual-luciferase reporter assay and RNA immunoprecipitation assay. The impact
of ZFR on gastric tumor was further verified in xenograft mice model experiment.

Results
Circ-ZFR and PTEN were low-expressed whereas miR-107 and miR-130a were high-
expressed in GC tissues and cells. There existed targeted relationships and interactions 
between miR-130a/miR-107 and ZFR/PTEN. Circ-ZFR inhibited GC cell propagation, cell
cycle and promoted apoptosis by sponging miR-107/miR-130a, while miR-107/miR-130a
promoted GC cell propagation and impeded apoptosis through targeting PTEN. Circ-ZFR 
inhibited cell proliferation and facilitated apoptosis in GC by sponging miR-130a/miR-107
and modulating PTEN. Circ-ZFR curbed GC tumor growth and affected p53 protein expres-
sion in vivo.  

Conclusion
Circ-ZFR restrained GC cell proliferation, induced cell cycle arrest and promoted apoptosis
by sponging miR-130a/miR-107 and regulating PTEN.
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Circ-ZFR, miR-130a, miR-107, PTEN, Stomach neoplasms 
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Introduction

Gastric cancer (GC) is one of the most common lethal neo-
plasms and also the second cause of cancer-incurred death
around the world [1]. In the recent years, with rapid advan-
ces of diagnostic apparatus and therapeutic approaches, the
mortality and morbidity rates of GC have been on a steady
downward trend [2]. However, the prognostic outcome of
advanced stage disease still remains poor and 5-year overall
survival rate is less than 30% due to frequent tumor recur-
rence and metastasis [3]. Therefore, it is imperative to inves-
tigate the in-depth molecular mechanism of GC for the
development of effective targeted therapies.

Circular RNAs (circRNAs) are a large class of endoge-
nously expressed non-coding RNAs characterized by cova-
lently closed loop structures with neither 5 to 3 polarity nor
polyadenylated tail [4]. Numerous researches have revealed
that circRNAs play critical roles in regulating multiple cel-
lular activities and pathological processes [5]. It has been also
substantiated that circRNAs participate in the initiation and
progression of several types of cancers [6]. Huang et al. [7]
reported that circular RNA 0000745 (hsa_circ_0000745) 
expression was downregulated that is closely correlated with
tumor differentiation. Guo et al. [8] disclosed that overex-
pression of circular RNA 0000069 (hsa_circ_0000069) pro-
moted cell propagation and metastasis in colorectal cancer.
Zhang et al. [9] verified that increased circ-UBAP2 could 
facilitate cell growth and inhibit apoptosis in osteosarcoma.
Nonetheless, the regulatory function of circular RNA ZFR
(circ-ZFR) on GC remains unknown, which led us to wonder
whether or not circ-ZFR could serve as a novel biomarker for
GC diagnosis and treatment.

MicroRNAs (miRNAs) are small non-coding RNAs that
bind to the 3-untranslated regions (3-UTR) of target
mRNAs and involved in the several types of cancer as tumor
facilitator or inhibitor, thereby potentially modulating the 
biological processes [10,11]. Furthermore, circRNAs have
been demonstrated to function as miRNA sponge to regulate
gene expression in multiple cancers [12]. For instance, circu-
lar RNA MTO1 was found to suppress hepatocellular carci-
noma progression by sponging miR-9 in the recent study of
Han et al. [13]. Li et al. [14] demonstrated that circular RNA
FUT10 reduced proliferation and facilitated differentiation
of myoblasts by sponging miR-133a. Nevertheless, fewer
studies focused on the effects of circ-ZFR on GC, and thus
the regulatory function of circ-ZFRmiRNAsmRNAs axis
in GC needs to be further elucidated.

Herein, we were dedicated to investigating the associa-
tions among circ-ZFR, miR-130a/miR-107, and PTEN as well
as the regulatory mechanism of circ-ZFRmiR-130a/miR-
107–PTEN axis in GC.

Materials and Methods

1. Tissue samples

GC tissues and adjacent tissue samples were collected from
48 GC patients in the Gastroenterology Center of First Affil-
iated Hospital of Kunming Medical University from Febru-
ary 2011 to February 2016. The final diagnosis of each patient
was confirmed by histopathology and evaluated in accor-
dance with tumor nodes metastasis (TNM) staging system
and National Comprehensive Cancer Network Oncology
Clinical Practice Guidance (V.1.2012). 

2. CircRNA microarray analysis

Total RNA expression was analyzed through Affymetrix
Human Genome U133 Plus 2.0 Array (Affymetrix, Santa
Clara, CA). Robust multiarray average normalization was
performed using R language and environment (http://www.
r-project.org/). GSE89143 microarray data used in the study
were acquired from publicly available Gene Expression 
Omnibus database to identify differentially expressed circR-
NAs. The screening threshold of differentially expressed cir-
cRNAs was set as log(fold change) > 2 and p < 0.05.

3. Cell culture

Human gastric epithelial cell line GES-1 and human GC
cell lines AGS, AZ521, and HGC-27 were acquired from
BeNa Culture Collection (BNCC, Beijing, China). All cell
lines received short tandem repeat profiling authentication
and mycoplasma contamination tests. GC cell line AGS was
cultured in 90% Ham’s F12 nutrient medium (Sigma, St.
Louis, MO) supplemented with 10% fetal bovine serum
(FBS); AZ521 cells were stored in Dulbecco’s modified Eagle
medium plus 10% FBS (Gibco, Grand Island, NY); the culture
of HGC-27 cell line was performed in 80% RPMI-1640
(Gibco) containing 20% FBS. All the cell lines were main-
tained in the medium at 37°C overnight.

4. Cell transfection

AGS cells in the logarithmic growth phase were harvested
and 2105 cells were inoculated onto 6-well plates. Subse-
quently, AGS cells were respectively transfected with pcDNA-
3.1circ-ZFR or pcDNA3.1-PTEN, miR-107 mimics or inhi-
bitor, miR-130a mimics or inhibitor following the instructions
of Lipofectamine 3000 reagent (Life Technologies, Carlsbad,
CA) for 24 hours. The experiment grouping was as following:
(1) negative control (NC) group and pcDNA3.1-ZFR group;
(2) NC group, pcDNA3.1-ZFR group, miR-107mimics group,
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miR-107inhibitor group, and miR-107–mimics+pcDNA3.1-
ZFR group; (3) NC group, miR-130a–mimics group, miR-
130ainhibitor group, miR-130a–mimics+pcDNA3.1-ZFR
group; (4) NC group, miR-107–mimics group, pcDNA3.1-
PTEN group, and pcDNA3.1-PTEN+miR-107–mimics group;
(5) NC group, miR-130a–mimics group, pcDNA3.1-PTEN
group, and pcDNA3.1-PTEN+miR-130a–mimics group.

5. RNA preparation and real-time reverse transcription
polymerase chain reaction

The nuclear and cytoplasmic extracts were prepared
through NE-PER nuclear and cytoplasmic extraction rea-
gents (Pierce, Brockville, ON, Canada), followed by total
RNA isolation using TRIzol (Life Technologies). In terms of
RNase R treatment, total RNA (2 mg) with or without 
3 U/mg of RNase R was incubated for 30 minutes at 37°C
(Epicentre Technologies, Madison,WI). Subsequently, RNeasy
MinElute cleaning Kit (Qiagen, Hilden, Germany) was uti-
lized to purify the resulting RNA. TaqMan MicroRNA assays
(Life Technologies) was employed to quantify the amount of
mature miRNA, and glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) as an internal standard. To quantify the
amount of mRNA and circRNA, cDNA was synthesized
from 500 ng of RNA by via the PrimeScript RT Master Mix
(Takara, Shiga, Japan), and the real-time polymerase chain
reaction (PCR) results were analyzed through SYBR Premix
Ex Taq II (Takara Bio Inc., Otsu, Japan). To confirm the 
absolute quantity of RNA, the purified PCR product, which
is amplified from cDNA in line with the circ-ZFR sequence,
was serially diluted to produce a standard curve. The primer
sequences were exhibited in Table 1.

6. Western blot

Total protein was extracted using RIPA buffer (Sigma). The
protein concentration was verified by the BCA protein assay

kit (Pierce). The proteins were segregated by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (Bio-Rad, Her-
cules, CA) and transferred onto polyvinylidene difluoride
membrane. The primary antibodies used were anti-PTEN
(1:1,000, ab170941, Abcam, Cambridge, MA), anti-p53
(1:1,000, ab131442, Abcam), and anti-GAPDH (1:10,000,
ab181602, Abcam). The membranes were washed and then
incubated in goat anti-rabbit horseradish peroxidaseconju-
gated secondary antibody (1:2,000) for 2 hours at 37°C.
GAPDH was deemed an internal control. An enhanced
chemiluminescence kit (Life Technology) used to visualize
the immunoblot bands, of which the optical density was 
analyzed by ImageJ2X software.

7. Immunohistochemistry 

Nude mice tumor tissues were fixed by paraformaldehyde
solution, dewaxed in xylene, rinsed with phosphate buffered
saline (PBS) and incubated with 3% hydrogen peroxide in
50% methanol for 30 minutes at 37°C. After the elimination
of endogenous peroxidase activity, the sections were rinsed
in PBS again and incubated in protein block solution (Bio-
Genex, San Ramon, CA) in a humid chamber for 30 minutes.
One hundred microliters PTEN was added to the sections,
which were then incubated with primary antibody anti-ZFR
(1:100, ab170941, Abcam) in a humid chamber overnight. Sec-
tions exposed to diluents alone without primary antibody
served as negative controls. The slides were then rinsed three
times in PBS for 5 minutes each and incubated with goat anti-
mouse secondary antibody for 30 minutes. The reaction was
developed using the peroxidase substrate diaminobenzidine.
The sections were counterstained with hematoxylin.

8. Cell counting kit-8 assay

Cell proliferation was assessed using cell counting kit-8
(CCK-8) kit (Dojindo Laboratories, Kumamoto, Japan). AGS

Table 1.  Polymerase chain reaction primer sequences
Primer sequences (5-3)

Circ-ZFR forward AACCACCACAGATTCACTAT
Circ-ZFR reverse AACCACCACAGATTCACTAT
miR-107 forward ATACCGCTCGAGTGCCATGTGTCCACTGAAT 
miR-107 reverse ATACCGCTCGAGTTCCATGCCTCAACTCCT
miR-130a forward TTCACATTGTGCTACTGTCTGC
miR-130a reverse GTGCAGGGTCCGAGGT
PTEN forward TAGAGCGTGCAGATAATGACAAGGA
PTEN reverse TGAACTGCTAGCCTCTGGATTTGA
GAPDH forward ATAGCACAGCCTGGATAGCAACGTAC
GAPDH reverse CACCTTCTACAATGAGCTGCGTGTG
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cells were seeded in the 96-well plates (2103 cells/well) con-
taining 10 µL CCK-8 solutions (Beyotime, Jiangsu, China)
and were incubated at 37°C for 1 hour. The absorbance was
measured by microplate reader (Pharmacia Biotech, Piscat-
away, NJ) at 450 nm.

9. Flow cytometry assay

Cell cycle and apoptosis of transfected cells were deter-
mined by flow cytometry assay. After transfection for 96
hours, 1106 cells were digested using 0.25% trypsin without
EDTA, washed by pre-cooled PBS for three times and col-
lected by centrifugation at 2,000 rpm. Then cells were
washed twice using 5% bovine serum albumin (BSA), after
which the supernatant was discarded and then the cells were
added with 300 µL 5% BSA and 700 µL of 70% pre-cooled 
alcohol and stored in a fridge at –20°C overnight. Subse-
quently, the cells were centrifuged at 2,000 rpm for 5 min-
utes, rinsed and resuspended in PBS. And then, AGS cells
were incubated with 1 µL 10 mg/µL RnaseA for 20 minutes.
Three hundred microliters 10 µg/mL propidum iodide (PI;
Sigma) was applied to cell staining for 15 minute at 4°C. Fur-
thermore, cell apoptosis was performed by reference to 
Annexin V-FITC apoptosis detection kit instructions (Sigma),
100 µL binding buffer and 5 µL Annexin-V-FITC (20 µg/mL)
were added into each tube, followed by 15-minute incuba-
tion in the dark. Next, 150 µL binding buffer and 10 µL PI dye
(50 µg/mL) were added into tube. Cell cycle and apoptosis
rate was measured by FACSCanto II flow cytometer (BD Bio-
sciences, San Jose, CA).

10. RNA immunoprecipitation assay

RNA immunoprecipitation (RIP) assay was conducted via
the Magna RIP RNA-Binding Protein Immunoprecipitation
Kit (Millipore, Bedford, MA) following the producer’s pro-
tocol. Briefly, 1107 cells at 80% confluence were harvested
and were lysed in RIP lysis buffer. After that, 100 µL cell
lysate was incubated with RIP buffer containing magnetic
beads conjugated with human anti-argonaute 2 antibody
(Millipore) or NC normal mouse IgG (Millipore). The speci-
mens were incubated with proteinase K to segregate 
immunoprecipitated RNA. The extracted RNAs were further
used to confirm circRNA-MYLK through real-time reverse
transcription polymerase chain reaction (qRT-PCR).

11. Dual-luciferase reporter gene assay

The relationship between circ-ZFR and miR-130a/miR-107
was verified through starbase prediction software (http://
starbase.sysu.edu.cn/) and the relationship between miR-
130a/miR-107 and PTEN was detected by TargetScan (http:

//www.targetscan.org/mamm_31/). Cells were seeded into
96-well plates (100 µL/well) and incubated at 37°C over-
night. Plasmid vector pcDNA3.1 (0.2 µg) and FugeneHD 
(0.3 µL) were purchased from Promega (Beijing, China). Wild
type and mutated type ZFR3-UTR were respectively 
inserted into the XhoI/NotI sites of pcDNA3.1 to construct
recombinant. Afterwards, the cells were co-transfected with
recombinant pcDNA3.1-ZFR, miR-107 mimics, miR-107 
inhibitor, miR-130a mimics, miR-130a inhibitor, or miR-NC
using Lipofectamine 2000. At 48 hours for transfection, the
relative luciferase activity was confirmed following the Dual-
Luciferase Reporter Assay kit instructions (Promega). Firefly
luciferase activity was normalized relative to Renilla 
luciferase.

12. Xenograft mice model experiment

Ten male BALB/c Nude mice (8-week-old) were obtained
from Centre of First Affiliated Hospital of Kunming Medical
University and used for the construction of nude mice
model. All mice were kept under the pathogen-free circum-
stance during the entire research. Generally, 1107 AGS cells
transfected with pcDNA 3.1-ZFR overexpression plasmids
were subcutaneously injected into the flank of nude mice. All
mice were sacrificed at the fifth week after treatment. Tumor
volume was measured following the formula of “tumor vol-
ume=lengthwidthwidth/2.”

13. Statistical analysis

Statistical data were analyzed using GraphPad Prism 6.0
(GraphPad Software, San Diego, CA) and documented as
means±standard deviation. The Pearson’s correlation coeffi-
cient analysis was employed to confirm the correlations.
Comparisons among groups were assessed through Stu-
dent's t test and one-way ANOVA. p < 0.05 was deemed sta-
tistically significant.

14. Ethical statement

This animal experiment has been conducted following the
authenticated animal protocols of Ethical Committee of 
Animal Welfare of First Affiliated Hospital of Kunming
Medical University.

This research had gotten ratification from the Human 
Research Ethics Committee of First Affiliated Hospital of
Kunming Medical University and obtained informal written
consents from all subjects. All clinical specimens and data
were collected in a randomized and double-blind way
throughout the research.
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Results

1. Circ-ZFR was significantly downregulated in GC tissues
and cells

To explore the role of circRNAs in the development of gas-
tric cancer, we analyzed GC tumor tissues and its matched
adjacent tissues by using microarrays. The different expres-
sion circRNAs were shown in Fig. 1A. We screened the top

eight high expressions and low expressions circRNAs in GC
and graphing the Heatmap, and then circ-ZFR was decreased
in GC tissue and selected for further study (Fig. 1B). Mean-
while, qRT-PCR also displayed that circ-ZFR was drastically
downregulated in tumor tissues compared with adjacent tis-
sues (p < 0.05) (Fig. 1C). Moreover, the expression of circ-
ZFR was considerably lower in human GC cell lines (AGS,
AZ521, and HGC-27) than in gastric epithelial cell line GES-
1 (p < 0.05) (Fig. 1D). Since AGS cell line presented the most
significant difference on circ-ZFR expression in comparison

Fig. 1.  Circular RNA ZFR (circ-ZFR) was significantly downregulated in gastric cancer (GC) tissues and cells. (A, B) Circ-
ZFR was low-expressed in GC tumor tissues compared with adjacent tissues confirmed by microarray analysis and shown
in Volcano plot and heat map. (C) Circ-ZFR was significantly downregulated in tumor tissues compared with adjacent tissues.
(D) The expression of circ-ZFR was considerably lower in human GC cell lines (AGS, AZ521, and HGC-27) than in gastric 
epithelial cell line GES-1 determined by real-time reverse transcription polymerase chain reaction. Among three GC cell lines,
AGS cell line presented the most significant difference of circ-ZFR expression in comparison with GES-1 cell line. (E) The pres-
ence of circ-ZFR in AGS cells showed that there was no less expression after the RNase was processed. GAPDH, glyceraldehyde
3-phosphate dehydrogenase. *p < 0.05, **p < 0.01, compared with adjacent tissues or GES-1 or normal control (NC). 
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Fig. 2.  Overexpression of circular RNA ZFR (circ-ZFR) impeded cell reproduction and cell cycle and promoted apoptosis in
gastric cancer (GC). (A) Circ-ZFR expression was remarkably upregulated after transfection with pcDNA3.1-circZFR exam-
ined by real-time reverse transcription polymerase chain reaction. (B) Overexpression of circ-ZFR observably suppressed
GC cell proliferation, as confirmed in cell counting kit 8 assay. (C) The proportion of cells arrested in G0/G1 phase was sig-
nificantly higher in pcDNA3.1-circZFR group than in normal control (NC) group, while that of arrested cells in S phase rel-
atively reduced compared with NC group analyzed by flow cytometry assay. (D) The apoptosis rate of GC cells significantly
increased after transfection with pcDNA3.1-circZFR detected by flow cytometry assay. PI, propidium iodide. *p < 0.05, 
**p < 0.01, compared with NC group. 
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Fig. 3.  Prediction of circRNA-miRNA-mRNA associations in gastric cancer. (A) The binding sites of miR-107/miR-130a on
3-untranslated regions (3-UTR) of circular RNA ZFR (circ-ZFR) was confirmed by starbase. (B) The schematic model show-
ing the putative binding sites for miRNAs and 3-untranslated region of circ-ZFR. (C) The pathways co-affected by miR-107
and miR-130a were displayed by DIANA TOOLS-mirPath v.3. (D) The crossed targeting gene regulated by both p53 pathway
and miR-130a/miR-107 via Veen diagram. (Continued to the next page)
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with GES-1 cell line (p < 0.01), it was selected for the later 
experiments. In addition, to further confirm the characteris-
tics of circ-ZFR, we used a highly processive 3 to 5 exori-
bonuclease (RNase R enzyme) that does not act on circRNAs
but linear RNAs. As expected, circ-ZFR was resistant to
RNase treatment in contrast to GAPDH as shown in Fig. 1E.

2. Overexpression of circ-ZFR retarded cell propagation
and cell cycle and promoted apoptosis in GC

qRT-PCR results presented that circ-ZFR expression was
remarkably increased after transfection with pcDNA3.1-ZFR
(p < 0.01) (Fig. 2A). Furthermore, overexpression of circ-ZFR
observably suppressed GC cell proliferation, as confirmed in
CCK-8 assay (p < 0.05) (Fig. 2B). In addition, flow cytometry
analysis disclosed the variance of cell cycle and apoptosis
condition after transfection with pcDNA3.1-ZFR. As exhib-
ited in Fig. 2C and D, the percentage of cells arrested in
G0/G1 phase was significantly higher in pcDNA3.1-ZFR
group than in NC group, while that of arrested cells in S
phase relatively declined compared with NC group (both p
< 0.01). Meanwhile, the apoptosis rate of GC cells signifi-
cantly increased after transfection (p < 0.05). Overall, over-

expression of circ-ZFR arrested cell propagation and cell
cycle and promoted apoptosis in GC.

3. Prediction of circRNA-miRNA-mRNA associations in
GC

Through starbase, a bioinformatics prediction website, we
entered circ-ZFR into starbase and search the potential tar-
geting miRNAs, founding that the binding sites of miR-
107/miR-130a on 3-UTR of ZFR were showed in Fig. 3A and
B. Depending on DIANA TOOLS-mirPath v.3 website, we
sought to find a pathway that is co-influenced by miR-130a
and miR-107, p53 signaling pathway was selected for further
study (Fig. 3C). And then, we crossed the targeting gene was
regulated by both p53 pathway and miR-130a/miR-107 via
venn diagram, and intersection was PTEN showed in 
Fig. 3D. Finally, we utilized Targetscan to find out the rela-
tionship between miR-130a/miR-107 and PTEN (Fig. 3E).
The network clarified the mechanism of circ-ZFR, miR-130a/
miR-107, and PTEN in GC showed in Fig. 3F, which the 
experimental research idea was depended on. 

Fig. 3. (Continued from the previous page) (E) The binding sites of miR-107/miR-130a on 3-UTR of PTEN was validated by
TargetScan. (F) A biomathematically predicted target network between circ-ZFR, miR-130a/miR-107, and PTEN. 
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Fig. 4.  Confirmation of targeted relationships between miR-107/miR-130a and PTEN or circular RNA ZFR (circ-ZFR). (A)
MiR-107 mimics and miR-130a mimics led to overexpression of miR-107 and miR-130a, respectively detected by real-time
reverse transcription polymerase chain reaction. (B) The expression of circ-ZFR was no significant difference both in miR-
107mimics and miR-130a–mimics group. (C, D) Overexpression of miR-107 and miR-130a both significantly repressed the
luciferase activity of the luciferase reporter containing ZFR 3-untranslated regions (3-UTR)WT but not the reporter con-
taining ZFR 3-UTRMut confirmed by dual luciferase reporter assay. (E, F) There existed some interactions between ZFR
and miR-107/miR-130a verified by RNA immunoprecipitation assay. (Continued to the next page)
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4. Confirmation of targeted relationships and expression
correlations between miR-107/miR-130a and PTEN/circZFR

qRT-PCR displayed that miR-107 mimics and miR-130a
mimics contributed to miR-107 and miR-130a overexpression
respectively (p < 0.05) (Fig. 4A). While, the expression of circ-
ZFR was detected and the results revealed that miR-107
mimics and miR-130a mimics have little influences on circ-
ZFR level (Fig. 4B). That is to say, the relationship between
circ-ZFR and miR-107/miR-130a was unidirectional. More-
over, overexpression of miR-107 and miR-130a both signifi-
cantly repressed the luciferase activity of the luciferase
reporter containing circ-ZFR 3-UTRWT but not the 
reporter containing circ-ZFR 3-UTRMut, as shown in dual
luci-ferase reporter assay (both p < 0.05) (Fig. 4C and D). RIP
assay verified that there existed some interactions between
circ-ZFR and miR-107/miR-130a both (p < 0.05) (Fig. 4E and
F). Furthermore, we also verified that miR-107/miR-130a
could bind to 3’ UTR of PTEN (both p < 0.05) (Fig. 4G and
H). Additionally, in Fig. 5A and B, miR-107 and miR-130a
were found to be highly expressed, whereas PTEN was lowly
expressed in tumor tissues compared with adjacent tissues
(p < 0.05). Furthermore, Pearson correlation analysis revea-
led that the expressions of miR-107 and miR-130a were both
negatively correlated with those of ZFR and PTEN (Fig. 5C
and F).

5. Circ-ZFR influenced GC cell propagation, cell cycle, and
apoptosis by sponging miR-107/miR-130a

qRT-PCR displayed that miR-107/miR-130a mimics led to
overexpression of miR-107/miR-130a, while miR-107/miR-
130a inhibitor downregulated miR-107/miR-130a expres-
sions (p < 0.05) (Fig. 6A and C). CCK-8 assay (Fig. 6B and D)
revealed that upregulation of miR-107 and miR-130a expres-

sion both promoted cell propagation, whereas downregula-
tion of miR-107 and miR-130a expressions restrained propa-
gation compared with NC group (p < 0.05). Moreover, no
significant disctinction was found between miR-107/miR-
130a+pcDNA3.1-ZFR group and NC group (p > 0.05). How-
ever, the proliferation ability of the cells in miR-107/miR-130a
+pcDNA3.1-ZFR group was significantly stronger than that
in pcDNA3.1-ZFR group, while weaker compared with miR-
107/miR-130a–mimics group (p < 0.05).

For the analysis of cell cycle and apoptosis, flow cytometry
assay (Fig. 7A and B) indicated that the proportion of the
cells arrested in G1 phase in pcDNA3.1-ZFR group, miR-107
inhibitor group and miR-130a inhibitor group was noticeably
larger than in NC group. Conversely, the arrested cell in G1
phase in miR-107–mimics group and miR-130a–mimics
group was relatively fewer (p < 0.05). Nonetheless, the 
arrested cell in G1 phase in miR-107/miR-130a+pcDNA3.1-
ZFR group was remarkably fewer than that in pcDNA3.1-
ZFR group, while more than that in miR-107/miR-130a–
mimics group (p < 0.05). Similarly, no conspicuous distinc-
tion was found between miR-107/miR-130a+pcDNA3.1-ZFR
group and NC group (p > 0.05). The apoptosis of cells trans-
fected with pcDNA3.1-ZFR and miR-107/miR-130a inhibitor
was significantly enhanced, while that of the cells transfected
with miR-107/miR-130a mimics was remarkably inhibited
(p < 0.05) (Fig. 8A and B). No significant difference of apop-
tosis rate was observed between miR-107/miR 130a+pcDNA-
3.1-ZFR group and NC group (p > 0.05). However, the cell
apoptosis rate in miR-107/miR-130a+pcDNA3.1-ZFR group
was observably lower than that in pcDNA3.1-ZFR group,
while significantly higher compared with miR-107/miR-
130a–mimics group (p < 0.05).

Fig. 4. (Continued from the previous page) (G, H) miR-107/miR-130a could bind to 3-UTR of PTEN confirmed by dual luciferase
reporter assay. *p < 0.05, compared with normal control (NC) group. 
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Fig. 5.  Correlations on expression between miR-107/miR-130a and PTEN/circ-ZFR. (A, B) MiR-107 and miR-130a were
highly expressed whereas PTEN was lowly expressed in tumor tissues compared with adjacent tissues examined by real-
time reverse transcription polymerase chain reaction. (C, D) The expressions of miR-107 and miR-130a were both negatively
correlated with ZFR expression determined by Pearson correlation analysis. (E, F) The expressions of miR-107 and miR-130a
were both negatively correlated with PTEN expression determined by Pearson correlation analysis. *p < 0.05, compared
with adjacent tissues. GC, gastric cancer.
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Fig. 6.  Circ-ZFR suppressed gastric cancer cell reproduction by sponging miR-107/miR-130a. (A, C) MiR-107/miR-130a
mimics significantly increased the expression of miR-107/miR-130a, while miR-107/miR-130a inhibitor remarkably 
decreased miR-107/miR-130a expressions examined by real-time reverse transcription polymerase chain reaction. (B, D)
Overexpression of miR-107 and miR-130a both promoted cell proliferation whereas downregulation of miR-107 and miR-
130a expressions restrained propagation. No significant difference of cell proliferation was found between miR-107/miR-
130a+pcDNA3.1-ZFR group and normal control (NC) group. However, the proliferation ability of the cells in miR-107/
miR-130a+pcDNA3.1-ZFR group was significantly stronger than that in pcDNA3.1-ZFR group, while weaker compared
with miR-107/miR-130a–mimics group. *p < 0.05, **p < 0.01, compared with NC group; #p < 0.05, compared with pcDNA3.1-
ZFR group; †p < 0.05, compared with miR-107/miR-130a–mimics group. 
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6. miR-107/miR-130a promoted GC cell propagation and
impeded apoptosis through targeting PTEN

Western blot confirmed that the expression of PTEN was
remarkably repressed after transfection with miR-107–mim-
ics/miR-130a–mimics (both p < 0.05), while it was overex-
pressed followed transfection with pcDNA3.1-ZFR and
miR-107 inhibitor/miR-130a inhibitor (both p < 0.01). In 
addition, no significant difference was found between miR-
107/miR-130a+pcDNA3.1-ZFR group and NC group (p >
0.05) (Fig. 9A and B). qRT-PCR results displayed that after
transfection with pcDNA3.1-PTEN, the expression of pcDNA-
3.1-PTEN in GC cells was dramatically upregulated (p < 0.01)

(Fig. 9C). Furthermore, CCK-8 assay exhibited that overex-
pression of PTEN significantly attenuated GC cell propaga-
tion ability, while that of miR-107/miR-130a mimics pro-
moted cell propagation. Meanwhile, the proliferation ability
of the cells in miR-107/miR-130amimics+pcDNA3.1-PTEN
group was significantly stronger than that in pcDNA3.1-
PTEN group, while weaker compared with miR-107/miR-
130amimics group (p < 0.05) (Fig. 9D and E). No obvious
distinction of propagation ability was found between miR-
107/miR-130amimics+pcDNA3.1-PTEN group and NC
group (p > 0.05).

Additionally, flow cytometry assay (Fig. 10A and B) indi-
cated that the proportion of the cells arrested in G1 phase in

Fig. 7.  Circular RNA ZFR (circ-ZFR) induced cell cycle arrest by sponging miR-107/miR-130a in gastric cancer. (A, B) The
proportion of the cells arrested in G1 phase in pcDNA3.1-ZFR group, miR-107 inhibitor group and miR-130a inhibitor group
was considerably larger than in normal control (NC) group. Conversely, the percentage of arrested cell in G1 phase in miR-
107–mimics group and miR-130a–mimics group was relatively smaller compared with NC group. Nonetheless, the percent-
age of arrested cell in G1 phase in miR-107/miR-130a+pcDNA3.1-ZFR group was significantly smaller than that in
pcDNA3.1-ZFR group, while larger than that in miR-107/miR-130a–mimics group. There was no conspicuous distinction
between miR-107/miR-130a+pcDNA3.1-ZFR group and NC group. *p < 0.05, compared with NC group; #p < 0.05, compared
with pcDNA3.1-ZFR group; †p < 0.05, compared with miR-107/miR-130a–mimics group. (Continued to the next page)
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miR-107/miR-130a–mimics group dramatically reduced,
while that in S phase increased. Conversely, the arrested cells
in G1 phase in pcDNA3.1-PTEN group conspicuously 
increased in comparison with NC group, whereas those in S
phase relatively decreased (p < 0.05). Nonetheless, the per-
centage of arrested cell in G1 phase in miR-107/miR-130a+
pcDNA3.1-PTEN group was significantly smaller than that
in pcDNA3.1-PTEN group, while larger than that in miR-
107/miR-130a–mimics group (p < 0.05). Furthermore, the
apoptotic rate of the cells transfected with miR-107/miR-
130a mimics considerably fell, while cell apoptosis drastically
rose in pcDNA3.1-PTEN group (p < 0.05) (Fig. 11A and B).
No significant difference of apoptosis ratio was detected 
between miR-107/miR-130a+pcDNA3.1-PTEN group and
NC group (p > 0.05). Nevertheless, the cell apoptosis rate in
miR-107/miR-130a+pcDNA3.1-PTEN group was consider-
ably lower than that in pcDNA3.1-PTEN group, while sig-
nificantly higher compared with miR-107/miR-130a–mimics
group (p < 0.05).

7. Circ-ZFR curbed GC tumor growth and affected p53 pro-
tein expression in vivo

As displayed in Fig. 12A, the tumor volume of the mice in
pcDNA3.1-ZFR group grew more slowly than that in NC
group (p < 0.05). Moreover, the tumor weight of mice in
pcDNA3.1-ZFR group was significantly lighter compared
with NC group (p < 0.05) (Fig. 12B and C). The expression
level of miR-107 and miR-130a was decreased compared
with NC group after transfected with pcDNA3.1-ZFR 
detected by qRT-PCR (p < 0.01) (Fig. 12D and E). Meanwhile,
IHC assay revealed that after transfection with pcDNA3.1-
ZFR, the expression level of p53 and PTEN protein dramati-
cally increased in comparison with NC group (p < 0.01) 
(Fig. 12F and G).

Fig. 7. (Continued from the previous page)
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Discussion

Based on a series of experiment, we verified the regulatory
role of circ-ZFR–miR-130a/miR-107–PTEN network in GC.
We first identified that circ-ZFR was downregulated in GC
and acted as a tumor inhibitor in cell propagation and apop-
tosis of GC. Meanwhile, we validated the targeted relation-
ships between miR-107/miR-130a and PTEN/circ-ZFR. Fur-
thermore, we disclosed that circ-ZFR expression was nega-
tively correlated with miR-130a and miR-107 expressions,
which were also correlated inversely with their target PTEN
expression. Our study finally demonstrated that circ-ZFR 

inhibited GC cell proliferation and promoted apoptosis by
sponging miR-130a/miR-107 and modulating PTEN.

CircRNAs, a novel type of endogenous non-coding RNAs,
have been recently considered a crucial regulator of gene 
expression and pathological processes. Accumulating resear-
ches have suggested that aberrant circRNA expression plays
important roles in carcinogenesis and tumor progression
[15]. Fu et al. [16] demonstrated that circular RNA 0004018
(hsa_circ_0004018) was lowly expressed and played a role in
carcinogenesis and metastasis of hepatocellular carcinoma.
In the recent study of Li et al. [17] circular RNA 0000096
(hsa_circ_0000096) was also found to be significantly down-
regulated in GC tissues and knockdown of hsa_circ_0000096

Fig. 8.  Circular RNA ZFR (circ-ZFR) facilitated gastric cancer cell apoptosis by sponging miR-107/miR-130a (A, B), The
apoptosis of cells was significantly enhanced after transfected with pcDNA3.1-ZFR and miR-107/miR-130a inhibitor, while
that of the cells transfected with miR-107/miR-130a–mimics was remarkably inhibited. No significant difference of apoptosis
rate was detected between miR-107/miR-130a+pcDNA3.1-ZFR group and normal control (NC) group. However, the cell
apoptosis rate in miR-107/miR-130a+pcDNA3.1-ZFR group was considerably lower than that in pcDNA3.1-ZFR group,
while significantly higher compared with miR-107/miR-130amimics group. *p < 0.05, ** p < 0.01, compared with NC group;
#p < 0.05, compared with pcDNA3.1-ZFR group; †p < 0.05, compared with miR-107/miR-130a–mimics group. (Continued to
the next page)
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significantly inhibited cell propagation and migration in vitro
and in vivo. Herein, circ-ZFR was identified to be observably
downregulated in GC tissues based on microarray analysis,
and overexpression of circ-ZFR could retard propagation
and cell cycle and promoted apoptosis in GC confirmed by
CCK-8 and apoptosis assay.

It is well recognized that miRNAs play a critical role in the
regulation of gene expression and various biological pro-
cesses, such as proliferation, metastasis, apoptosis and so
forth. The circRNA-miRNA association and their interaction
influence on various cancers have been widely studied. Cir-
cRNAs has been demonstrated to serve as miRNA sponge,
thereby regulating gene transcription and cellular activities
in many researches [18]. Liang et al. [19] disclosed that circ-
ABCB10 promoted breast cancer proliferation and progres-
sion through sponging miR-1271. Tang et al. [20] reported
that circ_0001982 facilitated breast cancer cell carcinogenesis
through repressing miR-143. Zhong et al. [21] unraveled that
circ-TCF25 accelerated cell propagation and mobility in blad-
der cancer through sponging miR-103a-3p/miR-107. How-

ever, Zou et al. [22] found that miR-107 was a tumor pro-
gression promoter in hepatocellular carcinoma, which sug-
gested that miR-107 takes different effects in different can-
cers. A recent study also revealed that miR-107 was upregu-
lated in GC [23], which displayed the similar result as our
study. In the current study, we predicted the association 
between circ-ZFR and miR-130a-3p/miR-107, and substan-
tiated the circ-ZFRmiR-130a-3p/miR-107 regulatory loop
in GC. Circ-ZFR inhibited GC cell propagation, induced cell
cycle arrest and promoted apoptosis by sponging miR-
107/miR-130a.

PTEN, as a tumor suppressor, is mutated in a large number
of cancers at high frequency [24]. It negatively regulates 
intracellular levels of phosiphatidylinositol-3,4,5-trisphos-
phate in cells and AKT/PKB signaling pathway, suppressing
cellular functional activities [25]. Actually, emerging evi-
dence has substantiated that PTEN could be targeted and
regulated by miR-130a and miR-107 to influence cancerous
cellular activities [26,27]. Nonetheless, there are fewer studies
on the targeted relationships between miR-130a/miR-107

Fig. 8. (Continued from the previous page)
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Fig. 9.  miR-107/miR-130a promoted gastric cancer cell reproduction through targeting PTEN. (A, B) The expression of PTEN
was remarkably repressed after transfection with miR-107mimics/miR-130amimics, while it was overexpressed followed
transfection with pcDNA3.1-ZFR and miR-107 inhibitor/miR-130a inhibitor detected with western blot. (C) The expression
of pcDNA3.1-PTEN in gastric cancer cells was dramatically upregulated after transfection with pcDNA3.1-PTEN examined
by real-time reverse transcription polymerase chain reaction. (D, E) The proliferation ability of the cells in miR-107/miR-
130amimics+pcDNA3.1-PTEN group was significantly stronger than that in pcDNA3.1-PTEN group, while weaker com-
pared with miR-107/miR-130amimics group. No significant difference of cell proliferation was observed between
miR-107/miR-130amimics+pcDNA3.1-PTEN group and normal control (NC) group. *p < 0.05, compared with NC group;
#p < 0.05, compared with pcDNA3.1-PTEN group; †p < 0.05, compared with miR-107/miR-130amimics group. 
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Fig. 10.  miR-107/miR-130a influenced gastric cancer cell cycle through targeting PTEN. (A, B) Flow cytometry assay dis-
played that the proportion of the cells arrested in G1 phase in miR-107/miR-130a–mimics group dramatically reduced com-
pared with normal control (NC) group, while that in S phase increased and there was no significant difference in G2 phase.
On the contrary, the percentage of arrested cell in G1 phase in pcDNA3.1-PTEN group conspicuously increased in comparison
with NC group whereas that in S phase relatively decreased. Nonetheless, the percentage of arrested cell in G1 phase in
miR-107/miR-130a+pcDNA3.1-PTEN group was significantly smaller than that in pcDNA3.1-PTEN group, while larger
than that in miR-107/miR-130a–mimics group. There was no significant distinction between miR-107/miR-130a+pcDNA3.1-
PTEN group and NC group. *p < 0.05, compared with NC group; #p < 0.05, compared with pcDNA3.1-PTEN group; 
†p < 0.05, compared with miR-107/miR-130a–mimics group. 
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Fig. 11.  miR-107/miR-130a impeded cell apoptosis in gastric cancer through targeting PTEN. (A, B) The apoptotic rate of
the cells transfected with miR-107/miR-130a–mimics considerably fell whereas that of the cells transfected with pcDNA3.1-
PTEN drastically rose. No significant difference of apoptosis ratio was found between miR-107/miR-130a+pcDNA3.1-PTEN
group and normal control (NC) group. Nevertheless, the cell apoptosis rate in miR-107/miR-130a+pcDNA3.1-PTEN group
was considerably lower than that in pcDNA3.1-PTEN group, while significantly higher compared with miR-107/miR-130a–
mimics group. *p < 0.05, compared with NC group; #p < 0.05, compared with pcDNA3.1-PTEN group; †p < 0.05, compared
with miR-107/miR-130a–mimics group. 
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Fig. 12.  Circular RNA ZFR curbed gastric cancer (GC) tumor growth and affected p53 protein expression in vivo (A) The
tumor volume of the mice in pcDNA3.1-ZFR group was significantly grew more slowly than that in normal control (NC)
group. (B, C) The tumor weight of mice in pcDNA3.1-ZFR group was significantly lighter compared with NC group. (D, E)
The expression level of miR-107 (D) and miR-130a (E) was decreased after transfected with pcDNA3.1-ZFR. (F) The expression
level of p53 protein dramatically increased after transfected with pcDNA3.1-ZFR confirmed by immunohistochemistry (IHC)
assay. (G) The expression level of PTEN increased after transfected with pcDNA3.1-ZFR confirmed by IHC assay. *p < 0.05,
**p < 0.01, compared with NC group. 

PTEN

IH
C 

st
ai

ni
ng

 sc
or

es
 o

f P
TE

N 4

3

0

2

1

NC pcDNA3.1-ZFR

NC pcDNA3.1-ZFR

G

p53

IH
C 

st
ai

ni
ng

 sc
or

es
 o

f p
53 4

3

0

2

1

NC pcDNA3.1-ZFR

NC pcDNA3.1-ZFR

NC

pcDNA3.1-ZFR

F

Re
la

tiv
e 

ex
pr

es
sio

n 
of

 m
iR

-1
30

a

1.5

1.0

0

0.5

NC pcDNA3.1-ZFR

E
Re

la
tiv

e 
ex

pr
es

sio
n 

of
 m

iR
-1

07
1.5

1.0

0

0.5

NC pcDNA3.1-ZFR

D

Re
la

tiv
e 

tu
m

or
 w

ei
gh

t 1.5

1.0

0

0.5

NC pcDNA3.1-ZFR

C

Re
la

tiv
e 

tu
m

or
 vo

lu
m

e

Time (wk)

150

100

0

50

1 2 3 4 5

A B
pcDNA3.1-ZFR
NC

Tonglei Liu, The Regulatory Mechanism of Circ-ZFRmiR-130a/miR-107PTEN Axis in GC

VOLUME 50 NUMBER 4 OCTOBER 2018  1415



and PTEN in GC. Herein, we verified that miR-130a/miR-
107 could target and modulate PTEN expression through
bioinformatics analysis, dual-luciferase reporter gene assay
and RIP assay.

In addition, circRNAs have been demonstrated to act as
miRNA sponges and play crucial roles in regulating gene 
expression through a circRNA-miRNA-gene pathway. Chen
et al. [28] substantiated that circ-WDR77 affected vascular
smooth muscle cells proliferation and migration by sponging
miR-124 and modulating its target FGF-2. Peng et al. [29] 
revealed that circ-ZNF609 regulated AKT3 expression by
sponging miR-150-5p in Hirschsprung disease. Xie et al. [30]
found that circRNA-001569 exerted influence on the propa-
gation and invasiveness of colorectal cancer via circRNA-
001569miR-145-E2F5/BAG4/FMNL2 network. In our stu-
dy, circ-ZFR was identified as a sponge of miR-130a/miR-
107 and indirectly modulated their target PTEN expression,
thereby repressing GC cell propagation and promoting
apoptosis (Fig. 13). There were still some shortcomings in our
research. Only the effect of circ-ZFR was explored in vivo,
while the effect of miR-130a and miR-107 in vivo still 
remained unclear. Further study ought to be put into prac-

tice. On the other hand, we only focus on the influences of
circ-ZFR–miR-130a/miR-107–PTEN axis in gastric cancer. In
the follow-up study, we will pay attention to other molecular
mechanisms and signaling pathways on GC procession. 

In conclusion, circ-ZFR inhibited cell proliferation and pro-
moted apoptosis in GC by sponging miR-130a/miR-107 and
modulating PTEN. The current research revealed a novel 
molecular mechanism of circ-ZFR in regulating GC cell prop-
agation, cell cycle and apoptosis, which provided a compre-
hensive insight into the regulatory role of circ-ZFR–miR-
130a/miR-107–PTEN axis in GC and facilitated the discovery
of novel therapeutic targets in GC treatment.
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Fig. 13.  The mechanism of circular RNA ZFR (circ-ZFR)–miR-107/miR-130a–PTEN axis. Circ-ZFR was identified as a sponge
of miR-130a/miR-107 and indirectly modulated their target PTEN expression. GC, gastric cancer.
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Negative Conversion of Progesterone Receptor Status after 
Primary Systemic Therapy Is Associated with Poor Clinical Outcome 
in Patients with Breast Cancer

Original Article

Purpose
Alteration of biomarker status after primary systemic therapy (PST) is occasionally found in
breast cancer. This study was conducted to clarify the clinical implications of change of bio-
marker status in breast cancer patients treated with PST. 

Materials and Methods
The pre-chemotherapeutic biopsy and post-chemotherapeutic resection specimens of 442
breast cancer patients who had residual disease after PST were included in this study. The
association between changes of biomarker status after PST and clinicopathologic features
of tumors, and survival of the patients, were analyzed.   

Results
Estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor 
receptor 2 (HER2) status changed after PST in 18 (4.1%), 80 (18.1%), and 15 (3.4%) 
patients, respectively. ER and PR mainly underwent positive to negative conversion, whereas
HER2 status underwent negative to positive conversion. Negative conversion of ER and PR
status after PST was associated with reduced disease-free survival. Moreover, a decline in
the Allred score for PR in post-PST specimens was significantly associated with poor clinical
outcome of the patients. HER2 change did not have prognostic significance. In multivariate
analyses, negative PR status after PST was found to be an independent adverse prognostic
factor in the whole patient group, in the adjuvant endocrine therapy-treated subgroup, and
also in pre-PST PR positive subgroup.   

Conclusion
ER and HER2 status changed little after PST, whereas PR status changed significantly. In
particular, negative conversion of PR status was revealed as a poor prognostic indicator,
suggesting that re-evaluation of basic biomarkers is mandatory in breast cancer after PST
for proper management and prognostication of patients. 

Key words
Breast neoplasms, Neoadjuvant therapy, Biomarkers, 
Progesterone receptors, Prognosis
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Introduction

Primary systemic therapy (PST), also referred to as neoad-
juvant chemotherapy, is currently considered the standard
treatment for locally advanced breast cancer. It is increas-
ingly being used to downgrade tumors and facilitate conser-
vative surgery for operable breast cancers [1]. A core needle
biopsy is performed to establish the diagnosis of breast can-

cer, and biomarker (estrogen receptor [ER], progesterone 
receptor [PR], human epidermal growth factor receptor 2
[HER2], and Ki-67) status is evaluated on biopsy specimens
prior to PST. Currently, there are no established guidelines
regarding re-evaluation of biomarkers on post-chemothera-
peutic specimens [2,3]. However, biomarker status is occa-
sionally altered after PST, and therefore re-analysis of bio-
marker expression in post-chemotherapeutic surgical speci-
mens is recommended. 
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The frequency of biomarker alterations after PST varied
from 5% [4] to 46% [5] between studies, and hormone recep-
tor (ER and PR) status changed more often than HER2 status
[6-8]. Also positive to negative conversion was more com-
mon than negative to positive conversion in the case of hor-
mone receptors [9-11]. Although biomarker alteration after
PST has received much attention and was reported in several
series, its variable frequency is confusing. In addition, there
is a lack of information on the clinicopathologic factors asso-
ciated with biomarker alteration in breast cancer [6,12].

Alteration of biomarker status may have a clinical impact
on the treatment of patients following PST. For example,
identification of a switch of a hormone receptor status may
influence the planning of adjuvant endocrine therapy. 
Regarding its impact on clinical outcome, some studies have
reported that alteration of hormone receptor status after PST
is an unfavourable prognostic factor [6,9,10,13,14], but its
prognostic significance remains unclear. In this study, we
evaluated pre-PST and post-PST biomarker status using a
relatively large series of 442 breast cancer patients and
analysed the association between biomarker alteration after
PST and clinicopathologic features. We also evaluated the
prognostic significance of biomarker alteration in breast can-
cer. 

Materials and Methods

1. Patients and samples

We collected data on 571 patients with primary breast can-
cer who underwent breast-conserving surgery or mastec-
tomy after PST in Seoul National University Bundang Hos-
pital from October 2004 to December 2015. Breast cancer 
patients with metastases at presentation were excluded. A
pathologic complete response (pCR) was defined as the com-
plete disappearance of all invasive tumor cells from breast
tissue regardless of the presence of residual ductal carcinoma
in situ in the breast. Of the 571 patients, 129 (22.6%) achieved
pCR. Finally, the 442 patients with residual tumors after PST
were included in this study. 

Of the 442 patients, 126 (28.5%) were treated with the dox-
orubicin plus cyclophosphamide (AC) regimen consisting of
60 mg/m2 doxorubicin intravenously on day 1 and 600
mg/m2 cyclophophamide intravenously once every 3 weeks
for four cycles. A further 205 (46.4%) received sequential AC
followed by docetaxel (AC-T) comprising four cycles of AC
followed by four cycles of 75 mg/m2 docetaxel, and 32 (7.2%)
received sequential AC followed by docetaxel and trastu-
zumab (AC-TH) comprising four cycles of AC followed by

four cycles of 75 mg/m2 docetaxel and trastuzumab. Sixty
patients (13.6%) received the doxorubicin plus docetaxel
(AD) regimen consisting of 50 mg/m2 doxorubicin intra-
venously on day 1 and 75 mg/m2 docetaxel intravenously
once every 3 weeks for three to six cycles, and the remaining
19 patients (4.3%) were treated by a variety of other regi-
mens. The patients underwent breast surgery about 3-4
weeks after the last chemotherapy cycle. The other clinico-
pathologic variables are summarized in Table 1.

Pre-chemotherapeutic biopsy samples were obtained 
before PST by core needle biopsy, and led to a diagnosis of
invasive carcinoma of the breast. A pair of formalin-fixed
and paraffin-embedded tumor samples consisting of a pre-
chemotherapy biopsy and post-chemotherapy resection
specimen, were collected for each patient. Medical records
and hematoxylin and eosinstained sections were reviewed
to acquire clinicopathologic information, including age, sex,
initial clinical T and N category, chemotherapeutic regimen,
cycle of PST, pathologic T and N category after PST, histo-
logic subtype, histologic grade, and lymphovascular inva-
sion. The pathologic response to PST was evaluated with the
Miller-Payne regression grading [15] and residual cancer
burden (RCB) systems [16]. 

2. Immunohistochemical analyses and scoring

Immunohistochemical staining results for standard bio-
markers including ER, PR, HER2, p53, and Ki-67 were
searched during the study to identify any data missing from
the pre-chemotherapeutic biopsy and post-chemotherapeutic
resection specimens. In cases with missing data, immunohis-
tochemical staining on representative tissue sections was car-
ried out in a BenchMark XT autostainer (Ventana Medical
Systems, Tucson, AZ) using an UltraView detection kit (Ven-
tana Medical Systems). The following antibodies were used:
ER (1:100, clone SP1, Labvision, Fremont, CA), PR (1:70, PgR
636, Dako, Carpinteria, CA), HER2 (ready to use, clone 4B5,
Ventana Medical Systems), p53 (1:600, D07, Dako), and 
Ki-67 (1:250, MIB-1, Dako).

For each case, immunohistochemical slides for basic bio-
markers were reviewed to acquire information about bio-
marker expression. ER and PR were regarded as positive if
there were at least 1% positive tumor nuclei. ER and PR were
also scored using the Allred scoring system [17]. HER2 
expression was scored according to 2013 American Society
of Clinical Oncology/College of American Pathologists
(ASCO/CAP) guidelines [18]. For p53, cases with 10% or
more positive staining were grouped as positive. For the 
Ki-67 proliferation index, cases with 20% or more positive
tumor cells were regarded as having high indices. 
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Table 1.  Clinicopathologic characteristics of the patients before primary systemic therapy
Characteristic Non-pCR group (n=442) pCR group (n=129) p-value
Clinical stage

II 232 (52.5) 61 (47.3) 0.298
III 210 (47.5) 68 (52.7)

Clinical T category
T1-T2 263 (59.5) 89 (69.0) 0.051
T3-T4 179 (40.5) 40 (31.0)

Clinical N category
N0 80 (18.1) 20 (15.5) 0.495
N1-N3 362 (81.9) 109 (84.5)

Histologic subtype
IDC 404 (91.4) 128 (99.2) 0.044
ILC 17 (3.8) 1 (0.8)
Metaplastic carcinoma 7 (1.6) 0 (
Mucinous carcinoma 6 (1.4) 0 (
Others 8 (1.8) 0 (

Histologic grade
Low (I and II) 287 (64.9) 46 (35.7) < 0.001
High (III) 155 (35.1) 83 (64.3)

Estrogen receptor
Negative 127 (28.7) 88 (68.2) < 0.001
Positive 315 (71.3) 41 (31.8)

Progesterone receptor
Negative 176 (39.8) 99 (76.7) < 0.001
Positive 266 (60.2) 30 (23.3)

HER2 status
Negative 329 (74.4) 75 (58.1) < 0.001
Positive 113 (25.6) 54 (41.9)

Molecular subtype
Luminal A 118 (26.7) 4 (3.1) < 0.001
Luminal B 202 (45.7) 37 (28.7)
HER2+ 48 (10.9) 31 (24.0)
Triple-negative 74 (16.7) 57 (44.2)

Ki-67 proliferation index (%)
< 20 178 (40.3) 14 (10.9) < 0.001
 20 264 (59.7) 115 (89.1)

Chemotherapy regimen
AC 126 (28.5) 21 (16.3) 0.001
AD 60 (13.6) 11 (8.5)
AC-T 205 (46.4) 67 (51.9)
AC-TH 32 (7.2) 22 (17.1)
Others 19 (4.3) 8 (6.2)

Values are presented as number (%). p-values were calculated by the chi-square test or Fisher's exact test. pCR, pathologic
complete response; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; HER2, human epidermal growth factor
receptor 2; AC, doxorubicin plus cyclophosphamide; AD, doxorubicin plus docetaxel; AC-T, AC followed by docetaxel; 
AC-TH, AC followed by docetaxel and trastuzumab.
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3. Determination of HER2 status

HER2 status had been determined by HER2 fluorescence
in situ hybridization or silver in situ hybridization (SISH) for
cases that were equivocal by HER2 immunohistochemistry.
In cases whose HER2 status was not determined, HER2 SISH
assays were performed with INFORM HER2 DNA and chro-
mosome 17 probes (Ventana Medical Systems) using an 
ultraView SISH Detection Kit (Ventana Medical Systems) as
previously described [19]. At least 50 cells were evaluated for
each case and HER2 status was determined according to the
updated 2013 ASCO/CAP guidelines [18]. A HER2 copy
number of 6.0 or higher per cell, or a HER2:CEP17 ratio of 2
or higher was defined as amplified. Cases with HER2/CEP17
ratios < 2 and HER2 copy numbers of 4 to 6 signals per cell
were considered equivocal. HER2 copy numbers of < 4 sig-
nals per cell and HER2/CEP17 ratios < 2 were defined as
non-amplified. In this study, HER2-equivocal cases were 
regarded as HER2–non-amplified for statistical analysis.

4. Definition of breast cancer subtypes

Immunohistochemical expression of the standard bio-
markers was used to categorize the tumor samples into
breast cancer subtypes according to the 2011 St. Gallen 
Expert Consensus [20] as follows: luminal A (ER+ and/or
PR+, HER2–, Ki-67 < 14%), luminal B (ER+ and/or PR+,
HER2–, Ki-67  14%; ER+ and/or PR+, HER2+), HER2+
(ER–, PR–, HER2+), and triple-negative subtype (ER–, PR–,
HER2–). 

5. Statistical analysis

Statistical significance was assessed using Statistical Pack-
age, SPSS ver. 15.0 for Windows (SPSS Inc., Chicago, IL).
Pearson’s chi-square test or Fisher's exact test was used to
compare frequencies between pairs of groups. Comparison
of continuous variables between matched pre-chemothera-

peutic and post-chemotherapeutic specimens was performed
by paired sample t-tests. Survival curves were estimated by
the Kaplan-Meier method, and the significance of differences
was assessed using the log-rank test. For multivariate analy-
sis, the Cox proportional hazards regression model was used
with backward stepwise selection, with covariates that were
significantly associated with patient outcome in the univari-
ate analyses. Hazard ratios and their 95% confidence inter-
vals were calculated for each variable. p-values less than 0.05
were considered statistically significant, and all reported 
p-values were two-sided.

6. Ethical statement

This study was approved by an Institutional Review Board
of Seoul National University Bundang Hospital (Protocol #
B-1601/332-304), and informed consent was waived.

Results

1. Clinicopathologic characteristics of the patients 

The 442 patients included in this study, that is the non-pCR
group, had low histologic grade (p < 0.001), ER positivity 
(p < 0.001), PR positivity (p < 0.001), HER2 negativity (p <
0.001), and a low Ki-67 proliferation index (p < 0.001) more
frequently, compared to the pCR group (Table 1). ER, PR,
and HER2 positivity were found in 71.3%, 60.2%, and 25.6%,
respectively of the non-pCR group. As for breast cancer sub-
type, the luminal A and luminal B subtypes were more fre-
quent in the non-pCR group than the pCR group. Clinical T
category tended to be higher in the non-pCR group
(p=0.051). 

Table 2.  Paired analyses of biomarker expression levels before and after primary systemic therapy  
Biomarker Pre-PST Post-PST p-value
Estrogen receptor (%) 61.24±42.92 58.43±43.45 0.001
Estrogen receptor (Allred score) 5.52±3.54 5.38±3.57 0.008
Progesterone receptor (%) 34.44±38.92 17.76±28.53 < 0.001
Progesterone receptor (Allred score) 4.13±3.51 2.96±3.16 < 0.001
HER2 (IHC score) 1.41±1.04 1.55±1.01 < 0.001
Ki-67 index (%) 25.85±19.61 15.70±20.23 < 0.001

Values are presented as mean±standard deviation. p-values were calculated by paired sample t-tests. PST, primary systemic
therapy; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry.
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Positive in pre-PST Negative in pre-PST
Biomarker Positive in Negative in Negative in Positive in 

post-PST post-PST post-PST post-PST
Estrogen receptor 305 (69.0) 10 (2.3) 119 (26.9) 8 (1.8)
Progesterone receptor 201 (45.5) 65 (14.7) 161 (36.4) 15 (3.4)
HER2 109 (24.7) 4 (0.9) 318 (71.9) 11 (2.5)
Ki-67 indexa) 113 (25.6) 151 (34.2) 166 (37.6) 12 (2.7)

Table 3. Biomarker changes after primary systemic therapy (n=442)

Values are presented as number (%). PST, primary systemic therapy; HER2, human epidermal growth factor receptor 2. a)As
for Ki-67 index, positive indicates high proliferation index ( 20%) and negative represent low proliferation index (< 20%). 

Fig. 1.  Representative examples of biomarker alteration after primary systemic therapy. Estrogen receptor (ER) and prog-
esterone receptor (PR) show negative conversion, and the immunohistochemical score for human epidermal growth factor 
receptor 2 (HER2) is altered from 1+ to 3+ after primary systemic therapy (PST). 

Pre-PST

ER

PR

HER2

Post-PST
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2. Biomarker alteration after PST

In a paired analysis of 442 pre-and post-PST samples, ER
and PR expression generally decreased after PST (Table 2).
There was a more substantial decrease in PR positivity
(mean, 34.44% to 17.76%) and Allred score of PR (mean, 4.13
to 2.96) than in ER positivity (mean of positivity, 61.24% to
58.43%; mean of Allred score, 5.52 to 5.38). HER2 expression
level increased slightly (mean, 1.41 to 1.55) and Ki-67 index
decreased markedly (mean, 25.85% to 15.70%).

After PST, ER, PR, and HER2 status was altered in 18
(4.1%), 80 (18.1%), and 15 (3.4%) patients, respectively (Table 3,
Fig. 1). Of the 18 patients with ER changes, 10 underwent
positive to negative conversion, and six of them had ER 
expression levels of < 5% in the pre-PST samples. Of the eight
patients with ER negative to positive conversion, five also
had low ER expression levels (< 5%) in post-PST samples. Of
the 80 patients with PR status changes, 65 underwent posi-
tive to negative conversion. Of the 15 patients who under-
went negative to positive conversion, 11 had low PR
expression levels (< 5%) in post-PST samples. Overall, hor-
mone receptor status changed in 22 patients (5.0%), with 13
positive to negative conversions and nine negative to posi-
tive conversions. While HER2 positive to negative conver-

sion was observed in four (0.9%) of the total patients, HER2
negative to positive conversion was observed in 11 (2.5%).

Table 4 presents the biomarker alterations according to
pre-PST molecular subtype. All of the 10 cases with ER pos-
itive to negative conversion were of luminal B subtype, and
none belonged to luminal A subtype (p=0.015). In terms of
Ki-67 proliferation index, six cases (3.0%) of luminal B sub-
type changed from low index to a high one after PST, and
the frequency of this change was significantly higher than in
the luminal A subtype (0.8%) (p=0.002). The decrease of 
Ki-67 proliferation index after PST were more prominent in
the luminal B subtype than in the HER2+ (p < 0.001) and
triple-negative (p < 0.001) subtypes. As a whole, the luminal
B subtype underwent the most alterations after PST.

3. Clinicopathological characteristics of tumors showing
biomarker alteration after PST 

Table 5 summarizes the clinicopathological characteristics
of the tumors with biomarker changes after PST. ER conver-
sion was more frequent in tumors of high histologic grade
(p=0.018), PR negativity (p < 0.001), high Ki-67 index (p=0.010),
and p53 overexpression (p < 0.001) before PST. ER conver-
sion was also associated with low ypT stage (p=0.014), PR

Molecular subtype 
Positive in pre-PST Negative in pre-PST

in pre-PST
Biomarker Positive in Negative in Negative in Positive in 

post-PST post-PST post-PST post-PST
Luminal A (n=118) Estrogen receptor 118 (100) 0a) - -

Progesterone receptor 85 (72.0) 22 (18.6) 7 (5.9) 4 (3.4)
HER2 - - 114 (96.6) 4 (3.4)
Ki-67 indexb) - - 117 (99.2) 1 (0.8)c)

Luminal B (n=202) Estrogen receptor 187 (92.6) 10 (5.0)a) 1 (0.5) 4 (2.0)
Progesterone receptor 116 (57.4) 43 (21.3) 35 (17.3) 8 (4.0)
HER2 63 (31.2) 2 (1.0) 131 (64.9) 6 (3.0)
Ki-67 indexb) 42 (20.8) 112 (55.4)d),e) 42 (20.8) 6 (3.0)c)

HER2+ (n=48) Estrogen receptor - - 46 (95.8) 2 (4.2)
Progesterone receptor - - 47 (97.9) 1 (2.1)
HER2 46 (95.8) 2 (4.2) - -
Ki-67 indexb) 24 (50.0) 14 (29.2)d) 7 (14.6) 3 (6.3)

Triple-negative (n=74) Estrogen receptor - - 69 (93.2) 5 (6.8)
Progesterone receptor - - 72 (97.3) 2 (2.7)
HER2 - - 73 (98.6) 1 (1.4)
Ki-67 indexb) 47 (63.5) 25 (33.8)e) 0 ( 2 (2.7)

Table 4. Biomarker changes after primary systemic therapy according to molecular subtype

Values are presented as number (%). PST, primary systemic therapy; HER2, human epidermal growth factor receptor 2.
a)p=0.015, luminal A vs. luminal B, b)As for Ki-67 index, positive indicates high proliferation index ( 20%) and negative rep-
resent low proliferation index (< 20%), c)p=0.002, luminal A vs. luminal B, d)p < 0.001, luminal B vs. HER2+, e)p < 0.001, 
luminal B vs. triple-negative.
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Clinicopathologic
ER status PR status HER2 status

characteristic Unaltered Altered p-value Unaltered Altered p-value Unaltered Altered p-value
(n=424) (n=18) (n=362) (n=80) (n=427) (n=15)

Pre-primary systemic therapy 
Clinical T category

T1-T2 253 (59.7) 10 (55.6) 0.728 213 (58.8) 50 (62.5) 0.546 256 (60.0) 7 (46.7) 0.303
T3-T4 171 (40.3) 8 (44.4) 149 (41.2) 30 (37.5) 171 (40.0) 8 (53.3)

Clinical N category 
N0 77 (18.2) 3 (16.7) 1.000 67 (18.5) 13 (16.3) 0.635 80 (18.7) 0 ( 0.084
N1-N3 347 (81.8) 15 (83.3) 295 (81.5) 67 (83.8) 347 (81.3) 15 (100)

Histologic grade
Low to intermediate 280 (66.0) 7 (38.9) 0.018 222 (61.3) 65 (81.3) 0.001 279 (65.3) 8 (53.3) 0.338
High 144 (34.0) 11 (61.1) 140 (38.7) 15 (18.8) 148 (34.7) 7 (46.7)

Estrogen receptor
Negative 119 (28.1) 8 (44.4) 0.133 121 (33.4) 6 (7.5) < 0.001 124 (29.0) 3 (20.0) 0.570
Positive 305 (71.9) 10 (55.6) 241 (66.6) 74 (92.5) 303 (71.0) 12 (80.0)

Progesterone receptor
Negative 160 (37.7) 16 (88.9) < 0.001 161 (44.5) 15 (18.8) < 0.001 171 (40.0) 5 (33.3) 0.602
Positive 264 (62.3) 2 (11.1) 201 (55.5) 65 (81.3) 256 (60.0) 10 (66.7)

HER2 status
Negative 318 (75.0) 11 (61.1) 0.267 266 (73.5) 63 (78.8) 0.328 318 (74.5) 11 (73.3) > 0.999
Positive 106 (25.0) 7 (38.9) 96 (26.5) 17 (21.3) 109 (25.5) 4 (26.7)

Ki-67 index (%)
Low (< 20) 176 (41.5) 2 (11.1) 0.010 139 (38.4) 39 (48.8) 0.088 174 (40.7) 4 (26.7) 0.274
High ( 20) 248 (58.5) 16 (88.9) 223 (61.6) 41 (51.3) 253 (59.3) 11 (73.3)

p53 overexpression
Absent 278 (65.6) 4 (22.2) < 0.001 228 (63.0) 54 (67.5) 0.447 274 (64.2) 8 (53.3) 0.391
Present 146 (34.4) 14 (77.8) 134 (37.0) 26 (32.5) 153 (35.8) 7 (46.7)

Post-primary systemic therapy
ypT stage

T1 229 (54.0) 15 (83.3) 0.014 208 (57.5) 36 (45.0) 0.043 238 (55.7) 6 (40.0) 0.223
T2-T4 195 (46.0) 3 (16.7) 154 (42.5) 44 (55.0) 189 (44.3) 9 (60.0)

ypN stage
N0 145 (34.2) 10 (55.6) 0.063 133 (36.7) 22 (27.5) 0.117 154 (36.1) 1 (6.7) 0.019
N1-ypN3 279 (65.8) 8 (44.4) 229 (63.3) 58 (72.5) 273 (63.9) 14 (93.3)

Miller-Payne grade
Grade 1-2 116 (27.4) 3 (16.7) 0.422 91 (25.1) 28 (35.0) 0.072 114 (26.7) 5 (33.3) 0.561
Grade 3-4 308 (72.6) 15 (83.3) 271 (74.9) 52 (65.0) 313 (73.3) 10 (66.7)

RCB class
Class I-II 119 (46.9) 12 (66.7) 0.101 176 (48.6) 35 (43.8) 0.430 209 (48.9) 2 (13.3) 0.007
Class III 225 (53.1) 6 (33.3) 186 (51.4) 45 (56.3) 218 (51.1) 13 (86.7)

Estrogen receptor
Negative 119 (28.1) 10 (55.6) 0.012 123 (34.0) 6 (7.5) < 0.001 125 (29.3) 4 (26.7) > 0.999
Positive 305 (71.9) 8 (44.4) 239 (66.0) 74 (92.5) 302 (70.7) 11 (73.3)

Progesterone receptor
Negative 210 (49.5) 16 (88.9) 0.001 161 (44.5) 65 (81.3) < 0.001 220 (51.5) 6 (40.0) 0.380
Positive 214 (50.5) 2 (11.1) 201 (55.5) 15 (18.8) 207 (48.5) 9 (60.0)

HER2 status
Negative 310 (73.1) 12 (66.7) 0.590 262 (72.4) 60 (75.0) 0.633 318 (74.5) 4 (26.7) < 0.001
Positive 114 (26.9) 6 (33.3) 100 (27.6) 20 (25.0) 109 (25.5) 11 (73.3)

Table 5. Clinicopathologic characteristics of tumors associated with biomarker changes after primary systemic therapy 

(Continued to the next page)
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negativity (p=0.001), and high Ki-67 index (p=0.002) after
PST. On the other hand, PR conversion was more frequent
in tumors with pre-PST low to intermediate histologic grade
(p=0.001), ER positivity (p < 0.001), and PR positivity (p <
0.001). Among the post-PST factors, PR conversion was 
associated with high ypT stage (p=0.043), ER positivity (p <
0.001), and low Ki-67 index (p=0.008). 

ER and PR changes after PST were predominantly from
positive to negative (p=0.012, ER; p < 0.001, PR). Cases with
HER2 conversion had a higher frequency of lymph node
metastasis (p=0.019), and higher RCB class (p=0.007). HER2
changed more frequently from negative to positive (p <
0.001).

4. Prognostic significance of biomarker alteration after PST

Most of the patients received the standard treatment and
regular follow-up. Three hundred and eighty-seven patients
(87.6%) were treated by radiation therapy, and 316 (71.5%)
received adjuvant endocrine therapy. The median follow-up
period was 41 months (range, 1 to 142 months). Kaplan-
Meier plots for disease-free survival according to biomarker
status alteration are shown in Fig. 2. Positive to negative con-
version of ER and PR status after PST was associated with
decreased disease-free survival of the patients compared to
persistent positive tumors (p=0.038 and p=0.017, respec-
tively). There was no prognostic significance of negative to
positive conversion of ER and PR in comparison with tumors
with persistent negative status. However, compared to per-
sistent PR-positive group, negative to positive conversion of
PR was associated with poor disease-free survival (p=0.004)
(Fig. 3). HER2 alteration had no prognostic significance. High
Ki-67 index after PST was associated with decreased disease-
free survival regardless of pre-PST Ki-67 index. We also eval-
uated prognostic significance according to changes of Allred
scores of ER and PR after PST in the pre-PST ER or PR posi-
tive groups. Interestingly, the decrease of Allred score of PR
in post-PST samples was significantly associated with poor

disease-free survival (p=0.006) (Fig. 4). 
Univariate and multivariate analyses of disease-free sur-

vival in the whole patient group, the pre-PST ER-positive
group, the group receiving adjuvant endocrine therapy, and
the pre-PST PR positive group are summarized in Table 6. In
multivariate analyses of the whole group, ypT category
(p=0.003), ypN category (p=0.001), Miller-Payne regression
grade (p=0.020), post-PST ER status (p=0.025), and post-PST
PR status (p=0.028) were independent prognostic factors.
Post-PST ER status was not found to be an independent
prognostic factor in the pre-PST ER-positive group, but ypT
stage (p=0.047), post-PST PR status (p=0.031) and post-PST
Ki-67 index (p=0.002) were independent prognostic factors.
Negative PR status after PST was also an independent 
adverse prognostic factor in multivariate analyses of the
group receiving adjuvant endocrine therapy (p=0.012), 
together with high ypT stage (p=0.028), high ypN stage
(p=0.019), and post-PST high Ki-67 index (p=0.001). In the
pre-PST PR positive subgroup, post-PST PR negative status
(p=0.008) and high Ki-67 index (p=0.034) were independent
poor prognostic factors.

Discussion

The frequency of biomarker alterations after PST in breast
cancer has varied widely between report [7,21]. This variabil-
ity raises the clinical question whether repeat tests on sam-
ples after chemotherapy need to be routinely performed. In
addition, there is a relative lack of data about the prognostic
value of biomarker alterations in breast cancer. We showed
in the present work that PR status changes frequently after
PST, and negative conversion of PR status is a poor prognos-
tic indicator. 

In the present study, alterations of ER, PR, and HER2 sta-
tus were observed in 4.1%, 18.1%, and 3.4% of the total cases,

Clinicopathologic
ER status PR status HER2 status

characteristic Unaltered Altered p-value Unaltered Altered p-value Unaltered Altered p-value
(n=424) (n=18) (n=362) (n=80) (n=427) (n=15)

Ki-67 index (%)
Low (< 20) 310 (73.1) 7 (38.9) 0.002 250 (69.1) 67 (83.8) 0.008 307 (71.9) 10 (66.7) 0.771
High ( 20) 114 (26.9) 11 (61.1) 112 (30.9) 13 (16.3) 120 (28.1) 5 (33.3)

Table 5. Continued

Values are presented as number (%). ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth
factor receptor 2; RCB, residual cancer burden.
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respectively. PR status changed more often than that of ER
and HER2, which is consistent with previous reports [12,21-
23]. The frequency of positive to negative conversion was
higher than negative to positive. It is notable that alterations
of biomarkers were more frequent in the luminal B subtype
than in the luminal A, HER2+ and triple-negative subtypes.
Zhou et al. [22] also showed that the luminal B and luminal–
HER2 subtypes underwent biomarker alterations after PST

more frequently than the other subtypes, although the dif-
ferences were not statistically significant except for the Ki-67
index [22]. Recently, Xian et al. [23] reported that the triple-
negative subtype usually remained triple-negative after PST,
and PR was the most frequently altered biomarker. Cur-
rently, there are no guidelines about whether treatment
should be modified based on altered biomarker status after
PST. However, patients with hormone receptor conversion

Fig. 2.  Survival analyses according to biomarker alteration after primary systemic therapy. Negative conversion of estrogen
receptor (ER) (A) and progesterone receptor (PR) (C) status after primary systemic therapy (PST) are associated with 
decreased disease-free survival. However, positive conversion of ER (B) or PR (D) in receptor-negative cases has no prog-
nostic significance. (Continued to the next page)
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that received endocrine therapy were shown to have signif-
icantly better disease-free or overall survival than those with
conversion without endocrine therapy [9,24]. In our study,
most cases with negative to positive conversion of hormone
receptor status had low receptor expression levels (< 5%),
and there was no difference in survival according to adjuvant
endocrine therapy among those patients (data not shown).
Further investigation of treatment modification according to
altered biomarker status, including patients with low levels

of hormone receptor expression, are warranted. 
The clinicopathologic features associated with ER, PR, and

HER2 conversion differed. While ER conversion was more
frequently found in cases of high histologic grade and high
Ki-67 index before PST, PR conversion occurred more fre-
quently in cases with pre-PST lower histologic grade and
post-PST low Ki-67 index. It has been reported that PR status
changed quite often in carcinomas that were grade 1-2 before
PST, whereas changes of ER status were unrelated to histo-

Fig. 2. (Continued from the previous page) (E, F) Alteration of human epidermal growth factor receptor 2 (HER2) status after
PST is not related to the survival of patients. (G, H) High Ki-67 index in post-PST samples is associated with poor disease-
free survival, irrespective of pre-PST Ki-67 status. 
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Fig. 3.  Survival analyses between the tumors showing negative to positive conversion of hormone receptor status and per-
sistent receptor-positive tumors after primary systemic therapy. (A) Negative to positive conversion of estrogen receptor
(ER) shows no prognostic significance. (B) However, negative to positive conversion of progesterone receptor (PR) is asso-
ciated with decreased disease-free survival compared to persistent PR-positive group.
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Fig. 4.  Survival analyses according to changes of Allred score after primary systemic therapy. (A) Change of the Allred score
for estrogen receptor (ER) after primary systemic therapy (PST) in the pre-PST ER-positive group has no prognostic signif-
icance. (B) Decreased Allred score for progesterone receptor (PR) after PST is associated with poor disease-free survival in
the pre-PST PR-positive group. 
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logic grade before PST [12]. Others have reported that large
tumor size and lymph node metastasis are associated with
biomarker alterations [22]. Thus the clinicopathologic factors
associated with biomarker alteration after PST differ between

reports and the situation is still unclear. Further large-scale
studies are needed.

Several studies have focused on the prognostic value of
biomarker alterations after PST in breast cancer, and the 

Variable Category
Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value 
Whole group (n=442)

ypT category T1 vs. T2-4 2.410 1.530-3.796 < 0.001 2.241 1.316-3.819 0.003
ypN category N0 vs. N1-3 2.343 1.316-4.171 0.004 2.641 1.455-4.793 0.001
Miller-Payne grade Grade 3-4 vs. 1-2 2.930 1.894-4.533 < 0.001 1.844 1.101-3.088 0.020
RCB classa) I and II vs. III 2.557 1.555-4.203 < 0.001 - - -
ER status (post-PST) Positive vs. negative 2.493 1.903-4.553 < 0.001 2.200 1.106-4.374 0.025
PR status (post-PST) Positive vs. negative 2.653 1.637-4.301 < 0.001 1.987 1.076-3.672 0.028
HER2 status (post-PST) Negative vs. positive 1.138 0.702-1.846 0.599 - - -
Ki-67 index (post-PST) (%) < 20 vs.  20 3.148 2.035-4.870 < 0.001 1.740 0.967-3.130 0.065

Pre-PST ER-positive 
group (n=315)
ypT category T1 vs. T2-4 2.178 1.128-4.208 0.020 2.242 1.012-4.966 0.047
ypN category N0 vs. N1-3 3.031 1.078-8.521 0.035 2.443 0.847-7.046 0.098
Miller-Payne grade Grade 3-4 vs. 1-2 2.271 1.229-4.198 0.009 1.391 0.691-2.803 0.355
RCB classa) I and II vs. III 2.668 1.231-5.779 0.013 - - -
ER status (post-PST) Positive vs. negative 3.254 0.998-10.602 0.050 1.362 0.309-6.013 0.683
PR status (post-PST) Positive vs. negative 1.829 0.990-3.379 0.054 2.052 1.068-3.943 0.031
HER2 status (post-PST) Negative vs. positive 0.995 0.460-2.156 0.991 - - -
Ki-67 index (post-PST) (%)   < 20 vs.  20 3.078 1.593-5.949 0.001 3.196 1.547-6.603 0.002

Adjuvant endocrine 
therapy-treated group (n=316)
ypT category T1 vs. T2-4 2.183 1.130-4.217 0.020 2.125 1.086-4.159 0.028
ypN category N0 vs. N1-3 4.293 1.323-13.926 0.015 4.182 1.271-13.753 0.019
Miller-Payne grade Grade 3-4 vs. 1-2 2.324 1.258-4.295 0.007 1.526 0.772-3.018 0.224
RCB classa) I and II vs. III 3.786 1.592-9.006 0.003 - - -
ER status (post-PST) Positive vs. negative 1.833 0.440-7.632 0.405 - - -
PR status (post-PST) Positive vs. negative 1.907 1.032-3.523 0.039 2.210 1.187-4.115 0.012
HER2 status (post-PST) Negative vs. positive 0.944 0.436-2.045 0.884 - - -
Ki-67 index (post-PST) (%) < 20 vs.  20 2.668 1.360-5.234 0.004 3.179 1.611-6.270 0.001

Pre-PST PR-positive 
group (n=266)
ypT category T1 vs. T2-4 2.504 1.153-5.439 0.020 2.047 0.863-4.855 0.104
ypN category N0 vs. N1-3 4.600 1.097-19.294 0.037 4.091 0.959-17.448 0.057
Miller-Payne grade Grade 3-4 vs. 1-2 2.412 1.192-4.881 0.014 1.607 0.735-3.511 0.235
RCB classa) I and II vs. III 4.262 1.491-12.183 0.007 - - -
ER status (post-PST) Positive vs. negative 1.314 0.178-9.698 0.789 - - -
PR status (post-PST) Positive vs. negative 2.326 1.139-4.749 0.020 2.668 1.288-5.528 0.008
HER2 status (post-PST) Negative vs. positive 0.776 0.298-2.022 0.604 - - -
Ki-67 index (post-PST) (%) < 20 vs. 20 2.201 0.980-4.942 0.056 2.440 1.068-5.574 0.034

Table 6. Univariate and multivariate analyses of disease-free survival

HR, hazard ratio; CI, confidence interval; RCB, residual cancer burden; ER, estrogen receptor; PST, primary systemic therapy;
PR, progesterone receptor; HER2, human epidermal growth factor receptor 2. a)RCB class was highly correlated with ypN
stage (correlation coefficient  0.755) and so was not included in the multivariate analysis. 
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results are controversial. As for positive conversion of hor-
mone receptor status, Tacca et al. [13] reported that positive
conversion of hormone receptor status was correlated with
favorable clinical outcome. Hirata et al. [9] showed that 
patients with ER negative to positive conversion after PST
had a poorer prognosis. However, in our study, positive con-
version of hormone receptor status did not have prognostic
significance. At the same time, there are recent reports that
negative conversion of hormone receptor status, especially
loss of PR positivity, predicts poorer disease-free survival
[6,8,10,14], which is concordant with our findings. We also
showed that reduced PR Allred score was associated with an
unfavorable prognosis. Finally, negative PR status itself after
PST was an independent prognostic factor in the whole 
patient group, the pre-PST ER positive group, the adjuvant
endocrine therapy-treated group, and the pre-PST PR posi-
tive group. Accordingly, we recommend re-evaluation of
basic biomarkers in breast cancer after PST not only for
proper management, but also for better prognostication of
patients. Regarding HER2, alteration of its status did not
have prognostic significance in our study. This is in contrast
to a previous report that patients with tumors undergoing
negative HER2 conversion following treatment had signifi-
cantly reduced disease-free survival [11,25].

The causes of biomarker alteration following PST remain
unclear. They can be partly understood in terms of well-doc-
umented cancer biology, including intra-tumoral hetero-
geneity and the general instability of tumor biomarkers
[21,22]. ER+/PR– tumors are known to have aggressive 
behavior and tamoxifen resistance despite ER positivity
[26,27]. In terms of biomarker alteration during tumor pro-
gression, metastatic ER+/PR– tumors follow a worse clinical
course after loss of PR [26,28]. The mechanism of PR loss in
breast cancers has not been fully elucidated, but involves
complex mechanisms including low serum ER, hypermethy-
lation of the PR promoter, loss of DNA at the PR locus,
growth factor signaling of the PR, and altered ER co-regula-
tor activity [26]. However, it is unclear which mechanism is
particularly associated with the PR loss related to PST. It has
been suggested that decreased PR expression is associated
with increased growth factor signaling, and that this con-
tributes to the aggressiveness of ER+/PR– tumors [26,27]. 

Factors related to data collection and analysis could also
affect differences between pre- and post-PST biomarker sta-
tus [11,21]. In the current study, all the cases were collected
from a single institution, the same immunohistochemistry
methods were used, and the same criteria for interpretation
were applied. Therefore, the effects of such technical factors
should be minimal. In general, the concordance between bio-
marker expression in core needle biopsies and excised spec-
imens is excellent [21,29]: in a different cohort in our insti-
tution it was 99% for ER and 97.1% for PR [30]. The frequency

of biomarker alterations after PST was higher than the fre-
quency of discrepancies between biopsy and excision speci-
mens in our institution, indicating that biomarker alteration
after PST is related to tumor biology itself rather than pre-
analytic and analytic factors. However, most cases of hor-
mone receptor conversion after PST, especially those with ER
conversion, had low hormone receptor expression levels,
suggesting that analytical issues associated with the use of a
specific cut-off value (1% in this study) and intra-tumoral
heterogeneity may contribute to the discordance between
biopsy and excision specimens.

There are some limitations in this study. First, being a ret-
rospective study, the patients were not treated with homog-
enous chemotherapeutic regimen although most patients
received standard treatment. Moreover, changes were made
regarding hormone and anti-HER2 therapies in treatment of
breast cancer during 2004 to 2015. For example, in 113 HER2-
postitive breast cancer patients, 12 patients (10.6%) did not
receive anti-HER2 therapy. Although there was no survival
difference in HER2-positive breast cancer patients with or
without anti-HER2 therapy (p=0.920, log-rank test, data not
shown), the difference in adjuvant treatment may affect clin-
ical outcome. Also, the follow-up periods were too short for
the recent cases, considering the large proportion of early
staged breast cancer in this group. Thus, further large-scale
studies in a homogeneously-treated patient population with
long-term follow-up would be needed to confirm the prog-
nostic value of PR conversion after PST in breast cancer. 

In conclusion, negative conversion of PR status after PST
was frequently observed in breast cancer, and it was associ-
ated with poor clinical outcome in patients with breast can-
cer. Therefore, we suggest that re-evaluation of basic
biomarkers should be mandatory in breast cancer after PST,
for proper management and better prognostication of 
patients.
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Purpose
We previously developed a model to more accurately predict life expectancy for stage IV
cancer patients referred to radiation oncology. The goals of this study are to validate this
model and to compare competing published models.  

Materials and Methods
From May 2012 to March 2015, 280 consecutive patients with stage IV cancer were prospec-
tively evaluated by a single radiation oncologist. Patients were separated into training, vali-
dation and combined sets. The NEAT model evaluated number of active tumors (“N”), Eastern
Cooperative Oncology Group performance status (“E”), albumin (“A”) and primary tumor site
(“T”). The Odette Cancer Center model validated performance status, bone only metastases
and primary tumor site. The Harvard TEACHH model investigated primary tumor type, per-
formance status, age, prior chemotherapy courses, liver metastases, and hospitalization
within 3 months. Cox multivariable analyses and logistical regression were utilized to compare
model performance.  

Results
Number of active tumors, performance status, albumin, primary tumor site, prior hospital-
ization within the last 3 months, and liver metastases predicted overall survival on uinvariate
and multivariable analysis (p < 0.05 for all). The NEAT model separated patients into four
prognostic groups with median survivals of 24.9, 14.8, 4.0, and 1.2 months, respectively
(p < 0.001). The NEAT model had a C-index of 0.76 with a Nagelkerke’s R2 of 0.54 suggest-
ing good discrimination, calibration and total performance compared to competing prog-
nostic models.

Conclusion
The NEAT model warrants further investigation as a clinically useful approach to predict sur-
vival in patients with stage IV cancer.  
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Life expectancy, Radiation oncology, Prognosis 
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Introduction

Radiation therapy is a cost-effective and time efficient
treatment to control pain, neurologic symptoms and obstruc-
tive symptoms from advanced cancer that can achieve local
control of tumors in any organ system [1]. It is now well 
accepted that clinician intuition and experience alone is 
inadequate to accurately predict survival for stage IV cancer,
with physicians typically overestimating survival [2-4]. There

is significant interest in developing a more accurate model
to predict survival for radiation oncology patients with stage
IV cancer [5-7]. An accurate estimate of survival is important
for patients to inform treatment decisions and to initiate end-
of-life planning and timely palliative care consultation [8].
Inaccurate survival prognostication can result in the patients
receiving high intensity cancer care towards the end of life
[9,10]. 

A model developed at Good Samaritan Hospital Medical
Center separated patients with stage IV cancer into four
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prognostic groups using four prognostic factors that were
found to be significant predictors of overall survival [5]. The
acronym NEAT describes these factors: number of active 
tumors (“N”), Eastern Cooperative Oncology Group (ECOG)
performance status (“E”), serum albumin (“A”), and primary
tumor type (“T”). Four groups were identified with median
survivals ranging from 1.2 months, 4.1 months, 14.5 months,
and >31.4 months. The TEACHH model developed at Har-
vard Medical School divided incurable cancer patients into
three life expectancy groups using type of cancer, perform-
ance status, age, prior palliative chemotherapy, prior hospi-
talizations, and hepatic metastases [7]. The three groups had
median survivals of 1.7 months, 5 months, and 19.9 months,
respectively. A third model developed at Odette Cancer Cen-
ter in Toronto separated patients with advanced cancer into
three groups using performance status, primary tumor type
and site of metastases [6]. The three groups had survivals of
2.1 months, 6.0 months, and 13.8 months. Despite extensive
research, there is no current consensus on the optimal 
approach to develop an accurate prognosis for patients with
stage IV cancer.

The objectives of the current study were to (1) validate the
results of the Good Samaritan model using a temporal vali-
dation set and (2) to evaluate the relative performance of the
Good Samaritan model compared to the Odette Cancer Cen-
ter and Harvard TEACHH models. 

Materials and Methods

1. Inclusion criteria

This study included 280 consecutive patients older than 18
years with metastatic stage IV solid tumor who were referred
to a single physician in a large community hospital-based 
radiation oncology department between May 2012 and
March 2015. Since 45 patients did not have a recent serum 
albumin available, the analysis was limited to 235 patients.
The first 116 analyzed patients were evaluated between May
2012 and August 2013 and represented the training cohort.
The subsequent 119 analyzed patients were evaluated 
between September 2013 and March 2015 and represented
the validation cohort. 

2. Data collection

The charts of all patients were assessed for previously val-
idated prognostic factors including performance status
(ECOG 0 to 1 vs. ECOG 2 vs. ECOG 3-4), primary tumor type
(breast, prostate, kidney, lung or other), number of tumors

(1 to 5 vs.  6), serum albumin ( 3.4 g/dL vs. 2.4 to 3.3 g/dL
vs.  2.4 g/dL), location of metastases (bone only vs. liver vs.
other), age (> 60 vs.  60), hospitalization within the past 3
months (0 vs.  1), and prior palliative chemotherapy courses
( 2 vs. 0-1). The calculations of risk groups using the Good
Samaritan NEAT, Odette Cancer Center, and Harvard
TEACHH models are shown in Table 1.

3. Statistical methodology

Statistical analysis was performed with Stata ver. 13 (Stat-
aCorp., College Station, TX). The primary outcome was over-
all survival, defined as time from initial radiation oncology
consultation to date of death. Patients who were lost to fol-
low-up were censored at the date of last follow-up. Survival
data was analyzed using the Kaplan-Meier method and sum-
marized by median and 6-month survival. Chi-square tests
were performed to determine differences in categorical vari-
ables between cohorts. Differences in survival were assessed
through the log-rank method. The multivariable analyses
were performed by Cox proportional hazards models and
verified by tests of correlations over time with examination
of residual plots. The ability of various models to predict 
6-month survival was analyzed using logistical regression.
Patients who were lost to follow-up with less than 6-month
follow-up were excluded from the logistical regression. Sta-
tistical tests were two sided and p-values of < 0.05 were con-
sidered statistically significant. 

The three prognostic models were assessed using the per-
formance measures discrimination, calibration and overall
performance [11]. Predictive discrimination is the probability
of concordance between predicted and observed survival.
Predictive discrimination is measured by the Harrell’s C
index with 0.5-0.59 indicating poor, 0.6-0.69 indicating mod-
erate, 0.7-0.79 indicating good, 0.8-0.89 indicating very good,
and > 0.9 indicating excellent discrimination [12,13]. The C
indices of various models were compared using the tech-
niques described by Newson [14]. Calibration quantifies
whether the observed outcomes and predicted probabilities
agree. For calibration < 10% point difference between pre-
dicted and observed mortality is considered a well calibrated
model [13]. Overall performance of various prediction mod-
els is the distance between predicted outcome and actual out-
come and is measured by Nagelkerke’s R2 from a logistical
regression [11]. 

4. Ethical statement

This minimal risk study was approved by the Good Samar-
itan Hospital Medical Center Institutional Review Board
with waiver of informed consent.
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Results

1. Training and temporal validation sets

The characteristics of the 116 patients in the training cohort
and 119 in the validation are summarized in Table 2. There
were differences between the populations with respect to pri-
mary tumor site, performance status, age and frequency of
bone only metastases. 

Median survival was 4.1 months in the training cohort
(95% confidence interval [CI], 3.0 to 5.8) and 6.7 months in
the validation cohort (95% CI, 4.4 to 10.1) (p=0.07). The 
median overall survival for the entire cohort was 5.4 months
(95% CI, 4.1 to 6.6) with a median follow-up for surviving
patients of 20.7 months (95% CI, 8.5 to 26.1) (Fig. 1). 

All four components of the NEAT model, including num-
ber of tumors, ECOG performance status, serum albumin
and primary tumor site predicted survival on both univariate
and Cox multivariable analysis (Table 3). For the Odette Can-
cer Center model, primary tumor site and Karnofsky per-
formance status were predictive on univariate and Cox
multivariable analysis but bone only metastasis was not pre-
dictive (Table 3). With respect to the TEACHH model, pri-
mary tumor site, ECOG performance status, prior hospi-
talization within the last 3 months and liver metastases pre-
dicted survival on both univariate and Cox multivariable
analysis (Table 3). However, age and extent of prior palliative
chemotherapy were not predictive. 

2. Training cohort 

In the training group, Good Samaritan NEAT model 
divided the patients into four distinct groups with median

Table 1. Risk group calculations by previously identified
models

(Continued)

Variable
NEAT model

No. of tumors Points
1-5 0
> 5 1

ECOG performance
0-1 0
2 1
3-4 2

Albumin (g/dL)
 3.4 0
2.4-3.3 0.5
< 2.4 1

Primary tumor site
Breast, kidney, prostate 0
Other 1

Composite score Group
0-1 Very low risk
1.5-2 Low risk
2.5-3.5 Intermediate risk
4-5 High risk

Odette Cancer Center model Risk factor score
Primary tumor site

Breast 0
Nonbreast 1

Metastasis location
Bone only 0
Other than bone only 1

KPS
> 60 0
 60 1

No. of risk factors Group
0 to 1 1
2 2
3 3

TEACHH model Risk factor score
Primary tumor site

Breast, prostate 0
Lung, other 1

ECOG performance
0-1 0
2-4 1

Age (yr)
 60 0
> 60 1

No. of prior palliative 
chemotherapy courses 
0-2 0
> 2 1

Table 1. Continued

ECOG, Eastern Cooperative Oncology Group; KPS, Kar-
nofsky performance status.

Variable
Prior hospitalizations within the last 3 mo

No 0
Yes 1

Liver metastasis 
No 0
Yes 1

No. of risk factors score Group
0 to 1 A
2 to 4 B
5 to 6 C
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Training set Validation set p-value(n=116) (n=119)
NEAT model

No. of tumors 
1-5 32 (28) 34 (29) 0.867
 6 84 (72) 85 (71)

ECOG performance
0-1 31 (27) 49 (41) 0.01
2 34 (29) 39 (33)
3-4 51 (44) 31 (26)

Albumin
 3.4 54 (47) 58 (49) 0.479
2.4-3.3 52 (45) 46 (39)
< 2.4 10 (9) 15 (13)

Primary tumor site
Breast, kidney, prostate 16 (14) 33 (28) < 0.001
Other 100 (86) 86 (72)
Odette Cancer Center model

Primary tumor site
Breast 7 (6) 19 (16) 0.015
Nonbreast 109 (94) 100 (84)

Metastasis location
Bone only 8 (7) 26 (22) 0.001
Other than bone only 108 (93) 93 (78)

KPS
> 60 31 (27) 49 (41) 0.019
 60 85 (73) 70 (59)

TEACHH model
Primary tumor site

Breast, prostate 11 (9) 30 (25) 0.001
Lung, other 105 (91) 89 (75)

ECOG performance
0-1 31 (27) 49 (41) 0.019
2-4 85 (73) 70 (59)

Age (yr)
 60 33 (28) 21 (18) 0.049
> 60 83 (72) 98 (82)

No. of prior palliative chemotherapy courses
0-2 103 (89) 106 (89) 0.945
> 2 13 (11) 13 (11)

Prior hospitalizations within the last 3 mo
0 28 (24) 38 (32) 0.184
 1 88 (76) 81 (68)

Liver metastasis 
No 93 (80) 92 (77) 0.592
Yes 23 (20) 27 (23)

Table 2. Patient characteristics

Values are presented as number (%). ECOG, Eastern Cooperative Oncology Group; KPS, Karnofsky performance status.
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survivals of 37.5, 14.8, 4.0, and 1.2 months, respectively (p <
0.01). The Odette Cancer Center model separated the patients
into three groups with median survivals of 37.5, 12.7, and 2.2
months (p < 0.01). The Harvard TEACHH model divided the
patients into three groups with median survivals of 25.0, 4.8,
and 1.2 months (p < 0.01). In all cases, there was good visual

agreement between the estimated survival from the Cox
model compared to actual outcome estimated by the Kaplan-
Meier method (Fig. 2A-C). 

3. Temporal validation cohort

In the temporal validation cohort, the Good Samaritan
NEAT model identified four distinct groups of patients with
median survivals of 19.7, 14.9, 4.3, and 0.9 months (p < 0.01).
The Odette Cancer Center model separated patients into
groups with median survivals of 10.4, 9.2, and 3.0 months 
(p < 0.01). The Harvard TEACHH model divided patients
into three groups with median survivals of 16.5, 6.8, and 1.8
months (p < 0.01). There remained good visual agreement
between predicted and observed survival in all three models
(Fig. 2D-F). 

4. Combined analysis of all patients

In the combined dataset, the NEAT model separated 
patients into four prognostic groups with median survivals
of 24.9, 14.8, 4.0, and 1.2 months, respectively (Fig. 3A). The
Odette Cancer Center model divided patients into three
prognostic groups with median survivals of 16.4, 12.4, and
2.6 months, respectively (Fig. 3B). The Harvard TEACHH
model identified cohorts with median survivals of 25.0, 5.7,
and 1.6 months, respectively (Fig. 3C). 

Amanda Zucker, Predicting Survival for Stage IV Cancer

Fig. 1. Cumulative survival curve of the combined cohort.
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p-value HR
95% Confidence 

p-valueinterval
NEAT mode

No. of active tumors (1 to 5 vs.  6) < 0.001 3.27 2.26 to 4.75 < 0.001
ECOG performance (0-1 vs. 2 vs. 3-4) < 0.001 2.29 1.85 to 2.84 < 0.001
Serum albumin ( 3.4 vs. 2.4-3.3 vs. < 2.4) < 0.001 1.59 1.28 to 1.98 < 0.001
Primary tumor site (breast, kidney, or prostate vs. other) 0.004 3.10 2.06 to 4.68 < 0.001

Odette Cancer Center model
Primary tumor site (breast vs. nonbreast) 0.004 1.90 1.13 to 3.19 0.015
Metastasis location (bone only vs. other) 0.147 1.15 0.75 to 1.76 0.523
KPS (> 60 vs.  60) < 0.001 3.22 2.32 to 4.45 < 0.001

TEACHH model
Primary tumor site (breast and prostate vs. lung and other) 0.025 2.00 1.28 to 3.14 0.002
ECOG performance (0-1 vs. 2-4) < 0.001 2.91 2.07 to 4.09 < 0.001
Age ( 60 yr vs. > 60 yr) 0.160 1.17 0.83 to 1.66 0.374
No. of prior palliative chemotherapy courses (0-1 vs.  2) 0.423 1.46 0.91 to 2.34 0.114
Prior hospitalizations within the last 3 mo (0 vs.  1) < 0.001 1.46 1.02 to 2.08 0.038
Liver metastasis (no vs. yes) < 0.001 1.49 1.04 to 2.12 0.028

Table 3. Univariate and multivariate analysis of predictors of overall survival for each model (n=235)

HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group; KPS, Karnofsky performance status.
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5. Comparing performance of models developed at Good
Samaritan, Odette Cancer Center, and Harvard

The C indices for the Good Samaritan NEAT model were
0.76, 0.75, and 0.76 for the training, validation and combined
sets (Table 4). The corresponding C indices for the Odette
Cancer Center model were 0.67, 0.64, and 0.66, respectively
for the training, validation and combined groups. Finally, the

C indices for the Harvard TEACHH model were 0.59, 0.60,
and 0.60, respectively for the training, validation and com-
bined groups. In all groups, the C indices were significantly
higher for the Good Samaritan NEAT model than the Odette
Cancer Center or Harvard TEACHH models (p < 0.01 for all). 

The calibration of the Good Samaritan NEAT model was
good, with close agreement between the observed 6-month
mortality rates in the low risk, intermediate risk, and high

Cancer Res Treat. 2018;50(4):1433-1443

Fig. 2.  Survival probability based on groups according to the NEAT model (A), Odette Cancer Center model (B), and
TEACHH model (C) developed from the training cohort. Survival probability based on groups according to the NEAT model
(D), Odette Cancer Center model (E), and TEACHH model (F) developed from the validation cohort. Survival estimated
using the Cox’s model (dashed lines) and the actual survival calculated by the Kaplan-Meier method (solid lines) are shown. 
(Continued to the next page)
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risk groups. The Odette Cancer Center model had compara-
ble mortality rates for risk groups 2 and 3. The TEACHH
model showed similar mortality rates for risk group A. 

Finally, in the combined group the Nagelkerke’s R2 for pre-
dicting 6-month survival was 0.54 for the Good Samaritan
NEAT model compared to 0.30 for the Odette Cancer Center
model and 0.16 for the Harvard TEACHH model. 

Discussion

Approximately 20% to 40% of patients treated in radiation
oncology departments have metastatic cancer requiring 
radiotherapy [7]. Patients with stage IV cancer referred to 
radiation oncology are heterogeneous ranging from the 
actively dying with survival measured in days to patients
with asymptomatic oligometastases who may achieve long-
term remission [15-17]. We previously developed a robust
model that separated patients into four distinct groups with
markedly different life expectancies [5]. In the training, val-
idation and combined cohorts, the Good Samaritan NEAT
model performed well compared to previously published
models evaluating radiation oncology patients with metasta-
tic cancer. 

There is significant focus in the literature on preventing
overtreatment of poor prognosis patients [18]. Conversely,
accurate identification of better prognosis patients may
prompt the treating physician to consider treatment intensi-
fication to improve disease-free survival and even overall

survival [19-21]. Broader use of predictive models may allow
for personalized treatment consistent with patient’s needs,
values and preferences [1]. 

There is a robust literature on estimating life expectancy
for terminally ill cancer patients seen in inpatient medical 
oncology, palliative care and hospice units who were no
longer candidates for treatment [7,22]. Site-specific prognos-
tic factors for brain metastases, spinal cord compression and
bone metastases are particularly useful for subspecialists
with practice focused on a specific organ site [23-25]. For the
practicing general radiation oncologist, the ideal prognostic
model would account for both poor and favorable prognosis
patients in multiple clinical contexts over diverse cancer
types [1]. The Good Samaritan NEAT model accounts for
tumor histology and tumor burden to accurately predict sur-
vival for patients with longer life expectancy while strongly
weighting both performance status and albumin for patients
with short life expectancy. 

While performance status and primary tumor are also 
included in other radiation oncology predictive models,
there is significant divergence in other prognostic factors.
After analyzing 29 prognostic factors, the Good Samaritan
NEAT model identified serum albumin and number of active
tumors as novel predictors of survival in radiation oncology
patients [5]. For oncology patients, albumin is an objective
measure of anorexia-cachexia syndrome and malnutrition
that is widely available on comprehensive metabolic panels
[26]. Additionally, hypoalbuminemia can also reflect physi-
ologic causes of third spacing, inflammation and sepsis that
may be associated with poor prognosis. Oligometastases are
defined as one to five distant metastases that are potentially

Amanda Zucker, Predicting Survival for Stage IV Cancer
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amenable to involved site radiation to all areas of known dis-
ease [16,17,27]. Although the exact number of dominant
masses and pathologic lymph nodes is not always specified
on radiology reports, radiation oncologists have extensive
experience with reviewing recent computed tomography,
magnetic resonance imaging, positron emission tomography,
and bone scans and can readily quantify number of tumors
through electronic medical records and picture archiving and
communication systems. Interestingly, performance status,
extent of active disease and intake are key elements of the
Palliative Performance Scale, which is widely used in pallia-

tive medicine to predict survival [28]. The NEAT model fur-
ther refines and extends the Palliative Performance Scale by
quantifying the relative contribution of performance status,
extent of active disease, intake and primary tumor site on
prognosis. 

In community practice, the Good Samaritan NEAT model
appeared to have a higher C-index and Nagelkerke’s R2 than
the Odette Cancer Center and Harvard TEACHH models. In
this study, differences in model performance were driven by
variables other than performance status and primary tumor
site (Table 3). The NEAT model included number of tumors

Cancer Res Treat. 2018;50(4):1433-1443

Fig. 3.  Overall survival based on groups according to the NEAT model (A), Odette Cancer Center model (B), and TEACHH
model (C) developed from the combined cohort. 
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and albumin as variables that strongly predicted survival on
multivariable analysis. The TEACHH model included age
and extent of prior palliative chemotherapy and the Odette
Cancer Center included bone only metastases that were not
statistically significant on multivariable analysis. 

The Good Samaritan NEAT model was developed in the
community hospital setting and may not be generalizable to
major academic medical centers where the Odette Cancer
Center and Harvard TEACCH models were developed. The
Odette Cancer Center study included 33% of patients with
bone only metastases compared to 14% in the current dataset.
While these clearly reflect differences in practice patterns the
causes is unclear. One might speculate that 64% of the 
patients in the Odette Cancer Center study were patients
from a novel Rapid Response Radiotherapy Program treated
in 1999 to 2000 that affected referral patterns to increase uti-
lization of palliative radiotherapy for bone metastases that
would otherwise be treated with systemic therapy alone in
other settings. The Harvard TEACHH dataset included 45%
of patients who were 60 years of age or younger compared
to 23% in the current dataset. The Harvard TEACHH patient
population included 17% patients that were treated with > 2
prior palliative chemotherapy courses compared to 11% in
this dataset. From these data, one can infer that patients in
community practice tend to be older and may be less likely
to receive greater than second-line chemotherapy than a

major academic center with an extensive cancer clinical trial
program. Further development of the NEAT model and
other predictive models for stage IV cancer require external
validation in diverse community and academic settings. 

A limitation of the NEAT model is that a small minority of
stage IV patients do not have recent albumin or extent of dis-
ease imaging available. If these tests have not been ordered,
patients can still be evaluated with alternate models. Finally,
currently available predictive models can only explain a
modest percentage of observed survival due to the effect of
unmeasured patient-specific prognostic factors. In the future,
biomarkers and measures of antitumor immunity will sup-
plement currently available clinical, radiologic, laboratory
and pathologic prognostic factors to further refine existing
models [29,30]. Although the accuracy of experienced clini-
cians in making unsupervised predictions in cancer is poor,
the role of clinical intuition to further improve algorithm-
defined predictions in a complex system such as oncology is
worthy of investigation for both clinicians and data scientists. 
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6-Month mortality (95% confidence interval)
Training (n=116) Validation (n=119) Combined (n=235)

NEAT risk group(
Very low risk 0 (0-21) 14 (3-34) 8 (2-21)
Low risk 18 (4-43) 15 (4-34) 16 (7-30)
Intermediate risk 70 (54-83) 70 (53-83) 70 (59-79)
High risk 95 (83-99) 90 (68-99) 93 (84-98)

C index 0.76 ( 0.75 ( 0.76 (
Nagelkerke R2 0.61 ( 0.45 ( 0.54 (

Odette Cancer Center risk group
1 0 (0-52) 22 (6-48) 17 (5-39)
2 31 (16-48) 33 (20-48) 32 (22-43)
3 80 (69-88) 77 (61-88) 79 (70-86)

C index 0.67 ( 0.64 ( 0.66 (
Nagelkerke R2 0.35 ( 0.24 ( 0.30 (

TEACHH risk group
A 14 (0-58) 10 (0-44) 12 (1-36)
B 60 (49-70) 46 (35-58) 54 (46-61)
C 88 (62-98) 68 (59-98) 87 (70-96)

C index 0.59 ( 0.60 ( 0.60 (
Nagelkerke R2 0.13 ( 0.18 ( 0.16 (

Table 4. Comparing model performance
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Trends in Gallbladder Cancer Incidence and Survival in Korea

Original Article

Purpose
The current study was undertaken to examine the trend in gallbladder cancer (GBC) inci-
dence and survival in Korea. 

Materials and Methods
GBC incidence data by histologic type were obtained from the Korea Central Cancer Registry.
Age-standardized incidence rates were calculated using the mid-year Korean population of
2000 as a standard population, and a joinpoint regression model was used to calculate the
annual percent change (APC) in incidence rates. Incidence by Surveillance, Epidemiology
and End Results (SEER) summary stage and by geographical areas and female-to-male inci-
dence rate ratios was also described.  

Results
The number of new GBC cases increased between 1999 and 2013. Nevertheless, the age-
standardized incidence rate decreased by 0.5% per year in men (p < 0.01), whereas the 
incidence rate in women did not change significantly over the same period (APC, –0.2;
p=0.59). The most common histologic type was adenocarcinoma in both sexes. Based on
the SEER stage, the distant stage was the most frequent stage (41%), followed by the 
regional stage (37%). Ulsan (4.31/100,000 for men and 4.09/100,000 for women in 2009-
2013) and Gyeongsangnam-do (4.15/100,000 for men and 3.54/100,000 for women)
showed the highest GBC incidence, whereas the lowest incidence was observed in Seoul
and Gyeonggi-do. There were no significant sex differences in the incidence of GBC (female-
to-male incidence rate ratio, 0.96).  

Conclusion
The overall incidence of GBC in Korea did not change significantly over the 15-year period.
Incidence for men and women was similar. However, geographical variation was found.   
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Gallbladder neoplasms, Epidemiology, Incidence, Survival, 
Geographic variation 
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Introduction

Gallbladder cancer (GBC) is a relatively rare cancer, esti-
mated to constitute 1.3% of the total cancer incidence world-
wide and 1.7% of all cancer deaths [1]. Nevertheless, the
number of epidemiological studies of GBC is insufficient
compared to that of other neoplasms because of the low 
incidence rate and difficulty of tumor registration in GBC,
given the anatomical complexity of hepatobiliary tract can-

cers [2]. The pathogenesis of GBC, in particular, is poorly
known. Unlike other cancers, GBC is usually grouped with
other biliary tract cancers in epidemiological research, mak-
ing it even more difficult to distinguish its epidemiological
features [3]. While bile duct cancer is more likely to present
with pigment stones, GBC is more likely to present with cho-
lesterol stones, leading to the view that lifestyle factors such
as diet and obesity are more closely related to GBC than to
bile duct cancer, which is likely to be related to chronic 
infection or inflammation [4].
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There is apparent geographical variation in GBC world-
wide. The incidence rates are high in Delhi (India), South
Karachi (Pakistan), and Quito (Ecuador). High incidence
rates are also found in East Asia (Korea and Japan), Eastern
Europe (Slovakia, Poland, Czech Republic, and Yugoslavia),
and South America (Chile and Colombia) [5,6]. In Asia, stud-
ies from India and Japan have reported gallstones, smoking,
and alcohol consumption as risk factors for GBC [7,8]. In 
addition, there is a nationwide descriptive epidemiological
study in Japan on the stage distribution and survival of GBC
[9]. In Korea, GBC and other/unspecified parts of biliary
tract cancer showed the 10th highest incidence rate and the
sixth highest mortality rate from 2009 to 2013 [10]. As Korea
is one of the countries with high GBC incidence rates, the aim
of this study was to analyze the current trends in GBC in
Korea by histologic type, stage, and geographical distribu-
tion.

Materials and Methods

1. Trends in GBC incidence

The Korea Central Cancer Registry (KCCR), a nationwide,
hospital-based cancer registry initiated by the Ministry of
Health and Welfare in 1980. Since 1999, the KCCR has 
expanded cancer registration to cover the entire Korean pop-
ulation under the Population-based Regional Cancer Reg-
istry program. According to the International Classification
of Disease for Oncology, 10th edition, biliary tract cancer is
classified into two parts: GBC (C23.9) and other and unspec-
ified parts of biliary tract cancer (C24). Only C23.9 data were
used for the current analysis. Age- (5-year intervals) and sex-
specific incidence rates and the number of cases of GBC 
patients between 1999 and 2013 were obtained from the
Korea National Cancer Incidence Database. Histological sub-
types of GBC were classified as follows: adenocarcinoma,
papillary adenocarcinoma, mucinous adenocarcinoma, ade-
nosquamous cell carcinoma, squamous cell carcinoma, oat
cell carcinoma, and other specified cancers.

Age-standardized incidence rates (ASRs) were calculated
using the world standard population as the standard popu-
lation. Annual percent changes (APCs) for the incidence rates
were calculated based on a linear model using the following
formula: exp(b)100, where b is the slope of the regression
of the natural logarithm of the ASR in a calendar year. The
95% confidence intervals were obtained with a standard
error from the fit of the regression and the t-distribution
function. All analyses were stratified by sex.

2. Geographical variations in incidence

The ASRs of GBC by sex were obtained from 17 cities and
provinces over three periods (1999-2003, 2004-2008, and
2009-2013). Since ASRs for only 2 years (2012 and 2013) were
obtained from Sejong, it was not included in the analysis by
provinces. Then, the ASRs were divided into the four index
groups defined by quartiles of ASRs per 100,000 population:
group 1 (ASR, 0.59-2.66), group 2 (ASR, 2.66-2.92), group 3
(ASR, 2.92-3.55), and group 4 (ASR, 3.55-5.63). The female-
to-male ratio (F/M ratio) was also calculated by region by
using the ASRs for the period of 1999-2013.

3. Stage distribution and 5-year relative survival

The Surveillance, Epidemiology and End Results (SEER)
summary stage was used to group GBC into three categories:
localized, regional, and distant. The localized stage is defined
as cancer that is limited to the organ in which it began, with-
out evidence of spread. The regional stage is defined as can-
cer that has spread beyond the primary site to nearby lymph
nodes or organs and tissues, and the distant stage is defined
as cancer that has spread from the primary site to distant 
organs or distant lymph nodes. Stage information was avail-
able from 2005 and divided into two periods (2005-2008 and
2009-2013) to be compared. The survival duration for GBC
patients was determined as the interval between the date of
initial diagnosis and the date of death, the date of loss to fol-
low-up, or the closing date for follow-up. Personal identifi-
cation numbers of patients were linked to the death certi-
ficate database of the Korea Statistics Office and followed
until December 31, 2015. Patients only found in the death cer-
tificate database were excluded from the survival analysis.
The 5-year relative survival rates were calculated using the
Ederer II method based on an algorithm written in SAS (SAS
Institute Inc., Cary, NC) by Dickman [11], with minor mod-
ifications.

4. Ethical statement

The study has been granted an exemption from ethics 
approval, since it used public data (exemption approval:
Seoul National University Hospital IRB # E-1601-082-734).
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Histological group Rate
Year

APC 95% CI p-value
1999-2003 2004-2008 2009-2013 

Men
Overall Cases 3,202 4,039 4,856

CR 2.69 3.32 3.90 
ASR 3.11 3.12 2.96 –0.5 –1.0 to 0.0 < 0.01

Adenocarcinoma Cases 1,156 1,761 2,732
CR 0.97 1.45 2.19 
ASR 1.12 1.35 1.66 3.9 3.1 to 4.7 < 0.01

Papillary adenocarcinoma Cases 60 105 131
CR 0.05 0.09 0.11 
ASR 0.06 0.08 0.08 1.1 –3.8 to 6.2 0.67

Mucinous adenocarcinoma Cases 11 27 24
CR 0.01 0.02 0.02 
ASR 0.01 0.02 0.01 - - -

Adenosquamous cell carcinoma Cases 33 34 73
CR 0.03 0.03 0.06 
ASR 0.03 0.03 0.05 2.1 3.9 to 8.4 0.47

Squamous cell carcinoma Cases 29 27 34
CR 0.02 0.02 0.03 
ASR 0.03 0.02 0.02 –2.1 –7.2 to 3.3 0.44

Oat cell carcinoma Cases 7 8 30
CR 0.01 0.01 0.02 
ASR 0.01 0.01 0.02 - - -

Other specified cancer Cases 77 99 155
CR 0.06 0.08 0.12 
ASR 0.08 0.08 0.09 2.5 –2.1 to 7.2 0.27

Unspecified cancer Cases 1,829 1,978 1,677
CR 1.54 1.63 1.35 
ASR 1.78 1.54 1.03 –4.9 –6.3 to 3.5 < 0.01

Women
Overall Cases 4,489 5,522 6,357

CR 3.82 4.58 5.12 
ASR 3.03 3.03 2.79 –0.2 –1.1 to 0.6 0.59

Adenocarcinoma Cases 1,639 2,222 3,313
CR 1.39 1.84 2.67 
ASR 1.11 1.21 1.45 2.7 2.1 to 3.3 < 0.01

Papillary adenocarcinoma Cases 92 153 151
CR 0.08 0.13 0.12 
ASR 0.06 0.08 0.07 2.0 –3.9 to 8.2 0.52

Mucinous adenocarcinoma Cases 20 28 35
CR 0.02 0.02 0.03 
ASR 0.01 0.02 0.02 1.8 –1.6 to 5.4 0.28

Adenosquamous cell carcinoma Cases 49 53 81
CR 0.04 0.04 0.07 
ASR 0.03 0.03 0.03 1.5 –2.4 to 5.6 0.42

Squamous cell carcinoma Cases 29 46 37
CR 0.02 0.04 0.03 
ASR 0.02 0.03 0.02 –2.3 –7.0 to 2.7 0.33

Table 1. CR and ASR per 100,000 for gallbladder cancer and APC by sex and histological subtype, Korea Central Cancer
Registry, 1999-2013

(Continued to the next page)
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Results

1. GBC incidence and stage distribution

Table 1 shows the crude incidence rate and ASR of GBC
by histologic type from 1999 to 2013. For men, the ASR of
GBC significantly decreased from 3.11/100,000 (1999-2003)
to 2.96/100,000 (2009-2013) with an APC of 0.5% (p < 0.01).
The most frequent histologic type of GBC was adenocarci-
noma, of which ASR significantly increased from 1.12/
100,000 to 1.66/100,000, with an APC of 3.9% (p < 0.01). In
papillary adenocarcinoma, adenosquamous cell carcinoma,

squamous cell carcinoma, oat cell carcinoma, and other spec-
ified cancers, no significant changes in the ASR were 
observed.

For women, the ASR decreased from 3.03/100,000 to
2.79/100,000, with an APC of –0.2%, but this trend was not
statistically significant. Similar to that in men, adenocarci-
noma in women showed the highest incidence among all his-
tologic subtypes. The ASR of adenocarcinoma in GBC
increased substantially from 1.11/100,000 to 1.45/100,000,
with an APC of 2.7% (p < 0.01). In papillary adenocarcinoma,
adenosquamous cell carcinoma, squamous cell carcinoma,
oat cell carcinoma, and other specified cancers, significant
trends in the ASR were not observed.

Histological group Rate
Year

APC 95% CI p-value
1999-2003 2004-2008 2009-2013 

Oat cell carcinoma Cases 12 14 23
CR 0.01 0.01 0.02 
ASR 0.01 0.01 0.01 - - -

Other specified cancer Cases 89 103 178
CR 0.08 0.09 0.14 
ASR 0.06 0.06 0.08 2.7 –1.3 to 6.8 0.17

Unspecified cancer Cases 2,559 2,903 2,539
CR 2.18 2.41 2.05 
ASR 1.73 1.60 1.12 –3.3 –4.3 to –2.3 < 0.01

Table 1. Continued

CR, crude incidence rate; ASR, age-standardized incidence rate; APC, annual percent change; CI, confidence interval.

Fig. 1.  Age-standardized incidence rates of gallbladder cancer in three periods (1999-2003, 2004-2008, and 2009-2013) for
men (A) and women (B).
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In both men and women, GBC incidence increased expo-
nentially by age (Fig. 1). For older age groups (80 years and
older), the incidence rates increased between 2004 and 2013
compared to 1999-2003.

2. Geographic difference

Fig. 2 and S1 Table show the geographic variation in ASRs
across 16 cities and provinces in Korea. During 1999 and
2003, the highest incidence in men was observed in Daegu
(5.63/100,000) and Gyeongsangnam-do (4.4/100,000), whereas
the highest incidence in women was observed in Jeju
(4.43/100,000) and Ulsan (4.34/100,000). During 2009-2013,
the highest incidence was observed in Ulsan (4.31/100,000)
and Gyeongsangnam-do (4.15/100,000) in men and Ulsan
(4.09/100,000) and Gyeongsangnam-do (3.54/100,000) in
women.

In most cities and provinces, the F/M ratio was below 1.
Only five cities showed an F/M ratio over 1: Seoul, Jeju, 
Incheon, Busan, and Daejeon. The highest F/M ratio was

found in Jeju (1.21), followed by Incheon (1.10), Busan (1.07),
Daejeon (1.03), and Seoul (1.01).

Table 2 shows the SEER stage distribution of GBC. In two
periods (2005-2008 and 2009-2013), most GBC patients, 2,535
(41.0%) and 4,105 (41.0%), were diagnosed at the distant
stage, followed by 2,300 (37.2%) and 3,782 (37.7%) diagnosed

Fig. 2.  Geographic variation in age-standardized incidence rates per 100,000 for gallbladder cancer by province in Korea for
men in 1999-2003 (A), 2004-2008 (B), and 2009-2013 (C) and for women in 1999-2003 (D), 2004-2008 (E), and 2009-2013 (F). 

0.59-2.66
2.66-2.92
2.92-3.55
3.55-5.63

Gallbladder cancer incidence 
rates per 100,000 population

A B C

D E F

Table 2. SEER stage distribution of patients with gallblad-
der cancer in two periods (2005-2008 and 2009-2013)

Values are presented as number (%). SEER, Surveillance,
Epidemiology and End Results.

Stage 2005-2008 2009-2013
Localized 1,348 (21.8) 2,139 (21.3)
Regional 2,300 (37.2) 3,782 (37.7)
Distant 2,535 (41.0) 4,105 (41.0)
Unknown 1,637 1,187
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at the regional stage, respectively. The percentages of 
patients diagnosed at the localized stage were the lowest,
with 1,348 (21.8%) and 2,139 (21.3%) cases, respectively. The
percentages for each stage did not change over time.

There was little improvement in the 5-year relative sur-
vival in patients with localized or regional stage cancers 
diagnosed during 2005-2008 and 2009-2013; however, no 
improvement in survival was observed for patients with dis-
tant or unknown stages during the same period (Fig. 3).

Discussion

Despite the increase in the number of GBC cases for both
sexes over fifteen years, the ASR for men decreased, and the
ASR for women did not show a significant change. Adeno-
carcinoma was the most frequent histologic type for both
sexes. GBC was diagnosed mostly at distant stages, followed
by regional stages. In Korea, the GBC incidence in Daegu,
Ulsan, Busan, Gyeongsangbuk-do, Gyeongsangnam-do, and
Jeju was higher than the national incidence for both sexes.

The GBC incidence rate was slightly decreased in men,
whereas no significant trend was observed in women 
between 1999 and 2013. In Shanghai, the GBC incidence rate
continuously increased for both sexes between 1972 and 1994
[12]. Increasing trends were also observed for both sexes in

England and Wales between 1971 and 2001 [13], while the
incidence rate of GBC decreased in the Netherlands between
1989 and 1998 [14]. The incidence pattern was stable in the
Dijon area in France [15].

Adenocarcinoma was the most frequent histologic type of
GBC in both sexes, for which the ASR increased between
1999 and 2013. However, it is not clear whether this is a true
increase, given the high proportion of unspecified cancers
and the gradual improvement in the classification. In a 
nationwide survey of the United States between 1977 and
1988, 75.8% of GBC patients had the adenocarcinoma histo-
logical type [16]. According to hospital records, most of the
histologic types were adenocarcinoma, accounting for 90%-
100% of all cases [3,17].

The GBC incidence in Korea was between 2.96 and 3.12 per
100,000 in men and between 2.79 and 3.03 in women. This 
incidence is relatively higher than the incidence rates in other
countries. Known risk factors such as Clonorchis sinensis and
factors related to gallstones are widespread in the Korean
area [18].

The F/M ratios of GBC in Korea were between 1.21 and
0.83. In most countries, the F/M ratios of GBC, including
other biliary tract cancers, were higher than 2 [5], and sex has
been recognized as a risk factor of GBC [5]. In contrast, Japan
and Korea had F/M ratios of only approximately 1.3 [5]. One
possible explanation for relatively high incidence of GBC in
men than in women is the difference in prevalence of Clonor-
chis sinensis. It has been reported that prevalence of Clonorchis
sinensis was 3.7% in men and 1.6% in women in year 1981
[19].

Accordingly, the SEER stage distribution between the two
periods did not differ. However, the number of cases at 
unknown stages decreased, even though the number of over-
all cases increased. This result can be explained by diagnostic
progress. Compared to the American SEER stage distribu-
tion, the percentage of cases at the localized stage was lower,
and that of the distant stage was greater [20]. In other words,
the high incidence of GBC in Korea was not associated with
early detection of cancer. The percentage of cases at the TNM
stage, according to Korean hospital data, was reported as fol-
lows: T1a and T1b stage between 32% and 56%; T2 stage 
between 30% and 55%; and T3 between 3% and 22%, respec-
tively [21-23].

Daegu, Ulsan, Busan, Gyeongsangbuk-do, Gyeongsang-
nam-do, and Jeju had higher GBC incidence rates than the 
national incidence rate for both sexes. There are not enough
studies to explain this result. However, this may be related
to the egg positive rate of Clonorchis sinensis. This rate is high-
est in Gyeongsangnam-do, where the GBC incidence rate is
also high [24]. However, the second highest egg positive rate
was reported in Chungcheongnam-do, where the GBC inci-
dence rate is not as high [24]. Other studies have shown that
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Fig. 3.  The 5-year relative survival rate for gallbladder
cancer by Surveillance, Epidemiology and End Results
summary stage in two periods (2005-2008 and 2009-2013). 
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the prevalence of obesity requiring pharmacotherapy was
highest in regions with a low incidence rate of GBC, except
for in Jeju [25]. Although obesity is a risk factor for GBC, its
nationwide distribution is not associated with its distribution
in Korea.

One of the known risk factors for GBC is gallstone disease.
History of gallstone disease and gallstone size are already
known to be associated with GBC risk [26]. Gallstones that
are larger in size (> 3 cm), volume, and weight; higher in
number; and longer lasting can increase the risk of GBC [27].
Ethnicity is a risk factor for GBC as well [28]. In Chile, a coun-
try with high GBC rates, membership in the Mapuche pop-
ulation is the primary risk factor for the increasing GBC
incidence [6]. In America, it has also been reported that 
Korean immigrants have a higher GBC incidence than do
whites and blacks [29]. Early age at menarche, high body
mass index, and smoking are also risk factors for GBC
[8,30,31]. Studies show conflicting information regarding 
alcohol consumption as a risk factor [8].

In the SEER program, it was reported that the 5-year rela-
tive survival was 41.9% at the localized stage, 3.8% at the 
regional stage, and 0.7% at the distal stage from 1973 to 1987
[32]. Our results showed higher survival rates at all stages
during the study period.

Limitations of the current study include a relatively high
proportion of unspecified histology. The proportion of 
unspecified cancer in men was 60.8% in the first period (from
1999 to 2003) and improved to 36.8% in the most recent 
period (from 2009 to 2013). In women, the proportion of 
unspecified cancer was 59.1% from 1999 to 2003 and 

decreased to 43.8% from 2009 to 2013. Another limitation 
includes relatively high proportions of cases at an unknown
stage, although this proportion has decreased as follows:
19.7% from 2005 to 2008 and 9.8% from 2009 to 2013. In 
addition, although the proportion of death certificate only
(%) was in reasonable range during the study period, limited
validity in the proportion of microscopic verification (%) was
observed for GBC (S2 Table). 

In spite of the limitations, the KCCR provides nationwide
data covering the entire Korean population with high com-
pleteness.

In summary, the overall incidence pattern of GBC in Korea
is stable. The incidence of GBC for fifteen years in Korea did
not show significant changes. Incidence for men and women
was similar. There was geographical variation in the inci-
dence of GBC.
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Microcystic Stromal Tumor of Testicle: First Case Report and 
Literature Review

Case Report

Microcystic stromal tumor (MCST) is a rare subtype of sex cord-stromal neoplasm. Tumors
from all 31 previously reported cases were located in the ovary. Herein, we present a unique
case of a right-side testicular tumor in a 33-year-old Chinese male. The tumor is composed
of predominantly lobulated cellular nodules separated by hyalinized fibrous stroma and they
expressed CD10, -catenin (nuclear), and cyclin D1. Molecular analysis identified a point
mutation (c.110C>G) in exon 3 of CTNNB1. The histopathological features, immunohisto-
chemistry profiles, and molecular analysis of this tumor were consistent with MCST of the
ovary. Therefore, a diagnosis of MCST of the right testicle was determined. To the best of
our knowledge, this is the first case of MCST occurring in the testicles. The study may provide
new insights to the tumor biology of MCST and a better understanding of this rare entity.

Key words
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Introduction

Microcystic stromal tumor (MCST) is a rare subtype of
ovarian stromal tumor first described in 2009 by Irving et al.
[1]. Histologically, MCST shows microcystic, solid cellular
regions and a hyalinized fibrous stroma, with immunohisto-
logical features of positive staining for vimentin, CD10, 
-catenin (nuclear location), and cyclin D1 [2]. MCSTs are
presently presumed to be ovarian stromal in origin, though

this hypothesis has not been firmly established. As a new 
entity within the category of sex cord-stromal neoplasms, the
current 31 MCST cases reported in literature were found in
the ovaries. In the male reproductive system, common sex-
cord stromal tumors include Leydig cell tumors, Sertoli cell
tumors, and granulosa cell tumors, and tumors of the fibro-
ma-thecoma group, which are quite rare. Moreover, there
was no equivalent entity for MCST in the male reproductive
system prior to this study. In this study, we present a unique
case of a testicular tumor with a characteristic triad of cellular
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islands, microcystic spaces, and hyalinized bands, with a typ-
ical immuno-profile (CD10-positive, vimentin-positive, 
cyclin D1positive, -cateninpositive, and epithelial mem-
brane antigennegative), as well as the absence of morpho-
logic features that would indicate any other specific tumors
in the sex cord-stromal category of the testis [3]. However,
these features are consistent with MCST of the ovary. To the
best of our knowledge, this was the first case of MCST of the
testicle. The study was approved by the Institutional Review
Board of Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology (IRB No. TJ-C2016-
0601) and performed in accordance with the principles of the
Declaration of Helsinki. Written informed consents were 
obtained from the partient for this study.

Case Report

A 33-year-old male, visited the outpatient department 
because of a right testicular mass, detected by ultrasound
during a routine health examination. Subsequently, the com-
puted tomography scan was preformed, which showed a 
3 cm3 cm solid-cystic mass in the right testicle (Fig. 1). The
patient then underwent unilateral orchidectomy, with the
specimen analyzed by histological examination. No further
adjuvant treatment was performed after diagnosis. The 
patient is currently disease-free 12 months after diagnosis.
The patient was diagnosed as a rare case of MCST of the tes-

ticles, based on the histopathology, immunohistochemistry,
and genetic analysis. 

The surgical samples were fixed in 4% buffered formalin
and embedded in paraffin. Sections were cut and stained
with hematoxylin and eosin and reviewed by the authors.
For immunohistochemical staining, 3-4-µm-thick sections
were cut, and deparaffinized. Heat-induced antigen retrieval
was performed with slides placing in 0.01 M of citrate buffer
and 3% hydrogen peroxide methanol solution treatment was
conducted for 30 minutes to eliminate nonspecific protein 
reactions. The antibodies are given as follows: vimentin
(clone V9, 1:50), CD10 (clone 56C6, prediluted), -catenin
(clone 14, prediluted), cyclin D1 (clone SP4, 1:100), inhibin
(clone R1, 1:20), calretinin (clone 5A5, 1:100), pan-cytokeratin
(clone AE1/AE3, 1:100), cytokeratin (CK; clone Cam5.2,
1:200), hector battifora mesothelial epitope-1 (HBME-1; clone
HBME-1, 1:100), WT-1 (clone 6F-H2, prediluted), sal-like pro-
tein 4 (SALL4; clone 6E3, 1:100), placental-like alkaline phos-
phatase (PLAP; clone 8B6, prediluted), octamer-binding
protein 3/4 (OCT3/4; clone N1NK, 1:100), -fetoprotetin
(AFP; clone C3, 1:750), estrogen receptor (ER; clone 1D5,
1:50), progesterone receptor (PR; clone PgR636, 1:100), synap-
tophysin (Syn; clone SY38, 1:50), chromogranin A (CgA;
clone LK2H10, 1:100), CD56 (clone 123C3.D5, 1:100), CD31
(clone JC70A, prediluted), CD34 (clone QBEnd/10, 1:250),
erythroblast transformation specific related gene (ERG; clone
EPR3864, 1:100), desmin (clone D33, 1:200), smooth muscle
actin (SMA; clone 1A4, 1:400), epithelial membrane antigen
(EMA; clone E29, 1:200), CD99 (clone 12E7, 1:20), and Ki-67
(clone MIB-1, 1:100). Binding of primary antibodies was 
visualized with an Envision two-step method. Positive and
negative controls were included in this study. For genomic
analysis, DNA was first extracted from the formalin-fixed,
paraffin-embedded tumor blocks. Then polymerase chain 
reactions (PCRs) were performed to amplify exon 3 of
catenin (cadherin-associated protein), beta 1 (CTNNB1) and
exon 1 of forkhead box protein L2 (FOXL2) using following
primer pairs: 5-GATTTGATGGAGTTGGACATGG-3 (CTN-
NB1 forward) and 5-GCTACTTGTTCTTGAGTGAA-GG-3
(CTNNB1 reverse); 5-CCGCCACAACCTCAGCCTC-3
(FOXL2 forward) and 5-CGCCGGTAGTTGCCCTTCTC-3
(FOXL2 reverse). Bidirectional Sanger sequencing of all PCR
products was performed subsequently on a 3500 Genetic 
Analyzer (Life Technologies, Carlsbad, CA) using the BigDye
Terminator v1.1 Cycle Sequencing Kit (Life Technologies),
according to standard protocols. 

In terms of gross anatomy, the mass was a well-circum-
scribed nodule measuring 3 cm in the largest diameter, with
the cut surface being grey-white and solid. No typical macro-
cyst was observed. histopathologically, the tumor is com-
posed of solid sheets of tumor cells and intervening bundles
of hyalinized fibrous bands separating tumor clusters at low

Fig. 1.  Images of the tumor. Computed tomography showed
a 3-cm solid-cystic mass in the right testicle. 

Pengcheng Zhu, Microcystic Stromal Tumor of Testicle



Fig. 2. Histology and immunohistochemistry of the tumor. (A) Histologically the tumor was well-circumscribed in the tes-
ticle, and exhibited typically lobulated cellular regions separated by hyaline bands and fibrous plaques and multiple micro-
cystic changes at the low power field (H&E staining, 40). (B) The tumor cells showed uniform, small, round to ovoid nuclei
with inconspicuous nucleoli in high-power views, and there was no nuclear atypia, and mitotic activity is low (H&E stain-
ing, 200). (C) Immunostaining reveals the tumor cells are positive for vimentin (200). (D) Immunostaining reveals the
tumor cells are positive for CD10 (200). (E) The tumor showed diffuse and strong nuclear immunoreactivity for -catenin
(200). (F) The tumor showed diffuse and strong nuclear immunoreactivity for cyclin D1 (200).

A B

C D

E F

Fig. 3.  Molecular analysis of the tumor. Sequence chromatogram of the case harboring point mutation in exon 3 of CTNNB1
(c.110C>G). 

A A A A AAT T T
350 360

T TTC C C C C C CC CG G G
A A A A AAT T T T TTC C G C C C CC CG G G
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power view (Fig. 2A and B). In some regions, variable micro-
cysts could be observed. At the high-power view, the uni-
form tumor cells contained granular eosinophilic cytoplasm
with intracytoplasmic vacuoles, and round to oval nuclei
with open chromatin and small nucleoli. There were no 
nuclear grooves and the nuclear membrane was irregular.
There were no nuclear atypia or necrosis, with a low mitotic
index. Immunohistochemically, the tumor cells had diffuse
and strong cytoplasmic immunoreactivity for vimentin 
(Fig. 2C) and CD10 (Fig. 2D), as well as nuclear stains for 
-catenin (Fig. 2E) and cyclin D1 (Fig. 2F), but no positive 
expression with sex cord markers (-inhibin and calretinin),
germ cell tumor markers (AFP, PLAP, Oct 3/4; and SALL4),
and mesothelial markers (AE1/AE3, Cam 5.2, vimentin, 
WT-1, HBME-1, and calretinin). Other negative markers 
included hormone receptors (ER and PR), neuroendocrine
markers (Syn, CgA, and CD56), vascular markers (CD31,
CD34, and ERG), and other markers including desmin, SMA,
EMA, CK7, and CD99. The Ki-67labeling index was about
10%. The result of sequencing showed that a heterozygous
missense mutation (c.110C>G) in exon 3 of CTNNB1 was
identified in this case (Fig. 3), resulting in amino acid
changes. No mutation of FOXL2 was detected in the pre-
sented case (data not shown).

Discussion

Sex cord-stromal tumors occur in the gonads of both sexes,
and they have only different frequency of occurrence of the
individual subtypes [4]. According to the revised World
Health Organization sex cord-stromal tumor classification,
ovarian sex cord-stromal tumors were regrouped into the fol-
lowing clinicopathological entities: pure stromal tumors,
pure sex cord tumors, and mixed sex cord-stromal tumors
[5]. While testicular sex-stromal tumors include granulosa
cell tumors, Leydig cell tumors, Sertoli cell tumors, and
mixed and undifferentiated types [6]. The MCST is a recently
identified and rare variant of the pure stromal tumor. In con-
trast to other sex-cord stromal tumors that are frequently
identified in the gonads of both sexes, MCST appears to be
restricted to the ovaries. In this report, we present the first
case of MCST in the testicles, based on unique morphological
features, immuno-profile, and molecular analysis.

MCST was first described in 2009 by Irving and Young [1].
Based on a series of 16 cases, Irving and Young [1] gave a 
detailed clinicopathological description of MCST as a new
entity. The tumors showed distinctive histopathological 
appearance of solid, microcystic, or macrocystic patterns, as
well as uniform or round cells with low mitotic index, which

were separated by hyaline bands and fibrous plaques. These
tumor cells were typically positive for vimentin, CD10, and
-catenin (nuclear expression), but negative for inhibin, cal-
retinin, EMA, and other germ cell markers based in immuno-
histochemistry. Following the previous study, more cases
with immunohistochemical and genetic analysis were pre-
sented [7,8].

Cyclin D1, known as one of the -catenin regulated onco-
genes, is often co-expressed with -catenin in many malig-
nancies. Cyclin D1 nuclear expression in MCST was reported
recently, with the co-expression of cyclin D1 and -catenin
in the present case providing further evidence to support the
involvement of the Wnt/-catenin signaling pathway in the
tumorognesis of MCST. In general, an immunohistochem-
istry panel recommended for the diagnosis of MCST is as fol-
lows: positivity for vimentin, CD10, -catenin (nuclear
expression), and cyclin D1 (nuclear expression); and nega-
tivity for inhibin, calretinin, and EMA. The immuno-profile
for MCST diagnosis from all 31 previous cases are summa-
rized in Table 1.

The -catenin gene (CTNNB1) mutation, which causes the
deregulation of -TrCP–mediated -catenin degradation and
thus leads to the nuclear accumulation of -catenin [2,9,10]
mutation, was confirmed in most of the reported MCST cases
in the literature based on sequencing and immunohisto-
chemistry [11,12]. All the above findings suggest that the
Wnt/-catenin signaling pathway plays an important role in
MCST tumorigenesis. In addition, among the 31 reported
MCST cases, two were found to have clinic manifestations of
familial adenomatous polyposis, as well as demonstrated 
allergic APC gene mutations [8,13], which led to a reduced
ubiquitin-mediated destruction of -catenin. These findings
further emphasize the important role of the Wnt/-catenin
pathway in the development of MCST. Furthermore, MCST

Table 1. Summary of immunoprofiles of microcystic stro-
mal tumors in literature

CD56, CD99, SF-1, calretinin, -inhibin, pan-cytokeratin–
positive in some cases; Melan A, epithelial membrane anti-
gen, sal-like protein 4, CD31, CD34, D2-40–negative in all
cases.

Marker Positive Negative
Vimentin +++ (31/31)  (0/31)
CD10 +++ (31/31)  (0/31)
Cyclin D1 +++ (20/31) Not done (9/31)
-Catenin +++ (29/31)  (0/31)
WT-1 + (28/31) Not done (3/31)
FOXL2 +++ (15/31) Not done (16/31)
Ki-67 < 10% (31/31) -
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could be as a rare phenotype of familial adenomatous poly-
posis. In ovarian MCST, c.97T>C and c.101G>A are the most
common loci of the CTNNB1 exon 3 mutation. In this study,
the reported patient exhibited a rare point mutation of
c.110C>G, which was rarely reported. More cases of MCST
in the testicles should be collected to determine if c.110C>G
of the CTNNB1 exon 3 is a preferential molecular abnormal-
ity in the testicle, which would contrast with the ovarian
MCST. 

MCST was once classified as “tumors of uncertain origin,”
considering the pluripotency of the tumor cells, and then 
reclassified later as a new entity within the category of sex
cord-stromal neoplasms. MCST demonstrates FOXL2 expres-
sion, which was thought to be highly sensitive and specific
for sex cord-stromal tumors. However, a FOXL2 mutation
was not detected in all MCST cases of the ovary [14]. In the
present case, we did not identify a FOXL2 mutation. 

The differential diagnosis of MCST in the testicles is similar
to those occurring in the ovary, which include granulosa cell
tumor, Sertoli-Leydig tumor, Steroid cell tumor, fibroma-the-
coma, yolk sac tumor, and adenomatoid tumor. Adult gran-
ulosa cell tumor has oval cells, with nuclear grooves and
Call-Exner bodies, shows immuno-activity for -inhibin and
calretinin, and harbors the FOXL2 gene mutation. Sertoli-
Leydig tumor features round, oval, elongated, or irregular
tubules in a fibrous stroma mixed with clusters of Leydig
cells, with positivity for -inhibin and calretinin. Steroid cell
tumor is composed of cells, with abundant foamy pale cyto-
plasm and small nuclei. Cell clusters are separated by fibrous

bands, and these tumors are immuno-active for -inhibin and
calretinin. Fibroma-thecoma shows estrogenic manifestations
and immuno-activity for -inhibin, calretinin, and CD56.
Yolk sac tumor has a large mass size, elevated serum AFP,
Schiller-Duval bodies, and immuno-activity for SALL4 and
AFP. Besides the tumors mentioned above, mesothelial
tumor was a common tumor that occurs in the testicle, which
should be considered as a differential diagnosis. Adenoma-
toid tumor in the testicular area is a benign mesothelial
tumor, which shows characteristic variably-sized tubular
structures, with a pseudo-infiltrative growth pattern lined
by bland, low-cuboidal epithelial cells, and immuno-activity
for vimentin, calretinin, WT-1, HBME-1, and CK5/6 [15].

In summary, to the best of our knowledge, we presented
the first case of a MCST in the testicle. MCST is a distinct clin-
ical and pathologic entity within the category of sex cord-
stromal tumors, with the awareness of this rare entity being
especially important for pathologists and surgeons.
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Pembrolizumab for Refractory Metastatic Myxofibrosarcoma: 
A Case Report

Case Report

Myxofibrosarcoma is a rare tumor, refractory to cytotoxic chemotherapy and radiotherapy.
Pembrolizumab is an innovative immunotherapy drug consisting of programmed death 
receptor ligand 1 antibody proven to be useful for numerous types of cancer cells. A patient
had been diagnosed with metastatic myxofibrosarcoma, refractory to radiotherapy and con-
ventional cytotoxic chemotherapy. The patient achieved a partial response during palliative
chemotherapy with pembrolizumab for 14 cycles. To the best of our knowledge, this is the
first case report demonstrating the efficacy of pembrolizumab for refractory myxofibrosar-
coma.

Key words
Sarcoma, Immunotherapy, Pembrolizumab

Haa-Na Song, MD1

Min Gyu Kang, MD2

Jeong Rang Park, MD, PhD2

Jin-Yong Hwang, MD, PhD2

Jung Hun Kang, MD, PhD1

Won Seop Lee, MD, PhD1

Gyeong-Won Lee, MD, PhD1

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

Correspondence: Gyeong-Won Lee, MD, PhD
Division of Hematology and Oncology, 
Department of Internal Medicine, 
Institute of Health Science, 
Gyeongsang National University Hospital,
Gyeongsang National University College of
Medicine, 79 Gangnam-ro, Jinju 52727, Korea
Tel: 82-55-750-8066 
Fax: 82-55-755-9078
E-mail: brightree24@gmail.com

Received  November 3, 2017
Accepted  January 19, 2018
Published Online  January 22, 2018

Divisions of 1Hematology and Oncology and 
2Cardiology, Department of Internal Medicine,
Institute of Health Science, 
Gyeongsang National University Hospital,
Gyeongsang National University College of
Medicine, Jinju, Korea

Introduction

Myxofibrosarcoma (MFS) is a subset of soft tissue sarcoma,
which occasionally presented as a heart problem because of
its myxoid portion [1]. In previous studies, wide excision and
adjuvant radiotherapy was considered as standard treatment
for operable MFS, and palliative chemotherapy could be
used in selective patients with metastatic MFS; however, it
is difficult to treat due to a high rate of recurrence and distant
metastases [2]. Pembrolizumab, an innovative immunother-

apy drug, is the first programmed death receptor ligand 1
(PD-L1) inhibitor approved by U.S. Food and Drug Admin-
istration (FDA) and has shown promising results in solid 
tumors [3-7].

In this report, we present the case of a 45-year-old man
with refractory metastatic MFS, who received pembrolizu-
mab and achieved partial response for 18 months. The Insti-
tutional Review Board of Gyeongsang Hospital approved
this  retrospective case study and waived the requirement
for informed consent.



VOLUME 50 NUMBER 4 OCTOBER 2018  1459

Case Report

A 45-year-old man was diagnosed with MFS with a left 
axillary mass and underwent surgical resection and received
adjuvant radiation therapy, 5,400 cGy, on the resection site
on September 2015. After radiotherapy, he was re-hospital-
ized for dyspnea because of multiple lung metastases and 
received one cycle of palliative chemotherapy composed of
etoposide, ifosfamide, and cisplatin on November 2015.
However, his disease progressed. 

He was admitted with cardiac arrest on March 2016. The
initial electrocardiogram revealed ST segment elevation 
(Fig. 1A), and coronary angiography showed total occlusion
of the mid-left anterior descending artery caused by throm-
bus formation (Fig. 1B). Aspiration thrombectomy was suc-
cessfully performed. The aspirated specimens were sent to
the Department of Histopathology, and he was diagnosed
with metastatic high-grade sarcoma (Fig. 2). Immunohisto-
chemical examination confirmed a diagnosis of primary
MFS. The patient was transferred to the oncology depart-
ment for treatment.

A computed tomography (CT) scan showed pulmonary
vein and left atrium invasion from multiple lung metastases
and that a coronary embolism from a lobulated mass in the
left atrium caused the cardiac arrest (Fig. 3A).

Although the disease was in an advanced stage, the patient
and his family desired palliative chemotherapy. Given the
poor cardiac function, adriamycin-containing regimen was
not suitable for chemotherapy. Thereafter, he received 2
mg/kg of pembrolizumab via intravenous infusion every 3

weeks. A partial response was achieved after two cycles of
pembrolizumab (Fig. 3B). Moreover, his performance status
improved, and the symptoms, including dyspnea and pain,
completely subsided. CT images after four cycles showed a
decrease in the size of the masses in both the lung and left
atrium (Fig. 3C). He received ten additional cycles of pem-
brolizumab in an outpatient setting without any side effects.
Unfortunately, the patient died from incidental intracranial
hemorrhage after 18 months since receiving pembrolizumab.

Fig. 1.  (A) Electrocardiogram showing ST segment elevation in leads V2 to V5. (B) Coronary angiography image showing
complete occlusion at the mid-left anterior descending artery (arrow).

Fig. 2.  Histopathologic findings of aspirated specimens:
anaplasia and pleomorphism of the nucleus compatible
with high-grade metastatic sarcoma (H&E staining, 40).
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Discussion

MFS is a subtype of soft tissue sarcoma, composed of 
malignant fibroblasts with a myxoid matrix. Currently, the
World Health Organization recognizes MFS as a disease dis-
tinct from myxoid malignant fibrous histiocytoma [8]. The
standard of treatment for MFS is a wide excision [2]. How-
ever, MFS shows high rates of local relapse after surgery;
therefore, adjuvant radiotherapy should be performed. 
Unfavorable outcomes of MFS are associated with a large
tumor size, deep location, high histologic grade, and positive
resection margin [3]. 

Despite the efforts to control local recurrence, 15%-38% of
locally relapsed MFS develop distant metastases [9]. Pallia-
tive chemotherapy could be used in patients with metastatic
MFS; however, effective and standardized chemotherapeutic
regimens do not exist because of its rarity.

We present the case of a patient with conventional chemo-
therapy-refractory metastatic MFS who received pembro-
lizumab as palliative immunotherapy. MFS lacks genetic and
molecular evidence for using targeted chemotherapeutic
agents. Pembrolizumab is a highly selective, humanized
monoclonal IgG4-kappa isotype antibody against PD-L1.
AntiPD-L1 antibodies can reverse negative immune regu-
latory signaling pathways of cytotoxic T cells. Pembrolizu-
mab has shown robust clinical activity with an acceptable
safety profile for various types of solid tumors [4]. 

In previous studies, biomarkers to predict clinical benefit
from pembrolizumab were established. For example, preex-
isting CD8+ T cells in the tumor microenvironment were 
required for tumor regression after pembrolizumab [10].
Moreover, higher numbers of PD-1+ T cells at baseline and
increased PD-L1 expression during treatment were associ-

ated with clinical response of receiving pembrolizumab [11].
The role of PD-L1 expression in soft tissue sarcoma was pre-
viously investigated. In one analysis, expression of PD-L1
was significantly associated with a poor outcome, especially
in soft tissue sarcoma rather than bone sarcoma [12]. Another
study demonstrated that PD-L1 expression was present in
15% of all sarcomas (34/222). By histologic types, undiffer-
entiated pleomorphic sarcomas had the highest prevalence
of PD-L1 expression; otherwise, MFS showed a negative 
PD-L1 expression [13]. 

Tawbi et al. [14] described that pembrolizumab showed
clinically meaningful responses in patients with undifferen-
tiated pleomorphic sarcoma or dedifferentiated liposarcoma,
rather than bone sarcoma. Although no patients with MFS
were enrolled in this study, one patient with chemotherapy-
refractory MFS receiving nivolumab achieved complete 
response in another study [15]. 

To the best of our knowledge, this report represents the
first evidence of pembrolizumab exhibiting efficacy against
refractory metastatic MFS without any toxicity. In conclu-
sion, we believe pembrolizumab could be an option for con-
trolling metastatic sarcoma, including MFS without degra-
ding the patient’s quality of life. Further studies of the effi-
cacy and biomarkers of pembrolizumab for refractory
metastatic sarcoma are warranted. 
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Fig. 3.  (A) Baseline chest computed tomography (CT) image shows multiple metastatic lung mass with tumor invasion to
the left atrium from the pulmonary vein. (B) Follow-up CT image shows a partial response after two cycles of pembrolizumab
and a slight decrease in the size of the multiple masses in both the lung and left atrium. (C) Follow-up CT image shows a
partial response after four cycles of pembrolizumab and a marked decrease in the size of the multiple masses in both the
lung and left atrium.
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Delayed Terminal Ileal Perforation in a Relapsed/Refractory B-Cell
Lymphoma Patient with Rapid Remission Following Chimeric Antigen
Receptor T-Cell Therapy

Case Report

Chimeric antigen receptor T-cell strategy targeting CD19 (CART19) has prominent anti-tumor
effect for relapsed/refractory B-cell lymphomas. CART19-associated complications have
been gradually recognized, however, late-onset complications have not been extensively
studied. Herein, for the first time we report a diffuse large B-cell lymphoma patient with ter-
minal ileum involvement obtained rapid remission and developed spontaneous terminal
ileal perforation 38 days following CART19 infusion. The late-onset perforation reminds us
that, for the safety of CART treatment, more cautions are warranted for the management
of delayed GI complications. 

Key words
Refractory/relapse, B-cell lymphoma, 
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Introduction

Adoptive T-cell therapy with genetically engineered
chimeric antigen receptor (CAR) T-cell strategy targeting
CD19 (CART19) has shown great potential for the treatment
of B-cell malignancies, including acute lymphoblastic
leukemia, chronic lymphocytic leukemia, and non-Hodgkin
lymphoma. For relapsed/refractory B-cell lymphomas,
CART19 therapy has demonstrated an overall response rate
of 71%-73% and a complete remission (CR) rate of 50%-57%
in recent trials [1-3]. Despite the promising response rates,
safety issues still remain as a major concern for CART19 ther-
apy. Cytokine release syndrome (CRS), neurological toxici-
ties, and B-cell aplasia are most commonly encountered
adverse events which have been widely recognized [4].
These adverse events occur hours or days following CART19
infusion and are usually well managed with aggressive sup-
portive measures at early stage. On the contrary, lateonset
complications of CAR T-cell therapy have not been exten-
sively studied. Despite the scarcity of description, an early
recognition of late-onset complications would be important
to improve patients’ long-term outcomes. And, the recogni-
tion of late-onset complications would shed light on CART19
biological behaviors in vivo. Herein, for the first time we 
report a case of diffuse large B-cell lymphoma (DLBCL) 
patient with terminal ileum involvement obtained rapid 
remission but developed spontaneous terminal ileal perfora-
tion 38 days following CART19 infusion. 

Case Report

The 36-year-old male patient had a lengthy and compli-
cated oncological history. He initially presented to a local
hospital in 2003 due to an enlarged left tonsil. An excisional
biopsy confirmed a diagnosis of DLBCL, and no other 
enlarged lymph nodes were appreciated at that time. Then,
the patient initiated a six-cycle therapy of EPOCH (cyclo-
phosphamide, doxorubicin, etoposide, vincristine, and pred-
nisone) and achieved CR. A routine follow-up in June 2014
noted multiple nodal enlargements involving bilateral pos-
terior cervical and axillary lymph nodes. Positron emission
tomography/computed tomography (PET/CT) scan revea-
led intensive uptakes in the aforementioned sites, as well as
the terminal ileum and the ascending colon. Then, a follow-
ing CT-guided biopsy on the ascending colon mass was per-
formed and afterwards confirmed a relapse of DLBCL
(non-germinal center B cell type). After four cycles of 
R-CHOP (cyclophosphamide, doxorubicin, vincristine, and

prednisone plus rituximab) treatment, a repeat PET/CT scan
showed a partial remission with residual tumor activities in
the terminal ileum. Two more cycles of R-IVAC (etoposide,
ifosfamide, and cytarabine plus rituximab) were adminis-
tered but still failed to achieve CR. The patient continued an
alternative therapy and finally achieved CR (confirmed by
PET/CT) after three more cycles of chemotherapy with rit-
uximab, paclitaxel, and doxorubicin. Subsequently, the 
patient underwent autologous hematopoietic stem cell trans-
plantation in March 2015 with conditioning regimen of car-
mustine, cytarabine, etoposide, and methotrexate. Seven
months later, a repeat PET/CT in October 2015 revealed dis-
seminated lymphoma relapsing regions including the termi-
nal ileum, appendix, liver, mesentery lymph nodes, the left
ilium, left femur, as well as axillary and cervical lymph
nodes. The patient was treated by a following palliative ther-
apy with thalidomide and rituximab until increased tumor
burdens caused severe abdominal and back pain in May
2016. Given the patient’s good performance status, a cycle of
GDP (gemcitabine, dexamethasone, and cisplatin) was used
before the primary disease progressed. Then, the patient was
recruited to a CART19 clinical trial (Chictr.org N, ChiCTR-
OCC-15007008) in December 2016 under informed consent.
A pre-recruitment PET/CT showed increased activities in
the terminal ileum, mesentery lymph nodes, the pancreatic
tail, left femur and vertebral body of S2 (Fig. 1A). After a lym-
phocyte-depleting chemotherapy by FC regimen (fludara-
bine 30 mg/m2 day 1 to 3, cyclophosphamide 500 mg/m2 day
2 to 3), CART19s were generated as previously reported [5,6].
The patient received an infusion of CART19s with a dose of
1.0107 CART19s per kilogram.

After infusion, CART19s engrafted and expanded in 
peripheral blood. The patient developed fever (Fig. 1C) with
marked elevation of serum interleukin (IL)-6, IL-10, inter-
feron  (IFN-), C-reactive protein, D-dimer, and ferritin 2
days after the infusion (Fig. 1D); grade 2 CRS was diagnosed.
The serum cytokines fell into normal ranges within 4 days of
supportive care. A follow-up PET/CT 30 days after the infu-
sion showed a CR (Fig. 1B). However, 38 days after CART19
infusion, the patient suddenly developed severe abdominal
pain with exacerbated diffuse tenderness and guarding. An
exploratory laparotomy observed a perforation in the termi-
nal ileum at the site coincident with the site of lymphoma 
involvement indicated in PET/CT scan before the CART19
infusion (Fig. 2A and B). The perforation was subsequently
repaired and the pathology of resected ileum showed con-
comitant partial necrotic tissues without infiltration of lym-
phoma cells or CART19 (Fig. 2C and D). No elevation of IL-6,
IL-10, INF-, granzyme B, or other inflammatory cytokines
was noted. Detections of serum cytomegalo-virus-DNA and
EBV-DNA during perforation showed negative results.
Three months after surgery, the latest follow-up PET/CT
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scan showed no observable residual lymphoma in ileal 
region adjacent to the perforated site. 

Discussion

In this study, we reported a case of delayed terminal ileal
perforation following rapid remission of CART19 therapy in
a relapsed/refractory DLBCL patient. Such perforation case
has not been reported previously. The patient achieved CR

at 1 month after CART19s infusion, indicating that CART19s
could rapidly migrate to lymphoma sites and eradicate lym-
phoma cells. Patients under chemotherapy usually achieve
CR after four to six courses of treatment. The rapid remission
by CART19 therapy potentiates a superior option for partic-
ular patients in the future.

Bowel perforation events have been reported in around 9%
of lymphoma patients with gastrointestinal (GI) involve-
ment, of which 55% occurred after chemotherapy [7]. In
terms of histology, DLBCL was most commonly observed
and associated with the highest frequency of perforation [8].
The small bowel was not the most commonly affected site,

Fig. 1.  The patient achieved complete remission 30 days after chimeric antigen receptor T-cell strategy targeting CD19
(CART19s) infusion with grade 2 cytokine release syndrome. (A) Positron emission tomography/computed tomography
(PET/CT) showed lymphoma activities in the terminal ileum, the mesentery lymph nodes, the pancreatic tail, the left femur
and the vertebral body of S2 pre-CART19 treatment. (B) PET/CT showed a complete remission 30 days post-CART19 treat-
ment. (C) The patient developed fever 6 hours after CART19 infusion with the highest temperature 40.8°C and decreased to
normal level after 5 days. (D) Serum levels of interleukin (IL)-6, IL-10, interferon  (IFN-), C-reactive protein (CRP), 
D-dimer, and ferritin were elevated 2 days after the infusion and fell into the normal range within 4 days with supportive
care.
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however, was at the highest risk of perforation [8,9]. The tim-
ing of GI perforation after the initiation of chemotherapy var-
ied from 4 days to more than 5 weeks in previous reports
[10-12]. Vaidya et al. [7] described that about half of the per-
foration post chemotherapy occurred within the first month.
The late on-set of perforation after chemotherapy turns to be
related with tumor necrosis and local inflammation, since a
large portion of patients with delayed perforation had no 
viable residual tumor tissues at the perforation site con-
firmed by pathology [7]. Notably, bowel perforation after
chemotherapy is associated with a high mortality, an early
recognition and a timely treatment are critical to improve the
overall survival. 

Our patient had a delayed terminal ileal perforation 38
days following CART19 infusion. The delayed presentation
of symptoms posed a great challenge for timely diagnosis
and treatment. As most CART19 complications occur hours
or days after infusion, few late-onset complications have
been reported in reported clinical trials. There have been 
reports of delayed CRS that occurred weeks after CAR T-cell
infusion [13-15]. The late manifestation of CRS seemed to be
related with late in vivo CAR T-cell expansion [11]. GI com-
plications in lymphoma patients after CAR T-cell therapy
were rare in clinical trials. Turtle et al. [2] described a patient
with known GI invasive lymphoma mass died from a fatal
GI hemorrhage after a high dose CAR T-cell infusion. Wang
et al. [15] also described a patient with submucosal involve-

ment of stomach lymphoma died from a massive GI hemor-
rhage 3 weeks after CART-20 infusion, whose late presen-
tation of GI hemorrhage was correlated with delayed eleva-
tion of cytokines. No elevated cytokines or CART19s expan-
sion were observed in our patient during the ileal perfo-
ration. Also the CAR T-cells were not identified from the ileal
tissue. We hypothesize that tumor necrosis might contribute
to the later perforation event. The high dose-intensity che-
motherapy increases the risk of perforation in GI DLBCL 
patients, while patients undergoing CAR T-cell therapy are
facing a higher risk of GI perforation, given the consistent
and vigorous anti-tumor effects by CAR T-cells. Moreover,
same as most late-onset GI perforations after chemotherapy,
our patient stayed in CR during GI perforation, indicating
that CART19 therapy and chemotherapy might share a sim-
ilar mechanism in late-onset perforation. As we know, 
patients early after CART19 treatment might suffer from
pancytopenia and abnormal coagulation function. When GI
perforation occurred at this stage, there was almost no
chance for surgery, which would lead to a high mortality for
these patients. In this case, the ileal perforation occurred after
1 month of CART19 therapy, at a stage the patient spared
early complications and achieved CR. The late onset of per-
foration reminds us that, for the safety of CART19 treatment,
more cautions are still warranted to manage delayed GI com-
plications in those patients. 

Collectively, perforation of GI lymphomas after chemo-

Fig. 2.  (A, B) In the exploratory laparotomy, a perforation in the terminal ileum (B) was discovered at the site coincident
with the location of lymphoma involvement reflected in positron emission tomography/computed tomography scan before
chimeric antigen receptor T-cell strategy targeting CD19 (CART19) infusion (A). (C) Pathological findings by H&E staining
showed no lymphoma cells and partial necrotic tissue. (D) Immunochemical staining revealed a negative result for CART19. 
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therapy has been well recognized while this case was the first
report of perforation after CART19 treatment. The risk of GI
perforation should always be aware of when treating a lym-
phoma patient with GI involvement.  Additionally, this case
brought forward another consideration that patients with GI
lymphoma should be carefully evaluated before CART19
treatment. Along with the rapid evolvement of CAR T-cell
therapy, an improved recognition of potential perforation
complication is no-doubt critical for each involved patient.
Still, more clinical trials are needed to address the location
and timing of perforation in the disease course after CART19
therapy, to verify the probability and necessity of surgical 
intervention for these patients. 

Conflicts of Interest

Conflict of interest relevant to this article was not reported. 

Acknowledgments

This work was supported by grants from 973 Program (2015-
CB964900), the Natural Science Foundation of China (81230014,
81470341, 81500157, 81770201, 81730008), Key Project of Science and
Technology Department of Zhejiang Province (2015C03G2010091).

1. Kochenderfer JN, Somerville RP, Lu T, Shi V, Bot A, Rossi J, et
al. Lymphoma remissions caused by anti-CD19 chimeric anti-
gen receptor T cells are associated with high serum inter-
leukin-15 levels. J Clin Oncol. 2017;35:1803-13.

2. Turtle CJ, Hanafi LA, Berger C, Gooley TA, Cherian S, Hude-
cek M, et al. CD19 CAR-T cells of defined CD4+:CD8+ com-
position in adult B cell ALL patients. J Clin Invest. 2016;126:
2123-38.

3. Locke FL, Neelapu SS, Bartlett NL, Siddiqi T, Chavez JC, Hos-
ing CM, et al. Phase 1 results of ZUMA-1: a multicenter study
of KTE-C19 anti-CD19 CAR T cell therapy in refractory 
aggressive lymphoma. Mol Ther. 2017;25:285-95.

4. Brudno JN, Kochenderfer JN. Toxicities of chimeric antigen
receptor T cells: recognition and management. Blood. 2016;
127:3321-30.

5. Hu Y, Sun J, Wu Z, Yu J, Cui Q, Pu C, et al. Predominant cere-
bral cytokine release syndrome in CD19-directed chimeric
antigen receptor-modified T cell therapy. J Hematol Oncol.
2016;9:70.

6. Hu Y, Wu Z, Luo Y, Shi J, Yu J, Pu C, et al. Potent anti-
leukemia activities of chimeric antigen receptor-modified T
cells against CD19 in Chinese patients with relapsed/refrac-
tory acute lymphocytic leukemia. Clin Cancer Res. 2017;23:
3297-306.

7. Vaidya R, Habermann TM, Donohue JH, Ristow KM, Maurer
MJ, Macon WR, et al. Bowel perforation in intestinal lym-
phoma: incidence and clinical features. Ann Oncol. 2013;24:
2439-43.

8. Vaidya R, Witzig TE. Incidence of bowel perforation in gas-
trointestinal lymphomas by location and histology. Ann

Oncol. 2014;25:1249-50.
9. Ara C, Coban S, Kayaalp C, Yilmaz S, Kirimlioglu V. Sponta-

neous intestinal perforation due to non-Hodgkin's lymphoma:
evaluation of eight cases. Dig Dis Sci. 2007;52:1752-6.

10. Wada M, Onda M, Tokunaga A, Kiyama T, Yoshiyuki T, Mat-
sukura N, et al. Spontaneous gastrointestinal perforation in
patients with lymphoma receiving chemotherapy and ste-
roids: report of three cases. Nihon Ika Daigaku Zasshi. 1999;
66:37-40.

11. Zhai L, Zhao Y, Lin L, Tian Y, Chen X, Huang H, et al. Non-
Hodgkin's lymphoma involving the ileocecal region: a single-
institution analysis of 46 cases in a Chinese population. J Clin
Gastroenterol. 2012;46:509-14.

12. Maisey N, Norman A, Prior Y, Cunningham D. Chemotherapy
for primary gastric lymphoma: does in-patient observation
prevent complications? Clin Oncol (R Coll Radiol). 2004;16:
48-52.

13. Porter DL, Hwang WT, Frey NV, Lacey SF, Shaw PA, Loren
AW, et al. Chimeric antigen receptor T cells persist and induce
sustained remissions in relapsed refractory chronic lympho-
cytic leukemia. Sci Transl Med. 2015;7:303ra139.

14. Kebriaei P, Singh H, Huls MH, Figliola MJ, Bassett R, Olivares
S, et al. Phase I trials using Sleeping Beauty to generate CD19-
specific CAR T cells. J Clin Invest. 2016;126:3363-76.

15. Wang Y, Zhang WY, Han QW, Liu Y, Dai HR, Guo YL, et al.
Effective response and delayed toxicities of refractory advan-
ced diffuse large B-cell lymphoma treated by CD20-directed
chimeric antigen receptor-modified T cells. Clin Immunol.
2014;155:160-75.

References

1466 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2018;50(4):1462-1466



CANCER 
RESEARCH AND

TREATMENT

Volume 50, No. 4, October 2018

Index of Contents and 
Reviewers of

Cancer Research and Treatment

Vol. 50, No. 1~4, 2018



Total Contents
Volume 50, No. 1~4, 2018

Volume 50, Number 1, January 2018

Review Article

Original Articles

The Generation and Application of Patient-Derived Xenograft Model for Cancer Research
Jaeyun Jung, Hyang Sook Seol, Suhwan Chang

Evaluation of Diagnostic Performance of Screening Thyroid Ultrasonography and Imaging Findings of 
Screening-Detected Thyroid Cancer
Jeongin Yoo, Hye Shin Ahn, Soo Jin Kim, Sung Hee Park, Mirinae Seo, Semin Chong

The Prognostic Value of Treatment-Related Lymphopenia in Nasopharyngeal Carcinoma Patients
Li-Ting Liu, Qiu-Yan Chen, Lin-Quan Tang, Shan-Shan Guo, Ling Guo, Hao-Yuan Mo, Ming-Yuan Chen, Chong Zhao, Xiang Guo, Chao-Nan Qian, Mu-Sheng Zeng, Jin-Xin Bei, 
Jing Tan, Shuai Chen, Ming-Huang Hong, Jian-Yong Shao, Ying Sun, Jun Ma, Hai-Qiang Mai

S-1–Induced Lacrimal Drainage Obstruction and Its Association with Ingredients/Metabolites of S-1 in Tears and 
Plasma: A Prospective Multi-institutional Study
Namju Kim, Jin Won Kim, Je-Hyun Baek, Jin-Soo Kim, Ho-Kyung Choung, Tae-Yong Kim, Kyung-Hun Lee, Yung-Jue Bang, Sang In Khwarg, Sang-Hoon Ahn, Do Joong Park, 
Hyung-Ho Kim, Jae-Yong Chung, Soyeon Ahn, Keun-Wook Lee

Development and Validation of the Korean Version of the European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire for Patients with Non-muscle Invasive Bladder Cancer: EORTC QLQ-NMIBC24
Jinsung Park, Dong Wook Shin, Tae-Hwan Kim, Seung Il Jung, Jong Kil Nam, Seung Chol Park, Sungwoo Hong, Jae Hung Jung, Hongwook Kim, Won Tae Kim

Risk and Characteristics of Postcolonoscopy Interval Colorectal Cancer after a Positive Fecal Test: 
A Nationwide Population-Based Study in Korea
Chang Kyun Lee, Kui Son Choi, Chang Soo Eun, Dong-Il Park, Dong Soo Han, Minjoo Yoon, Mina Suh, Jae Kwan Jun

Magnetic Resonance Imaging for Colorectal Cancer Metastasis to the Liver: Comparative Effectiveness Research 
for the Choice of Contrast Agents
Nieun Seo, Mi-Suk Park, Kyunghwa Han, Kyung Ho Lee, Seong Ho Park, Gi Hong Choi, Jin-Young Choi, Yong Eun Chung, Myeong-Jin Kim

Downregulation of HuR Inhibits the Progression of Esophageal Cancer through Interleukin-18
Xu Xiaohui, Song Cheng, Chen Zhihua, Yu Chenxiao, Wang Yi, Tang Yiting, Luo Judong

Re-stratification of Patients with High-Risk Prostate Cancer According to the NCCN Guidelines among Patients 
Who Underwent Radical Prostatectomy: An Analysis Based on the K-CaP Registry
Kwang Suk Lee, Kyo Chul Koo, In Young Choi, Ji Youl Lee, Jun Hyuk Hong, Choung-Soo Kim, Hyun Moo Lee, Sung Kyu Hong, Seok-Soo Byun, Koon Ho Rha, Byung Ha Chung

Retrospective Molecular Epidemiology Study of PD-L1 Expression in Patients with EGFR-Mutant Non-small Cell Lung Cancer 
Jong Ho Cho, Wei Zhou, Yoon-La Choi, Jong-Mu Sun, Hyejoo Choi, Tae-Eun Kim, Marisa Dolled-Filhart, Kenneth Emancipator, Mary Anne Rutkowski, Jhingook Kim

Incorporating Neutrophil-to-Lymphocyte Ratio and Platelet-to-Lymphocyte Ratio in Place of Neutrophil Count and Platelet Count
Improves Prognostic Accuracy of the International Metastatic Renal Cell Carcinoma Database Consortium Model
Pawel Chrom, Rafal Stec, Lubomir Bodnar, Cezary Szczylik

Proteomic Biomarkers for Bisphenol A–Early Exposure and Women’s Thyroid Cancer
Ho-Sun Lee, Yunkyeong Kang, Kyung Tae, Gyu-Un Bae, Jong Y. Park, Yoon Hee Cho, Mihi Yang

1

11

19

30

40

50

60

71

88

95

103

111

1468 CANCER  RESEARCH  AND  TREATMENT



118

129

138

148

156

164

175

183

195

204

    

212

222

239

255

265

Patterns of Care for Radiotherapy in the Neoadjuvant and Adjuvant Treatment of Gastric Cancer: 
A Twelve-Year Nationwide Cohort Study in Korea 
Jee Suk Chang, Young Choi, Jaeyong Shin, Kyung Hwan Kim, Ki Chang Keum, Hyo Song Kim, Woong Sub Koom, Eun-Cheol Park

Cancer-Specific Mortality among Korean Men with Localized or Locally Advanced Prostate Cancer Treated with 
Radical Prostatectomy Versus Radiotherapy: A Multi-center Study Using Propensity Scoring and Competing 
Risk Regression Analyses
Kyo Chul Koo, Jin Seon Cho, Woo Jin Bang, Seung Hwan Lee, Sung Yong Cho, Sun Il Kim, Se Joong Kim, Koon Ho Rha, Sung Joon Hong, Byung Ha Chung

Ruthenium-106 Brachytherapy with or without Additional Local Therapy Shows Favorable Outcome for Variable-Sized
Choroidal Melanomas in Korean Patients 
Yeona Cho, Jee Suk Chang, Jin Sook Yoon, Sung Chul Lee, Yong Bae Kim, Joo Ho Kim, Ki Chang Keum

Topotecan-Vincristine-Doxorubicin in Stage 4 High-Risk Neuroblastoma Patients Failing to Achieve a Complete Metastatic
Response to Rapid COJEC: A SIOPEN Study
Loredana Amoroso, Giovanni Erminio, Guy Makin, Andrew D. J. Pearson, Penelope Brock, Dominique Valteau-Couanet, Victoria Castel, Marlène Pasquet, Genevieve Laureys,
Caroline Thomas, Roberto Luksch, Ruth Ladenstein, Riccardo Haupt, Alberto Garaventa, On behalf of SIOPEN Group

Radiotherapy Versus Cordectomy in the Management of Early Glottic Cancer
Seung Yeun Chung, Kyung Hwan Kim, Ki Chang Keum, Yoon Woo Koh, Se-Heon Kim, Eun Chang Choi, Chang Geol Lee

Epidemiology of Intracranial Metastases in Korea: A National Cohort Investigation
Tackeun Kim, Changhoon Song, Jung Ho Han, In-Ah Kim, Yu Jung Kim, Se Hyun Kim, Jee Hyun Kim, Chae-Yong Kim

Gemcitabine and Docetaxel Combination for Advanced Soft Tissue Sarcoma: A Nationwide Retrospective Study  
Yunjung Choi, Mi Sun Yun, Sang Hee Lim, Jeeyun Lee, Jin-Hee Ahn, Yu Jung Kim, Kyong Hwa Park, Young Suk Park, Ho Yeong Lim, Hyonggin An, Dong-Churl Suh, 
Yeul Hong Kim

The Clinical Significance of Occult Gastrointestinal Primary Tumours in Metastatic Cancer: A Population Retrospective 
Cohort Study
Malek B. Hannouf, Eric Winquist, Salaheddin M. Mahmud, Muriel Brackstone, Sisira Sarma, George Rodrigues, Peter K. Rogan, Jeffrey S. Hoch, Gregory S. Zaric

An Open-Label, Randomized, Parallel, Phase II Trial to Evaluate the Efficacy and Safety of a Cremophor-Free 
Polymeric Micelle Formulation of Paclitaxel as First-Line Treatment for Ovarian Cancer: 
A Korean Gynecologic Oncology Group Study (KGOG-3021)
Shin-Wha Lee, Yong-Man Kim, Chi Heum Cho, Young Tae Kim, Seok Mo Kim, Soo Young Hur, Jae-Hoon Kim, Byoung-Gie Kim, Seung-Cheol Kim, Hee-Sug Ryu, 
Soon Beom Kang

Validation of the Korean Version of the Quality of Life–Cancer Survivors (QOL-CS-K) Questionnaire in 
Lymphoma Survivors
Juhee Cho, Danbee Kang, Im Ryung Kim, Won Seog Kim, Betty Ferrell, Seok Jin Kim

Strategic Distributional Cost-Effectiveness Analysis for Improving National Cancer Screening Uptake in 
Cervical Cancer: A Focus on Regional Inequality in South Korea
Tae-Hoon Lee, Woorim Kim, Jaeyong Shin, Eun-Cheol Park, Sohee Park, Tae Hyun Kim

Nationwide Statistical Analysis of Lymphoid Malignancies in Korea
Hyewon Lee, Hyeon Jin Park, Eun-Hye Park, Hee Young Ju, Chang-Mo Oh, Hyun-Joo Kong, Kyu-Won Jung, Byung-Kiu Park, Eunyoung Lee, Hyeon-Seok Eom, Young-Joo Won

FOXO1 Suppression Is a Determinant of Acquired Lapatinib-Resistance in HER2-Positive Gastric Cancer Cells 
through MET Upregulation 
Jinju Park, Yiseul Choi, Young San Ko, Younghoon Kim, Jung-Soo Pyo, Bo Gun Jang, Min A Kim, Jae-Seon Lee, Mee Soo Chang, Jong-Wan Park, Byung Lan Lee

Comparison of Ion Personal Genome Machine Platforms for the Detection of Variants in BRCA1 and BRCA2
Sang Mee Hwang, Ki Chan Lee, Min Seob Lee, Kyoung Un Park 

Selection Criteria for Active Surveillance of Patients with Prostate Cancer in Korea: A Multicenter Analysis of Pathology after
Radical Prostatectomy
Chang Wook Jeong, Sung Kyu Hong, Seok Soo Byun, Seong Soo Jeon, Seong Il Seo, Hyun Moo Lee, Hanjong Ahn, Dong Deuk Kwon, Hong Koo Ha, Tae Gyun Kwon, 
Jae Seung Chung, Cheol Kwak, Hyung Jin Kim

Total Contents (Vol. 50)

VOLUME 50 NUMBER 4 OCTOBER 2018  1469



1470 CANCER  RESEARCH  AND  TREATMENT

275

283

293

302

No Association of Positive Superficial and/or Deep Margins with Local Recurrence in Invasive Breast Cancer Treated 
with Breast-Conserving Surgery 
Tae In Yoon, Jong Won Lee, Sae Byul Lee, Guiyun Sohn, Jisun Kim, Il Young Chung, Hee Jeong Kim, Beom Seok Ko, Byung Ho Son, Gyungyub Gong, Sung-Bae Kim, 
Su Ssan Kim, Seung Do Ahn, Minsung Chung, Sei Hyun Ahn

Clinical Significance of Discordance between Carcinoembryonic Antigen Levels and RECIST in Metastatic Colorectal Cancer
In-Ho Kim, Ji Eun Lee, Ji Hyun Yang, Joon Won Jeong, Sangmi Ro, Seong Taek Oh, Jun-Gi Kim, Moon Hyung Choi, Myung Ah Lee

Second Primary Cancer Risk among Kidney Cancer Patients in Korea: A Population-Based Cohort Study 
Jae Young Joung, Whi-An Kwon, Jiwon Lim, Chang-Mo Oh, Kyu-Won Jung, Sung Han Kim, Ho Kyung Seo, Weon Seo Park, Jinsoo Chung, Kang Hyun Lee, Young-Joo Won

ERRATUM: Comparison of Surgery Plus Chemotherapy and Palliative Chemotherapy Alone 
for Advanced Gastric Cancer with Krukenberg Tumor

Volume 50, No. 1~4, 2018

Erratum

303

317

324

335

345

356

366

374

382

Cancer Statistics in Korea: Incidence, Mortality, Survival, and Prevalence in 2015
Kyu-Won Jung, Young-Joo Won, Hyun-Joo Kong, Eun Sook Lee, The Community of Population-Based Regional Cancer Registries

Prediction of Cancer Incidence and Mortality in Korea, 2018
Kyu-Won Jung, Young-Joo Won, Hyun-Joo Kong, Eun Sook Lee

A National Study of Survival Trends and Conditional Survival in Nasopharyngeal Carcinoma: 
Analysis of the National Population-Based Surveillance Epidemiology and End Results Registry
Jia-Wei Lv, Xiao-Dan Huang, Yu-Pei Chen, Guan-Qun Zhou, Ling-Long Tang, Yan-Ping Mao, Wen-Fei Li, Ai-Hua Lin, Jun Ma, Ying Sun

Clinical Outcomes of Proton Beam Therapy for Choroidal Melanoma at a Single Institute in Korea
Tae Wan Kim, Euncheol Choi, Jeonghoon Park, Dong-ho Shin, Su Kyung Jung, Susie Seok, Kwan Ho Cho, Joo-Young Kim, Dae Yong Kim, Tae Hyun Kim, Yang Kwon Suh, 
Yeon Joo Kim, Sung Ho Moon

The Clinical Utilization of Radiation Therapy in Korea between 2011 and 2015
Young-Seok Seo, Mi-Sook Kim, Jin-Kyu Kang, Won-Il Jang, Hee Jin Kim, Chul Koo Cho, Hyung Jun Yoo, Eun Kyung Paik, Yu Jin Cha, Jae Sun Yoon

Omic Approach in Non-smoker Female with Lung Squamous Cell Carcinoma Pinpoints to Germline Susceptibility 
and Personalized Medicine
Margherita Baldassarri, Chiara Fallerini, Francesco Cetta, Marco Ghisalberti, Cristiana Bellan, Simone Furini, Ottavia Spiga, Sergio Crispino, Giuseppe Gotti, 
Francesca Ariani, Piero Paladini, Alessandra Renieri, Elisa Frullanti

Sub-classification of Advanced-Stage Hepatocellular Carcinoma: A Cohort Study Including 612 Patients Treated 
with Sorafenib
Jeong-Ju Yoo, Goh Eun Chung, Jeong-Hoon Lee, Joon Yeul Nam, Young Chang, Jeong Min Lee, Dong Ho Lee, Hwi Young Kim, Eun Ju Cho, Su Jong Yu, Yoon Jun Kim, 
Jung-Hwan Yoon, Seoul Liver Group

Interstitial Lung Disease and Lung Cancer Development: A 5-Year Nationwide Population-Based Study
Won-Il Choi, Sun Hyo Park, Byeong Ju Park, Choong Won Lee

Effect of Necrosis on the miRNA-mRNA Regulatory Network in CRT-MG Human Astroglioma Cells
So-Hee Ahn, Jung-Hyuck Ahn, Dong-Ryeol Ryu, Jisoo Lee, Min-Sun Cho, Youn-Hee Choi

Special Articles

Original Articles

Volume 50, Number 2, April 2018



VOLUME 50 NUMBER 4 OCTOBER 2018  1471

Total Contents (Vol. 50)

398

405

416

428

436

445

461

474

488

495

506

518

530

538

    

551

562

TAK-264 (MLN0264) in Previously Treated Asian Patients with Advanced Gastrointestinal Carcinoma Expressing 
Guanylyl Cyclase C: Results from an Open-Label, Non-randomized Phase 1 Study
Yung-Jue Bang, Toshimi Takano, Chia-Chi Lin, Adedigbo Fasanmade, Huyuan Yang, Hadi Danaee, Takayuki Asato, Thea Kalebic, Hui Wang, Toshihiko Doi

Development and Evaluation of a Korean Version of a Thyroid-Specific Quality-of-Life Questionnaire Scale 
in Thyroid Cancer Patients  
Chang Hwan Ryu, Boram Park, Junsun Ryu, Youn Mi Ryu, Seong Ae Jo, You Jin Lee, Eun-Kyung Lee, Yul Hwangbo, Jungnam Joo, Yuh-Seog Jung

Stages of Adoption for Fecal Occult Blood Test and Colonoscopy Tests for Colorectal Cancer Screening in Korea
Nhung Cam Bui, Ha Na Cho, Yoon Young Lee, Mina Suh, Boyoung Park, Jae Kwan Jun, Yeol Kim, Kui Son Choi

Risk of Second Primary Cancer in People with Non-melanoma Skin Cancer: A Nationwide Cohort Study 
Shu-Hui Wang, Ching-Chi Chi, Zi-Hao Zhao, Tao-Hsin Tung

Awareness of and Attitudes toward Human Papillomavirus Vaccination among Adults in Korea: 9-Year Changes 
in Nationwide Surveys 
Jin-Kyoung Oh, Bo Yoon Jeong, E Hwa Yun, Min Kyung Lim

Ferroptosis: A Novel Anti-tumor Action for Cisplatin
Jipeng Guo, Bingfei Xu, Qi Han, Hongxia Zhou, Yun Xia, Chongwen Gong, Xiaofang Dai, Zhenyu Li, Gang Wu

Molecular Signature for Lymphatic Invasion Associated with Survival of Epithelial Ovarian Cancer
E Sun Paik, Hyun Jin Choi, Tae-Joong Kim, Jeong-Won Lee, Byoung-Gie Kim, Duk-Soo Bae, Chel Hun Choi

Light Alcohol Drinking and Risk of Cancer: A Meta-Analysis of Cohort Studies
Yoon-Jung Choi, Seung-Kwon Myung, Ji-Ho Lee

Pazopanib for the Treatment of Non-clear Cell Renal Cell Carcinoma: A Single-Arm, Open-Label, Multicenter, 
Phase II Study 
Ki Sun Jung, Su Jin Lee, Se Hoon Park, Jae-Lyun Lee, Se-Hoon Lee, Jae Yun Lim, Jung Hun Kang, Suee Lee, Sun Young Rha, Kyung Hee Lee, Ho Young Kim, Ho Yeong Lim

ALK Protein Expression Is Related to Neuroblastoma Aggressiveness But Is Not Independent Prognostic Factor
Ji Won Lee, Sung Hye Park, Hyoung Jin Kang, Kyung Duk Park, Hee Young Shin, Hyo Seop Ahn

Redefining the Positive Circumferential Resection Margin by Incorporating Preoperative Chemoradiotherapy 
Treatment Response in Locally Advanced Rectal Cancer: A Multicenter Validation Study 
Joo Ho Lee, Eui Kyu Chie, Seung-Yong Jeong, Tae-You Kim, Dae Yong Kim, Tae Hyun Kim, Sun Young Kim, Ji Yeon Baek, Hee Jin Chang, Min Ju Kim, Sung Chan Park, 
Jae Hwan Oh, Sung Hwan Kim, Jong Hoon Lee, Doo Ho Choi, Hee Chul Park, Sung-Bum Kang, Jae-Sung Kim

Phase II Study of Induction Chemotherapy with Docetaxel, Capecitabine, and Cisplatin Plus Bevacizumab 
for Initially Unresectable Gastric Cancer with Invasion of Adjacent Organs or Paraaortic Lymph Node Metastasis
Jwa Hoon Kim, Sook Ryun Park, Min-Hee Ryu, Baek-Yeol Ryoo, Kyu-pyo Kim, Beom Su Kim, Moon-Won Yoo, Jeong Hwan Yook, Byung Sik Kim, Jihun Kim, Sun-Ju Byeon,
Yoon-Koo Kang

Body Composition Predicts Survival in Patients with Hepatocellular Carcinoma Treated with Transarterial Chemoembolization
Neehar D. Parikh, Peng Zhang, Amit G. Singal, Brian A. Derstine, Venkat Krishnamurthy, Pranab Barman, Akbar K. Waljee, Grace L. Su

Declined Preoperative Aspartate Aminotransferase to Neutrophil Ratio Index Predicts Poor Prognosis in Patients 
with Intrahepatic Cholangiocarcinoma after Hepatectomy
Lingyun Liu, Wei Wang, Yi Zhang, Jianting Long, Zhaohui Zhang, Qiao Li, Bin Chen, Shaoqiang Li, Yunpeng Hua, Shunli Shen, Baogang Peng

Evaluation of the Benefit of Radiotherapy in Patients with Occult Breast Cancer: A Population-Based Analysis 
of the SEER Database
Byoung Hyuck Kim, Jeanny Kwon, Kyubo Kim

The Role of Consolidation Chemoradiotherapy in Locally Advanced Pancreatic Cancer Receiving Chemotherapy: 
An Updated Systematic Review and Meta-Analysis
Jeffrey S. Chang, Yen-Feng Chiu, Jih-Chang Yu, Li-Tzong Chen, Hui-Ju Ch’ang



1472 CANCER  RESEARCH  AND  TREATMENT

575

582

590

599

614

Low-Dose Radiation Therapy for Primary Conjunctival Marginal Zone B-Cell Lymphoma 
Ga-In Lee, Dongryul Oh, Won Seog Kim, Seok Jin Kim, Young Hyeh Ko, Kyung In Woo, Yoon-Duck Kim, Yong Chan Ahn

Effectiveness of Gastric Cancer Screening on Gastric Cancer Incidence and Mortality in a Community-Based 
Prospective Cohort
Heewon Kim, Yunji Hwang, Hokyung Sung, Jieun Jang, Choonghyun Ahn, Sang Gyun Kim, Keun-Young Yoo, Sue K. Park

Multicenter Retrospective Analysis of Clinical Characteristics, Treatment Patterns, and Outcomes in Very Elderly 
Patients with Diffuse Large B-Cell Lymphoma: The Korean Cancer Study Group LY16-01
Jung Hye Choi, Tae Min Kim, Hyo Jung Kim, Sung Ae Koh, Yeung-Chul Mun, Hye Jin Kang, Yun Hwa Jung, Hyeok Shim, So Young Chong, Der-Sheng Sun, Soonil Lee, 
Byeong Bae Park, Jung Hye Kwon, Seung-Hyun Nam, Jun Ho Yi, Young Jin Yuh, Jong-Youl Jin, Jae Joon Han, Seok-Hyun Kim

Crizotinib in Combination with Everolimus Synergistically Inhibits Proliferation of Anaplastic Lymphoma Kinase
Positive Anaplastic Large Cell Lymphoma
Wendan Xu, Ji-Won Kim, Woo June Jung, Youngil Koh, Sung-Soo Yoon

Experiences and Opinions Related to End-of-Life Discussion: From Oncologists' and Resident Physicians' Perspectives
Su-Jin Koh, Shinmi Kim, JinShil Kim, Bhumsuk Keam, Dae Seog Heo, Kyung Hee Lee, Bong-Seog Kim, Jee Hyun Kim, Hye Jung Chang, Sun Kyung Baek

Volume 50, No. 1~4, 2018

Volume 50, Number 3, July 2018

625

634

646

658

670

681

691

701

Risk Factors for a False-Negative Result of Sentinel Node Biopsy in Patients with Clinically Node-Negative Breast Cancer
Seung Ah Lee, Hak Min Lee, Hak Woo Lee, Ban Seok Yang, Jong Tae Park, Sung Gwe Ahn, Joon Jeong, Seung Il Kim

Are We Predicting Disease Progress of the Rectal Cancer Patients without Surgery after Neoadjuvant Chemoradiotherapy?
Bo Young Oh, Jung Wook Huh, Woo Yong Lee, Yoon Ah Park, Yong Beom Cho, Seong Hyeon Yun, Hee Cheol Kim, Ho-Kyung Chun

Inter-alpha Inhibitor H4 as a Potential Biomarker Predicting the Treatment Outcomes in Patients with 
Hepatocellular Carcinoma
Eun-Jung Lee, Seung-Hyun Yang, Kyoung-Jin Kim, Hyejung Cha, Seo Jin Lee, Ji-Hye Kim, Junkyu Song, Kyung-Hee Chun, Jinsil Seong

BCL2 Regulation according to Molecular Subtype of Breast Cancer by Analysis of The Cancer Genome Atlas Database
Ki-Tae Hwang, Kwangsoo Kim, Ji Hyun Chang, Sohee Oh, Young A Kim, Jong Yoon Lee, Se Hee Jung, In Sil Choi

Comparison of Native Escherichia coli L-Asparaginase versus Pegylated Asparaginase, in Combination with Ifosfamide,
Methotrexate, Etoposide, and Prednisolone, in Extranodal NK/T-Cell Lymphoma, Nasal Type
Hyun Jee Kim, Chan-Young Ock, Tae Min Kim, Sung Hee Lee, Ju-Yeun Lee, Sun hoi Jung, Yoon Sook Cho, Miso Kim, Bhumsuk Keam, Dong-Wan Kim, Il Han Kim, 
Dae Seog Heo

Patient’s Cognitive Function and Attitudes towards Family Involvement in Cancer Treatment Decision Making: 
A Patient-Family Caregiver Dyadic Analysis
Dong Wook Shin, Juhee Cho, Debra L. Roter, So Young Kim, Jong Hyock Park, Hyung Kook Yang, Hyun Woo Lee, Sun-Seog Kweon, Yune Sik Kang, Keeho Park

Crizotinib versus Chemotherapy in Asian Patients with ALK-Positive Advanced Non-small Cell Lung Cancer
Makoto Nishio, Dong-Wan Kim, Yi-Long Wu, Kazuhiko Nakagawa, Benjamin J. Solomon, Alice T. Shaw, Satoshi Hashigaki, Emiko Ohki, Tiziana Usari, Jolanda Paolini, 
Anna Polli, Keith D. Wilner, Tony Mok

Pretreatment Serum Amyloid A and C-reactive Protein Comparing with Epstein-Barr Virus DNA as Prognostic 
Indicators in Patients with Nasopharyngeal Carcinoma: A Prospective Study
Qiu-Yan Chen, Qing-Nan Tang, Lin-Quan Tang, Wen-Hui Chen, Shan-Shan Guo, Li-Ting Liu, Chao-Feng Li, Yang Li, Yu-Jing Liang, Xue-Song Sun, Ling Guo, Hao-Yuan Mo,
Rui Sun, Dong-Hua Luo, Yu-Ying Fan, Yan He, Ming-Yuan Chen, Ka-Jia Cao, Chao-Nan Qian, Xiang Guo, Hai-Qiang Mai

Original Articles



VOLUME 50 NUMBER 4 OCTOBER 2018  1473

Total Contents (Vol. 50)

712

720

729

738

748

   

757

768

777

791

801

813

823

835

843

852

Which Patients with Isolated Para-aortic Lymph Node Metastasis Will Truly Benefit from Extended Lymph Node 
Dissection for Colon Cancer?
Sung Uk Bae, Hyuk Hur, Byung Soh Min, Seung Hyuk Baik, Kang Young Lee, Nam Kyu Kim

The Effect of Hospice Consultation on Aggressive Treatment of Lung Cancer
Shin Hye Yoo, Bhumsuk Keam, Miso Kim, Tae Min Kim, Dong-Wan Kim, Dae Seog Heo

Nationwide Trends in the Incidence of Melanoma and Non-melanoma Skin Cancers from 1999 to 2014 in South Korea
Chang-Mo Oh, Hyunsoon Cho, Young-Joo Won, Hyun-Joo Kong, Yun Ho Roh, Ki-Heon Jeong, Kyu-Won Jung

Risky Lifestyle Behaviors among Gastric Cancer Survivors Compared with Matched Non-cancer Controls: 
Results from Baseline Result of Community Based Cohort Study
Minkyung Kim, Kui Son Choi, Mina Suh, Jae Kwan Jun, Kumban Walter Chuck, Boyoung Park

Lung Cancer Screening with Low-Dose CT in Female Never Smokers: Retrospective Cohort Study with Long-term 
National Data Follow-up 
Hyae Young Kim, Kyu-Won Jung, Kun Young Lim, Soo-Hyun Lee, Jae Kwan Jun, Jeongseon Kim, Bin Hwangbo, Jin Soo Lee 

Trend Analysis for the Choice and Cost of Lung Cancer Treatment in South Korea, 2003-2013
Dohun Kim, So Young Kim, Beomseok Suh, Jong Hyock Park

Survival Nomograms after Curative Neoadjuvant Chemotherapy and Radical Surgery for Stage IB2-IIIB Cervical Cancer
Claudia Marchetti, Francesca De Felice, Anna Di Pinto, Alessia Romito, Angela Musella, Innocenza Palaia, Marco Monti, Vincenzo Tombolini, Ludovico Muzii, 
PierLuigi Benedetti Panici

Neutropenia during the First Cycle of Induction Chemotherapy Is Prognostic for Poor Survival in Locoregionally 
Advanced Nasopharyngeal Carcinoma: A Real-World Study in an Endemic Area
Cheng Xu, Shi-Ping Yang, Yuan Zhang, Ling-Long Tang, Guan-Qun Zhou, Xu Liu, Yan-Ping Mao, Rui Guo, Wen-Fei Li, Lei Chen, Ai-Hua Lin, Ying Sun, Jun Ma

Chemotherapy versus Best Supportive Care in Advanced Biliary Tract Carcinoma: A Multi-institutional Propensity 
Score Matching Analysis 
Jun Ho Ji, Young Saing Kim, Inkeun Park, Soon Il Lee, Rock Bum Kim, Joon Oh Park, Sung Yong Oh, In Gyu Hwang, Joung-Soon Jang, Haa-Na Song, Jung-Hun Kang

Feasibility of Charcoal Tattooing of Cytology-Proven Metastatic Axillary Lymph Node at Diagnosis and Sentinel Lymph 
Node Biopsy after Neoadjuvant Chemotherapy in Breast Cancer Patients
Seho Park, Ja Seung Koo, Gun Min Kim, Joohyuk Sohn, Seung Il Kim, Young Up Cho, Byeong-Woo Park, Vivian Youngjean Park, Jung Hyun Yoon, Hee Jung Moon, 
Min Jung Kim, Eun-Kyung Kim

Human Papillomavirus Genotype-Specific Persistence and Potential Risk Factors among Korean Women: 
Results from a 2-Year Follow-up Study
Cecile Ingabire, Min Kyung Lim, Young-Joo Won, Jin-Kyoung Oh

APEX1 Polymorphism and Mercaptopurine-Related Early Onset Neutropenia in Pediatric Acute Lymphoblastic Leukemia
Hyery Kim, Heewon Seo, Yoomi Park, Byung-Joo Min, Myung-Eui Seo, Kyung Duk Park, Hee Young Shin, Ju Han Kim, Hyoung Jin Kang

Phase 1 Studies of Poziotinib, an Irreversible Pan-HER Tyrosine Kinase Inhibitor in Patients with Advanced Solid Tumors
Tae Min Kim, Keun-Wook Lee, Do-Youn Oh, Jong-Seok Lee, Seock-Ah Im, Dong-Wan Kim, Sae-Won Han, Yu Jung Kim, Tae-You Kim, Jee Hyun Kim, Hyesun Han, Woo Ho Kim,
Yung-Jue Bang

Sarcopenia Predicts Prognosis in Patients with Newly Diagnosed Hepatocellular Carcinoma, Independent of 
Tumor Stage and Liver Function
Yeonjung Ha, Daejung Kim, Seungbong Han, Young Eun Chon, Yun Bin Lee, Mi Na Kim, Joo Ho Lee, Hana Park, Kyu Sung Rim, Seong Gyu Hwang

Impact of Body Mass Index on the Quality of Life after Total Gastrectomy for Gastric Cancer
Ki Bum Park, Ji Yeon Park, Seung Soo Lee, Oh Kyoung Kwon, Ho Young Chung, Wansik Yu



861

872

883

894

908

917

926

936

950

956

964

975

984

992

1009

Combination of Tumor Volume and Epstein-Barr Virus DNA Improved Prognostic Stratification of Stage II 
Nasopharyngeal Carcinoma in the Intensity Modulated Radiotherapy Era: A Large-Scale Cohort Study
Qiu-Yan Chen, Shao-Yan Guo, Lin-Quan Tang, Tong-Yu Lu, Bo-Lin Chen, Qi-Yu Zhong, Meng-Sha Zou, Qing-Nan Tang, Wen-Hui Chen, Shan-Shan Guo, Li-Ting Liu, Yang Li,
Ling Guo, Hao-Yuan Mo, Rui Sun, Dong-Hua Luo, Chong Zhao, Ka-Jia Cao, Chao-Nan Qian, Xiang Guo, Mu-Sheng Zeng, Hai-Qiang Mai

NUDT15 Variants Cause Hematopoietic Toxicity with Low 6-TGN Levels in Children with Acute Lymphoblastic Leukemia
Eun Sang Yi, Young Bae Choi, Rihwa Choi, Na Hee Lee, Ji Won Lee, Keon Hee Yoo, Ki Woong Sung, Soo-Youn Lee, Hong Hoe Koo

Profiling of Serum Metabolites Using MALDI-TOF and Triple-TOF Mass Spectrometry to Develop a Screen for Ovarian Cancer
Jun Hwa Lee, Yun Hwan Kim, Kyung-Hee Kim, Jae Youl Cho, Sang Myung Woo, Byong Chul Yoo, Seung Cheol Kim

Participation of CCL1 in Snail-Positive Fibroblasts in Colorectal Cancer Contribute to 5-Fluorouracil/Paclitaxel 
Chemoresistance 
Ziqian Li, Kaying Chan, Yifei Qi, Linlin Lu, Fen Ning, Mengling Wu, Haifang Wang, Yuan Wang, Shaohui Cai, Jun Du

EGFR Mutation Status in Lung Adenocarcinoma-Associated Malignant Pleural Effusion and Efficacy of 
EGFR Tyrosine Kinase Inhibitors 
Jiyoul Yang, Ok-Jun Lee, Seung-Myoung Son, Chang Gok Woo, Yusook Jeong, Yaewon Yang, Jihyun Kwon, Ki Hyeong Lee, Hye Sook Han

Detection of Germline Mutations in Patients with Epithelial Ovarian Cancer Using Multi-gene Panels: Beyond BRCA1/2
Kyung Jin Eoh, Ji Eun Kim, Hyung Seok Park, Seung-Tae Lee, Ji Soo Park, Jung Woo Han, Jung-Yun Lee, Sunghoon Kim, Sang Wun Kim, Jae Hoon Kim, 
Young Tae Kim, Eun Ji Nam

Clinical Risk Factors Influencing Dental Developmental Disturbances in Childhood Cancer Survivors
Chung-Min Kang, Seung Min Hahn, Hyo Sun Kim, Chuhl Joo Lyu, Jae-Ho Lee, Jinae Lee, Jung Woo Han

MicroRNA-373 Inhibits Cell Proliferation and Invasion via Targeting BRF2 in Human Non-small Cell Lung Cancer A549 Cell Line 
Lei Wang, Junfeng Qu, Li Zhou, Fei Liao, Ju Wang

Utility of the National Lung Screening Trial Criteria for Estimation of Lung Cancer in the Korean Population
Ye Jin Lee, Sun Mi Choi, Jinwoo Lee, Chang-Hoon Lee, Sang-Min Lee, Chul-Gyu Yoo, Young Whan Kim, Sung Koo Han, Young Sik Park

Comparison of Clinical Features and Outcomes in Epithelial Ovarian Cancer according to Tumorigenicity in 
Patient-Derived Xenograft Models
Kyung Jin Eoh, Young Shin Chung, So Hyun Lee, Sun-Ae Park, Hee Jung Kim, Wookyeom Yang, In Ok Lee, Jung-Yun Lee, Hanbyoul Cho, Doo Byung Chay, Sunghoon Kim,
Sang Wun Kim, Jae-Hoon Kim, Young Tae Kim, Eun Ji Nam

The Prognostic Impact of the Number of Metastatic Lymph Nodes and a New Prognostic Scoring System for 
Recurrence in Early-Stage Cervical Cancer with High Risk Factors: A Multicenter Cohort Study (KROG 15-04)
Jeanny Kwon, Keun-Young Eom, Young Seok Kim, Won Park, Mison Chun, Jihae Lee, Yong Bae Kim, Won Sup Yoon, Jin Hee Kim, Jin Hwa Choi, Sei Kyung Chang, 
Bae Kwon Jeong, Seok Ho Lee, Jihye Cha

Patterns of Rectal Cancer Radiotherapy Adopting Evidence-Based Medicine: An Analysis of the National Database 
from 2005 to 2016
Hae Jin Park, Sanghyun Cho, Yoon Kim

Effects of Aspirin, Nonsteroidal Anti-inflammatory Drugs, Statin, and COX2 Inhibitor on the Developments of 
Urological Malignancies: A Population-Based Study with 10-Year Follow-up Data in Korea
Minyong Kang, Ja Hyeon Ku, Cheol Kwak, Hyeon Hoe Kim, Chang Wook Jeong

Long Noncoding RNA HEIH Promotes Colorectal Cancer Tumorigenesis via Counteracting miR-939Mediated 
Transcriptional Repression of Bcl-xL
Chunhui Cui, Duanyang Zhai, Lianxu Cai, Qiaobin Duan, Lang Xie, Jinlong Yu

Anti-SEMA3A Antibody: A Novel Therapeutic Agent to Suppress Glioblastoma Tumor Growth
Jaehyun Lee, Yong Jae Shin, Kyoungmin Lee, Hee Jin Cho, Jason K. Sa, Sang-Yun Lee, Seok-Hyung Kim, Jeongwu Lee, Yeup Yoon, Do-Hyun Nam

Volume 50, No. 1~4, 2018

1474 CANCER  RESEARCH  AND  TREATMENT



1023

1039

Everolimus Plus Ku0063794 Regimen Promotes Anticancer Effects against Hepatocellular Carcinoma Cells through the 
Paradoxical Inhibition of Autophagy 
Sang Chul Lee, Kee-Hwan Kim, Ok-Hee Kim, Sang Kuon Lee, Ha-Eun Hong, Byung Jo Choi, Wonjun Jeong, Say-June Kim

The Impact of Surgical Timing on Pathologic Tumor Response after Short Course and Long Course Preoperative 
Chemoradiation for Locally Advanced Rectal Adenocarcinoma
Sea-Won Lee, Jong Hoon Lee, In Kyu Lee, Seong Taek Oh, Dae Yong Kim, Tae Hyun Kim, Jae Hwan Oh, Ji Yeon Baek, Hee Jin Chang, Hee Chul Park, Hee Cheol Kim, 
Eui Kyu Chie, Taek-Keun Nam, Hong Seok Jang

Volume 50, Number 4, October 2018

1051

1064

1074

1084

1096

1106

1114

1121

1130

1140

1149

1164

Health-Related Quality of Life in Non-Hodgkin Lymphoma Survivors: A Prospective Cohort Study
Danbee Kang, Juhee Cho, Im Ryung Kim, Mi Kyung Kim, Won Seog Kim, Seok Jin Kim

The Prognostic Significance of Notch1 and Fatty Acid Binding Protein 7 (FABP7) Expression in Resected 
Tracheobronchial Adenoid Cystic Carcinoma: A Multicenter Retrospective Study
Mian Xie, Xiaojun Wu, Jinjun Zhang, Chaosheng He, Shenhai Wei, Junyao Huang, Xinge Fu, Yingying Gu

Supporting Low-Income Cancer Patients: Recommendations for the Public Financial Aid Program in the Republic of Korea
Hye Sook Min, Hyung Kook Yang, Keeho Park

Proposal of a Pretreatment Nomogram for Predicting Local Recurrence after Intensity-Modulated Radiation Therapy 
in T4 Nasopharyngeal Carcinoma: A Retrospective Review of 415 Chinese Patients 
Lu-Lu Zhang, Yi-Yang Li, Jiang Hu, Guan-Qun Zhou, Lei Chen, Wen-Fei Li, Ai-Hua Lin, Jun Ma, Zhen-Yu Qi, Ying Sun

Beliefs and Intentions to Undergo Lung Cancer Screening among Korean Males
Nhung Cam Bui, Yoon Young Lee, Mina Suh, Boyoung Park, Hyunsoon Cho, Yeol Kim, Kui Son Choi

Proximal Resection Margins: More Prognostic than Distal Resection Margins in Patients Undergoing 
Hilar Cholangiocarcinoma Resection
Tae Yoo, Sang-Jae Park, Sung-Sik Han, Seong Hoon Kim, Seung Duk Lee, Tae Hyun Kim, Soon-ae Lee, Sang Myung Woo, Woo Jin Lee, Eun Kyung Hong

Effect of Smoking Cessation and Reduction on the Risk of Cancer in Korean Men: A Population Based Study
Seulggie Choi, Jooyoung Chang, Kyuwoong Kim, Sang Min Park, Kiheon Lee

HBsAg-Negative, Anti-HBc–Negative Patients Still Have a Risk of Hepatitis B Virus–Related Hepatitis after 
Autologous Stem Cell Transplantation for Multiple Myeloma or Malignant Lymphoma
Hyunsung Park, Do Young Kim, Soo-Jeong Kim, Haerim Chung, Hyunsoo Cho, Ji Eun Jang, June-Won Cheong, Yoo Hong Min, Jae-Woo Song, Jin Seok Kim

Prognostic Factors and Decision Tree for Long-Term Survival in Metastatic Uveal Melanoma
Daniel Lorenzo, María Ochoa, Josep Maria Piulats, Cristina Gutiérrez, Luis Arias, Jaume Català, María Grau, Judith Peñafiel, Estefanía Cobos, Pere Garcia-Bru, 
Marcos Javier Rubio, Noel Padrón-Pérez, Bruno Dias, Joan Pera, Josep Maria Caminal

A Novel Prognostic Nomogram for Predicting Risks of Distant Failure in Patients with Invasive Breast Cancer 
Following Postoperative Adjuvant Radiotherapy
Yu Jin Lim, Sea-Won Lee, Noorie Choi, Jeanny Kwon, Keun-Yong Eom, Eunyoung Kang, Eun-Kyu Kim, Jee Hyun Kim, Yu Jung Kim, Se Hyun Kim, So Yeon Park, In Ah Kim

Effect of Adjuvant Chemotherapy on Stage II Colon Cancer: Analysis of Korean National Data
Min Ki Kim, Daeyoun David Won, Sun Min Park, Taejung Kim, Sung Ryong Kim, Seong Taek Oh, Seung Kook Sohn, Mi Yeon Kang, In Kyu Lee

Intercalated Treatment Following Rebiopsy Is Associated with a Shorter Progression-Free Survival of Osimertinib Treatment
Jeng-Sen Tseng, Tsung-Ying Yang, Kun-Chieh Chen, Kuo-Hsuan Hsu, Yen-Hsiang Huang, Kang-Yi Su, Sung-Liang Yu, Gee-Chen Chang

Original Articles

VOLUME 50 NUMBER 4 OCTOBER 2018  1475

Total Contents (Vol. 50)



1175

   

1186

1194

1203

1214

1226

1238

1252

1260

1270

1281

1294

1304

1316

1324

Prognosis of Pancreatic Cancer Patients with Synchronous or Metachronous Malignancies from Other Organs Is 
Better than Those with Pancreatic Cancer Only
Su-Jin Shin, Hosub Park, You-Na Sung, Changhoon Yoo, Dae Wook Hwang, Jin-hong Park, Kyu-pyo Kim, Sang Soo Lee, Baek-Yeol Ryoo, Dong-Wan Seo, Song Cheol Kim,
Seung-Mo Hong

The Impact of Skin Problems on the Quality of Life in Patients Treated with Anticancer Agents: A Cross-Sectional Study
Jaewon Lee, Jin Lim, Jong Seo Park, Miso Kim, Tae-Yong Kim, Tae Min Kim, Kyung-Hun Lee, Bhumsuk Keam, Sae-Won Han, Je-Ho Mun, Kwang Hyun Cho, Seong Jin Jo

Lifestyle Risk Prediction Model for Prostate Cancer in a Korean Population
Sung Han Kim, Sohee Kim, Jae Young Joung, Whi-An Kwon, Ho Kyung Seo, Jinsoo Chung, Byung-Ho Nam, Kang Hyun Lee

CCR6 Is a Predicting Biomarker of Radiosensitivity and Potential Target of Radiosensitization in Rectal Cancer
Hui Chang, Jia-wang Wei, Ya-lan Tao, Pei-rong Ding, Yun-fei Xia, Yuan-hong Gao, Wei-wei Xiao

Survival and Functional Outcome after Treatment for Primary Base of Tongue Cancer: A Comparison of 
Definitive Chemoradiotherapy versus Surgery Followed by Adjuvant Radiotherapy
Sangjoon Park, Yeona Cho, Jeongshim Lee, Yoon Woo Koh, Se-Heon Kim, Eun Chang Choi, Hye Ryun Kim, Ki Chang Keum, Kyung Ran Park, Chang Geol Lee

Safety Results and Analysis of Eribulin Efficacy according to Previous Microtubules-Inhibitors Sensitivity in the French 
Prospective Expanded Access Program for Heavily Pre-treated Metastatic Breast Cancer
Renaud Sabatier, Véronique Diéras, Xavier Pivot, Etienne Brain, Henri Roché, Jean-Marc Extra, Audrey Monneur, Magali Provansal, Carole Tarpin, François Bertucci, 
Patrice Viens, Christophe Zemmour, Anthony Gonçalves

Prognoses and Clinical Outcomes of Primary and Recurrent Uveal Melanoma
Jee Hung Kim, Su-Jin Shin, Soo Jin Heo, Eun-Ah Choe, Chang Gon Kim, Minkyu Jung, Ki Chang Keum, Jin Sook Yoon, Sung Chul Lee, Sang Joon Shin

Phase II Study of Dovitinib in Patients with Castration-Resistant Prostate Cancer (KCSG-GU11-05)
Yoon Ji Choi, Hye Sook Kim, Se Hoon Park, Bong-Seog Kim, Kyoung Ha Kim, Hyo Jin Lee, Hong Suk Song, Dong-Yeop Shin, Ha Young Lee, Hoon-Gu Kim, Kyung Hee Lee, 
Jae Lyun Lee, Kyong Hwa Park

Score for the Survival Probability in Metastasis Breast Cancer: A Nomogram-Based Risk Assessment Model
Zhenchong Xiong, Guangzheng Deng, Xinjian Huang, Xing Li, Xinhua Xie, Jin Wang, Zeyu Shuang, Xi Wang

Factors Associated with Prolonged Patient-Attributable Delay in the Diagnosis of Colorectal Cancer
Irene Zarcos-Pedrinaci, Teresa Téllez, Francisco Rivas-Ruiz, María del Carmen Padilla-Ruiz, Julia Alcaide, Antonio Rueda, María Luisa Baré, 
María Manuela Morales Suárez-Varela, Eduardo Briones, Cristina Sarasqueta, Nerea Fernández-Larrea, Antonio Escobar, José María Quintana, Maximino Redondo, 
For the REDISSEC-CARESS/CCR Group

Geographical Variations and Trends in Major Cancer Incidences throughout Korea during 1999-2013
Young-Joo Won, Kyu-Won Jung, Chang-Mo Oh, Eun-Hye Park, Hyun-Joo Kong, Duk Hyoung Lee, Kang Hyun Lee, 
The Community of Population-Based Regional Cancer Registries

The Association of Acquired T790M Mutation with Clinical Characteristics after Resistance to First-Line Epidermal 
Growth Factor Receptor Tyrosine Kinase Inhibitor in Lung Adenocarcinoma
Yen-Hsiang Huang, Kuo-Hsuan Hsu, Jeng-Sen Tseng, Kun-Chieh Chen, Chia-Hung Hsu, Kang-Yi Su, Jeremy J. W. Chen, Huei-Wen Chen, Sung-Liang Yu, Tsung-Ying Yang, 
Gee-Chen Chang

Induction Chemotherapy Plus Concurrent Chemoradiotherapy versus Concurrent Chemoradiotherapy Alone in 
Locoregionally Advanced Nasopharyngeal Carcinoma in Children and Adolescents: A Matched Cohort Analysis
Yang Li, Lin-Quan Tang, Li-Ting Liu, Shan-Shan Guo, Yu-Jing Liang, Xue-Song Sun, Qing-Nan Tang, Jin-Xin Bei, Jing Tan, Shuai Chen, Jun Ma, Chong Zhao, Qiu-Yan Chen,
Hai-Qiang Mai

Breast Conservation Therapy versus Mastectomy in Patients with T1-2N1 Triple-Negative Breast Cancer: 
Pooled Analysis of KROG 14-18 and 14-23
Kyubo Kim, Hae Jin Park, Kyung Hwan Shin, Jin Ho Kim, Doo Ho Choi, Won Park, Seung Do Ahn, Su Ssan Kim, Dae Yong Kim, Tae Hyun Kim, Jin Hee Kim, Jiyoung Kim

Multicenter Phase II Study of Oxaliplatin, Irinotecan, and S-1 as First-Line Treatment for Patients with Recurrent or 
Metastatic Biliary Tract Cancer
Changhoon Yoo, Boram Han, Hyeong Su Kim, Kyu-pyo Kim, Deokhoon Kim, Jae Ho Jeong, Jae-Lyun Lee, Tae Won Kim, Jung Han Kim, Dae Ro Choi, Hong Il Ha, Jinwon Seo,
Heung-Moon Chang, Baek-Yeol Ryoo, Dae Young Zang

Volume 50, No. 1~4, 2018

1476 CANCER  RESEARCH  AND  TREATMENT



1331

1343

1351

1362

1378

1388

1396

1418

1433

1444

1452

1458

1462

High-Dose Metformin Plus Temozolomide Shows Increased Anti-tumor Effects in Glioblastoma In Vitro and In Vivo
Compared with Monotherapy
Jung Eun Lee, Ji Hee Lim, Yong Kil Hong, Seung Ho Yang

Trends in Gastric Cancer Incidence According to the Clinicopathological Characteristics in Korea, 1999-2014
Bang Wool Eom, Kyu-Won Jung, Young-Joo Won, Hannah Yang, Young-Woo Kim

Ligand-Independent Epidermal Growth Factor Receptor Overexpression Correlates with Poor Prognosis in Colorectal Cancer
Sumi Yun, Yoonjin Kwak, Soo Kyung Nam, An Na Seo, Heung-Kwon Oh, Duck-Woo Kim, Sung-Bum Kang, Hye Seung Lee

Preclinical Study of Novel Curcumin Analogue SSC-5 Using Orthotopic Tumor Xenograft Model for 
Esophageal Squamous Cell Carcinoma  
Lai Nar Tung, Senchuan Song, Kin Tak Chan, Mei Yuk Choi, Ho Yu Lam, Chung Man Chan, Zhiyong Chen, Hector K. Wang, Hoi Ting Leung, Simon Law, Yanmin Huang, 
Huacan Song, Nikki P. Lee

Genetic Alterations among Korean Melanoma Patients Showing Tumor Heterogeneity: 
A Comparison between Primary Tumors and Corresponding Metastatic Lesions
Si-Hyung Lee, Jee Eun Kim, Hong Sun Jang, Kyu Hyun Park, Byung Ho Oh, Sang Joon Shin, Kee Yang Chung, Mi Ryung Roh, Sun Young Rha

Projection of Breast Cancer Burden due to Reproductive/Lifestyle Changes in Korean Women (2013-2030) Using 
an Age-Period-Cohort Model
Joo Eun Lee, Sang Ah Lee, Tae Hyun Kim, Sohee Park, Yoon Soo Choy, Yeong Jun Ju, Eun-Cheol Park

Circular RNA-ZFR Inhibited Cell Proliferation and Promoted Apoptosis in Gastric Cancer by Sponging miR-130a/miR-107 
and Modulating PTEN
Tonglei Liu, Shuang Liu, Yu Xu, Ruo Shu, Feng Wang, Cheng Chen, Yujian Zeng, Huayou Luo

Negative Conversion of Progesterone Receptor Status after Primary Systemic Therapy Is Associated with Poor Clinical 
Outcome in Patients with Breast Cancer
Soomin Ahn, Hyun Jeong Kim, Milim Kim, Yul Ri Chung, Eunyoung Kang, Eun-Kyu Kim, Se Hyun Kim, Yu Jung Kim, Jee Hyun Kim, In Ah Kim, So Yeon Park

The NEAT Predictive Model for Survival in Patients with Advanced Cancer
Amanda Zucker, Chiaojung Jillian Tsai, John Loscalzo, Pedro Calves, Johnny Kao

Trends in Gallbladder Cancer Incidence and Survival in Korea
Youngjun Wi, Hyeongtaek Woo, Young-Joo Won, Jin-Young Jang, Aesun Shin

Microcystic Stromal Tumor of Testicle: First Case Report and Literature Review
Pengcheng Zhu, Yaqi Duan, Qilin Ao, Guoping Wang

Pembrolizumab for Refractory Metastatic Myxofibrosarcoma: A Case Report
Haa-Na Song, Min Gyu Kang, Jeong Rang Park, Jin-Yong Hwang, Jung Hun Kang, Won Seop Lee, Gyeong-Won Lee

Delayed Terminal Ileal Perforation in a Relapsed/Refractory B-Cell Lymphoma Patient with Rapid Remission Following 
Chimeric Antigen Receptor T-Cell Therapy
Yongxian Hu, Jiasheng Wang, Chengfei Pu, Kui Zhao, Qu Cui, Guoqing Wei, Wenjun Wu, Lei Xiao, Yang Xiao, Jinping Wang, Zhao Wu, He Huang

Case Reports

VOLUME 50 NUMBER 4 OCTOBER 2018  1477

Total Contents (Vol. 50)



Ahn, G-One
Ahn, Jin Hee
Ahn, Myung Ju
Ahn, Soomin
Ahn, Sung Ja
Ahn, Yong Chan
Bae, Jeong Mo 
Bae, Jong-Myon
Bae, Woo Kyun
Bae, Woong Jin

Baek, Sun Kyung 
Beom, Seung-Hoon
Boku, Narikazu 
Byun, Jae Ho

Cha, Hyukjin
Chae, Yee Soo

Chang, Hee Jin
Chang, Heung Moon
Chang, Hyun

Chang, Ji Hyun
Cheong, Jae Ho
Chi, Sung Gil 

Cho, Eun Kyung
Cho, Hyunsoon
Cho, Jae Yong
Cho, Jin Seon
Cho, Ju Hee
Cho, Kyung Ja
Cho, Nariya
Cho, Sang Hee 
Cho, Soo Youn
Cho, Sung-Il

Pohang Univ. of Science and Technology, Korea

Univ. of Ulsan College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Chonnam National Univ. Medical School, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Jeju National Univ. College of Medicine, Korea

Chonnam National Univ. Medical School, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

Kyung Hee Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

National Cancer Center Hospital, Japan

The Catholic Univ. of Korea College 

of Medicine, Korea

Sogang Univ., Korea

Kyungpook National Univ. School 

of Medicine, Korea

National Cancer Center, Korea

Univ. of Ulsan College of Medicine, Korea

Catholic Kwandong Univ. Int’l St. Mary's 

Hospital, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Korea Univ. College of Life Sciences & 

Biotechnology, Korea

Gachon Univ. Gil Medical Center, Korea

National Cancer Center, Korea

Yonsei Univ. College of Medicine, Korea

Hallym Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Chonnam National Univ. Medical School, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. Graduate School 

of Public Health, Korea

Korea Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

National Cancer Center, Korea

Ajou Univ. College of Medicine, Korea 

Seoul National Univ. College of Medicine, Korea

National Cancer Center, Korea

Korea Univ. College of Medicine, Korea

Chungnam National Univ. School 

of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. Hospital, Korea

National Cancer Centre Singapore, Singapore

Ajou Univ. College of Medicine, Korea 

Yonsei Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

National Cancer Center, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

The Ohio State Univ. College of Medicine, USA

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Pohang Univ. of Science and Technology, Korea

Inje Univ. College of Medicine, Korea

Soonchunhyang Univ. College of Medical 

Science, Korea

Seoul National Univ. College of Medicine, Korea

National Cancer Center, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Chung Ang Univ. School of Medicine, Korea

Pusan National Univ. School of Medicine, Korea

Jeju National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Choi, Chul Won 
Choi, Doo Ho
Choi, Il Ju
Choi, Jin Hyuk
Choi, Ji-Yeob
Choi, Kui Son 
Choi, Yoon Ji 
Choi, Yoon Seok

Choi, Yoon young
Choi, Yoon-La
Choi, Yunhee
Chua, Kevin
Chun, Mi Son
Chung, Byung Ha
Chung, Eunah
Chung, Jinsoo
Chung, Yeun Jun

Cohn, David Elliot 
Do, In-Gu
Eom, Keun-Yong
Gho, Yong Song 
Gwak, Geumhee
Hahm, Myung-Il

Han, Ho-Seong
Han, Ji-Youn 
Han, Jung Woo 
Han, Sae-Won
Han, Wonshik 
Hong, Yong Sang
Hwang, In Gyu
I, Hoseok
Jang, Bo Gun
Jang, Kee Taek 
Jeon, Yoon Kyung 
Jeong, Hansin 

List of Reviewers in 2018 (Vol. 50)

1478 CANCER  RESEARCH  AND  TREATMENT



VOLUME 50 NUMBER 4 OCTOBER 2018  1479

Jeong, Joon
Jeong, Seung-Yong
Jeung, Hei-Cheul 
Jo, Seong Jin
Joung, Jae Young
Jung, Chul Won 
Jung, Joo Young 
Jung, Joohee
Jung, Seung Pil 
Kang, Eun Joo
Kang, Gyeong Hoon
Kang, Hyoung Jin
Kang, Seok Yun 
Kang, Suk Ho
Kang, Yu Na
Keam, Bhumsuk
Kim, Baek-hui
Kim, Dae Yong
Kim, Dae-Young
Kim, Do Young
Kim, Dong-Wan
Kim, Eunsoo
Kim, Gi Jin
Kim, Haeryoung
Kim, Hak Jae
Kim, Hee Seung
Kim, Ho Young
Kim, Hyeong Rok

Kim, Hyo Song
Kim, Hyojin
Kim, Hyoung-Il
Kim, Hyung-Jin

Kim, Jae Hoon
Kim, Jae Sung
Kim, Jee Hyun 
Kim, Jeongseon
Kim, Ji Hun
Kim, Ji Won
Kim, Jie-Hyun 
Kim, Jin Seok
Kim, Jin Won
Kim, Jinho 

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

National Cancer Center, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Hallym Univ. College of Medicine, Korea

Duksung Women Univ., Korea

Korea Univ. College of Medicine, Korea

Korea Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Ajou Univ. College of Medicine, Korea 

Korea Univ. College of Medicine, Korea

Keimyung Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Korea Univ. College of Medicine, Korea

National Cancer Center, Korea

Sheikh Khalifa Specialty Hospital, UAE

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Pusan National Univ. School of Medicine, Korea

CHA Univ., Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Hallym Univ. College of Medicine, Korea

Chungnam National Univ. School 

of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

National Cancer Center, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

SNU Boramae Medical Center, Korea

Yonsei Univ. College of Medicine, Korea

Kyungpook National Univ. School 

of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Ulsan City Hospital, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Ewha Womans Univ. School of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Yeungnam Univ. College of Medicine, Korea

Korea Institute of Radiological & 

Medical Sciences, Korea

Korea Institute of Radiological & 

Medical Sciences, Korea

Yonsei Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

National Cancer Center, Korea

Korea Research Institute of Bioscience and

Biotechnology, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Kyung Hee Univ. College of Medicine, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

Daerim St. Mary’s Hospital, Korea

National Cancer Center, Korea

Seoul National Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Konkuk Univ. Medical Center, Korea

Chungbuk National Univ. College 

of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Sookmyung Women's Univ. College 

of Pharmacy, Korea

National Cancer Center, Korea

National Cancer Center, Korea

Kim, Jin-Soo
Kim, Jinsung
Kim, Jong Gwang 

Kim, Jong Hoon
Kim, Jung In
Kim, Ku Sang 
Kim, Kyoung Mee
Kim, Kyubo
Kim, Kyu-Rae 
Kim, Min Kyoung
Kim, Mi-Sook 

Kim, Moon-Hong

Kim, Nam Kyu
Kim, Sang We
Kim, Se Hyun
Kim, Se Hyung
Kim, Seok Jin
Kim, Seok-Hyung
Kim, Seok-Ki
Kim, Seon-Young

Kim, Seung Tae 
Kim, Si-Young
Kim, Suk-Il

Kim, Sung Bae
Kim, Sung Hwan

Kim, Sung-Won
Kim, Tae Hyun 
Kim, Tae Min
Kim, Tae Won
Kim, Wan Seop
Kim, Won Dong

Kim, Won Seog 
Kim, Woo Ho
Kim, Woo-Young

Kim, Yeol
Kim, Yeon-Joo

List of Reviewers in 2018 (Vol. 50)



1480 CANCER  RESEARCH  AND  TREATMENT

Kim, Yeon-Sil 

Kim, Yi Kyung
Kim, Yong Bae
Kim, Yong Tai

Kim, Young Ae
Kim, Young Seok
Kim, Young Zoon
Kim, Young-Chul 
Kim, Yu Jung
Ko, Kwang-Pil 
Koh, Kyung-Nam
Kong, Sun-Young
Koo, Dong Hoe
Kook, Myeong-Cherl
Ku, Ja-Lok 
Kwak, Cheol
Lee, Byung-Heon

Lee, Chang Geol
Lee, Dae Ho
Lee, Dong Soo 

Lee, Hee Jin
Lee, Ho-Young
Lee, Ho-Young
Lee, Hye Seung
Lee, Hyo Jin 

Lee, Hyo-Jong
Lee, Hyuk-Joon
Lee, Jeeyun
Lee, Jong Hoon

Lee, Jong-Inn
Lee, Jong-Soo
Lee, Jun Ah 

Lee, Ju-seog

Lee, Keun Seok
Lee, Ki Hyeong

The Catholic Univ. of Korea College 

of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

National Health Insurance Service Ilsan 

Hospital, Korea

National Cancer Center, Korea

Univ. of Ulsan College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Chonnam National Univ. Medical School, Korea

Seoul National Univ. College of Medicine, Korea

Gachon Univ. Gill Medical Center, Korea

Univ. of Ulsan College of Medicine, Korea

National Cancer Center, Korea

Sungkyunkwan Univ. School of Medicine, Korea

National Cancer Center, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Kyungpook National Univ. School 

of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ., Korea

Seoul National Univ. College of Medicine, Korea

Chungnam National Univ. School 

of Medicine, Korea

Inje Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

Korea Univ. College of Medicine, Korea

Ajou Univ., Korea 

Korea Institute of Radiological & 

Medical Sciences, Korea

The Univ. of Texas MD Anderson

Cancer Center, USA

National Cancer Center, Korea

Chungbuk National Univ. College 

of Medicine, Korea

Ewha Womans Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Yeungnam Univ. College of Medicine, Korea

Chonnam National Univ. Medical School, Korea

Univ. of Ulsan College of Medicine, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

Kyung Hee Univ. College of Medicine, Korea

Soonchunhyang Univ. College 

of Medicine, Korea

Korea Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Pfizer, Korea

Kyungpook National Univ. School 

of Medicine, Korea

Ewha Womans University Medical Center, Korea

Seoul National Univ. College of Medicine, Korea

Dong-A Univ., Korea

Hanyang Univ. College of Natural Sciences, Korea

Kyung Hee Univ. College of Medicine, Korea

Gyeongsang National Univ. School 

of Medicine, Korea

National Cancer Center, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

Kyungpook National Univ. College 

of Pharmacy, Korea

Inha Univ. School of Medicine, Korea

National Cancer Center, Korea

National Cancer Center, Korea

Yonsei Univ. Wonju College of Medicine, Korea

National Taiwan Univ. Hospital, Taiwan

Seoul National Univ. College of Medicine, Korea

Ewha Womans Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

National Cancer Center, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Hiroshima Univ., Japan

Herings, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Kyung Hee Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Lee, Kyoung Eun
Lee, Kyoungbun
Lee, Kyu Sang
Lee, Kyung Hee
Lee, Kyung-Hwa
Lee, Lae Lyun
Lee, Myung Ah

Lee, Sang Hyub
Lee, Sang-Cheol

Lee, Sanghoon
Lee, Se Joon
Lee, Soo Hyun
Lee, Soo Jung

Lee, Soon Nam
Lee, Soon-Tae
Lee, Suee
Lee, Su-Jae
Lee, Suk-Hwan
Lee, Won Sup

Lee, Yeon-Su
Lee, Yong Joo

Lee, You Mie

Lim, Joo Han 
Lim, Min Kyung
Lim, Myong Cheol
Lim, Seungtaek 
Lin,  Chia-Chi (Josh)
Min, Ahrum
Moon, Hye Sung 
Moon, Hyeong-Gon
Moon, Sung Ho
Myung, Seung-Jae
Na, Hee Young
Nagata, Yasushi
Nam, Byung-Ho 
Noh, Jae Myoung 
Oh, Chang-Mo
Oh, Dongryul

Volume 50, No. 1~4, 2018



VOLUME 50 NUMBER 4 OCTOBER 2018  1481

Oh, HoonKyu 
Oh, In-Jae
Oh, Jin-Kyoung 
Oh, Sang Woo 
Park, Chul-Kee
Park, Hee Chul
Park, In Hae
Park, In Kyu
Park, Inkeun
Park, Jeong-Yeol
Park, Ji Won 
Park, Jinsung
Park, Jisun
Park, Jong Min
Park, Jong-Hyock

Park, Joon Oh
Park, Jun Yong
Park, Keon Uk 
Park, Kyong Hwa
Park, Kyoungjune
Park, Sang Min
Park, Se Hoon
Park, Seong-Mi 
Park, Sohee
Park, Sook Ryun
Park, Sue Kyung
Park, Won
Park, Won Sang

Park, Yeon Hee 
Park, Yong
Park, Young Soo
Pyo, Jung-Soo
Ro, Jungsil
Roh, Mi Ryung 
Ryu, Han Suk
Ryu, Jeong-Seon 
Ryu, Ji Kon
Ryu, Sang-Young

Seo, An Na

Seo, Bo Kyoung

Catholic Univ. of Daegu, Korea

Chonnam National Univ. Medical School, Korea

National Cancer Center, Korea

Dongguk Univ., Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

National Cancer Center, Korea

Seoul National Univ. College of Medicine, Korea

Gachon Univ. Gill Medical Center, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Eulji Univ. Hospital, Korea

Inje Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Chungbuk National Univ. College 

of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Keimyung Univ. School of Medicine, Korea

Korea Univ. College of Medicine, Korea

Pusan National Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Korea Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Korea Univ. College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Eulji Univ. Hospital, Korea

National Cancer Center, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Inha Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Korea Institute of Radiological & 

Medical Sciences, Korea

Kyungpook National Univ. School 

of Medicine, Korea

Korea Univ. College of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Nagoya City Univ. Hospital, Japan

Seoul National Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Seoul National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

Seoul National Univ. College of Pharmacy, Korea

Chonbuk National Univ. Medical School, Korea

Korea Univ. College of Medicine, Korea

The Catholic Univ. of Korea College 

of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

Pusan National Univ. College of Medicine, Korea

Yonsei Univ. College of Medicine, Korea

National Cancer Center, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Massachusetts General Hospital/Harvard 

Medical School, USA

Univ. of Ulsan College of Medicine, Korea

Kyoto Univ. Hospital, Japan

National Cancer Center, Korea

Seoul National Univ. College of Medicine, Korea

Korea Research Institute of Bioscience &

Biotechnology, Korea

Univ. of Ulsan College of Medicine, Korea

Univ. of Ulsan College of Medicine, Korea

National Cancer Center, Korea

Konkuk Univ. Medical Center, Korea

Yonsei Univ. College of Medicine, Korea

Sungkyunkwan Univ. School of Medicine, Korea

Inje Univ. College of Medicine, Korea

Chungnam National Univ. School 

of Medicine, Korea

Konkuk Univ. Medical Center, Korea

Chonnam National Univ. Medical School, Korea

National Cancer Center, Korea

Seo, Soo Hyun
Shibamoto, Yuta
Shin, Aesun
Shin, Dong-Wook
Shin, Kyung Hwan
Shin, Sang Joon
Shin, Young Kee
Song, Eun-Kee
Song, Jae yun
Song, Kyo Young

Song, Si Yeol 
Song, Yong Jung 
Suh, Chang Ok
Suh, Yang-Gun 
Sun, Jong-Mu 
Sun, Sheng

Sung, Chang Ohk
Toi, Masakazu 
Won, Young-Joo 
Wu, Hong-Gyun
Yeon, Young Il

Yoo, Changhoon
Yoon, Dok Hyun
Yoon, Jong Hyung
Yoon, So Young 
Yoon, Sun Och
Yu, Jeong Il
Yuh, Young Jin
Yun, Hwan Jung

Yun, Ik Jin
Yun, Sook-Jung
Yun, Tak

List of Reviewers in 2018 (Vol. 50)









               








