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In Memoriam: Waun Ki Hong, M.D. (August 13, 1942-January 2, 2019) 

Obituary

Dr. Waun Ki Hong passed away on January 2, 2019.

‘Dr. Hong was born in Korea in 1942. He graduated from
Yonsei University School of Medicine in 1967. After completing
his 3 years of military service in the Korean Air Force, he went
to the US and finished his internship and residency of internal
medicine at the Bronx/Lebanon Hospital in NY City and at the
VA Medical Center in Boston respectively. Dr. Hong served a
two-year medical oncology fellowship at the Memorial Sloan
Kettering Cancer Center in NY, then he returned to Boston as
Chief of Medical Oncology of the VA Medical Center. During
his nine-year tenure, he started his lifelong mission, which was
translational and clinical cancer research in head and neck, and
lung cancers. In 1984, Dr. Hong joined the MD Anderson Cancer
Center in Houston as Chief of the Section of Thoracic, Head and
Neck Medical Oncology and stepped down in 2005. He became
head of the Division of Cancer Medicine from 2001 until he 
retired in 2014. 

As chief of medical oncology at the Boston VA Medical Center in the early 1980s, Dr. Hong led a series of landmark clinical
trials. He showed that chemotherapy and radiotherapy were effective alternatives to preserve the patient’s voice box when
they were being treated for laryngeal cancer. That discovery dramatically improved the quality of life for patients with this
cancer and helped lay a foundation for organ preservation in numerous other cancers. Known as the father of chemoprevention,
Dr. Hong conducted a clinical trial at MD Anderson Cancer Center to treat precancerous lesions for oral cancers. The clinical
trial provided proof of principle for preventing cancer by treating its precursor growths, which led to new treatments for other
organ sites, such as the use of taxomxifen and raloxifene to prevent breast cancer. Dr. Hong conceived and organized a unique
clinical trial using biopsies to identify molecular targets in patients’ tumors and then applied a matching therapy to the appro-
priate targeted molecules, which was a new field of therapy. He was the principal investigator of historical clinical trials, 
including the Biomarker-Based Approaches of Targeted Therapy for Lung Cancer Elimination (BATTLE). It showed that a per-
sonalized approach was not only feasible, but also highly promising, and provided the foundation for personalized targeted
therapy. Precision medicine for lung and other cancers has been based on his research.

Dr. Hong was passionate about mentorship and many in the field benefitted greatly from his generous advice and help
throughout the years. His mentorship of hundreds of clinicians has improved the quality of life for and extended the lives of
many cancer patients all over the world.

Dr. Hong was elected American Association for Cancer Research (AACR) President, the first Asian ever elected, for the 2001-
2002 term. During his presidency, he worked diligently to foster the field of cancer prevention, especially in precision cancer
prevention, and to advance the field of translational cancer medicine. Dr. Hong was elected an Inaugural Fellow of the AACR
Academy in 2013 and was honored with the AACR Margaret Foti Award for Leadership and Extraordinary Achievement in
Cancer Research in 2016. In 2016, the AACR established the AACR Waun Ki Hong Award for Outstanding Achievement in
Translational and Clinical Cancer Research. The award, which includes giving a presentation at the AACR Annual Meeting, is
given internationally each year to a young researcher who has conducted significant translational or clinical cancer research. 

He was a member of the National Academy of Medicine, a Fellow of the American College of Physicians, and held an Amer-
ican Cancer Society Clinical Research Professorship, a lifetime honor presented in recognition of his distinguished career. He
served on major science and policy committees for the U.S. Food and Drug Administration, the National Cancer Institute, the
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National Cancer Advisory Board, and the President’s Cancer Panel. 
Among countless distinguished honors, Dr. Hong received the AACR-Richard and Hinda Rosenthal Foundation Award in

1993, the AACR Joseph H. Burchenal Award in 2000, the David A. Karnofsky Award from the American Society of Clinical
Oncology in 2000, the Gold Medal of Paris from the International Congress on Anti-Cancer Treatment in 2001, the AACR-
Cancer Research and Prevention Foundation Award for Excellence in Cancer Prevention Research in 2003, and the American
Cancer Society Medal of Honor Award in 2012. 

Dr. Hong was proud of Korea. He invited a hundred physicians and researchers to MD Anderson Cancer Center which gave
them great time and opportunity to study there. Many of them became chairs or directors of cancer centers or leaders of cancer
society in Korea.

Dr. Hong received an Expatriate Award from the Korean Broadcasting System in 1994, Ho-Am Prize in Medicine from the
Samsung Foundation in 1994, Proud Korean Award from the Korean American Leadership Foundation in 2012, Proud Alumni
Award from Yonsei University in 2014, and the Korean American Medical Association (KAMA) Lifetime Achievement Award
in 2015. He was a member of the National Academy of Medicine in Korea. 

Dr. Hong was an Advisory Member of National Cancer Center and a Chair of Advisory Committee of Yonsei Cancer Center
Construction. He had attended annual meetings of the Korean Cancer Association as an invited speaker, and cheered Korean
oncologists up to have a dream and passion. In 2018, he made it possible to have the AACR-KCA Joint Conference in Seoul,
Korea where he gave a lecture entitled ‘Precision Medicine in Lung Cancer: Opportunities and Challenges.' He talked about
how he designed and conducted the BATTLE Trial and how he progressed to precision medicine. The lecture was educational
and inspiring, even though it was the last lecture he gave in Korea. 

Dr. Hong loved baseball, especially the Red Sox. He used to take his family to a winter camp in Miami, Florida to meet and
watch players practicing. One time, Dr. Hong threw the first pitch at Fenway Park, which is the Red Sox’s Ball Park. The City
of Boston proclaimed May 22, 2015 to be Dr. Waun Ki Hong Day. 

He liked to use the terms of baseball when he talked to his colleagues and trainees. “Don’t try to hit a homerun at the start,
but just go for a small hit.” Dr. Hong asked them to study hard, for at least 18 hours a day as he did, and taught them how to
start research. Once it starts, don’t give up; as Dr. Hong would say, “The winning runner is still on base.” He worked hard to
get the runner home to win the game of cancer research.  

The memorial service was held at Onnuri Church, Newport, California on January 12, 2019 to celebrate the life of Dr. Hong.
Hundreds people from in land and abroad attended, and members of the Korean Cancer Association and Yonsei Medical
Center were there. The memorial clearly shows how he was loved as a teacher, a friend and a colleague, and his love goes 
towards helping cancer patients that he never even met. He devoted his whole heart and life to improving cancer treatment,
and he will live on in his research and in the lives his work touches. 

In memory of mentor Dr. ‘ ’ Waun Ki Hong,

Advisory Member, The Korean Cancer Association
Hoon-Kyo Kim 
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Cancer Statistics in Korea: Incidence, Mortality, Survival, 
and Prevalence in 2016

Special Article

Purpose
This study presents the 2016 nationwide cancer statistics in Korea, including cancer inci-
dence, survival, prevalence, and mortality. 

Materials and Methods
Cancer incidence data from 1999 to 2016 were obtained from the Korea National Cancer
Incidence Database and followed until December 31, 2017. Mortality data from 1983 to
2016 were obtained from Statistics Korea. The prevalence was defined as the number of
cancer patients alive on January 1, 2017 among all cancer patients diagnosed since 1999.
Crude and age-standardized rates (ASRs) for incidence, mortality, and prevalence and 5-year
relative survivals were also calculated. 

Results
Overall, 229,180 and 78,194 Koreans were newly diagnosed and died from cancer in 2016,
respectively. The ASRs for cancer incidence and mortality in 2016 were 269.0 and 79.8
per 100,000 individuals, respectively. The all-cancer incidence rate increased significantly
by 3.6% annually from 1999 to 2011 and started to decrease after 2011 (2011-2016; 
annual percent change, –3.1%). However, overall cancer mortality has decreased 2.7% 
annually since 2002. The 5-year relative survival rate for patients diagnosed with cancer
between 2012 and 2016 was 70.6%, an improvement from the 41.2% for patients diag-
nosed between 1993 and 1995.

Conclusion
The cancer prevalence in Korea has increased very fast as survival has improved remark-
ably. The high prevalence of cancer emphasizes the need for comprehensive cancer control
efforts in Korea.

Key words
Incidence, Survival, Prevalence, Mortality, Neoplasms, Korea

Kyu-Won Jung, MS1,2

Young-Joo Won, PhD1,2,3

Hyun-Joo Kong, MS1,2

Eun Sook Lee, MD, PhD1,4

The Community of Population-Based 
Regional Cancer Registries* 

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

Correspondence: Young-Joo Won, PhD
The Korea Central Cancer Registry, 
National Cancer Center, 323 Ilsan-ro, 
Ilsandong-gu, Goyang 10408, Korea
Tel: 82-31-920-2015
Fax: 82-31-920-2179 
E-mail: astra67@ncc.re.kr

Received  March 12, 2019
Accepted  March 13, 2019
Published Online  March 18, 2019

*The members of the group are listed at the end
of this article.

1The Korea Central Cancer Registry, National
Cancer Center, Goyang, 2National 
Cancer Control Institute, National Cancer
Center, Goyang, 3Department of 
Cancer Control and Population Health, 
National Cancer Center Graduate School of
Cancer Science and Policy, National Cancer
Center, Goyang, 4Department of Cancer 
Control and Population Health, National 
Cancer Center Graduate School of Cancer 
Science and Policy, National Cancer Center,
Goyang, Korea

Introduction

The global cancer burden has risen to 18.1 million cases
and 9.6 million cancer deaths in 2018 [1]. Cancer incidence
and mortality are rapidly growing worldwide. The reasons
are complex but reflect both aging and growth of the popu-
lation, as well as changes in the prevalence and distribution
of the main risk factors for cancer [2].

In Korea, cancer accounts for one in four deaths and more

than 200,000 new cancer cases were diagnosed in 2015 [3].
The number of cancer incidences and deaths are expected to
increase with an aging population and westernized lifestyles
[4]. 

In this context, cancer statistics are the most important 
indicator to assess the national cancer burden, which can be
used to establish cancer control strategies. This article aimed
to provide nationwide cancer statistics including incidence,
survival, prevalence, and mortality in 2016.
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Materials and Methods

1. Data sources

The Korea Central Cancer Registry (KCCR) was estab-
lished by the Ministry of Health and Welfare in 1980 as a 
nationwide hospital-based cancer registry. Since 1999, the
KCCR has collected cancer incidence data nationwide by 
integrating a nationwide hospital-based KCCR database
with data from regional cancer registries. The KCCR cur-
rently provides the nationwide cancer incidence, survival,
and prevalence statistics annually [5]. 

The KCCR built the Korea National Cancer Incidence
Database (KNCI DB) from hospitals, 11 population-based
registries, and additional medical record reviews. The KNCI
DB contains information regarding age, sex, region, date of
diagnosis, primary cancer site, histological type, most valid
diagnostic method, summary stage of surveillance, epidemi-
ology and end results program (SEER) and first course of
treatment within four months after diagnosis. The complete-
ness of cancer incidence data for 2016 was estimated to be
98.2% based on the method proposed by Ajiki et al. [6]. The
mid-year population and cancer mortality data from 1983 to
2016 were obtained from Statistics Korea [7]. To ascertain
vital status and to calculate survival and prevalence, the
KNCI DB was linked to mortality data and population reg-
istration data from the Ministry of the Interior.

2. Classification  

All incidence cases were registered according to the Inter-
national Classification of Diseases for Oncology, third edition
[8] and converted to the International Classification of Dis-
eases, 10th edition (ICD-10) [9]. The mortality cases were reg-
istered according to ICD-10. All cancer cases were reported
based on the 24 cancer types.

3. Statistical analyses

Rates were expressed as crude and age-standardized rates
(CR and ASR, respectively) per 100,000 individuals. The CR
was calculated as the total number of incidence/mortality
cases divided by the mid-year population of the specified
years. The ASR is a weighted average of the age-specific
rates, where the weights are the proportions of persons in
the corresponding age groups of a standard population [10].
In this report, ASRs were calculated using Segi’s world stan-
dard population [11]. The cumulative risk of developing can-
cer from birth to life expectancy was calculated using
cumulative rates; that is, the sum of the age-specific rates
from birth to life expectancy, as follows [12]: 

Cumulative risk of developing cancer
=100(1–e 

– cumulative rate

)from birth to life expectancy 100

Trends in ASRs were summarized as an annual percentage
change (APC) by using a Joinpoint regression. APC is the 
average percentage change of ASRs and is calculated as fol-
lows [10]:

APC= Ry+1–Ry 100=(eb1–1)100
Ry

, where log(Ry)=b0+b1y,
log(Ry) is the natural log transformed age standardized

rates.
y=year, b0=intercept, b1=slope

The survival duration for each cancer case was determined
as the interval between the date of initial diagnosis and the
date of death, date of loss of follow-up, or closing date for
follow-up, whichever came first. The 5-year relative survival
rate was calculated as the ratios of the observed survival of
the cancer patients to the expected survival of the general
population, which was derived from the standard life table
provided by Statistics Korea. Trends in 5-year relative sur-
vival rates were evaluated as percentage differences in 5-year
relative survival rates from 1993-1995 and 2012-2016. Rela-
tive survival rates were calculated using the Ederer II
method [13] with some minor corrections, based on an algo-
rithm by Paul Dickman [14].

Prevalent cases were defined as the number of cancer 
patients alive on January 1, 2017 among all cancer patients
diagnosed between 1999 and 2016. Limited-duration preva-
lences were calculated using SEER*Stat software. Any p-val-
ues less than 0.05 were considered statistically significant.
SEER*Stat 8.1.2 (National Cancer Institute, Bethesda, MD),
Joinpoint 4. 1. 1 (National Cancer Institute), and SAS ver. 9.4
(SAS Institute, Cary, NC) were used for statistical analysis.

Selected Findings

1. Incidence

A total of 229,180 cancer cases were newly diagnosed in
2016, which included 120,068 men (52.4%) and 109,112
women (47.6%) (Table 1). Stomach cancer was the most com-
monly diagnosed cancer in 2016, followed by colorectal, thy-
roid, lung, and breast cancer. The overall cumulative risk of
developing cancer from birth to life expectancy was 36.2%.
The cumulative risk of developing cancer from birth to life
expectancy was higher in men (38.3%) than in women
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(33.3%) (data not shown). 
The total CR and ASR for overall cancer incidences in 2016

were 448.4 and 269.0 per 100,000, respectively (Table 2). 
According to sex, CRs for all sites combined were 470.3 per
100,000 in men and 426.5 per 100,000 in women. The ASRs
were 298.0 and 254.6 per 100,000 in men and women, respec-
tively. Stomach cancer (CR, 80.3 per 100,000) was the most
common cancer in men, followed by lung (CR, 69.7 per
100,000), colorectal (CR, 65.3 per 100,000), prostate (CR, 46.2
per 100,000), and liver cancer (CR, 46.1 per 100,000). These
five cancers accounted for 65.4% of newly diagnosed cases
in men during the study period. In contrast, breast cancer
(CR, 85.0 per 100,000) was the most common cancer among
women, followed by thyroid (CR, 80.2 per 100,000), colorectal
(CR, 44.8 per 100,000), stomach (CR, 39.1 per 100,000), and
lung cancer (CR, 31.2 per 100,000). These five cancers 
accounted for 65.7% of cases in women.

2. Mortality

The total number of deaths from cancer in 2016 was 78,194,
accounting for 27.8% of all deaths (Table 3). According to sex,
61.7% and 38.3% of cancer deaths occurred in men and
women, respectively (Table 1). 

The total CR and ASR for cancer deaths were 153.0 and
79.8 per 100,000, respectively, in 2016 (Table 4). The total CR
and ASR for cancer deaths per 100,000 were higher among
men (CR, 188.8; ASR, 115.5) than in women (CR, 117.2; ASR,
53.6).

According to the cancer sites, lung cancer (CR, 52.2 per
100,000) was the leading cause of death in men, followed by
liver (CR, 31.5 per 100,000), stomach (CR, 20.8 per 100,000),
colorectal (CR, 18.3 per 100,000), and pancreatic cancer (CR,
11.4 per 100,000). The top five causes of deaths from cancer
in women included lung (CR, 18.1 per 100,000), colorectal

Site/Type
New cases Deaths Prevalent casesa)

Both sexes Men Women Both sexes Men Women Both sexes Men Women
All sites 229,180 120,068 109,112 78,194 48,208 29,986 1,739,951 764,103 975,848
Lip, oral cavity, 3,543 2,527 1,016 1,203 909 294 23,639 15,847 7,792
and pharynx

Esophagus 2,499 2,245 254 1,524 1,379 145 9,777 8,780 997
Stomach 30,504 20,509 9,995 8,264 5,318 2,946 273,701 181,234 92,467
Colon and rectum 28,127 16,672 11,455 8,358 4,659 3,699 236,431 140,852 95,579
Liver 15,771 11,774 3,997 11,001 8,044 2,957 64,864 48,666 16,198
Gallbladderb) 6,685 3,490 3,195 4,408 2,248 2,160 21,011 10,776 10,235
Pancreas 6,655 3,384 3,271 5,614 2,901 2,713 10,595 5,502 5,093
Larynx 1,167 1,101 66 334 310 24 10,532 9,914 618
Lung 25,780 17,790 7,990 17,963 13,324 4,639 76,544 47,438 29,106
Breast 21,839 92 21,747 2,472 16 2,456 198,006 743 197,263
Cervix uteri 3,566 - 3,566 897 - 897 52,758 - 52,758
Corpus uteri 2,771 - 2,771 313 - 313 23,135 - 23,135
Ovary 2,630 - 2,630 1,204 - 1,204 19,509 - 19,509
Prostate 11,800 11,800 - 1,745 1,745 - 77,635 77,635 - 
Testis 288 288 - 14 14 - 3,204 3,204 - 
Kidney 5,043 3,410 1,633 1,032 724 308 38,836 26,161 12,675
Bladder 4,361 3,488 873 1,389 1,029 360 33,543 27,347 6,196
Brain and CNS 2,015 1,104 911 1,327 720 607 11,116 5,734 5,382
Thyroid 26,051 5,538 20,513 346 104 242 379,946 65,336 314,610
Hodgkin lymphoma 312 202 110 51 33 18 2,807 1,770 1,037
Non-Hodgkin lymphoma 4,766 2,766 2,000 1,820 1,068 752 30,093 17,130 12,963
Multiple myeloma 1,535 837 698 1,010 527 483 5,798 3,050 2,748
Leukemia 3,416 1,991 1,425 1,842 1,025 817 20,751 11,553 9,198
Other and ill-defined 18,056 9,060 8,996 4,063 2,111 1,952 115,720 55,431 60,289

CNS, central nervous system. a)Limited-duration prevalent cases on January 1, 2016. These are patients who were diagnosed
between January 1, 1999 and December 31, 2016 and who were alive on January 1, 2017. Multiple primary cancer cases were
counted multiple times, b)Includes the gallbladder and other/unspecified parts of the biliary tract.  

Table 1. Cancer incidence, deaths, and prevalence by sex in Korea, 2016
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Crude incidence rate Age-standardized incidence rate
Site/Type per 100,000 per 100,000a)

Both sexes Men Women Both sexes Men Women
All sites 448.4 470.3 426.5 269.0 298.0 254.6   
Lip, oral cavity, and pharynx 6.9 9.9 4.0 4.2 6.4 2.3 
Esophagus 4.9 8.8 1.0 2.7 5.4 0.5 
Stomach 59.7 80.3 39.1 34.0 49.6 20.5 
Colon and rectum 55.0 65.3 44.8 30.7 40.4 22.4 
Liver 30.9 46.1 15.6 17.6 28.5 7.8 
Gallbladderb) 13.1 13.7 12.5 6.7 8.3 5.5 
Pancreas 13.0 13.3 12.8 7.0 8.1 6.0 
Larynx 2.3 4.3 0.3 1.3 2.6 0.1 
Lung 50.4 69.7 31.2 27.1 42.3 15.4 
Breast 42.7 0.4 85.0 27.7 0.2 54.9 
Cervix uteri 7.0 0.0 13.9 4.6 - 9.1 
Corpus uteri 5.4 0.0 10.8 3.4 - 6.8 
Ovary 5.1 0.0 10.3 3.4 - 6.7 
Prostate 23.1 46.2 0.0 12.5 28.2 -
Testis 0.6 1.1 0.0 0.6 1.1 -
Kidney 9.9 13.4 6.4 6.1 8.7 3.8 
Bladder 8.5 13.7 3.4 4.5 8.4 1.6 
Brain and CNS 3.9 4.3 3.6 3.1 3.5 2.7 
Thyroid 51.0 21.7 80.2 36.6 15.6 58.1 
Hodgkin lymphoma 0.6 0.8 0.4 0.5 0.6 0.4 
Non-Hodgkin lymphoma 9.3 10.8 7.8 6.2 7.7 4.8 
Multiple myeloma 3.0 3.3 2.7 1.7 2.0 1.4 
Leukemia 6.7 7.8 5.6 5.6 6.6 4.7 
Other and ill-defined 35.3 35.5 35.2 21.2 23.7 19.1 

CNS, central nervous system. a)Age-adjusted using the Segi’s world standard population, b)Includes the gallbladder and
other/unspecified parts of the biliary tract.

Table 2. Crude and age-standardized cancer incidence rates by sex in Korea, 2016

Table 3. The top 10 leading causes of death in Korea, 2016

Rank Cause of death No. of deaths (%) Age-standardized death rate
per 100,000a)

All causes 280,827 (100) 280.8 
1 Cancer 78,194 (27.8) 79.8 
2 Heart disease 9,807 (3.5) 9.0 
3 Cerebrovascular disease 5,416 (1.9) 4.6 
4 Pneumonia 29,735 (10.6) 27.8 
5 Intentional self-harm (suicide) 23,415 (8.3) 21.4 
6 Diabetes mellitus 16,476 (5.9) 14.3 
7 Chronic lower respiratory diseases 6,992 (2.5) 6.0 
8 Disease of liver 6,798 (2.4) 7.7 
9 Transport accidents 5,150 (1.8) 6.8 

10 Hypertensive diseases 13,092 (4.7) 17.7 
Others 85,752 (30.5) 85.9 

Source: Mortality Data, 2016, Statistics Korea [1]. a)Age-adjusted using the Segi’s world standard population.



(CR, 14.5 per 100,000), liver (CR, 11.6 per 100,000), stomach
(CR, 11.5 per 100,000), and pancreatic cancer (CR, 10.6 per
100,000).  

3. Trends in cancer incidence and mortality

Fig. 1 shows trends in cancer incidence and mortality from
1983 to 2016. The ASR for all-cancer incidence increased by
3.6% annually from 1999 to 2011, and then started to decrease
from 2011 to 2016 (APC, –3.1%) (Table 5). Cases of stomach,
colorectum, lung, and thyroid cancers started to decrease
around 2011. Specifically, ASR for thyroid cancer increased
rapidly to 22.6% from 1999 to 2011, but then decreased
swiftly by 12.6% annually starting in 2011. The incidence of
breast cancer increased constantly throughout the period;
however, the APC slowed from 2005 onward. Conversely,
the incidence rates of cervix and liver showed a constant 

Kyu-Won Jung, Cancer Statistics in Korea, 2016

Crude mortality rate Age-standardized mortality rate
Site/Type per 100,000 per 100,000a)

Both sexes Men Women Both sexes Men Women
All sites 153.0 188.8 117.2 79.8 115.5 53.6 
Lip, oral cavity, and pharynx 2.4 3.6 1.1 1.3 2.2 0.5 
Esophagus 3.0 5.4 0.6 1.6 3.2 0.2 
Stomach 16.2 20.8 11.5 8.3 12.7 5.0 
Colon and rectum 16.4 18.3 14.5 8.2 11.1 5.9 
Liver 21.5 31.5 11.6 11.7 19.2 5.2 
Gallbladderb) 8.6 8.8 8.4 4.2 5.3 3.4 
Pancreas 11.0 11.4 10.6 5.7 7.0 4.6 
Larynx 0.7 1.2 0.1 0.3 0.8 0.0 
Lung 35.1 52.2 18.1 17.6 31.2 7.7 
Breast 4.8 0.1 9.6 2.9 0.0 5.5 
Cervix uteri 1.8 0.0 3.5 1.0 - 1.8 
Corpus uteri 0.6 0.0 1.2 0.4 - 0.7 
Ovary 2.4 0.0 4.7 1.3 - 2.5 
Prostate 3.4 6.8 0.0 1.5 4.2 -
Testis 0.0 0.1 0.0 0.0 0.0 -
Kidney 2.0 2.8 1.2 1.1 1.8 0.5 
Bladder 2.7 4.0 1.4 1.3 2.5 0.5 
Brain and CNS 2.6 2.8 2.4 1.7 2.0 1.4 
Thyroid 0.7 0.4 0.9 0.3 0.2 0.4 
Hodgkin lymphoma 0.1 0.1 0.1 0.1 0.1 0.0 
Non-Hodgkin lymphoma 3.6 4.2 2.9 1.9 2.6 1.4 
Multiple myeloma 2.0 2.1 1.9 1.0 1.2 0.9 
Leukemia 3.6 4.0 3.2 2.3 2.8 1.9 
Other and ill-defined 7.9 8.3 7.6 4.3 5.3 3.5 

CNS, central nervous system. a)Age-adjusted using the world standard population, b)Includes the gallbladder and other/
unspecified parts of the biliary tract. 

Table 4. Crude and age-standardized cancer mortality rates by sex in Korea, 2016
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decrease for the whole period. Thyroid cancer decreased the
most drastically starting in the early 2010s (Fig. 2).

The ASR for all-cancer mortality rate increased until 2002
(Table 6). After that year, it started to decrease (2002-2016;
APC, –2.7%). The same patterns were evident in men and
women. Cancer incidence at most sites, including the cervix
uteri, thyroid, liver, gallbladder, lung, brain and central nerv-

ous system, and colorectum started to decrease in the early
2000s. Furthermore, cancers of the lips, oral cavity and phar-
ynx, esophagus, stomach, larynx, and non-Hodgkin lym-
phoma decreased from 1999. Breast cancer showed constant
increasing trends for the whole period (Fig. 3).
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Fig. 2. Trends in age-standardized incidences of selected cancers by sex from 1999 to 2016 in Korea. (A) Men. (B) Women.
Age standardization was based on the Segi’s world standard population.
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Fig. 3. Annual age-standardized cancer mortalities of selected cancers by sex from 1983 to 2016 in Korea. (A) Men. (B)
Women. Age standardization was based on the Segi’s world standard population.
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4. Age-specific incidence rates

Leukemia was the most commonly diagnosed cancer
among children between 0-14 years of age. Thyroid cancer
was the most common cancer among adolescents and young
adults between 15 and 34 years of age (Table 7). Stomach can-
cer was the most commonly diagnosed cancer among men
aged 35 to 64 years, while lung cancer was the most common
among men aged 65 years and above (Fig. 4A). In contrast,

breast cancer was the most commonly diagnosed cancer
among women aged 35 to 64 years, while colorectal cancer
was the most common among women aged 65 years and
above. Thyroid and breast cancers showed an inverted 
U-shaped incidence rate by age (Fig. 4B).

5. Survival rates

The 5-year relative survival rates for all cancer combined
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Rank
Age (yr)

0-14 15-34 35-64 ≥ 65

Men
1 Leukemia (5.2) Thyroid (13.7) Stomach (85.6) Lung (435.1)
2 Non-Hodgkin lymphoma (2.9) Leukemia (3.8) Colon and rectum (65.1) Stomach (353.1)
3 Brain and CNS (2.3) Non-Hodgkin lymphoma (3.1) Liver (55.6) Prostate (313.4)
4 Kidney (0.6) Colon and rectum (2.6) Lung (44.0) Colon and rectum (302.6)
5 Liver (0.4) Testis  (2.3) Thyroid (33.3) Liver (175.5)

Women
1 Leukemia (4.5) Thyroid (50.5) Breast  (147.5) Colon and rectum (175.2)
2 Brain and CNS (2.0) Breast (12.0) Thyroid (127.9) Stomach (137.2)
3 Non-Hodgkin lymphoma (1.2) Cervix uteri (5.7) Colon and rectum (37.6) Lung (126.8)
4 Ovary (0.5) Ovary (3.3) Stomach (37.6) Breast (89.5)
5 Kidney (0.4) Leukemia (2.8) Lung (24.9) Liver (65.6)

CNS, central nervous system.

Table 7. The five common sites of cancer incidence by age group and sex in Korea, 2016
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improved remarkably in both sexes, from 41.2% in 1993-1995
to 70.6% in 2012-2016 (Table 8). After excluding thyroid can-
cer, the 5-year relative survival rates for all cancer still 
increased from 1999 to 2016 (Fig. 5B). 

The 5-year relative survival rate during 2012-2016 for all
cancer combined was 63.2% in men and 78.0% in women, 
respectively. The 5-year relative survival rate for thyroid can-
cer was over 100%, while the 5-year relative survival rates
for testis, prostate, and breast cancer were over 90% in 2012-
2016 for both sexes, respectively. However, the 5-year rela-
tive survival rate for pancreatic cancer was only 11.4% in
both sexes in 2012-2016. 

When compared to the 5-year relative survival rate for men
in 1993-1995, prostate cancer diagnosed from 2012 to 2016
showed the most outstanding improvement, followed by

stomach, leukemia, ‘lip, oral cavity, and pharynx,’ esophagus
and liver cancer. Among women, stomach cancer diagnosed
during 2012-2016 showed the greatest improvement in 5-year
relative survival rates compared to those between 1993 and
1995, followed by lung, leukemia, multiple myeloma, liver,
and colorectal cancer. 

6. Prevalence rates 

A total of 1,739,951 cancer prevalent cases were identified
on January 1, 2017 (Table 1). Of these cases, 764,103 (43.9%)
were men and 975,848 (56.1%) were women. The overall CR
and ASR for cancer prevalence were 3,404.1 per 100,000 in-
dividuals and 2,046.2 per 100,000 individuals for both sexes,
respectively, in 2016 (Table 9). 

Cancer Res Treat. 2019;51(2):417-430

Crude prevalence rate Age-standardized prevalence rate
Site/Type per 100,000a) per 100,000b)

Both sexes Men Women Both sexes Men Women
All sites 3,404.1 2,993.2 3,814.1 2,046.2 1,896.1 2,281.5   
Lip, oral cavity, and pharynx 46.2 62.1 30.5 28.2 39.7 18.2 
Esophagus 19.1 34.4 3.9 10.5 20.9 1.9 
Stomach 535.5 709.9 361.4 297.8 433.6 185.7 
Colon and rectum 462.6 551.8 373.6 254.8 338.9 186.9 
Liver 126.9 190.6 63.3 74.7 119.1 34.6 
Gallbladderc) 41.1 42.2 40.0 21.8 25.6 18.9 
Pancreas 20.7 21.6 19.9 11.9 13.5 10.6 
Larynx 20.6 38.8 2.4 11.2 23.6 1.2 
Lung 149.8 185.8 113.8 82.7 113.6 58.9 
Breast 387.4 2.9 771.0 239.0 1.8 470.0 
Cervix uteri 103.2 - 206.2 62.6 - 122.3 
Corpus uteri 45.3 - 90.4 28.0 - 55.1 
Ovary 38.2 - 76.3 25.5 - 50.6 
Prostate 151.9 304.1 - 76.1 180.5 -
Testis 6.3 12.6 - 5.7 11.1 -
Kidney 76.0 102.5 49.5 46.3 65.8 29.0 
Bladder 65.6 107.1 24.2 34.4 65.2 10.9 
Brain and CNS 21.7 22.5 21.0 18.3 19.5 17.1 
Thyroid 743.3 255.9 1,229.7 487.5 171.0 801.9 
Hodgkin lymphoma 5.5 6.9 4.1 4.5 5.5 3.5 
Non-Hodgkin lymphoma 58.9 67.1 50.7 40.8 49.1 33.1 
Multiple myeloma 11.3 11.9 10.7 6.4 7.3 5.7 
Leukemia 40.6 45.3 36.0 37.4 41.8 33.0 
Other and ill-defined 226.4 217.1 235.6 139.9 149.0 132.6 

CNS, central nervous system. a)Crude prevalence rate: number of prevalent cases divided by the corresponding person-years
of observation. Prevalent cases were defined as patients who were diagnosed between January 1, 1999 and December 31, 2016
and who were alive on January 1, 2017. Multiple primary cancer cases were counted multiple times, b)Age-adjusted using the
Segi’s world standard population, c)Includes the gallbladder and other/unspecified parts of the biliary tract. 

Table 9. Crude and age-standardized rates of cancer prevalence by sex on January 1, 2017 in Korea
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The five most common cancers for men were stomach (CR,
709.9 per 100,000), colorectal (CR, 551.8 per 100,000), prostate
(CR, 304.1 per 100,000), thyroid (CR, 255.9 per 100,000), and
liver cancer (CR, 190.6 per 100,000). In contrast, thyroid can-
cer was most common in women (CR, 1,229.7 per 100,000),
followed by breast (CR, 771.0 per 100,000), colorectal (CR,
373.6 per 100,000), stomach (CR, 361.4 per 100,000), and
cervix uteri cancer (CR, 206.2 per 100,000). 

Analysis of the period after cancer diagnosis revealed that
stomach cancer (14.1%) was the most prevalent cancer within
2 years after diagnosis, followed by thyroid (14.0%) and col-
orectal cancer (13.1%) (Fig. 6). Thyroid cancer (25.5%) was
most prevalent for 2-5 years, followed by stomach (14.3%)
and colorectal cancer (13.4%). After 5 years, thyroid cancer
(23.1%) was the most prevalent cancer, followed by stomach
(17.1%) and colorectal cancer (13.9%).
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Purpose
This study aimed to report on cancer incidence and mortality for the year 2019 to estimate
Korea’s current cancer burden. 

Materials and Methods
Cancer incidence data from 1999 to 2016 were obtained from the Korea National Cancer
Incidence Database, and cancer mortality data from 1993 to 2017 were acquired from Sta-
tistics Korea. Cancer incidence and mortality were projected by fitting a linear regression
model to observed age-specific cancer rates against observed years, then multiplying the
projected age-specific rates by the age-specific population. The Joinpoint regression model
was used to determine at which year the linear trend changed significantly; we used only the
data of the latest trend.  

Results
A total of 221,347 new cancer cases and 82,344 cancer deaths are expected to occur in
Korea in 2019. The most common cancer sites thus far have been the lung, followed by
the stomach, colon and rectum, breast, and liver. These five cancers represent half of the
overall burden of cancer in Korea. For cancer associated mortality, the most common sites
were lung, followed by the liver, colon and rectum, stomach, and pancreas.  

Conclusion
The incidence rate of all cancer in Korea is estimated to decrease gradually. These up-to-
date estimates of the cancer burden in Korea could be an important resource for planning
and evaluating cancer-control programs.

Key words
Incidence, Mortality, Neoplasms, Forecasting, Korea, 2019

Kyu-Won Jung, MS1,2

Young-Joo Won, PhD1,2,3

Hyun-Joo Kong, MS1,2

Eun Sook Lee, MD, PhD1,4

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

Correspondence: Young-Joo Won, PhD
The Korea Central Cancer Registry, 
National Cancer Center, 323 Ilsan-ro, 
Ilsandong-gu, Goyang 10408, Korea
Tel: 82-31-920-2015 
Fax: 82-31-920-2179 
E-mail: astra67@ncc.re.kr

Received  March 12, 2019
Accepted  March 13, 2019
Published Online  March 18, 2019

1The Korea Central Cancer Registry, 
National Cancer Center, Goyang, 
2National Cancer Control Institute, National
Cancer Center, Goyang, 3Department of 
Cancer Control and Population Health, 
National Cancer Center Graduate School of
Cancer Science and Policy, National Cancer
Center, Goyang, 4Department of Cancer 
Control and Population Health, 
National Cancer Center Graduate School of
Cancer Science and Policy,
National Cancer Center, Goyang, Korea

Introduction

As the leading cause of death in Korea [1], cancer has been
the country’s major public health concern since 1983. Over
220,000 patients were newly diagnosed with cancer in Korea,
and one in four deaths is due to cancer [2]. Although the can-
cer registration system in Korea is highly efficient and can
provide nationwide cancer statistics within a relatively short
period, a lag time of at least 2 years is required to collect and

analyze data on a specific year. For planning and implemen-
tation of comprehensive cancer control programs, it is 
important to assess the number of new cases and deaths that
are expected to occur during the current year. In this study,
we report the projected cancer incidence and mortality for
the year 2019 based on data from the 1990s through to 2017. 
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Materials and Methods

The Korean Ministry of Health and Welfare initiated a 
nationwide, hospital-based cancer registry, the Korea Central
Cancer Registry (KCCR), in 1980. The history, objectives, and
activities of the KCCR have been documented in detail else-
where [3]. Incidence data from 1999 to 2016 were obtained
from the Korea National Cancer Incidence Database (KNCI
DB). Cancer cases were classified according to the Interna-
tional Classification of Diseases for Oncology, third edition
[4], and converted according to the International Classifica-
tion of Diseases, 10th edition (ICD-10) [5]. Mortality data
from 1993 to 2017 were acquired from Statistics Korea [1].
The cause of death was coded and classified according to
ICD-10 [5].

The cancer sites included in this study were (1) all cancers
sites combined and (2) the 24 common cancer sites as follows:
lips, oral cavity, and pharynx (C00-C14), esophagus (C15),

stomach (C16), colon and rectum (C18-C20), liver and intra-
hepatic bile duct (liver) (C22), gallbladder and other parts of
the biliary tract (gallbladder) (C23-C24), pancreas (C25), lar-
ynx (C32), trachea, bronchus and lung (lung) (C33-C34),
breast (C50), cervix uteri (C53), corpus uteri (C54), ovary
(C56), prostate (C61), testis (C62), kidney (C64), bladder (C67),
brain and central nervous system (C70-C72), thyroid (C73),
Hodgkin lymphoma (C81), non-Hodgkin lymphoma (C82-
C86, C96), multiple myeloma (C90), leukemia (C91-C95), and
‘other and ill defined’ sites.

Population data from 1993 to 2019 were obtained from the
resident registration population data, reported by Statistics
Korea. Data on the mid-year population, as of July 1 of the
respective year, were analyzed. However, we used popula-
tion data as of December 31, 2018 for the year 2019, because
mid-2019 resident registration population data were not yet
available at the time of analysis.

Linear regression models [6] were used to assess time
trends and projections. We first performed a Joinpoint reg-

Estimated new cases Estimated deaths
Site

Both sexes Male Female Both sexes Male Female
All sites 221,347 120,352 100,995 82,344 50,352 31,992    
Lip, oral cavity, and pharynx 3,789 2,736 1,053 1,221 897 324 
Esophagus 2,548 2,318 230 1,321 1,173 148 
Stomach 27,175 18,039 9,136 6,729 4,349 2,380 
Colon and rectum 25,330 14,478 10,852 8,653 4,813 3,840 
Livera) 15,016 11,281 3,735 10,720 7,824 2,896 
Gallbladderb) 7,677 4,081 3,596 4,750 2,353 2,397 
Pancreas 7,927 4,135 3,792 6,609 3,380 3,229 
Larynx 1,095 1,035 60 292 292 0 
Lungc) 28,107 19,700 8,407 19,488 14,254 5,234 
Breast 24,100 90 24,010 2,727 21 2,706 
Cervix uteri 2,856 - 2,856 834 - 834 
Corpus uteri 3,061 - 3,061 372 - 372 
Ovary 2,832 - 2,832 1,271 - 1,271 
Prostate 13,326 13,326 - 2,281 2,281 - 
Testis 313 313 - 18 18 - 
Kidney 5,609 3,794 1,815 1,189 816 373 
Bladder 4,721 3,745 976 1,610 1,216 394 
Brain and CNS 2,087 1,123 964 1,332 694 638 
Thyroid 11,667 3,163 8,504 340 92 248 
Hodgkin lymphoma 340 217 123 61 40 21 
Non-Hodgkin lymphoma 5,264 3,046 2,218 2,051 1,182 869 
Multiple myeloma 1,944 1,049 895 1,140 615 525 
Leukemia 3,683 2,123 1,560 1,935 1,093 842 
Other and ill defined 20,880 10,560 10,320 5,400 2,949 2,451 

CNS, central nervous system. a)Includes the liver and intrahepatic bile duct, b)Includes the gallbladder and other/unspecified
parts of the biliary tract, c)Includes the trachea, bronchus, and lung.

Table 1. Estimated new cancer cases and deaths by sex during 2019 in Korea
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ression analysis on the data available to detect the year when
significant changes occurred in cancer trends according to
sex and cancer site. A Joinpoint regression describes changes
in data trends by connecting several different line segments
on a log scale at “joinpoints.” This analysis was performed
using the Joinpoint software (ver. 4.3.1, http://surveillance.
cancer.gov/joinpoint) from the Surveillance Research Pro-
gram of the US National Cancer Institute [7]. For the analysis,

we arranged to have at least four data points between con-
secutive joinpoints. Secondly, to predict age-specific cancer
rates, a linear regression model was fitted to age-specific
rates by 5-year age groups against observed years based on
observed cancer incidence data of the latest trend. Finally,
we multiply the projected age-specific rates by the age-spe-
cific population to get the projected cancer cases and deaths
of the year 2019. For thyroid cancer, we used a square root
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Fig. 1. The 10 leading types of estimated new cancer cases and deaths by sex in 2019. (A) Estimated new cases. (B) Estimated
deaths.
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transformation when fitting a linear regression model and
converted the predicted values back to the original scale.

We summarized the results by using crude rates (CRs) and
age-standardized rates (ASRs) of cancer incidence and mor-
tality. ASRs were standardized using the world standard
population [8] and expressed per 100,000 persons.

Results

1. Incidence

A total of 221,347 new cancer cases are anticipated in 2019
(Table 1, Fig. 1), and more males (n=120,352) than females
(n=100,995) are expected to be affected. 

The projected CRs per 100,000 of all sites combined in 2019

are expected to be 463.5 and 390.8 in men and women, res-
pectively (Table 2). The projected ASRs per 100,000 of all sites
combined is 264.1 and 215.4 for men and women, respec-
tively. In men, the five leading primary sites of cancer are 
expected to be the lung (CR, 75.9; ASR, 40.3), stomach (CR,
69.5; ASR, 38.8), colon and rectum (CR, 55.8; ASR, 30.9),
prostate (CR, 51.3; ASR, 27.4), and liver (CR, 43.5; ASR, 24.3),
accounting for 63.8% of all new cancers in 2019. 

In women, the five leading primary sites are expected to
be the breast (CR, 92.9; ASR, 58.4), colon and rectum (CR,
42.0; ASR, 18.4), stomach (CR, 35.4; ASR, 16.9), thyroid (CR,
32.9; ASR, 25.8), and lung (CR, 32.5; ASR, 14.8), accounting
for 60.3% of all new cancers (Fig. 1). 

The five most common cancer sites expected in 2019 by sex
and age groups are shown in Table 3. Leukemia and thyroid
cancer are expected to be the most common forms of cancer
in both sexes for the 0-14 and 15-34 age groups. Stomach can-
cer is predicted to be the most prevalent cancer in men aged

Crude incidence rate Age-standardized incidence rate
Site per 100,000 per 100,000a)

Both sexes Male Female Both sexes Male Female
All sites 427.2 463.5 390.8 233.5 264.1 215.4    
Lip, oral cavity, and pharynx 7.3 10.5 4.1 4.2 6.2 2.4 
Esophagus 4.9 8.9 0.9 2.4 4.8 0.4 
Stomach 52.5 69.5 35.4 27.1 38.8 16.9 
Colon and rectum 48.9 55.8 42.0 24.2 30.9 18.4 
Liverb) 29.0 43.5 14.5 14.8 24.3 6.4 
Gallbladderc) 14.8 15.7 13.9 6.7 8.4 5.4 
Pancreas 15.3 15.9 14.7 7.3 8.7 6.1 
Larynx 2.1 4.0 0.2 1.1 2.1 0.1 
Lungd) 54.3 75.9 32.5 25.9 40.3 14.8 
Breast 46.5 0.4 92.9 29.3 0.2 58.4 
Cervix uteri 5.5 0.0 11.1 3.5 - 6.9 
Corpus uteri 5.9 0.0 11.8 3.6 - 7.2 
Ovary 5.5 0.0 11.0 3.4 - 6.8 
Prostate 25.7 51.3 0.0 12.4 27.4 -
Testis 0.6 1.2 0.0 0.6 1.2 -
Kidney 10.8 14.6 7.0 6.2 8.8 3.8 
Bladder 9.1 14.4 3.8 4.3 7.7 1.6 
Brain and CNS 4.0 4.3 3.7 3.0 3.4 2.6 
Thyroid 22.5 12.2 32.9 17.2 9.0 25.8 
Hodgkin lymphoma 0.7 0.8 0.5 0.6 0.7 0.4 
Non-Hodgkin lymphoma 10.2 11.7 8.6 6.3 7.8 5.0 
Multiple myeloma 3.8 4.0 3.5 1.9 2.2 1.6 
Leukemia 7.1 8.2 6.0 5.5 6.5 4.6 
Other and ill defined 40.3 40.7 39.9 22.1 24.8 19.7 

CNS, central nervous system. a)Age adjusted to the world standard population, b)Includes the liver and intrahepatic bile duct,
c)Includes the gallbladder and other/unspecified parts of the biliary tract, d)Includes the trachea, bronchus, and lung.

Table 2. Estimated crude and age-standardized cancer incidences by sex during 2019 in Korea
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35-64 years, while lung cancer is expected to be more fre-
quent in men aged 65 years and above. Breast cancer is pre-
dicted to be the most common cancer in women aged 35-64
years, whereas colorectal cancer is expected to be the most
prevalent in women aged 65 years and above. These projec-
tions indicate that the incidences of stomach, lung, liver, col-
orectal and prostate cancers will increase gradually with age
for men (Fig. 2). In women, the age-specific incidence rates
of stomach, colorectal, liver, lung, and cervical cancers 

denote a rising trend in these cancers with age; however, the
incidence of breast and thyroid cancers in women is expected
to level off after the age of 40.

2. Mortality

It is estimated that 82,344 cancer deaths will occur in Korea
during 2019 (Table 1, Fig. 1). The projected CRs per 100,000
of all sites combined in 2019 for men and women are pro-

Rank
Age group (yr)

0-14 15-34 35-64 ≥ 65

Male
1 Leukemia (5.0) Thyroid (10.7) Stomach (68.3) Lunga) (429.8)
2 Non-Hodgkin lymphoma (3.1) Leukemia (3.7) Colon and rectum (47.6) Prostate (306.0)
3 Brain and CNS (2.3) Non-Hodgkin lymphoma (3.2) Livera) (47.0) Stomach (287.8)
4 Kidney (0.4) Testis (2.7) Lung (43.8) Colon and rectum (254.4)
5 Liverb) (0.4) Colon and rectum (2.3) Prostate (25.9) Livera) (163.1)

Female
1 Leukemia (4.3) Thyroid (32.9) Breast (157.2) Colon and rectum (162.5)
2 Brain and CNS (1.9) Breast (11.9) Thyroid (45.9) Lungb) (119.5)
3 Non-Hodgkin lymphoma (1.7) Cervix uteri (5.7) Stomach (31.3) Stomach (118.8)
4 Ovary (0.7) Ovary (3.3) Colon and rectum (29.7) Breast (95.1)
5 Kidney (0.4) Leukemia (2.4) Lungb) (25.4) Gallbladderc) (64.5)

CNS, central nervous system. a)Includes the trachea, bronchus, and lung, b)Includes the liver and intrahepatic bile duct, 
c)Includes the gallbladder and other/unspecified parts of the biliary tract. 

Table 3. Estimated cancer incidence by age group and sex during 2019 in Korea
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Fig. 2. Projected age-specific incidences of major cancers during 2019 in Korea. (A) Male. (B) Female.
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Crude mortality rate Age-standardized mortality rate 
Site per 100,000 per 100,000a)

Both sexes Male Female Both sexes Male Female
All sites 158.9 193.9 123.8 71.9 102.7 49.4    
Lip, oral cavity, and pharynx 2.4 3.5 1.3 1.1 1.9 0.5 
Esophagus 2.6 4.5 0.6 1.1 2.3 0.2 
Stomach 13.0 16.8 9.2 5.7 8.9 3.3 
Colon and rectum 16.7 18.5 14.9 7.3 9.8 5.2 
Liverb) 20.7 30.1 11.2 9.8 16.3 4.2 
Gallbladderc) 9.2 9.1 9.3 3.7 4.6 3.1 
Pancreas 12.8 13.0 12.5 5.8 7.0 4.7 
Larynx 0.6 1.1 0.0 0.2 0.6 0.0
Lungd) 37.6 54.9 20.3 16.2 28.0 7.5 
Breast 5.3 0.1 10.5 3.0 0.0 5.7 
Cervix uteri 1.6 - 3.2 0.8 - 1.6 
Corpus uteri 0.7 - 1.4 0.4 - 0.7 
Ovary 2.5 - 4.9 1.3 - 2.4 
Prostate 4.4 8.8 - 1.7 4.5 -
Testis 0.0 0.1 - 0.0 0.1 -
Kidney 2.3 3.1 1.4 1.1 1.7 0.6 
Bladder 3.1 4.7 1.5 1.2 2.4 0.5 
Brain and CNS 2.6 2.7 2.5 1.6 1.8 1.4 
Thyroid 0.7 0.4 1.0 0.3 0.2 0.3 
Hodgkin lymphoma 0.1 0.2 0.1 0.1 0.1 0.0 
Non-Hodgkin lymphoma 4.0 4.6 3.4 1.8 2.5 1.3 
Multiple myeloma 2.2 2.4 2.0 1.0 1.3 0.8 
Leukemia 3.7 4.2 3.3 2.0 2.6 1.6 
Other and ill defined 10.4 11.4 9.5 4.9 6.3 3.8 

CNS, central nervous system. a)Age adjusted to the world standard population, b)Includes the liver and intrahepatic bile duct,
c)Includes the gallbladder and other/unspecified parts of the biliary tract, d)Includes the trachea, bronchus, and lung.

Table 4. Estimated crude and age-standardized cancer mortality rates by sex during 2019 in Korea
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Fig. 3. Projected age-specific mortality rates of major cancers during 2019 in Korea. (A) Male. (B) Female.
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jected to be 193.9 and 123.8, respectively, whereas the pro-
jected ASRs per 100,000 of all sites combined are expected to
be 102.7 and 49.4, respectively (Table 4). The predicted five
leading cancer sites causing mortality in men are predicted
to be lung (CR, 54.9; ASR, 28.0), liver (CR, 30.1; ASR, 16.3),
colon and rectum (CR, 18.5; ASR, 9.8), stomach (CR, 16.8
ASR, 8.9), and pancreas (CR, 13.0; ASR, 7.0). During the same
period, lung cancer (CR, 20.3; ASR, 7.5) is projected to be the
leading cancer cause of death in women, followed by the
colon and rectum (CR, 14.9; ASR, 5.2), pancreas (CR, 12.5;
ASR, 4.7), liver (CR, 11.2; ASR, 4.2), and breast (CR, 10.5;
ASR, 5.7).

The predicted age-specific mortality rates of the selected
cancers for males and females in 2019 are shown in further
detail in Fig. 3. When examined by age, Korean men and
women aged 60 years and above are expected to have the
highest mortality rates from lung cancer. 

Conclusion

A total of 221,347 new cancer cases and 82,344 cancer
deaths are expected to occur in Korea during 2019. Lung can-
cer is predicted to the most common cancer among males,
followed by stomach, colorectal, prostate, and liver cancers.
Lung, liver, colorectal, stomach, and pancreatic cancers are
expected to be the most common causes of cancer deaths
among men. In women, the five leading primary sites are 
expected to be the breast, colorectal, stomach, thyroid, and

lung cancers, while lung, colorectal, pancreatic, liver, and
breast cancers are projected to be the most common causes
of cancer-related deaths. 

Cancer is currently one of the foremost public health con-
cerns in Korea. Although cancer rates are anticipated to 
decrease somewhat, but burden of most of cancers will con-
tinue to grow with the increasing age of the population. The
current projections of cancer incidence and mortality for 2019
represent an important resource for planning and evaluating
cancer-control programs. As the estimates in this study are
model-based, these results should be interpreted with cau-
tion. Specifically, the incidence of some cancers, such as
stomach, colorectum, and thyroid cancers, started to decrease
from early 2010s; thus, recent trends of these cancers con-
tained only 5 or 6 data points for analysis, and therefore, their
estimates could be unstable. 
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Preclinical Efficacy of [V4Q5]dDAVP, a Second Generation Vasopressin
Analog, on Metastatic Spread and Tumor-Associated Angiogenesis 
in Colorectal Cancer

Original Article

Purpose
Control of metastatic spread of colorectal cancer (CRC) remains as a major therapeutic
challenge. [V4Q5]dDAVP is a vasopressin peptide analog with previously reported anticancer
activity against carcinoma tumors. By acting as a selective agonist of arginine vasopressin
type 2 membrane receptor (AVPR2) present in endothelial and tumor cells, [V4Q5]dDAVP is
able to impair tumor aggressiveness and distant spread. Our aim was to evaluate the 
potential therapeutic benefits of [V4Q5]dDAVP on highly aggressive CRC disease using 
experimental models with translational relevance.

Materials and Methods
Murine CT-26 and human Colo-205 AVPR2-expressing CRC cell lines were used to test the
preclinical efficacy of [V4Q5]dDAVP, both in vitro and in vivo.

Results
In syngeneic mice surgically implanted with CT-26 cells in the spleen, sustained intravenous
treatment with [V4Q5]dDAVP (0.3 g/kg) dramatically impaired metastatic progression to
liver without overt signs of toxicity, and also reduced experimental lung colonization. The
compound inhibited in vivo angiogenesis driven by Colo-205 cells in athymic mice, as well
as in vitro endothelial cell migration and capillary tube formation. [V4Q5]dDAVP exerted
AVPR2-dependent cytostatic activity in vitro (IC50 1.08 M) and addition to 5-fluorouracil 
resulted in synergistic antiproliferative effects both in CT-26 and Colo-205 cells.

Conclusion
The present preclinical study establishes for the first time the efficacy of [V4Q5]dDAVP on
CRC. These encouraging results suggest that the novel second generation vasopressin ana-
log could be used for the management of aggressive CRC as an adjuvant agent during sur-
gery or to complement standard chemotherapy, limiting tumor angiogenesis and metastasis
and thus protecting the patient from CRC recurrence.

Key words
AVPR2, Antimetastatic, Antiangiogenic, Adjuvant therapy, 
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Introduction

With an annual incidence of approximately 1 million cases
and a mortality of more than 500,000 patients per year, col-
orectal cancer (CRC) represents a central public health con-
cern worldwide [1]. In particular, metastatic CRC disease is
still associated with a poor prognosis and a high mortality
rate, mainly due to hepatic and lung secondary lesions and

limitations in the standard therapies. In this clinical setting
the overall median survival is 24 months and only 10% of the
patients survive more than 5 years. Taken altogether, there
is a clear need to develop novel therapeutic strategies to 
improve the survival of advanced or recurrent CRC patients.  

Our group was the first to report the antimetastatic and
angiostatic  activity of the hemostatic drug desmopressin 
(1-deamino-8-D-arginine vasopressin; dDAVP) as part of a
drug repurposing program in oncology [2,3]. dDAVP is a



first generation synthetic derivative of vasopressin (AVP),
that acts as a selective agonist on arginine vasopressin type
2 membrane receptor (AVPR2) present in microvascular 
endothelial cells [4] and several human tumor cell lines, 
including breast, prostate, lung cancer, and CRC [3,5,6]. After
AVPR2 agonistic stimulation in endothelium, dDAVP indu-
ces an acute release of von Willebrand factor, an hemostatic
[4] and pro-apoptotic glycoprotein known to inhibit metasta-
tic spread of malignant cells [7,8], recruit leukocytes [9], and
cause vascular normalization [10]. By acting directly on can-
cer cells, dDAVP also triggers antiproliferative signalling
pathways and favors the formation of angiostatin (ANG), a
potent inhibitor of angiogenesis that is generated by cancer-
mediated proteolysis of plasminogen [3]. Due to its safe 
hemostatic profile and anticancer effects, dDAVP has been
evaluated as a perioperative adjunctive therapy in a phase II
dose-escalation trial in patients with breast cancer (NCT-
01606072) [11] and is currently being evaluated in a phase II
trial exploring safety, tolerability, and symptom control in
CRC patients with rectal bleeding (NCT01623206). Consid-
ering its selective effects on AVPR2-expressing malignant
and vascular tissue, dDAVP appears as a promising lead
compound for the development of novel peptide analogs
with enhanced anticancer efficacy. Lead drug dDAVP was
rationally modified after conducting structure-activity stud-
ies using alanine-scanning  to determine key aminoacidic 
positions for its biological activity. As a result of this struc-
ture-based drug derivatization novel peptidic analog [V4Q5]
dDAVP (1-deamino-4-valine-5-glutamine-8-D-arginine vaso-
pressin) was developed. [V4Q5]dDAVP was selected from a
wide panel of dDAVP analogs with different sequence and
structural modifications, mainly aimed at the N-terminal
loop of the molecule, which has a key role in ligand-receptor
interaction and antitumor activity [12-14]. Novel compound
was evaluated in highly aggressive breast, lung and prostate
cancer preclinical models, deploying enhanced cytostatic, 
antimetastatic and angiostatic effects in comparison to
parental peptide dDAVP [5,15,16]. Interestingly, [V4Q5]
dDAVP direct cytostatic effects on tumor cells were associ-
ated to AVPR2 specific signaling pathways, G0/G1 phase
cell cycle arrest and activation of adenylate cyclase/cAMP/
protein kinase A (PKA) axis. Acute toxicology studies were
also conducted in different animal models, suggesting that
intravenous administration of [V4Q5]dDAVP is safe at doses
at least 300-fold above than required for antiangiogenic/
antimetastatic effects [15].

Monstein et al. [17] presented a complete characterization
of vasopressin receptor expression in the human gastroin-
testinal tract and surrounding tissues. They demonstrated
that AVPR2 is widely expressed in normal and malignant
biopsy samples from colon, rectum, ileum, duodenum, stom-
ach, esophagus and gallbladder. Additionally, 7 years ago

our group reported for the first time AVPR2 expression in
human Colo-205 and murine CT-26 CRC cell lines [6]. 

Unfortunately, as occurs in many types of cancers, CRC
patients are diagnosed once the disease is at an advanced
stage. In this clinical scenario, therapy includes combined 
administration of several cytotoxic agents such as 5-fluo-
rouracil (5-FU) in addition to surgery or radiotherapy [18].
Despite the significant improvement in CRC management,
the efficacy of current treatment schemes is reduced due to
lack of selectivity, high associated toxicity and development
of resistance mechanisms. This demands the development of
alternative therapeutic strategies with novel molecular tar-
gets involved in CRC progression. 

The current study aimed at testing the use of vasopressin
analog [V4Q5]dDAVP on highly aggressive CRC experimen-
tal models, in order to evaluate its preclinical anticancer 
efficacy with particular interest in key pathological processes
related to disease progression such as metastatic spread to
liver and lung, cellular growth and angiogenesis induction.
Potential therapeutic benefits of [V4Q5]dDAVP addition to
standard-of-care chemotherapy were also explored in vitro.

Materials and Methods

1. Drugs 

[V4Q5]dDAVP was obtained from Romikin S.A. (member
of CHEMO group, Argentina) following GMP standards or
purchased from American Peptide Company Inc. (member
of BACHEM group, Torrence, CA). Product and lot number:
369184 and 1507008T, respectively). Peptide purity was 
98%-99% as assesed by high-performance liquid chromatog-
raphy-mass spectrometry. Peptide sequence is as follows:
Mpr-Tyr-Phe-Val-Gln-Cys-Pro-DArg-Gly-NH2 (disulfide bri-
dge between Mpr-Cys). In order to achieve work concentra-
tions, [V4Q5]dDAVP was diluted in physiological saline
solution. The chemotherapeutic drug 5-FU was provided by
Bristol-Myers Squibb (Princeton, NJ).

2. Tumor cell lines and culture conditions

CT-26 (ATCC CRL-2638) and Colo-205 (ATCC CCL-222)
cancer cell lines were obtained from the American Type Cul-
ture Collection. CT-26 is a highly aggressive and metastatic
KRAS-mutated murine colon carcinoma [19]. Colo-205 is a
human colon adenocarcinoma cell line bearing the BRAF
(V600E) mutation [20]. Colo-205 cells grow as mixed, adher-
ent and suspension cultures. Tumor cell lines were grown in
RPMI (Gibco, Rockville, MD) plus 10% fetal bovine serum
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(FBS), 2 mM glutamine and 80 µg/mL gentamycin, at 37°C
in a humidified atmosphere of 5% CO2. HMVEC-L human
microvascular endothelial cell line was obtained from Cas-
cade Biologics and cultured in gelatin coated plates using 
endothelial cell medium with specific growth factors (EGM-
2 MV Bullet Kit, Lonza, Milano, Italy). All cells were har-
vested using a tripsin/EDTA solution (Gibco) diluted in
phosphate buffered saline.

3. Animals

Inbred immunocompetent female BALB/c AnN and out-
bred athymic female N:NIH(S)-nu mice aged 8 weeks with a
weight of aproximately 30 and 22 g, respectively, were pur-
chased from UNLP (Universidad Nacional de La Plata,
Buenos Aires, Argentina), and, after randomization, housed
at five mice per cage in our animal house facility at the 
National University of Quilmes. Food and water were pro-
vided ad libitum and general health status of the animals was
monitored daily. 

4. Murine colorectal tumor model of hepatic metastases

To evaluate the impact of [V4Q5]dDAVP sustained treat-
ment on colorectal tumor progression and metastatic spread
to liver a mixture containing 1.5104 CT-26 CRC cells and
serum-free growth medium was surgically injected in the
spleen of syngeneic BALB/c mice. For splenic inoculation,
mice were anesthetized, followed by left upper quadrant 
laparotomy and splenic exteriorization. Animals were mon-
itored for water consumption, weight and general behavioral
status, and sacrificed by cervical dislocation 21 days after 
CT-26 inoculation. [V4Q5]dDAVP peptide was injected at a
dose of 0.3 µg/kg intravenously, being a clinically relevant
dose with widely acknowledged antitumor properties in
mice [15], 30 minutes before tumor cell injection, and contin-
ued on a three times a week basis until the end of the proto-
col. This specific treatment schedule was chosen given that
peptides such as [V4Q5]dDAVP, or its parental compound
dDAVP, can induce tachyphylaxis with daily applications.
To investigate the presence of metastases, liver, intestines,
and spleen were removed, weighted and fixed in buffered
formalin after animals were sacrificed. Surface hepatic nod-
ules were counted under a dissecting microscope, and 
lesions were further confirmed by histopathology.

5. Murine colorectal tumor model of experimental metas-
tases to lung

To evaluate [V4Q5]dDAVP effect on blood-borne experi-
mental metastases, 2105 CT-26 cells in serum-free growth
medium were injected into the tail vein of mice [15]. On day

21, colonized lungs were excised, weighted, fixed in Bouin´s
solution and photographed. Pulmonary lesions and differ-
ences between experimental groups were further confirmed
by histopathology. [V4Q5]dDAVP was administered using
two 0.3 µg/kg intravenous doses, the first at time zero and
the second 24 hours after tumor cell injection.

6. In vivo angiogenesis assay

To evaluate the effects on CRC-induced angiogenesis, a
modified Matrigel plug assay was conducted. A mixture con-
taining 500 µL of Matrigel, heparin (50 U/mL) and 2.5106

Colo-205 tumor cells in 100 µL serum-free growth medium
was injected subcutaneously into athymic mice. Treatment
consisted of three weekly intravenous doses of [V4Q5]dDAVP
of 0.3 µg/kg. Animals were sacrificed 14 days after cell injec-
tion. Plugs were recovered and scanned at high resolution.
The extent of vascularization was assessed by the amount of
hemoglobin detected in the implants using the Drabkin
method (Sigma-Aldrich, St. Louis, MO). The mean optical
density of plugs from control group was taken as 1 (relative
hemoglobin content). 

7. In vitro angiogenesis assays

[V4Q5]dDAVP capacity to modulate microvascular endo-
thelial cell morphogenesis and migration was evaluated. In
vitro endothelial cell morphogenesis assay was performed
using Matrigel-coated 24-well plates (BD Biosciences, San
Jose, CA) [3]. Briefly, 1105 AVPR2-positive HMVEC-L cells
were incubated with [V4Q5]dDAVP (1 µM) and,  after allow-
ing capillary tube formation for 24 hours, randomly chosen
fields were photographed at 100 magnification and quan-
tification was conducted. The number of capillary-like tubes
formed in control cultures was taken as 100%. Direct effect
of [V4Q5]dDAVP on endothelial cell migration was evaluated
using the Transwell migration assay using a modified Boy-
den chamber inserted with polyethylene terephthalate filter
membrane containing 8-µm pores in 24-well plates (Greiner
Bio-One, Monroe, NC). 1105 HMVEC-L cells suspended in
300 µL of serum-free medium were seeded onto the upper
compartment of the Transwell chamber. The lower chamber
was filled with medium containing FBS as chemoattractant
and [V4Q5]dDAVP using a final concentration of 1 µM. After
incubation for 24 hours the medium in the upper chamber
was removed and the filters were fixed with crystal violet
0.5% and MeOH 20% for 10 minutes. The cells remaining on
the upper surface of the filter membrane were then com-
pletely removed by wiping with a cotton swab. The migrated
cells were counted from five randomly selected fields (200
magnification) under an inverted microscope.
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8. AVPR2 expression analysis by quantitative real time
polymerase chain reaction 

Total RNA from 1106 Colo-205, MCF-7, or H125 cells was
purified with Trizol. RNA was reverse transcribed with 
SuperScript III first-Strand (Thermo Fisher Scientific Inc.,
Waltham, MA) according to the manufacturer's protocol. The
following specific forward and reverse primers were used:
for AVPR2, 5-CTGGCCAAGGACACTTCATC-3 and 5-
GAAGGCAGCTGAGCTTC-3; for hypoxanthine phospho-
ribosyl transferase 1 (HPRT1), 5´-AACGTCTTGCTCGAG-
ATGTG-3´ and 5-GCTTTGATGTAATCCAGCAGG-3´. Qua-
ntitative real time polymerase chain reaction was performed
using SYBR Green PCR Master Mix (Thermo Fisher Scientific
Inc.) and StepOne Real-Time PCR System (Applied Biosys-
tems, Foster City, CA). The following thermal cycling condi-
tions were used: 48°C for 30 minutes, 95°C for 10 minutes,
40 cycles of 95°C for 15 seconds followed by 60°C for 60 sec-
onds. Each sample was analyzed in triplicate and mean cycle
threshold values (Ct) were used for further analysis. Ct val-
ues were normalized for HPRT1 expression levels and nor-
malized to control samples. Relative quantification values
were calculated as 2(-Ct).

9. Clonogenic assay

In vitro experiments were performed using nanomolar and
low micromolar concentrations of the peptide, a range con-
sistent with the in vivo dosage, as reported [5,15,16]. Colony
forming ability was examined by the 2D clonogenic assay for
adherent murine CRC cells. CT-26 cells were grown in com-
plete medium with [V4Q5]dDAVP (0.1-1.5 µM) and after 72
hours, medium with tested compound was renewed. Seven
days after cell seeding, clonogenic cultures were fixed and
stained with crystal violet, and colonies of more than 50
tumor cells were counted.

10. Cell proliferation

Antiproliferative effect against rapidly growing tumor
cells was measured using the MTT and MTS assays (Sigma-
Aldrich) for high density adherent or non adherent cell cul-
tures, respectively. Briefly, cells were plated in 96-well flat
bottom plates at a density of 2.5103 per 200 µL in complete
RPMI medium, allowed to attach overnight, and then treated
for 72 hours with tested compounds. Following previously
published protocols, in order to calculate the 50% inhibitory
concentrations (IC50) colorectal cells were treated using 
micromolar concentrations of 5-FU (0.1-5 or 1-500 µM for 
CT-26 or Colo-205 cells, respectively) [6]. Combination stud-
ies using [V4Q5]dDAVP (1 µM) plus sub-IC50 of 5-FU (250-500
nM or 2.5-5 µM, depending on cell type), were also con-

ducted. MTT or MTS reagent was added to each well and the
plate incubated for 4 hours. In the case of MTT, after solubil-
isation of formazan crystals by using dimethyl sulfoxide the
absorbance of each well was measured at 570 nm. In the case
of MTS, direct measurement of absorbance at 490 nm was
conducted. The optical density of untreated control cells was
taken as 100% viability.

11. Statistics

All statistical analyses were performed using the PRISM 6
GraphPad Software Inc. (La Jolla, CA) or Compusyn soft-
ware (ComboSyn Inc., Paramus, NJ). To compare differences
between two experimental groups two-tailed Mann Whitney
or t tests were used for non-parametric or normal distribu-
tion of data, repectively. In case of more than two experimen-
tal groups, ANOVA analysis with Tukey's multiple compa-
risons post-test was used. Kruskal-Wallis analysis with
Dunn's multiple comparisons post-test was used in case of
non-parametric distribution of data. In tumor progression
protocols, growth rates represent the slopes of the linear 
regressions of the tumor volumes over time. In combina-
tional studies sinergy was determined when combinational
index (CI) was < 1. Differences were considered statistically
significant at a level of p < 0.05. Data were presented as 
median with range (non parametric) or mean±standard 
deviation or standard error of mean (parametric).

12. Ethical statement

All animal protocols have been carried out in accordance
with the Guide for the Care and Use of Laboratory Animals
as adopted by the U.S. National Institutes of Health and were
approved by our institutional Animal Care Committee
UNQUI-CICUAL (Resolution CD CyT Nº075/14).

Results

1. [V4Q5]dDAVP treatment inhibits CRC liver metastases

Liver metastases is the leading direct cause of cancer-
related deaths in CRC [21,22]. Taking this clinical concern
into account we first evaluated the impact of [V4Q5]dDAVP
treatment on metastatic spread to liver in animals surgically
implanted in the spleen with CT-26 cells (Fig. 1). All animals
from both experimental groups displayed visible liver metas-
tases, with a maximum of 57 macroscopic nodules per mouse
as observed in the control group (Fig. 1B). In this experimen-
tal setting, perioperative plus sustained intravenous admin-
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istration of [V4Q5]dDAVP caused a remarkable decrease in
liver metastatic burden. Total liver metastases in [V4Q5]
dDAVP-treated animals was three times lower than control
group with 9 (2-23) versus 31.5 (21-57) nodules in [V4Q5]
dDAVP and saline vehicle groups, respectively (median with
range) (Fig. 1C, left). Moreover, the number of macrometasta-
tic lesions (metastatic nodules larger than 1 mm) drop from

20 (14-33), as found in the control group, to 2.5 (1-12) after
[V4Q5]dDAVP treatment (Fig. 1C, right). Additionally, as
shown in Fig. 1A, some degree of reduction in primary
splenic disease was also observed; however, no statistical sig-
nificance was achieved after analyzing spleen weights (371
mg [146-871] vs. 200 mg [103-436] in control and [V4Q5]
dDAVP groups, respectively). Values expressed as median

Fig. 1.  Intravenous administration of [V4Q5]dDAVP inhibits metastatic progression of colorectal cancer cells to liver. Mice
were inoculated intrasplenically with 1.5104 CT-26 colorectal carcinoma cells, and after 21-day hepatic metastases were
evaluated. [V4Q5]dDAVP peptide was injected at a dose of 0.3 µg/kg intravenous 30 minutes before tumor cell injection, and
continued on a three times a week basis until the end of the protocol. (A) Spleens with CT-26 primary tumors from control
or [V4Q5]dDAVP-treated mice after 21 days of tumor cell inoculation. (B) Superficial macroscopic colorectal metastasis in
liver from control (top) or [V4Q5]dDAVP group (bottom) are depicted. (C) Quantification of total (left) or macrometastatic
(> 1 mm of diameter) (right) liver nodules per mice. Metastatic nodules per mouse are expressed as median with range (box
and whiskers). Mice weight is expressed as mean and SD. *p < 0.05 and **p < 0.01, unpaired t test.
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and range (p=0.17). Differences in number and extension of
metastatic lesions can be clearly observed in representative
sections of colonized livers as depicted in Fig. 2. Administra-
tion of [V4Q5]dDAVP in mice was not associated with overt
toxic effects and no significant differences in mouse body
weight were found when compared to the control group
throughout the experiment (S1 Fig.). These results are in con-
cordance with previously reported toxicological and safety
studies, where, after intravenous doses of up to 100 µg/kg
of [V4Q5]dDAVP, no altered biochemical and hematological
parameters or signs of toxicity were observed [15].

2. [V4Q5]dDAVP impairs experimental CRC metastases to
lung 

Given that liver and lungs are the two most frequent sites
of metastatic spread of CRC [21], we further tested the effects
of [V4Q5]dDAVP administration on experimental metastatic
spread to lung of CRC cells in BALB/c mice (Fig. 3). After
analyzing colonized lung weights as a gross measure of
metastatic tumor burden, [V4Q5]dDAVP intravenous treat-
ment given before and after tumor cell injection inhibited
pulmonary metastasis formation by 36% in comparison to

saline vehicle-treated animals (Fig. 3B). Histological assess-
ment of metastatic burden in lungs was also conducted. Mul-
tiple subpleural and intrapulmonary metastatic nodules
were visualized in controls (Fig. 3C). In contrast, lungs from
animals receiving [V4Q5]dDAVP treatment showed a few 
peripheral nodules of small sizes, with a well-conserved pul-
monary parenchyma (Fig. 3C).

3. CRC-induced angiogenesis modulation by [V4Q5]dDAVP

It is well known that high vascular density and overexpres-
sion of pro-angiogenic biomarkers in CRC correlate with dis-
ease progression [23]. In this setting we evaluated the effect
of [V4Q5]dDAVP administration on in vivo angiogenesis 
(Fig. 4) triggered by human AVPR2-expressing CRC cells 
(S2 Fig.) in nude mice. As observed in Fig. 4, 2 weeks of 
intravenous treatment using [V4Q5]dDAVP was capable of
reducing Colo-205 cell-induced angiogenic response by
nearly 60% in contrast with saline vehicle-treated animals
(Fig. 4A and B).

Additionally, direct modulation of AVPR2-expressing 
microvascular cell migration and morphogenesis was asse-
ssed (Fig. 4C and D). After overnight incubation with [V4Q5]

Fig. 2.  Histopathological assessment of colorectal cancer liver metastatic spread inhibition by [V4Q5]dDAVP. Representative
microphotographs of livers from control (A, B) mice receiving saline solution, and mice treated with [V4Q5]dDAVP (C, D).
Superficial (A, C) and intrahepatic (B, D) metastatic lesions are indicated with “M” in bold (H&E staining, 40; insets 200
[magnificated dashed square]). Scale bars=500 µm and 200 µm, respectively. 

Control

[V4Q5]dDAVP

Control

[V4Q5]dDAVP

A B

C D

Juan Garona, Preclinical Efficacy of [V4Q5]dDAVP in CRC

VOLUME 51 NUMBER 2 APRIL 2019  443



dDAVP endothelial cell chemotaxis was reduced by 26% ver-
sus control. [V4Q5]dDAVP was also capable of modulating
capillary-like tube formation by microvascular cells, a key
early event in novel vessel development, decreasing mor-
phogenic capacity by 33% (Fig. 4C and D). 

4. Direct cytostatic effects of [V4Q5]dDAVP on CRC cells
and potential benefits after combination with standard
chemotherapy

Growth-modulating activity was evaluated in low and
high density CRC cell cultures exposed to [V4Q5]dDAVP

Fig. 3.  Reduction of pulmonary experimental metastatic spread of colorectal cancer cells by intravenous administration of
[V4Q5]dDAVP. Mice were inoculated with 2105 CT-26 colorectal carcinoma cells in the lateral tail vein, and after 21-day
pulmonary metastases were evaluated. [V4Q5]dDAVP peptide was injected at a dose of 0.3 µg/kg intravenous 30 minutes
before tumor cell injection and 24 hours after. (A) Representative left lung lobes (five most colonized lobes from each group)
are depicted. Bouin dye. (B) Weight of colonized lungs from different experimental groups. Lung weights are expressed as 
median with range (box and whiskers). *p < 0.05, unpaired t test. n=12 animals per experimental group. (C) Representative
sections of lungs from control (top) and treated (bottom) animals are depicted (H&E staining, 40). Scale bars=500 µm.
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(Fig. 5). Long-term in vitro treatment using [V4Q5]dDAVP 
reduced clonogenic growth of highly aggressive CT-26 CRC
cells, obtaining an IC50 of 1.08 µM (Fig. 5A). Impairment of
tumor cell colony formation was completely reverted  after

pre-incubation with the selective AVPR2 antagonist tolvap-
tan (Fig. 5B), hinting a AVPR2-dependency of [V4Q5]dDAVP
in vitro activity. 5-FU is a standard chemotherapy agent
widely used in the treatment of malignancies in the gastroin-

Fig. 4.  Effect of [V4Q5]dDAVP on colorectal tumor-induced angiogenesis and microvascular cell migration and morphogen-
esis. (A) Colo-205 cell-induced angiogenesis evaluated by a modified-Matrigel plug assay. Representative images of plugs
recovered from vehicle or [V4Q5]dDAVP (0.3 µg/kg intravenously, thrice-weekly for 2 weeks) treated mice are depicted. (B)
Quantitative assessment of angiogenesis was achieved by the determination of relative hemoglobin content in Matrigel plugs
using the Drabkin's method. n=10 animals per experimental group. (C) Quantification of in vitro migration and tube formation
by arginine vasopressin type 2 membrane receptorexpressing microvascular HMVEC-L cells incubated overnight with
[V4Q5]dDAVP (1 µM) in comparison to saline vehicle. (D) Crystal violet staining of microvascular endothelial cells that
crossed the polycarbonate membrane in the Transwell migration assay (left) and representative images of vasculature-like
structures formed by HMVEC-L cells in the morphogenesis assay (right, 100). Data are presented as mean±standard error
of mean and are representative of at least two independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 vs. control, unpaired
t test.
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Fig. 5.  In vitro direct cytostatic effects of [V4Q5]dDAVP on colorectal cancer (CRC) cells alone or in combination with stan-
dard-of-care chemotherapy. (A) IC50 calculation and reduction of in vitro CT-26 cell colony formation by [V4Q5]dDAVP (right).
Dotted line indicates 50% inhibition. Statistical significance (*p < 0.05) in IC50 calculation studies for [V4Q5]dDAVP was
achieved with drug concentrations  1 µM. Representative photographs of vehicle- or [V4Q5]dDAVP-treated low density
CT-26 cultures are depicted (left). (B) Reversal of [V4Q5]dDAVP cytostatic effect by addition of arginine vasopressin type 2
membrane receptor selective chemical antagonist tolvaptan. ***p < 0.001, [V4Q5]dDAVP vs. control or [V4Q5]dDAVP plus
tolvaptan. (C) IC50 calculation of cytotoxic agent 5-fluorouracil (5-FU) on exponentially growing CT-26 and Colo-205 CRC
cells. Statistical significance (*p < 0.05) in IC50 calculation studies for 5-FU in CT-26 and Colo-205 was achieved with drug
concentrations  0.5 or 5 µM, respectively. PBS, phosphate buffered saline. (Continued to the next page)
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testinal tract. After IC50 determination for 5-FU in both CRC
cell lines (Fig. 5C), we explored potential combinational ben-
efits on exponentially growing murine CT-26 and human
Colo-205 cells by adding [V4Q5]dDAVP to sub-IC50 concen-
trations of 5-FU (Fig. 5D). Combined in vitro treatments 
resulted in a synergistic inhibition (CI < 1) (S3 and S4 Tables)
of CRC cell growth in comparison to cytotoxic or [V4Q5]
dDAVP single agent therapies, especially after combining
[V4Q5]dDAVP (1 µM) with 0.5 µM (Fig. 5D, left) or 5 µM 
(Fig. 5D, right) concentrations of 5-FU in the CT-26 or Colo-
205 cell lines, respectively. 

Discussion

As previously described, CRC is a relevant public health
issue, with approximately 50% of patients eventually devel-
oping metastatic disease. To our knowledge this is the first
preclinical report of the antitumor effects of the synthetic
peptide [V4Q5]dDAVP using highly aggressive and metasta-
tic CRC experimental models. In CRC 80% of all metastases
occur in the liver [21,22]. Given the highly relevant biological
functions of the hepatic tissue and their poor prognosis and
elevated incidence, liver lesions associated to CRC attract

particular interest of both clinicians and researchers. In this
work sustained treatment using clinically relevant intra-
venous doses of [V4Q5]dDAVP was capable of impairing
spread and growth of CRC cells in the liver. Moreover,
[V4Q5]dDAVP effects on lung colonization by CRC cells were
also evaluated. Lungs are the second most common site of
seeding of CRC, with pulmonary metastasis occurring in 
approximately 10% of patients who undergo resection of the
primary tumor [21]. In this setting, [V4Q5]dDAVP has also
great clinical applicability given the fact that it was capable
of reducing pulmonary metastatic burden in an experimental
model of massive CRC cell seeding in the lung. 

Numerous studies in CRC patients associate high intratu-
moral vascular density and vascular endothelial growth fac-
tor (VEGF) expression in the primary tumor with an increase
in disease recurrence and metastasis development [23]. In the
present study we assessed the effect of [V4Q5]dDAVP treat-
ment on CRC-associated angiogenesis. After 2 weeks of sus-
tained intravenous treatment using [V4Q5]dDAVP we were
able to reduce by 60% the early vascular development 
induced by Colo-205 cells, a highly aggressive and chemore-
fractory human BRAFV600E positive CRC model. As previ-
ously reported by our group, [V4Q5]dDAVP was able to
impair early angiogenesis induction and reduce vascular
density in hormone-independent breast cancer tumors [15].
[V4Q5]dDAVP, as well as its parental peptide dDAVP, seems

Fig. 5.  (Continued from the previous page) (D) Addition of [V4Q5]dDAVP to sub-IC50 concentrations of 5-FU enhances in vitro
cytostatic effect on high density AVPR2-expressing CRC cell cultures. *p < 0.05, **p < 0.01, ***p < 0.001 vs. control. ##p < 0.01
and ###p < 0.001, [V4Q5]dDAVP  plus 5-FU vs. [V4Q5]dDAVP  or 5-FU individual therapies. Results are representative of at
least three independent experiments. Data are presented as mean±standard error of mean. ANOVA plus Dunnet´s test.
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to modulate tumor angiogenesis by inducing the formation
of ANG, a potent angiogenesis inhibitor that is generated by
cancer-mediated proteolysis of plasminogen [3,24]. Addi-
tionally, after analyzing main angiogenic modulators using
mRNA microarrays in AVPR2 expressing breast cancer cells,
dDAVP was also able to modulate key proangiogenic pro-
teins, including a dramatic reduction of VEGF-B and platelet-
derived growth factor, and a complete inhibition of HIF-1A
expression. These results suggest that [V4Q5]dDAVP may
modulate angiogenesis by different mechanisms including
increased production of endogenous angiostatic molecules
and reduction of the expression of different promoters of 
endothelial growth. However, the specific mechanisms 
responsible for [V4Q5]dDAVP antiangiogenic effects remain
to be elucidated.

Despite surgery being the mainstay of treatment of CRC,
recent evidence suggests that surgery may also promote
metastatic relapse through different deleterious mechanisms,
including, but not limited to, tumor cell shedding, immuno-
suppression, increased production of growth factors, and
proangiogenic signaling [25,26]. After analyzing its activity
on CRC metastatic spread and growth, as well as its angio-
static effect, our data suggest that [V4Q5]dDAVP may be 
potentially used to minimize spread or survival of residual
malignant cells perioperatively and during the early postop-
erative period in surgical procedures of colon and other gas-
trointestinal tumors in order to protect the CRC patient from
local or distant recurrence.

Direct effect of [V4Q5]dDAVP on clonogenic or high den-
sity CRC cell cultures was also evaluated. [V4Q5]dDAVP con-
centrations of 1 µM or higher were able to inhibit tumor cell
colony formation, and such cytostatic effects were com-
pletely reverted by AVPR2 chemical blockade using specific
antagonist tolvaptan. In line with these findings, complete
reversal of in vitro [V4Q5]dDAVP activity after AVPR2 chem-
ical blockade was also reported by our group in highly 
aggressive breast cancer cells [15]. Moreover, we recently
showed that after siRNA-mediated knockdown of AVPR2
expression in human lung carcinoma cells, [V4Q5]dDAVP 
antiproliferative effects were significantly attenuated, con-
firming AVPR2-dependency of [V4Q5]dDAVP cytostatic 
action in malignant cells [5,27]. In this experimental setting,
the development of a CRC cell model with AVPR2 gene
knockout or knockdown is highly interesting, and should be
pursued with the aim of corroborating previously described
findings. We previously demonstrated that in vitro antipro-
liferative activity of [V4Q5]dDAVP was associated with par-
tial cell cycle arrest, intracellular cAMP elevation and PKA
activation. Adenylate cyclase/cAMP/PKA axis has been cor-
related in many studies to cancer cell growth inhibition and
antiproliferative signaling events. Increases in cAMP intra-
cellular levels and PKA activation using cAMP analogs or

cAMP elevating agents such as forskolin, can induce growth
arrest in CRC and other tumor cell lines, through different
mechanisms including PKA-dependent inhibition of ERK 
activation or p38 mitogen-activated protein kinase–depen-
dent induction of apoptosis [28,29]. Nevertheless, thorough
studies focusing on intracellular signaling pathways trig-
gered by [V4Q5]dDAVP are necessary to further understand
the implications of vasopressin analogs and their receptors
on CRC biology. 

Given that that therapeutic effects of cytotoxic agents in
CRC are often limited by adverse effects due to low selectiv-
ity, complex dosing and high toxicity, potential benefits of
combining [V4Q5]dDAVP with chemotherapy were explored
in the present study. In this experimental setting [V4Q5]
dDAVP plus 5-FU elicited synergistic cytostatic activity on
rapidly growing CRC cells. Despite it has been previously
reported that other cytostatic and proapoptotic G protein-
coupled receptor ligands can enhance the antiproliferative
activity of 5-FU [30], we are unable to specifically determine
what kind of cross talk between AVPR2 agonists and 5-FU
accounts for the described synergistic effects. In this regard,
proper chemotherapy regimens for CRC in combination with
[V4Q5]dDAVP remain to be evaluated in preclinical models
with translational relevance.

Taking into account its capacity to modulate tumor cell 
behavior, metastatic spread and tumor-associated angiogen-
esis, selective vasopressin analogs like the novel compound
[V4Q5]dDAVP are interesting candidates for further devel-
opment as adjuvant agents for CRC treatment in combina-
tion to standard chemotherapy or used in a perioperative
setting.
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Pan-Pim Kinase Inhibitor AZD1208 Suppresses Tumor Growth and 
Synergistically Interacts with Akt Inhibition in Gastric Cancer Cells

Original Article

Purpose
Pim kinases are highly conserved serine/threonine kinases, and different expression pat-
terns of each isoform (Pim-1, Pim-2, and Pim-3) have been observed in various types of
human cancers, including gastric cancer. AZD1208 is a potent and selective inhibitor that
affects all three isoforms of Pim. We investigated the effects of AZD1208 as a single agent
and in combination with an Akt inhibitor in gastric cancer cells.  

Materials and Methods
The antitumor activity of AZD1208 with/without an Akt inhibitor was evaluated in a large
panel of gastric cancer cell lines through growth inhibition assays. The underlying mechanism
was also examined by western blotting, immunofluorescence assay, and cell cycle analysis.

Results
AZD1208 treatment decreased gastric cancer cell proliferation rates and induced autophagy
only in long-term culture systems. Light chain 3B (LC3B), a marker of autophagy, was 
increased in sensitive cells in a dose-dependent manner with AZD1208 treatment, which
suggested that the growth inhibition effect of AZD1208 was achieved through autophagy,
not apoptosis. Moreover, we found that cells damaged by Pim inhibition were repaired by
activation of the DNA damage repair pathway, which promoted cell survival and led the cells
to become resistant to AZD1208. We also confirmed that the combination of an Akt inhibitor
with AZD1208 produced a highly synergistic effect in gastric cancer cell lines.  

Conclusion
Treatment with AZD1208 alone induced considerable cell death through autophagy in gas-
tric cancer cells. Moreover, the combination of AZD1208 with an Akt inhibitor showed syn-
ergistic antitumor effects through regulation of the DNA damage repair pathway. 

Key words
AZD1208, Pim kinase inhibitor, Autophagy, Akt, 
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Introduction

Pim kinases are a class of constitutively active serine/thre-
onine kinases consisting of three highly homologous mem-
bers: Pim-1, Pim-2, and Pim-3. These factors were discovered
as proviral insertion sites of the Moloney murine leukemia
virus associated with the development of T-cell lymphomas.
Members of this kinase family have been implicated in sev-
eral biological processes, including cell survival, prolifera-
tion, and differentiation [1]. Pim kinase expression is mainly
regulated by transcription factors, such as Janus kinase/Sig-
nal transducer and activator of transcription (JAK/STAT);
the nuclear factor B, pathway; and ubiquitylation with sub-
sequent proteasomal degradation at the post-translational
level [2]. 

Pim kinases modulate cell proliferation by phosphorylat-
ing cell cycle regulators, such as p21, p27, Cdc25A, and Cdc-
25C, and mediate survival signal pathways by phosphory-
lating the Bcl-2 antagonist of cell death (Bad). Furthermore,
these kinases have been found to induce phosphorylation of
4E-binding protein 1 (4E-BP1), which permits protein syn-
thesis by 5 cap-dependent translation [3]. Mechanistic stud-
ies have revealed that high expression levels of Pim are
associated with tumorigenesis and cancer progression. 

The expression level of each Pim isoform varies among
tumor types [3]. More recently, the Pim-1 and Pim-3 levels
have been found to be increased and predictive of poor prog-
nosis in gastric cancer [4,5]. In particular, there is a relation-
ship between aberrant expression of Pims and aggressive
types of gastric cancer. Previous studies have reported that
Pim-3 expression is greater in a tissue section of gastric ade-
noma compared to non-cancerous mucosa and is higher in
intestinal-type gastric carcinoma than in diffuse-type gastric
carcinoma. Interestingly, Pim-3 is expressed at a higher rate
in metastatic sites than in primary sites of gastric carcinoma,
and consequently, there is a lower survival rate of patients
with Pim-3-positive gastric cancer [5]. Furthermore, several
studies have also reported that the JAK/STAT signaling
pathway, which directly modulates the expression levels of
Pim kinases, is hyper-activated in gastric cancer [6]. Thus,
Pim kinases have become a promising therapeutic target for
the treatment of gastric cancer. However, it is well-known
that Pim isoforms have compensatory effects, allowing them
to maintain each other’s functions [1]. For this reason, most
Pim inhibitors are designed to inhibit all Pim isoforms; how-
ever, the effects of pan-Pim inhibitors and their underlying
mechanisms have not been adequately explained in gastric
cancer.  

Dysregulation of the phosphatidylinositide 3-kinase (PI3K)
/Akt pathway is commonly found in many types of human
cancer, including gastric cancer [7]. Therefore, inhibition of

this pathway is an attractive therapeutic target for treating
gastric cancer. Although small molecule inhibitors that target
Akt have been developed, due to the activation of compen-
satory signaling pathways following Akt inhibition, there
have been many efforts to improve the effects of Akt inhi-
bitors through combination strategies [8-10]. Previous stud-
ies have reported that resistance to Akt inhibition is mainly
induced by mammalian target of rapamycin (mTOR) activa-
tion [11]. There have been many cases suggesting a treatment
strategy of using mTOR and Akt inhibition; however, toler-
ability issues have been limiting. Pim and Akt kinases pos-
sess independent signaling pathways, but overlap in several
areas. For example, PRAS40 activity is regulated by Pim 
kinases independent of Akt activation, but both directly reg-
ulate proapoptotic molecules, such as the Bcl-2 protein Bad
[12,13]. Therefore, an inhibitory combination of Pim and Akt
is expected to overcome Akt resistance by regulating mTOR
activity. Furthermore, up-regulation of receptor tyrosine 
kinases by Pim induce resistance to Akt inhibitors [14].
Therefore, simultaneous inhibition of Pim and the Akt path-
way could be a potent anticancer therapeutic strategy [15]. 

In the present study, the antitumor activity of the pan-Pim
inhibitor AZD1208 [16], as well as its underlying mechanism,
was evaluated in a large panel of gastric cancer cell lines.
Subsequently, we explored the role of AZD1208 as a sensi-
tizer when administered in combination with the Akt inhi-
bitor AZD5363. Here, we show for the first time that treat-
ment with AZD1208 alone exerts cytotoxic effects by induc-
ing autophagy. This is the first report to show that inhibition
of Pim kinases can suppress the growth of gastric cancer cells
and that the DNA damage response is related to the sensi-
tivity to AZD1208. We also show the therapeutic significance
of dual inhibition of the Pim and Akt pathways, which syn-
ergistically decrease cell viability and improve drug efficacy
in human gastric cancer cells. 

Materials and Methods

1. Reagents

AZD1208, a Pim inhibitor [16,17], and AZD5363, an Akt
inhibitor [18], were kindly provided by AstraZeneca (Mac-
clesfield, Cheshire, UK). The chemical structure of AZD1208
is shown in Fig. 1A. 3-Methyladenine (3-MA) was purchased
from Sigma-Aldrich (St. Louis, MO), and N-benzyloxycar-
bonyl-Val-Ala-Asp(O-Me) fluoromethyl ketone (z-VAD-
fmk) was obtained from R&D Systems (Minneapolis, MN). 
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2. Cell lines and cell culture

Human gastric cancer cell lines (SNU-1, -5, -16, 216, -484, 
-601, -620, -638, -668, -719, AGS, MKN45, KATO-III, and N87)
were purchased from the Korean Cell Line Bank (Seoul,
Korea). The identities of the cell lines were authenticated by
DNA fingerprinting analysis [19]. All cell lines were banked
and passaged for less than 6 months before use. The cells
were cultured in RPMI 1640 medium (Thermo Fisher Scien-
tific Inc., Waltham, MA) supplemented with 10% fetal bovine
serum (Welgene, Daegu, Korea) and 10 µg/mL gentamicin
(Cellgro, Manassas, VA) at 37°C and 5% CO2. 

3. Cell growth inhibition assay

Cells (2-3103 in 100 µL/well) were seeded in 96-well plates
(TPP, Trasadingen, Switzerland) and incubated overnight at
37°C and 5% CO2. The cells were then exposed to increasing
concentrations of AZD1208 (range, 0.001 to 10 µmol/L) or 
dimethyl sulfoxide (DMSO; Sigma-Aldrich) for 5 days. After
treatment, 50 µL of a 3-(4,5-dimethylthiazol-2-yl)-2,5-diph-
enyltetrazolim bromide (MTT) solution (Sigma-Aldrich) was
added to each well, and the plates were incubated for 4 hours
at 37°C before the media was removed. After dissolving for-
mazan crystals with 150 µL of DMSO, the absorbance of each
well was measured at 540 nm with a VersaMax microplate
reader (Molecular Devices, Sunnyvale, CA). The absorbance
and IC50 of the Pim inhibitor were analyzed using SigmaPlot
software (SPSS Inc., Chicago, IL). Six replicate wells were 
included for each analysis, and at least three independent 
experiments were performed.

4. Colony formation assay 

For the colony formation assay (CFA), cells were seeded
into 6-well plates and incubated for 48 hours at 37°C in 5%
CO2. Next, the cells were treated with various concentrations
(0.1, 0.5, 1, 2.5, and 5 µmol/L) of AZD1208 alone or in com-
bination with 100 nmol/L AZD5363 every 3 days. The cells
were cultured until colonies formed (14 days). The colonies
were stained with a 0.1% Coomassie blue solution (Sigma-
Aldrich) and counted using a GelCount automatic plate scan-
ner (Oxford Optronics GelCount, Oxford, UK). The cell
survival rate and IC50 of AZD1208 were determined using
SigmaPlot software (SPSS Inc.).

5. Pyrosequencing analysis 

Target-specific primers were designed for pyrosequencing
analysis as follows: PIK3CA-E453K forward, 5-biotin-GCTT-
TGAATCTTTGGCCAGTAC-3; PIK3CA-E453K reverse, 5-
TCCAGTAACACCAATAGGGTTCAG-3; PIK3CA-E542K

and -E545K forward, 5-biotin-CAGCTCAAAGCAATTTC-
TACACG-3; PIK3CA-E542K and -E545K reverse, 5-GCAC-
TTACCTGTGACTCCATAGAA-3; PIK3CA-H1047R forward,
5-biotin-TTCGAAAGACCCTAGCCTTAGAT-3; PIK3CA-
H1047R reverse, 5-TGCTGTTTAATTGTGTGGAAGATC-3.
For PIK3CA-E453K, E542K, E545K, and H1047R, the pyrose-
quencing primers 5-AGGGTTCAGCAAATCT-3, 5-TTCT-
CCTGCTCAGTGAT-3, 5-CCATAGAAAATCTTTCTCCT-
3, and 5-TGCTGTTTAATTGTGTGGAAGATC-3were used,
respectively. Single-stranded biotinylated PCR products
were processed for pyrosequencing analysis according to the
manufacturer’s standard protocol (PyroMark Q96 ID, Qia-
gen, Hilden, Germany).

6. Reverse transcription–polymerase chain reaction and
real-time polymerase chain reaction

Total RNA was isolated using TRI reagent (Molecular 
Research Center, Cincinnati, OH) according to the manufac-
turer’s instructions. cDNA was synthesized by reverse tran-
scription polymerase chain reaction (RT-PCR) with ImProm-
II reverse transcriptase (Promega, Madison, WI) and ampli-
fied using AmpliTaq Gold DNA polymerase (Applied Bio-
systems, Carlsbad, CA) with gene-specific primers. Quan-
titative real-time polymerase chain reaction (qRT-PCR) was
conducted using an iCycler iQ detection system (Bio-Rad
Laboratories, Inc., Hercules, CA) with SYBR Green. Data for
all samples were normalized relative to actin cDNA. The 
sequences of the primers used for RT-PCR and qRT-PCR are
listed in S1 Table. cDNA was synthesized at least three times
from three independent sets of samples, and all PCR analyses
were performed in triplicate.

7. Western blot analysis

Proteins were extracted, and equal amounts of protein
were separated on 5%-15% sodium dodecyl sulfate–poly-
acrylamide gels as previously described [20]. Separated pro-
teins were transferred onto nitrocellulose membranes, and
the blots were probed with primary antibodies (1:1,000 dilu-
tion) overnight at 4°C. Antibodies specific for the following
factors were used: Pim-1 (sc-13513, Santa Cruz Biology Tech-
nology, Santa Cruz, CA), Pim-2 (CST 4730, Cell Signaling
Technology, Beverly, MA), Pim-3 (CST 4165), phosphory-
lated (p)Bad Ser112 (CST 9296), Bad (CST 9292), p4EBP1
Ser65 (CST 9451), 4EBP1 (CST 9452), pS6K (CST 2211), S6K
(CST 2217), Bcl-xL (sc-1690), Mcl-1 (sc-819), PARP (BD 556-
494), caspase-3 (CST 9662), light chain 3B (LC3B; CST 3868),
Beclin-1 (ab51031), pATM Ser1981 (CST 4526), ATM (sc-239-
21), pChk2 Thr68 (CST 2661), Chk2 (sc-5278), pAkt Ser473
(CST 9271), Akt (CST 9272), pPRAS40 Thr246 (CST 2997),
PRAS40 (CST 2691), and -tubulin (Sigma-Aldrich). Anti-
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body binding was detected using an enhanced chemilumi-
nescence system according to the manufacturer’s protocol
(Amersham Biosciences, Piscataway, NJ). 

8. Cell-cycle analysis 

Cells treated with AZD1208 were harvested, fixed with
cold 70% ethanol, and then stored at –20°C for at least 24
hours. Next, the cells were washed in phosphate buffered
saline (PBS), incubated with 10 µg/mL RNase A (Sigma-
Aldrich) at 37°C for 20 minutes, and stained with 20 µg/mL
propidium iodide (Sigma-Aldrich). The DNA levels of the
cells (10,000 cells per group) were quantified using a FACS
Calibur flow cytometer (BD Biosciences, San Jose, CA).

9. Annexin V binding assay  

After the cells were exposed to AZD1208, the degree of
apoptosis was assessed using the Annexin V binding assay
according to the protocols of the manufacturer (BD PharMin-
gen, San Jose, CA). The harvested cell suspension was then
incubated with Annexin V for 15 minutes at room tempera-
ture in the dark and analyzed by flow cytometry.

10. Immunofluorescence assay  

Cells were plated on 0.01% poly-L-Lysine (Sigma Aldrich)–
coated coverslips, transfected with GFP-labeled LC3B and
treated with 1 or 5 µM AZD1208. After 5 days, the coverslips
were rinsed once in PBS (37°C), fixed in 3.7% paraformalde-
hyde for 10 minutes, permeabilized with PBS-T (0.5% Tri-
tonX-100 in PBS) for 5 minutes, and incubated with primary
antibodies for 24 hours at 4°C. The primary antibodies used
in this study included anti-LC3B, -pChk2, and anti-H2AX
at a dilution of 1:50. The coverslips were rinsed three times
for 10 minutes in PBS, followed by incubation with the 
appropriate fluorophore-conjugated secondary antibody 
(Invitrogen, Carlsbad, CA). The cells were counterstained
with DAPI (300 nM, Invitrogen), and the coverslips were
mounted onto slides using Faramount aqueous mounting
medium (Dako, Glostrup, Denmark). Immunofluorescence
was visualized using a Nikon A1 confocal laser scanning 
microscope (Nikon, Tokyo, Japan). 

11. In vivo study

The animal experiments were carried out at the animal 
facility of Seoul National University (Seoul, Korea) according
to the institutional guidelines with prior approval from the
Institutional Animal Care and Use Committee. Six-week-old
female BALB/c nude mice purchasing from Central Lab 
Animal Inc. (Seoul, Korea) were used to test the in vivo activ-

ities of AZD1208. The mice were injected subcutaneously in
the right flank with 7107 of SNU-638 cells in 100 µL of PBS.
After implantation of the tumor cells, the tumor sizes were
measured every other day using calipers, and the body
weight of each mouse was determined twice per week. The
mice were randomly divided into two groups (five mice per
group) when tumor volumes reached 200 mm3, and 45 mg/
kg of AZD1208 were administered via oral gavage once daily
for 28 consecutive days. The control group was treated with
vehicle alone (1 mM histidine, 130 mM Glycine, 5% sucrose
in water). Tumor volume was examined not only during
treatment but also after treatment was ceased and calculated
using the following formula: (width2height)/2. The mice
were sacrificed with CO2 at the end of the observation period,
and tumors were excised for further analysis.

12. Immunohistochemistry

Paraffin-embedded xenograft tumor tissues were deparaf-
finized with xylene and rehydrate with graded ethanol. 
Immunohistochemistry studies for Ki-67 were conducted by
using the anti-rabbit polyclonal antibody against Ki-67 (dilu-
tion of 1:100, GeneTex, Irvine, CA) and a terminal deoxynu-
cleotidyl transferase–mediated dUTP nick end labeling assay
performed to measure the apoptosis of xenografts using
ApopTag In situ Apoptosis Detection Kit (Chemicon Inter-
national, Temecula, CA) following the manufacturer’s pro-
tocol.

13. Statistical analysis

Statistical analyses were performed using SigmaPlot ver.
9.0. Two-sided Student’s t test was used when appropriate.
The results are expressed as the mean±standard deviation
or ±standard error. A p-value less than 0.05 was considered
to be statistically significant. 

Results

1. AZD1208 suppresses tumor growth in gastric cancer 

To determine the effects of AZD1208 treatment on human
gastric cancer cell growth, we first treated each cell line with
various concentrations of AZD1208 for 120 hours. Cell sur-
vival was then measured via the MTT assay (S2A Fig.).
AZD1208 had a minimal anti-proliferative effect on most of
the cell lines up to a concentration of 1 µM. At 10 µM, AZD-
1208 suppressed the proliferation of N87 and MKN45 cells
by approximately 40%; however, no obvious growth inhibi-
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tion was observed during the early time points of the cell 
viability assay. Based on our data and previous reports stat-
ing that Pim kinases promote cell cycle progression and eva-
sion of apoptosis signals, we had predicted a lower prolife-
ration rate and active cell death signals when Pim kinases

were disrupted [21,22]. We confirmed this prediction in long-
term colony formation assays. We observed that AZD1208
treatment affected cell proliferation in gastric cancer cell lines
(Fig. 1B, S2B Fig.), and several additional cell lines (i.e., SNU-
484, -638, and -719) showed greater dose-dependent sensi-
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Fig. 1.  Effects of AZD1208 treatment on the inhibition of human gastric cancer cell growth. (A) Chemical structure of
AZD1208. (B) The growth inhibition effects of AZD1208 were evaluated with a colony formation assay. The percentage of
surviving cells was calculated by counting the number of colonies and are shown as a graph with standard error bars (n=3). 
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tivity to AZD1208 treatment than other cell lines (Table 1);
SNU-638 cells were the most sensitive to AZD1208 compared
to other cell lines, and SNU-601 cells were the most resistant.
Based on the results obtained, SNU-638 and SNU-601 cells
were selected for further study. In addition, AZD1208 signif-
icantly delayed tumor growth in a SNU-638 xenograft model.
The doubling time of tumor volume with vehicle treatment
was 17 days, while the time to 2-fold increase of tumor vol-
ume with AZD1208 treatment was observed after 31 days,
which supports the delay of tumor growth by AZD1208
treatment. Furthermore, AZD1208 treated mice showed
lower Ki-67 expression, suggesting lower proliferation ability
compared with non-treated mice. However, there was no
meaningful increase in apoptosis in AZD1208 treated mice
(S3 Fig.). These data demonstrated the antitumor effects of
AZD1208 in a gastric cancer model.

2. Expression of Pim isoforms is not correlated with the 
response to AZD1208 

To determine whether cell line sensitivity was correlated
with Pim isoform expression, we analyzed the mRNA and
protein expression levels of Pim-1, Pim-2, and Pim-3 in a
panel of 10 gastric cancer cell lines. To assess mRNA expres-
sion, we performed RT-PCR and qRT-PCR analyses (S4 Fig.).
Differential expression of Pim family members was obser-
ved, with Pim-3 expression mostly up-regulated as previ-
ously reported [5]. Additionally, we observed heterogeneous
protein expression of the Pim isoforms in each cell line 
(Fig. 2). These data suggest that the basal levels of Pim-1,
Pim-2, and Pim-3 mRNA and protein did not correlate with
responses to AZD1208. 

Interestingly however, we found that SNU-601 and AGS
cells harboring PIK3CA mutations showed no sensitivity to
AZD1208 (Table 2), raising the possibility that PI3K/Akt
pathway activation may promote resistance to AZD1208. 

3. AZD1208 inhibits phosphorylation of Pim kinase sub-
strates

To determine whether AZD1208 was capable of inhibiting
phosphorylation of proteins downstream of Pim kinases, we
measured the phosphorylation and total protein expression
levels of these downstream molecules by western blot analy-
sis [1,3]. A significant dose-dependent reduction of phospho-
rylation of the Pim substrates Bad and 4E-BP1 in SNU-638
cells was observed. In addition, phosphorylation of S6K, 
another downstream effector of mammalian target of rapa-
mycin complex 1 (mTORC1), was also markedly down-regu-
lated. On the other hand, there were no changes in the levels
of pro-survival proteins, such as Bcl-xl and Mcl-1. Moreover,
we did not see any increase in the protein levels of PARP
cleavage and caspase-3 activity via immunoblotting or in

Cancer Res Treat. 2019;51(2):451-463

Table 1. Effects of AZD1208 treatment on the inhibition
of human gastric cancer cell growth in a colony CFA

Values are presented as mean±standard deviation. CFA,
colony formation assay.

Cell line CFA: IC50 (µmol/L)
SNU-216 > 5
SNU-484 3.36±0.466
SNU-601 > 5
SNU-638 1.47±0.082
SNU-668 3.10
SNU-719 3.11±1.47
AGS > 5
MKN-45 4.69
N87 > 5

Fig. 2.  Basal levels of Pim kinase protein expression in gastric cancer cell lines. Basal levels of Pim kinase proteins in human
gastric cancer cell lines were confirmed by western blot analysis. BT-549 sample and -tubulin were used as loading controls. 
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apoptotic cells via annexin V assays after AZD1208 treatment
(Fig. 3, S5 Fig.).

Major proteins of oncogenic proliferation pathways, such
as Akt or Erk, and modulators of Pim expression, such as the
Jak/STAT pathway, were not affected by AZD1208 treat-
ment in gastric cancer cells (data not shown). However, the
influence of AZD1208 on downstream substrates of Pim 
kinase and downstream signals of mTORC1 correlated with
drug sensitivity. Collectively, these data suggest that down-

stream molecules of Pim kinase can be regulated by AZD-
1208, but apoptosis induction or inhibition of proliferative
signaling is not responsible for the anti-tumor effects of
AZD1208.

4. AZD1208 induces autophagic death of gastric cancer cells 

Since we found that AZD1208 did not induce apoptosis,
we determined whether autophagy (or type II programmed

Miso Lee, Anti-tumor Effects of AZD1208 in Gastric Cancer Cells

Table 2.  Genetic background of gastric cancer cell lines

Gastric cancer cell line HER2 PIK3CA TP53 KRAS 
SNU-216 Amp. wt mt wt
SNU-484 Normal wt mt wt
SNU-601 Normal E542K mt mt
SNU-638 Normal wt mt wt
SNU-668 Normal wt mt mt
SNU-719 Normal wt wt wt
AGS Normal E453K mt wt
MKN-45 Normal wt wt wt
N87 Amp. wt wt wt

Amp, amplification; wt, wild type; mt, mutation.

Fig. 3.  Effects of AZD1208 treatment on the substrates of Pim kinase. Cells were treated with increasing doses of AZD1208
for 120 hours. Western blot analysis was performed with the indicated antibodies. -Tubulin was used as a loading control.
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Fig. 4.  Induction of cell death by AZD1208 through stimulation of autophagy. (A) Cells were treated with dimethyl sulfoxide
(DMSO; control) or 1 µM AZD1208 for 36 or 120 hours. The expression levels of light chain 3B (LC3B) and Beclin-1 were
measured by western blot analysis. -Tubulin was used as a loading control. (B) SNU-601 and SNU-638 cells transfected
with GFP-LC3B were treated with 1 µM AZD1208 for 5 days. Confocal microscopy was used to observe the signals corre-
sponding to LC3B expression (green fluorescence). DNA was counterstained with DAPI (blue). The merged images represent
overlapping signals of the two channels. (C) SNU-638 cells were pre-treated with the autophagy inhibitor 3-methyladenine
(3-MA; 10 µM) or caspase-3 inhibitor z-VAD-fmk (10 µM) for 24 hours. Next, the cells were treated with 1 µM AZD1208
every 3 days for 14 days. The percentages of surviving cells were calculated by counting the number of colonies and are pre-
sented in a bar graph with standard error bars (n=3). a)p=0.008.
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cell death) was related to the cytotoxic effects of AZD1208.
First, we measured the expression levels of the well-known
autophagy markers LC3B and Beclin-1 following AZD1208
treatment (Fig. 4A). LC3B is cleaved to form LC3B-II during
autophagy; thus, conversion of LC3B-I to LC3B-II is associ-
ated with autophagosome formation. Interestingly, AZD1208
treatment induced up-regulation of LC3B-II expression at
both time points in SNU-638 cells, but not in SNU-601 cells.
By contrast, Beclin-1 expression was slightly up-regulated at
36 hours in SNU-638 cells, but no visible changes were 
observed after 5 days of exposure. 

Next, we performed an immunofluorescence study to fur-
ther confirm the role of AZD1208 on the induction of auto-
phagy. Both SNU-601 and SNU-638 cells were transfected
with a plasmid encoding GFP-tagged LC3B. Fluorescence
microscopy was then performed to monitor GFP-tagged LC3
expression in both sensitive and resistant cells (Fig. 4B). SNU-
638 cells clearly showed re-localization of GFP-LC3B from a
diffuse pattern into a punctate pattern corresponding to 
autophagosome formation following AZD1208 treatment. By
contrast, GFP-LC3B localization was cytosolic and diffuse in
SNU-601 cells, regardless of drug treatment. 

To determine whether AZD1208 sensitivity was a direct
result of autophagy and not apoptosis, we performed CFAs
to measure the growth of SNU-638 cells in the presence of
the autophagy inhibitor 3-MA and caspase inhibitor z-VAD-
fmk (Fig. 4C). 3-MA treatment in SNU-638 cells effectively
rescued the AZD1208-induced decrease in cell viability.
However, z-VAD-fmk treatment did not result in restoration
of cell viability but instead slightly decreased cell viability.
These data demonstrate that autophagic cell death induced
by AZD1208 has antitumor effects on gastric cancer cells. 

5. Regulation of the DNA damage response is associated
with AZD1208 sensitivity

A role of Pim kinases in repairing DNA damage has been
reported [23]. We therefore determined whether AZD1208
can affect the DNA damage repair (DDR) pathway via west-
ern blot analysis. Intriguingly, ATM phosphorylation was
up-regulated in a dose-dependent manner in insensitive
SNU-601 cells along with Chk2 phosphorylation (Fig. 5).
Consistent with these findings, we also observed that Chk2
expression was highly activated in the nuclei of SNU-601
cells, but not those of in SNU-638 cells (S6 Fig.). Data from
these experiments revealed that AZD1208 treatment induced
DNA damage and hyper-activation of the DDR in SNU-601
cells correlated with increased resistance to AZD1208. 
Depletion of Pim kinases can lead to DNA damage accumu-
lation [21,23], and regulation of the DDR may be related to
drug sensitivity [24]. These results suggest that increased 
activity of the DDR system could be a mechanism underlying
AZD1208 resistance.  

6. Combined treatment of AZD1208 with an Akt inhibitor
enhances antitumor effects and overcomes drug resistance
in gastric cancer cells

Overactivation of the Akt signaling pathway has been 
detected in gastric cancer [25]. Pim can induce resistance to
Akt inhibition, and Akt modulates DDR signaling through
interactions with DNA damage sensors, such as ATM, ataxia
telangiectasia and Rad3-related protein (ATR), as well as
DNA-dependent protein kinase catalytic subunit [26]. Thus,
we hypothesized that co-administration of Akt and Pim 
inhibitors may exert more potent cytotoxic effects than treat-
ment with either reagent alone because the combination
could block the compensatory actions between Akt and Pim
and disrupt the DDR pathway. We therefore monitored the
combined effects of Pim and Akt inhibition using CFAs. As
expected, the percentage of growth inhibition for the gastric
cancer cell lines observed with dual treatment was signifi-
cantly higher than for treatment with each reagent alone 
(S7 Table). In particular, the colony formation ability of AZD-
1208-resistant SNU-601 cells was dramatically reduced by
the combined treatment compared to exposure to AZD1208
alone (Fig. 6A).

To evaluate the signaling pathways involved in growth 
inhibition by combinatorial treatment with AZD1208 and
Akt inhibitors, we examined the activities of 4E-BP1 and Bad,
which are overlapping downstream molecules of the Pim
and Akt cascades, respectively, in SNU-601 cells, in which
synergistic effects were observed, and in SNU-668 cells, in
which antagonistic effects were observed (Fig. 6B). We first
confirmed the increased phosphorylation of Akt itself, which
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Fig. 5.  Association of the DNA damage repair pathway
with AZD1208 resistance. Cells were treated with dime-
thyl sulfoxide (control) and 1 or 5 µM AZD1208 for 120
hours. The expression levels of ATM and Chk2 were meas-
ured by western blot analysis. -Tubulin was used as a
loading control. 
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is consistent with observations reported in previous studies
[18]. Combined administration of AZD1208 and Akt 
inhibitors markedly decreased phosphorylation of 4E-BP1
and Bad kinase in comparison to either agent alone. In addi-
tion, phosphorylation of PRAS40 was significantly reduced
only in SNU-601 cells, resulting in down-regulation of mTOR
signaling activity. Furthermore, we observed that co-admin-
istration of AZD1208 and AZD5363 led to a significant reduc-
tion of pChk2 expression and increased the number of 
-H2AX foci, a reasonable indicator of DNA double strand
breaks, in SNU-601 cells (Fig. 6C). These results suggest that
dual inhibition of Pim and Akt synergistically induce anti-

cancer effects and could overcome resistance to AZD1208
through abrogation of DDR activity.  

Discussion

Pim kinases are overexpressed in various types of tumors.
Studies of the development of novel Pim kinase inhibitors
have been published [27]. In a previous investigation, it was
reported that AZD1208 is a potent pan-Pim kinase inhibitor

Cancer Res Treat. 2019;51(2):451-463

Fig. 6.  Enhanced antitumor effects of the combination of AZD1208 and an Akt inhibitor in gastric cancer cells. (A) Cells
were seeded and cultured with increasing concentrations of AZD5363 and 1 µM AZD1208 every 3 days. The cells were cul-
tured for 14 days until colonies formed and were then stained. The percentages of surviving cells were calculated by counting
the number of colonies and are presented in a bar graph with standard error bars (n=3). a)p < 0.005. (Continued to the next
page)

A

–
–

–
50 nM

–
100 nM

+
–

+
50 nM

+
100 nM

1 µM AZD1208
AZD5363

Con
tro

l

1 µ
M AZD

12
08

50
 nM

 AZD
53

63
+

1 µ
M AZD

12
08

10
0 n

M AZD
53

63
+

1 µ
M AZD

12
08

10
0 n

M AZD
53

63

50
 nM

 AZD
53

63

Ce
ll v

ia
bi

lit
y (

%
)

SNU-601120

100

80

0

20

40

60

Con
tro

l

1 µ
M AZD

12
08

50
 nM

 AZD
53

63
+

1 µ
M AZD

12
08

10
0 n

M AZD
53

63
+

1 µ
M AZD

12
08

10
0 n

M AZD
53

63

50
 nM

 AZD
53

63

Ce
ll v

ia
bi

lit
y (

%
)

SNU-638120

100

80

0

20

40

60

SNU-601

SNU-638

a) a)

a)a)

460 CANCER  RESEARCH  AND  TREATMENT



Miso Lee, Anti-tumor Effects of AZD1208 in Gastric Cancer Cells

Fig. 6.  (Continued from the previous page) (B) Cells were treated for 120 hours with 1 µM AZD1208 and/or 100 nM AZD5363.
The expression levels of the indicated proteins were determined by western blot analysis. -Tubulin was used as a loading
control. (C) Cells were treated with AZD1208 and AZD5363 alone or in combination for 5 days, and immunofluorescence
analysis was subsequently performed. Confocal microscopy was used to observe the signals corresponding to p-Chk2 (red)
and -H2AX (green). DAPI (blue) was used as a nuclear counterstain. CI, combination index. Scale bars=5 µm.
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with anti-tumor activity in acute myeloid leukemia [16], but
the sensitivity of gastric cancer cell lines to Pim inhibition has
not yet been assessed. In the present study, to our knowl-
edge, we report the first assessment of the effects of AZD1208
and its underlying mechanisms of action in a gastric cancer
cell line panel. AZD1208 down-regulated phosphorylation
of Pim kinase substrates in a short period of time but did not
induce apoptosis. Furthermore, AZD1208 reduced cell pro-
liferation through autophagosome formation by LC3B in a
long-term culture system. We also found that increased lev-
els of DDR factors were associated with AZD1208 insensitiv-
ity. Moreover, we observed that the combination of AZD1208
with an Akt inhibitor had significant antitumor effects in gas-
tric cancer cell lines, suggesting that while AZD1208 exerts
therapeutic effects alone, these effects are more robust in
combination with an Akt inhibitor.

Most studies of Pim inhibitors have shown that treatment
with these reagents induces apoptosis through a reduction
of phosphorylation of Pim kinase substrates [27]. However,
we did not observe apoptotic cell death, although factors 
associated with cell survival, such as Bad and 4E-BP1, were
down-regulated by Pim inhibition. On the other hand, it has
been reported that the Pim inhibitor SGI-1776 induces lim-
ited apoptosis and autophagy in cases of multiple myeloma,
although it was unclear how Pim inhibition caused auto-
phagic cell death [28]. In our investigation, we determined
that AZD1208 not only induced autophagic cell death but
also attenuated DDR capacity. Wang et al. [21] noted that
Pim-2 directly binds to and phosphorylates the cyclin-depen-
dent kinase inhibitor p21 at Thr145. It is well-known that
deregulated cell cycle progression causes replication stress
and DNA damage [22]. Additionally, p53 induces autophagy
in a damage-regulated autophagy modulator (DRAM)-
dependent manner in the presence of DNA damage [29].
Based on the results of these studies, Pim inhibition by AZD-
1208 led to the misregulation of intracellular signaling, 
resulting in increased DNA damage. Accumulation of DNA
damage by Pim inhibition could also induce autophagy.

Activation of the ATM-Chk2 pathway was observed in
SNU-601 cells following Pim inhibition. Interestingly, SNU-
601 cells were found to have low levels of DRAM mRNA 
expression, which affected the initiation of autophagy (data
not shown). These findings suggest that the DNA damage
induced by AZD1208 is efficiently repaired, resulting in 
resistance to AZD1208. 

Targeting the Akt signaling pathway has produced a lim-
ited antitumor effect to date due to drug resistance through
a negative feedback loop as well as toxicity [14,30]. The pres-
ent study is the first to report that inhibition of Pim could
overcome these problems and induce cell death to a greater
extent in gastric cancer cells. Moreover, the findings of the
present study provide the first evidence that AZD1208 syn-

ergistically enhances AZD5363-mediated growth inhibitory
effects as well as inhibits 4E-BP1 and Bad phosphorylation
in most gastric cancer cell lines, which suggests that Pim 
inhibitors can act as sensitizers for Akt inhibitors in gastric
cancer cell lines. Additionally, the synergistic effects of Pim
and Akt co-targeting are attributable to decreased DDR 
capacity, which is a major mechanism of AZD1208 resistance,
resulting in increased cellular sensitivity to AZD1208. These
results provide a rationale for administering Pim and Akt 
inhibitors in combination to treat gastric cancer.  

The findings in our study suggest that Pim inhibition, syn-
ergistically with Akt inhibition, can be a potential strategy
for treating gastric cancer. Furthermore, our findings provide
significant insights into the mechanism underlying the 
effects of Pim inhibition. 
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Combination Treatment of Stereotactic Body Radiation Therapy and
Immature Dendritic Cell Vaccination for Augmentation of Local and
Systemic Effects

Original Article

Purpose
The purpose of this study was to investigate the efficacy of stereotactic body radiation ther-
apy (SBRT) as a tumor-associated antigen (TAA) presentation method for dendritic cell (DC)
sensitization and evaluate its effect in combination with immunotherapy using an intratu-
moral injection of immature DCs (iDCs).

Materials and Methods
CT-26 colon carcinoma cell was used as a cancer cell line. Annexin V staining and phago-
cytosis assays were performed to determine the appropriate radiation dose and incubation
time to generate TAAs. BALB/c mice were used for in vivo experiments. Cancer cells were
injected into the right legs and left flanks to generate primary and metastatic tumors, 
respectively. The mice were subjected to radiation therapy (RT) alone, intradermal injection
of electroporated DCs alone, or RT in combination with iDC intratumoral injection (RT/iDC).
Tumor growth measurement and survival rate analysis were performed. Enzyme-linked 
immunospot and cytotoxicity assays were performed to observe the effect of different treat-
ments on the immune system.

Results
Annexin V staining and phagocytosis assays showed that 15 Gy radiation dose and 48 hours
of incubation was appropriate for subsequent experiments. Maximum DC sensitization and
T-cell stimulation was observed with RT as compared to other TAA preparation methods. In
vivo assays revealed statistically significant delay in the growth of both primary and metasta-
tic tumors in the RT/iDC group. The overall survival rate was the highest in the RT/iDC group.

Conclusion
The combination of SBRT and iDC vaccination may enhance treatment effects. Clinical trials
and further studies are warranted in the future.

Key words
Stereotactic body radiotherapy, Immunotherapy, 
Immature dendritic cells, Tumor antigen
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Introduction

Dendritic cells (DCs) are professional antigen-presenting
cells (APCs) and are an essential link between the innate and
adaptive immune responses. Although malignant tumor
cells may be potentially eliminated via the immune system,
they display poor antigenicity. However, DCs perform effi-
cient antigen presentation and initiate the immune response
by presenting the captured malignant tumor cells to T cells

in the lymphoid tissue. These functions have deemed DCs
an essential target for the induction of tumor-specific 
immune responses [1-3]. Vaccination strategies using DCs
have been developed for the efficient elimination of tumor
cells. As the first step in this process, tumor-associated anti-
gens (TAAs) are effectively presented to DCs, leading to their
sensitization. TAA presentation may be achieved through
the ex vivo-generated antigen-loaded DCs or by inducing
DCs to directly phagocytose TAAs in vivo. To improve the
effect of DC vaccination strategy, antigen sensitization meth-
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ods are important. Various methods are used to present
TAAs to DCs in pre-clinical and clinical trials [4]. However,
ex vivo–generated antigen-loaded DCs are commonly used
to sensitize DCs in a majority of clinical trials, owing to sev-
eral disadvantages and limitations associated with the clini-
cal use. Using the same method, at our institution, DCs or
electroporated DCs were co-cultured with tumor cell lysates
as whole-tumor antigens. This method provides an impor-
tant advantage over tumor-specific antigen approach by pro-
viding broader TAAs without the necessity to identify and
characterize antigens [5,6]. However, the infeasibility of 
obtaining the tumor tissue by surgery or biopsy may restrict
the application of ex vivo-generated antigen-loaded DCs. 

Ionizing radiation was recently reported to be used for the
in vivo tumor antigen loading with an intratumoral injection
of immature DCs (iDCs). This strategy may overcome the
aforementioned limitation of ex vivo–generated antigen-
loaded DCs and induce effective anticancer activity [4,7]. 
Radiation therapy (RT) has been considered as a local treat-
ment modality for cancer therapy. However, abscopal effects
or side effects at sites other than the treatment area following
RT were reported [8-10]. Abscopal effect is caused due to the
effect of radiation on the immune system. The direct cyto-
toxic effect of radiation may involve the release of TAAs, 
resulting in phagocytosis by APCs and subsequent T-cell
stimulation [11]. In addition, the release of damage-associ-
ated molecular patterns (DAMPs), such as heat shock pro-
teins (HSPs) or high mobility group box 1 (HMGB-1), from
dying tumor cells may provoke immune activation [12,13].
Thus, RT for cancer treatment may not only induce a local
effect but also cause an immune-mediated systemic reaction
through the augmentation of immune response. In particu-
lar, stereotactic body radiation therapy (SBRT) with iDC 
intratumoral injection is known to cause the aforementioned
effect. Here, we investigated the efficacy of RT as a method
for TAA presentation to induce DC sensitization and evalu-
ated the effect of RT in combination with immunotherapy
using iDC intratumoral injection.

Materials and Methods

We determined the appropriate radiation dose and incu-
bation time through an in vitro assay. The results of the in
vitro assay were then applied to in vivo experiments using
BALB/c mice. For in vitro and in vivo experiments, the
murine CT-26 colon carcinoma cells were used as the cancer
cell line. 

1. In vitro assay

1) Annexin V staining assay

Cell death was quantified by flow cytometry using the 
Annexin V fluorescein isothiocyanate (FITC) apoptosis 
detection kit, according to the manufacturer’s instructions
(BD Pharmingen, BD Bioscience, San Jose, CA). Briefly, 1106

CT-26 cells were seeded onto cell culture plates. CT-26 cells
were harvested at 0, 4, 8, 12, 24, 48, and 72 hours after treat-
ment with irradiation (IR) at 5, 10, 15, and 20 Gy using a lin-
ear accelerator (Infinity, ELEKTA, London, UK). Cells were
washed with phosphate-buffered saline (PBS), suspended in
Annexin V-binding buffer, and treated with an Annexin 
V–FITC solution and propidium iodide (PI) for 15 minutes at
room temperature (18-22°C). The samples were assessed by
flow cytometry on FC500 (Beckman Coulter, Fullerton, CA).

2) Preparation of bone marrow-derived DCs 

Bone marrow cells were isolated from tibias and femurs of
mice and red blood cells were lysed following treatment with
ammonium chloride potassium lysis buffer (Gibco Invitro-
gen Corporation, Grand Island, NY) at room temperature for
2 minutes. These cells were washed with PBS and cultured
in a complete medium (CM) comprising RPMI-1640 medium
(Welgene Corporation, Gyeongsan, Korea) supplemented
with 10 ng/mL recombinant mouse interleukin (IL)-4 (R&D
Systems, Menneapolis, MN) and 20 ng/mL recombinant
mouse granulocyte-macrophage colony-stimulating factor
(R&D Systems) at 1106 cells/mL. On day 3, CM was added
to the culture flasks. On day 6, non-adherent cells were har-
vested by gentle pitting and observed using FC500.

3) Phagocytosis assay

We cultured CT-26 cells in culture plates for 24 hours. The
cells were subjected to varying doses of IR, and the plates
were incubated for 0, 24, 48, and 72 hours. Cells of each
group were harvested and washed thrice with PBS, followed
by staining with 5-(and 6)-carboxyfluorescein diacetate suc-
cinimidyl ester (CFSE) at a final concentration of 5 µM. The
labeled cells were washed thrice with PBS. DCs were har-
vested and stained with anti-mouse CD11c (BD Pharmingen)
at 4ºC for 30 minutes, followed by co-culture with irradiated
CT-26 cells in a 96-well plate (200 µL/well) for 2 hours. The
cells were analyzed with FC500.

4) Preparation of TAAs

Irradiation of CT-26 cells was initiated using a linear accel-
erator. Irradiated CT-26 cells were seeded at a density of
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1106 cells in CM. After 3 days, the cells were harvested and
centrifuged at 18,400 g for 30 minutes to obtain TAAs. A
sonicator was used for the induction of tumor cell lysates.
CT-26 cells were seeded and sonicated for 10 minutes, fol-
lowed by their centrifugation at 14,000 rpm for 30 minutes.
The protein content of the tumor cell lysates was determined
by the Bradford method. The absorbance was measured at a
wavelength of 595 nm with SoftMax Pro 4.3.1 software (Mol-
ecular Devices, Sunnyvale, CA).

5) Cytokine release assay

Mouse IL-10, IL-12, and interferon (IFN)- enzyme-linked
immunosorbent assay kits (CUSABIO, Wuhan, China) were
used, according to the manufacturer’s instructions. DCs were
co-cultured with irradiated CT-26 cells in six-well plates for
5 days. The cell supernatant was harvested in 1.5 mL tubes,
and data were analyzed with Soft Max Pro Software.

6) Cytotoxicity assay

Splenocytes were isolated from mice and re-stimulated by
co-culturing with DCs for 5 days. CT-26 cells were stained
using CFSE at a final concentration of 5 µM. The labeled cells
were washed thrice with PBS and re-suspended in CM sup-

plemented with 100 U/mL of recombinant mouse IL-2 (R&D
Systems). Stimulated splenocytes (effector cells) were co-cul-
tured with CT-26 cells (target cells) at an appropriate effec-
tor-to-target cell count in a round-bottomed tube (200
µL/tube) for 6 hours at 37ºC in a humidified atmosphere con-
taining 5% CO2. Following incubation, the tubes were treated
with PI for 5 minutes at room temperature and analyzed
with FC500.

2. In vivo assay

A metastatic model was prepared using BALB/c mice.
Murine CT-26 colon carcinoma cells were injected into the
right hind legs and left flanks of mice at 2106 and 1106 cells,
respectively. After 7 days from inoculation, tumor volumes
were measured using the following formula: tumor volume
(mm3)=long axis (mm)short axis2 (mm2)/2. Mice were divi-
ded into four groups, namely, the control, RT alone (RTA),
mature DC (mDC), and RT in combination with iDC intra-
tumoral injection (RT/iDC) group. RTA group was treated
with RT alone, while mDC group received an intratumoral
injection of electroporated DCs (2106 cells) co-cultured with
tumor cell lysates. Mice in the RT/iDC group were subjected
to irradiation followed by an intratumoral injection of iDCs
(2106 cells). RT was administered to tumors at right hind

Fig. 1.  Schematic diagram of the combination treatment with irradiation and immature dendritic cell injection. Murine 
CT-26 colon carcinoma cells were inoculated into the right hind legs and left flanks of BALB/c mice. After 7 days of injection,
treatment was initiated according to the treatment protocol of each group. The treatment was repeated weekly for three 
cycles.
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legs only when RT was indicated and tumors at left flanks
received no local treatment to observe the systemic effects.
All groups received each treatment thrice at an interval of 7
days. The radiation dose and time duration between irradi-
ation and DC injection were determined from the results of
the in vitro assay. The schematic of the experiment schedule
is described in Fig. 1.

1) Tumor growth measurement and survival analysis

Tumor volumes in the right hind legs and left flanks were
recorded after tumor cell inoculation at an interval of 2 or 3
days. Each treatment was initiated after the tumor volumes
in the right hind legs reached 50-100 mm3. After first treat-
ment, tumor volumes at both locations were continuously
measured, and statistical analyses were performed to verify
the differences among treatment groups. The number of days
for which the mice survived (survival days) was counted
from the day of treatment inception and overall survival (OS)
rates were calculated using the Kaplan-Meier method.

2) Enzyme-linked immunospot (ELISpot) assay

Immunospot plates for ELISpot (Merck Millipore, Darm-
stadt, Germany) were coated overnight at 4°C with specific
anti-mouse IFN- antibody dissolved in PBS. The plates were
blocked with bovine serum albumin (10 mg/mL in PBS) for
1 hour and washed thrice with PBS. Isolated splenocytes (0.5
to 1106 cells/well) from each treatment group and CT-26
murine colon carcinoma cell lysates (50 mg/mL) were
seeded in each well. After incubation at 37°C for 24 hours,
the plate was washed thrice with PBS and then thrice with
PBS-Tween buffer. Cells were treated with biotinylated
detection antibodies for 2 hours at room temperature. The
plate was washed with PBS-Tween buffer and incubated
with streptavidinhorseradish peroxidase (100 µL/well) for
2 hours at room temperature. After washing the plate, a chro-
mogenic substrate and hydrogen peroxide (H2O2) were
added to each well to produce spots. Once spots were ade-
quately developed, distilled water was added to terminate
the reaction. The plate was air dried overnight and the num-
ber of spots was counted, and images were captured using
AID ELISpot Reader System (Autoimmun Diagnostika
GmbH, Germany).

3. Ethical statement

Experiments using animals were approved by the Dong-
nam Institute of Radiological & Medical Sciences Institu-
tional Animal Care and Use Committee.

Results

1. In vitro assay

Annexin V staining and phagocytosis assays were per-
formed to determine the appropriate radiation dose and 
incubation time for the efficient generation of TAAs. In 
Annexin V staining assay, apoptosis increased in proportion
with the increment in the radiation dose and incubation time
(Fig. 2A). Although the rate of apoptosis gradually increased
with time, the difference in apoptosis rates between two time
intervals after 48 hours of incubation was very small. In 
addition, apoptosis increased with the radiation dose and
differences in apoptosis rates were not observed for 15 and
20 Gy after the 48-hour incubation following irradiation. Sim-
ilar results were observed for the phagocytosis assay 
(Fig. 2B). Phagocytosis increased with an increment in the 
radiation dose and incubation time; however, statistically
significant differences were not observed beyond the 48-hour
incubation duration with 15 Gy radiation dose. Thus, we 
determined 15 Gy and 48 hours as the appropriate radiation
dose and incubation time, respectively, for subsequent 
experiments.

Cytokine release and cytotoxicity assays were performed
to verify the effectiveness of irradiation for DC sensitization
and T-cell stimulation. Tumor cell lysates were used as the
positive control in these experiments. In the cytokine release
assay, co-culture of DCs and irradiated CT-26 cells resulted
in a significant increase in the release of IL-12 and IFN- as
compared to other groups but yielded lower levels of IL-10
(Fig. 3). The level of IL-10 released was the highest in the neg-
ative control group and lowest for the group subjected to DC
and irradiation treatment. IL-12 is the most crucial cytokine
that drives the development of naïve T cells into Th1 cells
[14]. In contrast, IL-10 is involved in down-regulating DC
antigen-presenting function and inducing T-cell tolerance
[15]. Therefore, the cytokine release assay confirmed that DC
sensitization and T-cell stimulation were maximum follow-
ing irradiation as compared to other methods. Cytokine
assay was performed using isolated splenocytes and co-cul-
tured DCs. The results of the cytotoxicity assay were in line
with those of the cytokine release assay. The cytotoxicity
against CT-26 cells was significantly higher in the group
treated with DCs and irradiation, followed by the positive
control group (S1 Fig.).

2. In vivo assay

Tumor volumes in the right hind legs and left flanks of
mice were measured from the date of tumor cell inoculation
at an interval of 2 or 3 days. Each treatment was implemen-
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ted, as previously described. In comparison with the control
group, the treatment groups showed statistically significant
difference in tumor regression at right hind legs. The groups
receiving local RT treatment showed the most remarkable
tumor regression; moreover, the mDC group also showed
tumor regression in the absence of local RT treatment (Fig. 4).

Tumor regression was not observed at the left flanks in the
RTA, and there was no difference in tumor volumes between
this group and the control group. The most definite delay in
the growth of tumors at the left flanks was observed in
RT/iDC group, while statistically significant growth delay
was observed on the mDC group compared to that in the

Fig. 2.  Annexin V staining assay and phagocytosis assay. (A) Annexin V staining assay. Percentage apoptosis after irradiation
increased with an increase in the radiation dose and incubation time. A slight difference was observed between 48 and 72
hours of incubation time. After 48-hour incubation, 15 and 20 Gy of irradiation had no significant difference in the percentage
of apoptosis and exhibited significantly higher effect than 10 Gy of irradiation (p < 0.01). 10 Gy vs. 15 or 20 Gy (##p < 0.01).
(B) Phagocytosis assay. A statistically significant increase in the percentage of phagocytosis was observed with an increase
in the radiation dose within 48-hour incubation. After 48-hour incubation, 15 and 20 Gy of radiation showed no difference
in phagocytosis. 0-Hour incubation vs. other groups (*p < 0.05, ***p < 0.001), 24-hour incubation vs. 48- or 72-hour incubation
(###p < 0.001), 48-hour incubation vs. 72-hour incubation (††p < 0.01).
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Fig. 3.  Cytokine release assay. The assay was performed to verify the effectiveness of irradiation as a method to sensitize
dendritic cells to present tumor-associated antigens and stimulate T cells. Tumor cell lysates were used as the positive control.
The group irradiated with 15 Gy showed significantly higher interleukin (IL)-12 and interferon  (IFN-) levels and lower
IL-10 level than other groups. Murine CT-26 colon carcinoma cells alone with or without irradiation did not show detectable
levels of the cytokines. 0 Gy vs. other groups (*p < 0.05, **p < 0.01, ***p < 0.001), 15 Gy vs. lysate (#p < 0.05).
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control group (Fig. 4). 
The OS curve was calculated using the Kaplan-Meier

method. The results of the survival rate estimation were con-
sistent with those of the left flank tumor volumes. RT/iDC
group had the most prolonged OS rate, while mDC group
showed prolonged OS as compared with the control group.
However, no survival gain was reported in the RTA group
(Fig. 5). 

We performed ELISpot assays to evaluate the effect of each
treatment on T-cell stimulation. As stimulated T cells secrete
IFN-, the analysis of IFN- secretion using ELISpot may 
reveal the degree of T-cell stimulation according to treatment
schemes. The highest secretion of IFN-was observed in the
RT/iDC group, while IFN- secretion was also increased in
the mDC and RTA groups (Fig. 6).

We performed the cytotoxicity assay to examine whether
the harvested splenocytes from each treatment group may
induce immune responses. The results of the cytotoxicity
assay were similar to those of ELISpot assay; maximum 
cytotoxicity against CT-26 carcinoma cells was observed in
RT/iDC group, followed by mDC and RTA groups (S2 Fig.). 

Discussion

Surgery, chemotherapy, and RT have been widely used 
either in combination or alone for cancer treatment, and sev-
eral advancements have been reported in these traditional
treatment strategies. Nonetheless, the results of cancer treat-
ment still remain unsatisfactory and the associated toxicities
are inevitable. There are several challenges to improve the
prognosis and reduce these adverse effects. In this direction,
DC immunotherapy has been considered as a promising can-
cer treatment and several studies have been conducted. 

The preparation of effective DCs with TAAs is one of the
key steps for the successful DC immunotherapy. This could
be achieved either by culturing DCs with TAA ex vivo or 
inducing DCs to phagocytose TAAs in vivo [2]. Irradiation of
tumor cells was shown to effectively generate TAAs in vivo
and enhance the stimulation of human DCs. Kim et al. [4] 
reported that -irradiation is superior to other inactivation
methods, such as freeze-thawing or staurosporine treatment.
DCs sensitized with -irradiated cancer cells exhibit effective

Fig. 5.  Kaplan-Meier survival curve. Overall survival rate
was prolonged in the radiation therapy in combination
with immature dendritic cell intratumoral injection (RT/
iDC) and mature dendritic cell (mDC) groups. There was
no survival gain in the radiation therapy alone (RTA)
group. Most prolonged overall survival rates were 
observed in the RT/iDC group. Control vs. other groups
(**p < 0.01, ***p < 0.001), RTA vs. mDC or RT/iDC (#p <
0.05, ###p < 0.001), mDC vs. RT/iDC (†p < 0.05).
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anticancer activity through the direct augmentation of cyto-
toxicity as well as the indirect activation of T cells. Weiss et
al. [16] revealed autologous tumor cells as a suitable source
of TAAs for vaccination and suggested that therapy-induced
alterations at tumor cell surface may expose tumors to the
immune system. Furthermore, Chi et al. [17] suggested the
advantage of in vivo over ex vivo methods, given the difficulty
involved in obtaining sufficient quantities of tumor cells for
loading DCs ex vivo. However, there are few comparative
studies between in vivo and ex vivo strategies as a TAA pre-
senting method. In addition, there is little research on the
combination of RT and iDC intratumoral injection. In the
present study, we evaluated the efficacy of RT as a method
for in vivo TAA generation and analyzed the effects of treat-
ment comprising RT and immunotherapy using intratumoral
iDC injection.

We determined the appropriate radiation dose and incu-
bation time for the generation of TAAs to be 15 Gy and 48
hours, respectively, through in vitro studies. We examined
the cytokine release and cytotoxicity to evaluate the effects
of DC sensitization and T-cell stimulation by irradiation.
Through this study, we confirmed that irradiation of tumor
cells could be the most effective TAA presentation method. 

In vivo experiments were conducted based on the data
from the in vitro experiments. BALB/c mice were used for
the generation of metastatic models and growth measure-
ment and survival analysis were performed. In this experi-
ment, right hind leg tumors and left flank tumors repre-
sented primary and distant metastatic tumors, respectively.
The observation of tumor response at each site demonstrated
the local and systemic effects of the treatment.

The group receiving local RT treatment showed the most
significant reduction in the tumor size at the right hind leg.
In addition, mDC group also showed a significant decrease
in the tumor size without RT. During the examination of the
systemic effects of each treatment, we found that RT/iDC
group showed the most significant regression of tumors at
left flanks as compared with other groups. In addition, sig-
nificant tumor regression was also observed for mDC group.
Thus, the combination of RT and iDC vaccination exhibited
synergistic, not additive, effect through the augmentation of
the immune response.

Survival rate was significantly prolonged in both RT/iDC
and mDC groups and RT/iDC group had the highest sur-
vival rate. However, there was no difference in the survival
rate between RTA and control group. Therefore, survival rate
seemed to be determined by not only local tumor response
but also overall response including distant tumor response,
as survival rates matched with the combined responses of
hind leg and flank tumors. In other words, the local effect
without systemic effect failed to affect the survival rate or
change prognosis in metastatic disease. 

We performed in vitro ELISpot and cytotoxicity assays to
validate whether the aforementioned results were obtained
by T-cell stimulation following TAA and iDC interaction.
The results of the ELISpot assay showed that all groups 
exhibited a statistically significant increase in the number of
IFN- spots, with the highest number reported for the RT/
iDC group. As stimulated T cells secrete IFN-, maximum 
T-cell stimulation was observed in RT/iDC group [18]. 
Cytotoxicity assay was performed to observe the induction
of the immune response by harvested splenocytes from each
group. The result was similar to that of ELISpot assay, as the
cytotoxicity against CT-26 carcinoma cells was the highest in
RT/iDC group. Therefore, the synergistic effects of the com-
bination treatment with RT and iDC vaccination were 
induced by the augmentation of the immune response.

Conventional methods using lysates in DC immunother-
apy demand invasive procedures, such as surgery or biopsy
to obtain tumor cells for the production of tumor antigens.
Moreover, it is difficult to obtain an adequate number of
tumor cells, and these cells may be lost during the produc-
tion of mature DCs. In contrast, the combination of RT and
iDC vaccination eliminated the need to obtain tumor cells,
indicative of the potential clinical application of this method
in a wide range of patients. 

Recent technical advancements in RT allow the use of
SBRT to deliver highly conformal and ablative dose for can-
cer treatment [19]. SBRT offers a few advantages over con-
ventional fractionation RT in combination with iDC vaccina-
tion. First, the large radiation field with conventional RT pro-
vokes immunosuppressive reaction by damaging circulating
lymphocytes that are highly sensitive to RT [20,21]. SBRT
may significantly reduce RT volume and retain more lym-
phocytes to facilitate T-cell proliferation. Second, the pro-
tracted treatment time for RT using conventional fractiona-
tion may increase the exposure of circulating lymphocytes to
the radiation beam; SBRT, on the other hand, would preserve
these circulating lymphocytes [22]. Third, ablative high dose
would cause more apoptosis and necrosis, which would gen-
erate tumor antigens to activate the immune system. More-
over, RT may trigger necrosis when used as a single high
dose, resulting in the release of DAMPs, such as HSP and
HMBG-1, that are widely considered as pro-inflammatory
and immune-activating molecules [23-25]. 

Through in vitro and in vivo experiments, we show that the
combination of SBRT and iDC vaccination may increase the
immunity of cancer patients, leading to a better therapeutic
effect. However, this study has some limitations. The meta-
static model was generated using a limited number of 
tumors, and the treatment protocol constructed was different
from that used in clinical settings. Nevertheless, the present
study confirmed the possibility of using RT in combination
with iDC vaccination. In particular, this strategy may have
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potential advantages for the treatment of patients with
oligometastasis or oligorecurrence who are not indicated for
adjuvant systemic treatment.

In conclusion, SBRT combined with iDC vaccination may
enhance both local and systemic effects of treatment and
serve as a promising strategy for cancer treatment in the 
future. Clinical trials and further studies are warranted to
evaluate the application of this treatment strategy. 
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Long-term Outcomes of One Stage Surgery Using Transanal Colorectal
Tube for Acute Colorectal Obstruction of Stage II/III Distal Colon Cancer

Original Article

Purpose
Since oncological outcomes of transanal colorectal tube (TCT) placement, an endoscopic
treatment for colorectal cancer (CRC) with acute colorectal obstruction (ACO), remain 
unknown, this study analyzed long-term outcomes of TCT placement for stage II/III CRC with
ACO. 

Materials and Methods
Data were retrospectively reviewed from consecutive patients with distal stage II/III CRC who
underwent surgery between January 2007 and December 2011 at two Japanese hospitals.
One hospital conducted emergency surgery and the other performed TCT placement as the
standard treatment for all CRCs with ACO. Propensity score (PS) matching was used to adjust
baseline characteristics between two groups.

Results
Among 754 patients with distal stage II/III CRC, 680 did not have ACO (non-ACO group) and
74 had ACO (ACO group). The PS matching between both hospitals identified 234 pairs in
the non-ACO group and 23 pairs in the ACO group. In the non-ACO group, the surgical quality
was equivalent between the two institutions, with no significant differences in overall survival
(OS) and disease-free survival (DFS). In the ACO group, the rate of primary resection/anas-
tomosis was higher in the TCT group than in the surgery group (87.0% vs. 26.1%, p < 0.001).
No significant differences were noted between the surgery and the TCT groups in OS 
(5-year OS, 61.9% vs. 51.5%; p=0.490) and DFS (5-year DFS, 45.9% vs. 38.3%; p=0.658). 

Conclusion
TCT placement can achieve similar long-term outcomes to emergency surgery, with a high
rate of primary resection/anastomosis for distal stage II/III colon cancer with ACO.
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Introduction

Colorectal cancer (CRC) is the third most common malig-
nancy and the fourth leading cause of cancer-related death
worldwide [1]. Acute colorectal obstruction (ACO) occurs in
8%-29% of CRC patients [2,3], and this complication requires
urgent treatment because of its potential to cause lethal dam-
age, such as perforation, colonic necrosis, and septic shock.
In addition, ACO results in high morbidity and mortality in
both the short term and the long term [3-5]. Emergency sur-
gical decompression is the gold standard treatment for ACO;
however, the morbidity and mortality of emergency surgery
are higher than that for elective surgery, in patients without
ACO. According to the surgical protocol, two strategies can
be used for emergency surgery for ACO, one-stage surgery
(primary resection and anastomosis) and staged surgery (an
initial procedure, during which a stoma for decompression
is created, followed by a later procedure to perform primary
resection and stoma closure). 

The treatment strategy for ACO is determined on the basis
of tumor location. As we previously described, one-stage
open surgery is generally performed for right-sided ACO [6],
whereas the ideal strategy for left-sided ACO remains con-
troversial. Since the rate of primary resection/anastomosis
is lower for left-sided ACO than for right-sided ACO [6-9],
preoperative colorectal decompression has become the main
treatment for left-sided ACO. Non-surgical treatments such
as placement of a self-expanding metallic stent (SEMS) or
transanal colorectal tube (TCT) are alternatives to conven-
tional surgical colostomy. Preoperative SEMS or TCT place-
ment is referred to as a bridge to surgery (BTS) to achieve
curative primary CRC resection. 

SEMS placement enables control of ACO inflammation
and safe one-stage surgery [10,11]. Initially, SEMS placement
was expected to function as an alternative BTS, and its use
had spread widely. Recent meta-analyses, which comprised
randomized controlled trials (RCTs), have demonstrated dis-
appointed results where SEMS placement as a BTS enabled
primary anastomosis without colostomy, but did not 
improve short-term mortality [12-14]. In addition, some
RCTs revealed that SEMS placement tended to have detri-
mental effects on disease-free survival (DFS) and recurrence
[15-17]. Accordingly, routine use of SEMS are not currently
recommended in the curative BTS setting [18]. 

TCT placement is another alternative endoscopic decom-
pression treatment for ACO, and the authors have previously
described the efficacy of TCT placement [19] along with pre-
vious studies [20-26]. We have also shown that TCT place-
ment enabled a high frequency of laparoscopic elective
surgery [19]. However, no studies have reported the long-
term outcomes of TCT placement for CRC with ACO. Long-

term outcomes are the most important factor in the treatment
of stage II/III CRC in the curative setting [6,18]. 

Hence, the current study conducted a propensity score-
matched analysis and aimed to analyze long-term outcomes
of TCT placement for stage II/III distal CRC with ACO in
comparison with emergency surgery. 

Materials and Methods

1. Study setting and patient population 

Consecutive patients with CRC who underwent surgery
between January 2007 and December 2011 were retrospec-
tively collected using the computerized databases at two
Japanese affiliate hospitals with an interexchange of endo-
scopists and surgeons: Kasugai Municipal Hospital, Kasugai,
Japan (K hospital) and Nagoya Daini Red Cross Hospital,
Nagoya, Japan (R hospital). The K hospital performed emer-
gency surgery and the R hospital performed TCT placement
as the standard first treatment for ACO, which is due to dif-
ference of a director’s policy at each institution.

Patients with distal CRCs (distal CRC was defined as CRC
located from the transverse colon to the rectum) with patho-
logical stage II/III were enrolled in this study, after the exclu-
sion of patients with right-sided CRC located in the cecum
and the ascending colon because TCT placement is available
for transverse colon to the rectum. Patients with distal CRC
were divided into two groups: ACO and non-ACO groups.
ACO was diagnosed on the basis of abdominal computed 
tomography findings as described previously [19]. 

2. Surgery

Surgery can be classified as one-stage surgery and staged
surgery. One-stage surgery denotes primary CRC resection
with anastomosis. Staged surgery creates a stoma for decom-
pression, and tumor resection and stoma closure are per-
formed later. Open surgery includes open colectomy, open
colostomy, and laparoscopic-assisted colectomy (LAC) fol-
lowed by open colectomy. 

In the surgery group, all patients with stage II/III distal
CRC with ACO underwent urgent surgery at the K hospital
within 24 hours of admission. Emergency surgery for 
obstructed CRC was performed by gastroenterological sur-
geons; therefore, the techniques used for resection depended
on the attending surgeon’s experience and the patient’s
specific condition.
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3. Transanal colorectal tube

TCT placement was performed as described previously and
the Dennis Colorectal Tube (Covidien, Tokyo, Japan) was
used as the TCT [19]. The Dennis colorectal tube is 120 cm
long and 22 Fr in diameter. A flexible tapered tip is attached
to the distal end of the tube. The TCT was placed over a guide
wire that was passed through the stricture under fluoroscopic
and endoscopic guidance and irrigated using > 2 L warm tap
water after reduction of intestinal fluid. Following the
achievement of technical success, a plain abdominal radi-
ograph was performed after 24 hours of TCT insertion to con-
firm the TCT position and TCT-induced decompression. The
obstructed colon was irrigated with 0.5 L warm tap water
daily until elective surgery. After the colorectal obstruction
was relieved, enema examination of the proximal colon was
performed to rule out synchronous carcinoma. After ~2
weeks of TCT placement and after clinical improvement, 
patients underwent elective surgery. All TCT procedures
were performed by endoscopists, and this procedure could
be done at any time, 24 hours a day, throughout the year at
the R hospital. Patients were assessed by the surgeon within
2-3 days after TCT placement to plan the elective surgery.

4. Definitions

ACO was defined as a situation with colon ileus requiring
emergency decompression. Pathological stage was deter-
mined on the basis of pathological findings after surgery, 
according to the seventh edition of the Union for Interna-
tional Cancer Control (UICC) tumor-node-metastasis (TNM)
classification [27]. Technical success was defined as TCT
placement through the stricture or creation of a stoma. Clin-
ical success was defined as the achievement of patient status
in which elective surgery could be performed following 
decompression. Hospital stay was measured as days of hos-
pitalization for ACO; however, a second period of hospital-
ization was added to the first period for patients with colo-
stomy who underwent a second surgery for closure. Short-
term mortality was defined as the death rate within 30 days
after the first treatment for decompression of colorectal dis-
tension. Overall survival (OS) was measured from the first
day of treatment until death or the last day of follow-up. DFS
was defined as the time from the first day of treatment to 
recurrence, death, or the last day of follow-up (depending on
which event occurred first). 

5. Outcomes 

This study primarily aimed to assess oncological outcomes
of TCT placement in the curative setting. Accordingly, we
compared the long-term outcomes of OS and DFS between

the TCT group and the surgery group in patients with distal
stage II/III CRC with ACO. To validate equivalent surgical
quality for CRC between the two hospitals, we analyzed OS
and DFS for patients with distal stage II/III CRC without
ACO. We also analyzed short-term outcomes of TCT place-
ment and emergency surgery for distal stage II/III CRC with
ACO. This study conducted an intention-to-treat analysis: all
patients in the R hospital were included in the TCT group
even if TCT placement was failed. 

6. Statistical analysis

We estimated the propensity score (PS) with a logistic 
regression model, including six factors (age, sex, tumor loca-
tion, stage, R status, adjuvant chemotherapy). We randomly
matched between two groups one by one, using the nearest
neighbor method within a caliper of width of 0.05 of the stan-
dard deviation of the logit of the PS. Data were analyzed
using the Mann-Whitney U test, Student’s t test, chi-square
test, and Fisher exact probability test, as appropriate. Kaplan-
Meier curves were constructed to analyze OS and DFS, and
differences between the two groups were compared with a
log-rank test. All statistics were calculated using SPSS statis-
tics, ver. 23 (IBM Corp., Armonk, NY). A p-value < 0.05 from
two tailed tests was considered significant.

7. Ethical statement

The present study complied with the STROBE statement
[28]. The study protocol was approved by institutional 
review board of Kasugai Municipal Hospital (IRB No. 275)
and Japanese Red Cross Nagoya Daini Hospital (IRB
No.1165) (Title: comparison between TCT placement and
emergency surgery for stage II/III CRC with ACO), and was
conducted according to the ethical guidelines of the 1975
Declaration of Helsinki (6th revision, 2008). 

Results

1. Patient selection

Among 983 patients with stage II/III CRC who underwent
surgery, 324 were treated in the K hospital, and 659 received
treatment in the R hospital. After the exclusion of 229 
patients with right-sided CRC, 754 patients with distal stage
II/III CRC from the two hospitals were classified into four
subgroups: 234 patients at the K hospital, the non-ACO
group; 27 patients at the K hospital, the ACO group; 446 
patients at the R hospital, the non-ACO group; and 47 
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patients at the R hospital, the ACO group. After one-by-one
PS matching, 234 pairs of both hospitals were selected in the
non-ACO group and 23 pairs of both hospitals were selected
in the ACO group. 

Data from the non-ACO groups at both hospitals were
used to analyze surgical quality control, and data from the
ACO groups at both hospitals were examined for the main
analysis (Fig. 1).

2. Patient characteristics

Characteristics of patients in both the non-ACO and ACO
groups at both hospitals are presented in Table 1. In the non-
ACO group, some differences were found between two hos-
pitals before PS matching: significantly more patients
received adjuvant chemotherapy in the K hospital (65.0%)
than in the R hospital (46.2%) (p < 0.001); tumor location and
the R status also showed borderline significant. Baseline
characteristics were well balanced after PS matching. Only
one patient in the R hospital received neoadjuvant chemora-
diotherapy for rectal cancer.

In the ACO group, no significant differences were found

for all parameters between the two hospitals before PS
matching; however, the number of patients who received 
adjuvant chemotherapy displayed a higher tendency in the
surgery group (K hospital) than in the TCT group (R hospi-
tal) (63.0% vs. 44.7%; p=0.13), with a similar tendency in the
non-ACO group. The PS matching achieved almost equiva-
lent baseline characteristics between two groups in the ACO
group. No rectal cancers were included in the ACO group
after PS matching.

Of the 23 patients in the TCT group, 21 underwent TCT
placement, and two with right-sided transverse colon cancer
underwent transnasal long tube placement. 

3. Quality control analysis

The 5-year OS in the total study cohort, including both hos-
pitals, was 85.7% in patients with stage II CRC and 72.8% in
patients with stage III CRC.

As shown in Fig. 2, we investigated the OS and DFS in the
PS-matched non-ACO group for quality control analysis. No
significant differences were found for OS (5-year OS, K hos-
pital vs. R hospital, 83.2% vs. 79.0%; p=0.30) or DFS (5-year

Excluded
  A-colon, cecum (n=166)

Excluded
  A-colon, cecum (n=63)

Non-ACO
(K hospital) (n=234)

Non-ACO
(R hospital) (n=446)

ACO
(surgery group) (n=27)

ACO
(TCT group) (n=47)

Non-ACO
(K hospital) (n=234)

Non-ACO
(R hospital) (n=234)

ACO
(surgery group) (n=23)

ACO
(TCT group) (n=23)

Stage II/III colorectal cancer with surgery (n=983)

Propensity score matching

R hospital 
total CRC (n=659)

Distal CRC
(n=493)

K hospital 
total CRC (n=324)

Distal CRC
(n=261)

Quality control analysis Main analysis

Fig. 1. Consort diagram. The Kasugai Municipal Hospital, Kasugai, Japan (K hospital) applied emergency surgery and the
Nagoya Daini Red Cross Hospital, Nagoya, Japan (R hospital) applied transanal colorectal tube (TCT) as the standard treat-
ment for colorectal cancer (CRC) with acute colorectal obstruction (ACO). A-colon, ascending colon. 
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DFS, K hospital vs. R hospital, 70.0% vs. 64.6%; p=0.22) 
between the two institutions, thereby validating comparable
surgical quality between the two institutions. 

4. Main analysis

The short-term outcomes of emergency surgery and TCT
placements for the PS-matched ACO group are shown in
Table 2. In the surgery group, the technical and clinical suc-
cess rates were both 100% (23/23). In the TCT group, the

technical success rate was 100% (23/23), but the clinical suc-
cess was 95.7% (22/23) because one patient required urgent
surgery owing to tumor perforation. No significant differ-
ences were found for the technical and clinical success rates
between the surgery and TCT groups. As expected, the rate
of primary resection/anastomosis was higher (87.0% vs.
26.1%, p < 0.001), and the overall stoma rate was lower in the
TCT group than in the surgery group (13.0% vs. 73.9%, 
p < 0.001). The TCT group achieved a significantly higher
rate of LAC compared to the surgery group (0% vs. 56.6%, 

Fig. 2.  Overall survival (OS) (A) and disease-free survival (DFS) (B) for stage II/III colorectal cancer without acute colorectal 
obstruction. K hospital, Kasugai Municipal Hospital, Kasugai, Japan; R hospital, Nagoya Daini Red Cross Hospital, Nagoya,
Japan.
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Table 2.  Short-term outcome
Surgery group TCT group 

p-value(K hospital) (n=23) (R hospital) (n=23)
Technical success 23/23 (100) 23/23 (100) > 0.99a)

Clinical success 23/23 (100) 22/23 (95.7) > 0.99a)

Hospital stay (day) 30 (16-40) 36 (27-44) 0.09b)

Anastomosis leakage 0/23 (0.0) 2/23 (8.7) 0.49a)

Short-term mortality 1/23 (4.3) 0/23 (0.0) > 0.99a)

Primary resection/anastomosis 6/23 (26.1) 20/23 (87.0) < 0.001a)

Overall stoma 17/23 (73.9) 3/23 (13.0) < 0.001a)

Permanent stoma 2/23 (8.7) 2/23 (8.7) > 0.99a)

LAC 0/23 (0.0) 13/23 (56.5) < 0.001a)

Values are presented as number (%) or median (IQR). K hospital applied emergency surgery and R hospital applied TCT as
the first-line standard treatment for CRC with ACO. K hospital, Kasugai Municipal Hospital, Kasugai, Japan; TCT, transanal
colorectal tube; R hospital, Nagoya Daini Red Cross Hospital, Nagoya, Japan; LAC, laparoscopy-assisted colectomy; IQR,
interquartile range. a)Fisher exact probability test, b)Mann-Whitney U test.
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p < 0.001). No significant differences were found for hospital
stay, anastomosis leakage, short-term mortality, and perma-
nent stoma between the two procedures. 

The long-term outcomes of emergency surgery and TCT
placement for the PS-matched ACO group are shown in 
Fig. 3. No significant differences were noted between the two
groups in OS (5-year OS [surgery vs. TCT], 61.9% vs. 51.5%;
p=0.49) or DFS (5-year DFS [surgery vs. TCT], 45.9% vs.
38.3%; p=0.66). 

Discussion

The present study is the first to analyze the long-term out-
comes of TCT placement for patients with stage II/III CRC
with ACO, in comparison with emergency surgery. The 
results of this study indicated that TCT placement can
achieve similar long-term outcomes to those of emergency
surgery and that the technique enabled one-stage surgery
with a high rate of primary resection/anastomosis for 
patients with stage II/III distal colon cancer with ACO. 
Despite satisfactory decompression for ACO, TCT placement
has not been widely used, and its efficacy and safety have
not been adequately assessed. The results of the current
study demonstrated the long-term efficacy of TCT placement
as a BTS and its short-term efficacy. 

Since emergency surgery for ACO frequently requires
staged surgery and is accompanied by higher risks of mor-
tality and morbidity compared to elective surgery for CRC
without ACO [4], the development of alternative methods of
conservative management for ACO is desirable. To over-
come these issues, SEMS placement has been developed as a
BTS for CRC with ACO; however, SEMS placement has not
been able to replace emergency surgery owing to its lack of
benefit in terms of short-term outcomes and the lack of long-
term evidence reported by several RCTs and meta-analyses
[6,18]. Additionally, SEMS were found to induce more fre-
quent occurrence of tumor ulceration, perineural invasion,
and lymph node invasion compared to surgery in a previous
case-control study [29], which may be detrimental to onco-
logical outcomes. Hence, another alternative treatment is 
desirable for ACO management.

A TCT is a transanal drainage tube developed for colorec-
tal decompression treatment, which enables one-stage sur-
gery [20,22]. The authors have previously reported that TCT
placement also enabled the performance of elective LAC [19].
TCT placement is expected to result in much less damage to
the circumference of the tumor than SEMS placement, with
an equivalent drainage effect. Moreover, TCT placement
might be more cost-effective than SEMS placement [23].
However, there are few data for TCT placement in compari-
son to SEMS placement, and there are no long-term survival
data regarding its role in curative treatment of CRC with
ACO.

Fig. 3.  Overall survival (OS) (A) and disease-free survival (DFS) (B) for stage II/III colorectal cancer with acute colorectal
obstruction. Surgery group comprised patients with emergency surgery at Kasugai Municipal Hospital, Kasugai, Japan 
(K hospital) and transanal colorectal tube (TCT) group did patients with TCT at Nagoya Daini Red Cross Hospital, Nagoya,
Japan (R hospital).
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With the goal of analyzing long-term outcomes of TCT
placement, we compared survival data for patients with
stage II/III CRC after treatment between two institutions 
because emergency surgery is routinely conducted for CRC
with ACO at the K hospital, while TCT placement is rou-
tinely performed for CRC with ACO at the R hospital. Since
surgeons and endoscopists in these two institutions belong
to the same department and are occasionally exchanged 
between the two institutions, equivalent surgical quality may
be expected. To assess comparison biases between the two
different institutions, we first conducted PS-matching and
then compared survival data for patients with stage II/III
CRC without ACO between the two institutions as a quality
control analysis because of which we confirmed that there
were no significant differences in OS and DFS between the
two institutions, with equivalent patient characteristics.
These results demonstrated comparable patient populations
and surgical quality for CRC between the two institutions.
Moreover, 5-year OS in the two hospitals was 85.7% in 
patients with stage II CRC and 72.8% in patients with III CRC
patients, both of which are within the upper range of the pre-
vious results obtained in Japan (Japanese Society for Cancer
of the Colon and Rectum) [30]. These results also indicate
that our study is convincing and can be extrapolated to clin-
ical practice.

Next, we investigated the long-term outcomes of patients
with ACO after validation of equivalent surgical quality 
between the two institutions. Consequently, our study using
PS-matched analysis clearly demonstrated that OS and DFS
of the patients who underwent TCT placement were similar
to those of the patients who underwent emergency surgery.
In addition to equivalent long-term outcomes, TCT place-
ment enabled LAC and primary resection/anastomosis with-
out stoma in the BTS setting, and no significant differences
were found in any adverse events between surgery and TCT
placement. Thus, TCT placement can be considered an alter-
native to CRC with ACO in the BTS setting.

The present study had the following limitations. First,
since no rectal cancers were included in the ACO group after
PS matching, the evidence from this study would be limited
to the colon cancer. Second, this was a retrospective study,
and the group of CRC patients with ACO consisted of a rel-
atively small sample size for survival analysis. However, this
is the first study to analyze long-term outcomes of TCT
placement. Moreover, there are no real comparative studies
between TCT placement and surgery for even short-term
outcomes: although two studies [19,26] previously compared
short-term outcomes of TCT placement with those of sur-
gery, the surgery group was consisted of patients with tech-
nical failure of TCT such as perforation in one study [26] and
with right-sided colon cancers (contraindication of TCT) in
the other study [19], which is inappropriate for a compara-
tive study. Consequently, the current data provides plenty
of novel insight. Third, each cohort consisted of patients from
different hospitals, which may lead to some biases and 
imbalances. To overcome this concern, we performed PS-mat-
ching analysis and we also have validated that there are no
significant differences in OS and DFS for patients with stage
II/III distal CRC without ACO between the two institutions.
Despite these limitations, the quality of our study might be
much higher than general retrospective study because each
hospital applied one pure method without any intentional
policies, which can eliminate selection bias for treatment. 

In conclusion, this study is the first demonstration that
TCT placement can achieve similar long-term outcomes and
higher rates of one-stage surgery for distal stage II/III colon
cancer with ACO than emergency surgery. Preoperative TCT
placement followed by elective one-stage surgery may be an
alternative strategy for the curative treatment of patients
with distal colon cancer patients with ACO. 

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, et al. Cancer incidence and mortality worldwide: sources,
methods and major patterns in GLOBOCAN 2012. Int J Can-
cer. 2015;136:E359-86.

2. De Salvo GL, Gava C, Pucciarelli S, Lise M. Curative surgery
for obstruction from primary left colorectal carcinoma: pri-
mary or staged resection? Cochrane Database Syst Rev.
2004;(2):CD002101.

3. McArdle CS, McMillan DC, Hole DJ. The impact of blood loss,

obstruction and perforation on survival in patients undergo-
ing curative resection for colon cancer. Br J Surg. 2006;93:
483-8.

4. Biondo S, Pares D, Frago R, Marti-Rague J, Kreisler E, De Oca
J, et al. Large bowel obstruction: predictive factors for postop-
erative mortality. Dis Colon Rectum. 2004;47:1889-97.

5. Katoh H, Yamashita K, Wang G, Sato T, Nakamura T, Watan-
abe M. Prognostic significance of preoperative bowel obstruc-
tion in stage III colorectal cancer. Ann Surg Oncol. 2011;18:

References

Yusuke Okuda, Oncologic Outcomes of TCT Placement for CRC

VOLUME 51 NUMBER 2 APRIL 2019  481



2432-41.
6. Shimura T, Joh T. Evidence-based clinical management of

acute malignant colorectal obstruction. J Clin Gastroenterol.
2016;50:273-85.

7. Sjo OH, Larsen S, Lunde OC, Nesbakken A. Short term out-
come after emergency and elective surgery for colon cancer.
Colorectal Dis. 2009;11:733-9.

8. Lee YM, Law WL, Chu KW, Poon RT. Emergency surgery for
obstructing colorectal cancers: a comparison between right-
sided and left-sided lesions. J Am Coll Surg. 2001;192:719-25.

9. Tan KK, Sim R. Surgery for obstructed colorectal malignancy
in an Asian population: predictors of morbidity and compar-
ison between left- and right-sided cancers. J Gastrointest Surg.
2010;14:295-302.

10. Ng KC, Law WL, Lee YM, Choi HK, Seto CL, Ho JW. Self-
expanding metallic stent as a bridge to surgery versus emer-
gency resection for obstructing left-sided colorectal cancer: a
case-matched study. J Gastrointest Surg. 2006;10:798-803.

11. Martinez-Santos C, Lobato RF, Fradejas JM, Pinto I, Ortega-
Deballon P, Moreno-Azcoita M. Self-expandable stent before
elective surgery vs. emergency surgery for the treatment of
malignant colorectal obstructions: comparison of primary
anastomosis and morbidity rates. Dis Colon Rectum. 2002;45:
401-6.

12. Tan CJ, Dasari BV, Gardiner K. Systematic review and meta-
analysis of randomized clinical trials of self-expanding metal-
lic stents as a bridge to surgery versus emergency surgery for
malignant left-sided large bowel obstruction. Br J Surg.
2012;99:469-76.

13. Ye GY, Cui Z, Chen L, Zhong M. Colonic stenting vs emergent
surgery for acute left-sided malignant colonic obstruction: a
systematic review and meta-analysis. World J Gastroenterol.
2012;18:5608-15.

14. Huang X, Lv B, Zhang S, Meng L. Preoperative colonic stents
versus emergency surgery for acute left-sided malignant
colonic obstruction: a meta-analysis. J Gastrointest Surg.
2014;18:584-91.

15. Alcantara M, Serra-Aracil X, Falco J, Mora L, Bombardo J,
Navarro S. Prospective, controlled, randomized study of 
intraoperative colonic lavage versus stent placement in 
obstructive left-sided colonic cancer. World J Surg. 2011;35:
1904-10.

16. Ghazal AH, El-Shazly WG, Bessa SS, El-Riwini MT, Hussein
AM. Colonic endolumenal stenting devices and elective sur-
gery versus emergency subtotal/total colectomy in the man-
agement of malignant obstructed left colon carcinoma. J
Gastrointest Surg. 2013;17:1123-9.

17. Sloothaak DA, van den Berg MW, Dijkgraaf MG, Fockens P,
Tanis PJ, van Hooft JE, et al. Oncological outcome of malignant
colonic obstruction in the Dutch Stent-In 2 trial. Br J Surg.
2014;101:1751-7.

18. van Hooft JE, van Halsema EE, Vanbiervliet G, Beets-Tan RG,

DeWitt JM, Donnellan F, et al. Self-expandable metal stents for
obstructing colonic and extracolonic cancer: European Society
of Gastrointestinal Endoscopy (ESGE) Clinical Guideline. 
Endoscopy. 2014;46:990-1053.

19. Yamada T, Shimura T, Sakamoto E, Kurumiya Y, Komatsu S,
Iwasaki H, et al. Preoperative drainage using a transanal tube
enables elective laparoscopic colectomy for obstructive distal
colorectal cancer. Endoscopy. 2013;45:265-71.

20. Horiuchi A, Nakayama Y, Tanaka N, Kajiyama M, Fujii H,
Yokoyama T, et al. Acute colorectal obstruction treated by
means of transanal drainage tube: effectiveness before surgery
and stenting. Am J Gastroenterol. 2005;100:2765-70.

21. Araki Y, Isomoto H, Matsumoto A, Kaibara A, Yasunaga M,
Hayashi K, et al. Endoscopic decompression procedure in
acute obstructing colorectal cancer. Endoscopy. 2000;32:641-3.

22. Horiuchi A, Maeyama H, Ochi Y, Morikawa A, Miyazawa K.
Usefulness of Dennis Colorectal Tube in endoscopic decom-
pression of acute, malignant colonic obstruction. Gastrointest
Endosc. 2001;54:229-32.

23. Tanaka T, Furukawa A, Murata K, Sakamoto T. Endoscopic
transanal decompression with a drainage tube for acute
colonic obstruction: clinical aspects of preoperative treatment.
Dis Colon Rectum. 2001;44:418-22.

24. Fischer A, Schrag HJ, Goos M, Obermaier R, Hopt UT, Baier
PK. Transanal endoscopic tube decompression of acute colonic
obstruction: experience with 51 cases. Surg Endosc. 2008;22:
683-8.

25. Xu M, Zhong Y, Yao L, Xu J, Zhou P, Wang P, et al. Endoscopic
decompression using a transanal drainage tube for acute 
obstruction of the rectum and left colon as a bridge to curative
surgery. Colorectal Dis. 2009;11:405-9.

26. Shigeta K, Baba H, Yamafuji K, Kaneda H, Katsura H, Kubochi
K. Outcomes for patients with obstructing colorectal cancers
treated with one-stage surgery using transanal drainage tubes.
J Gastrointest Surg. 2014;18:1507-13.

27. Sobin L, Gospodarowicz M, Wittekind C. TNM classification
of malignant tumours. 7th ed. Hoboken, NJ: John Wiley &
Sons, Inc.; 2009.

28. Vandenbroucke JP, von Elm E, Altman DG, Gotzsche PC, Mul-
row CD, Pocock SJ, et al. Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE): explana-
tion and elaboration. Epidemiology. 2007;18:805-35.

29. Sabbagh C, Chatelain D, Trouillet N, Mauvais F, Bendjaballah
S, Browet F, et al. Does use of a metallic colon stent as a bridge
to surgery modify the pathology data in patients with colonic
obstruction? A case-matched study. Surg Endosc. 2013;27:
3622-31.

30. Watanabe T, Itabashi M, Shimada Y, Tanaka S, Ito Y, Ajioka
Y, et al. Japanese Society for Cancer of the Colon and Rectum
(JSCCR) guidelines 2010 for the treatment of colorectal cancer.
Int J Clin Oncol. 2012;17:1-29.

482 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(2):474-482



│ https://www.e-crt.org │ 483Copyright ⓒ 2019    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. 2019;51(2):483-492

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.062 

Open Access

The Lymphatic Drainage Pattern of Internal Mammary Sentinel 
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(99mTc-Dextran 40) in Breast
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Purpose
The purpose of this study was to detect the lymphatic drainage pattern of internal mammary
area and verify the concept of internal mammary sentinel lymph node (IM-SLN) in breast.

Materials and Methods
A small particle radiotracer (99mTc-Dextran 40) was prepared and tested. 99mTc-Dextran 
40 was injected into intraparenchyma at the sound breast by a modified radiotracer injection
technique. Subsequently, dynamic single-photon emission computed tomography (SPECT),
computed tomography (CT), and SPECT/CT combination images were performed to identify
the radioactive lymph vessels and internal mammary lymph nodes (IMLNs). The direction
of lymph drainage and the location of the IMLNs were identified in the SPECT/CT imaging.

Results
The radiochemical purity of 99mTc-Dextran 40 was > 95%. 99mTc-Dextran 40 could drainage
into first, second, and third lymph node and the radioactive lymph node could be detected
by the  detector in the animal experiment. After 99mTc-Dextran 40 injecting into intra-
parenchyma, 50.0% cases (15/30) were identified the drainage lymphatic vessels and 
radioactive IMLNs by SPECT. The drainage lymphatic vessel was found from injection point
to the first IMLN (IM-SLN) after 10.5±0.35 minutes radiotracer injection, and then 
99mTc-Dextran 40 was accumulated into the IM-SLN. The combination imaging of SPECT/CT
showed the second IMLN received the lymph drainage from the IM-SLN. The lymphatic
drainage was step by step in the internal mammary area.

Conclusion
The lymph was identified to drain from different regions of the breast to IM-SLN, and then
outward from IM-SLN to other IMLN consecutively. It demonstrated the concept of the 
IM-SLN and provided more evidences for the application of internal mammary sentinel
lymph node biopsy.
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Introduction

The status of internal mammary lymph nodes (IMLNs)
plays an important role in completing staging, guiding clin-
ical treatment, and judging prognosis as axillary lymph node
(ALN) for breast cancer [1-3]. Until now, internal mammary
lymph node irradiation (IMLNI) is based on the high risk of

IMLNs metastasis [4] especially the pathology status of
ALNs and the location of primary tumor [1,5,6]. However,
this method could not accurately predict the metastasis in
IMLN, might lead to some patients received over- or under-
treatment, and also would restrict the application of IMLNI
in the clinical practice. Currently, internal mammary sentinel
lymph node biopsy (IM-SLNB) could efficiently evaluate the
pathology status of internal mammary sentinel lymph node



(IM-SLN) with high safety and feasibility [7,8]. Due to the 
accuracy of IM-SLN has not been validated and the low 
visualization rate of IM-SLN has not been improved, the 
application of IM-SLNB is restricted and the development of
IM-SLNB is far behind axillary sentinel lymph node biopsy
(ASLNB).

The accuracy of the axillary sentinel lymph node (ASLN)
and its lymphatic drainage pattern has been validated by 
axillary lymph nodes dissection (ALND) [9-11]. However,
IMLNs dissection has been abandoned in that it could not
improve the survival of patients [12]. Thus, the accuracy of
IM-SLN could not been proved by this method. As IMLN
could receive drainage from all quadrants of tumors [13] and
almost only intraparenchymal lymph flowing to the internal
mammary region [14,15], so we hypothesized that IM-SLN
could receive lymphatic drainage from not only the primary
tumor area but also the entire breast parenchyma. Based on
this hypothesis, a modified radiotracer injection technique
(periareolar intraparenchymal, high volume, and ultrasound
guidance) was established, which improves the visualization
rate of IM-SLN significantly and helps to promote the 
research of IM-SLNB [14].

Based on the modified injection technique, a small particle
size colloid radiotracer (99mTc-Dextran 40, < 30 nm, molecular
weight 40 kD), which could move to the secondary lymph
nodes, was injected into the parenchyma and observed the
lymphatic drainage pattern in the breast by lymphoscintig-
raphy of single-photon emission computed tomography/
computed tomography (SPECT/CT) to reflect the real lym-
phatic drainage of the breast from the aspects of the anatomy

and physiology, and to provide more evidences to verify the
concept of IM-SLN in this study.

Materials and Methods

The freeze-dried kit of Dextran was procured from Shi-
hong Pharmaceutical Center (25 mg Dextran 40 [40 kD] and
0.25 mg SnCl2; Beijing, China). The Na99mTcO4 was provided
by the Department of Nuclear Medicine, Shandong Cancer
Hospital Affiliated to Shandong University (Jinan, China).
The 99mTc-Sulfur colloid, which is the common radiotracer for
sentinel lymph node (SLN) biopsy in the clinical practice,
was also provided by the Department of Nuclear Medicine.
The methylene blue injection was procured from Jichuan
Pharmaceutical Group Co., Ltd. (2 mL; Taixing, China). All
chemicals and reagents were of analytical grade.

1. Radiolabeling Dextran 40

The freeze-dried kit of Dextran was solubilized with
Na99mTcO4 (1-2 mL, 370-740 MBq) to radiolabel the Dextran
40. The reaction mixture was fully shaken and then rest for
15 minutes at room temperature. In the clinical practice, the
radiochemical purity of the radiotracer must be greater than
90% tested by radio-thin layer chromatography (TLC).

Cancer Res Treat. 2019;51(2):483-492

Fig. 1.  The lymphatic drainage identified by blue dye in the hind foot of the mice. a, injection point; b, sentinel lymph node
(popliteal); c, secondary lymph node (iliac); d, tertiary lymph node (renal).

484 CANCER  RESEARCH  AND  TREATMENT



Xiao-Shan Cao, IM-SLN Lymphatic Identified by 99mTc-Dextran 40

2. Animal experiment

Twenty-eight-week-old female BALB/c mice were ordered
from Shandong University Laboratory Animal Center (Jinan,
China). They were bred under specific pathogen-free condi-
tions in the Basic Laboratory, Shandong Cancer Hospital 
Affiliated to Shandong University for 1 week. All mice were
randomly divided into four groups (group 1, 2, 3, and 4),
with six mice in each. After anesthesia with isoflurane, 
99mTc-Dextran 40 was injected subcutaneously into one hind
footpad of mice of the experimental groups (group 1, 25 µCi;
group 2, 50 µCi; and group 3, 250 µCi). 99mTc-sulfur colloid
(50 µCi, boiling 5 minutes) was injected subcutaneously into
one hind footpad of mice in the control group (group 4). The
injection point, background, SLN (popliteal), secondary
lymph node (iliac), tertiary lymph node (renal), and con-
tralateral SLN (popliteal) were detected by  detector on the
surface of skin to identify in vivo radionuclides counts. Each
group was randomly separated into two subgroups. Sub-
group A was observed at 2 hours continuously after injection
and subgroup B was observed for 12 hours before sacrifice.
Furthermore, methylthioninium chloride injection (50 µL)
was injected into all hind footpads 30 minutes before sacri-
fice.

The mice were sacrificed via cervical dislocation and sub-
jected to dissection, following blue vital dye lymph vessel
draining from the injection point to the blue dyed lymph
nodes (Fig. 1). The injection point, background, popliteal
lymph node, iliac lymph node, renal lymph node, contralat-
eral popliteal lymph node, heart, liver, spleen, lung, and kid-
ney were collected and ex vivo radionuclide counts were
identified by a handheld  detector (Neoprobe 2000, John-
son & Johnson, Dublin, OH). 

3. Clinical experiment

1) Enrollment of patients

From December 2015 to July 2017, patients with histologi-
cally proven clinical stage cT1-4N0-3M0 unilateral primary
breast cancer treated at our breast cancer center were 
enrolled. Patients with inflammatory breast cancer, radio-
therapy, prior ASLNB, or with a history of prior contralateral
breast surgery were excluded.

2) Injection of radiotracers

All the patients received radio-labeled tracer injection 
intraparenchymally at the 6 and 12 o’clock positions 2.0-3.0
cm away from the nipple under ultrasonographic guidance
16-18 hours before surgery [14]. 99mTc-labeled sulfur colloid
(1.0-1.2 mL, 18.5-37 MBq) was injected in the breast with

tumor, and 99mTc-Dextran 40 (1.0-1.2 mL, 74-148 MBq) was
injected into the healthy breast.

3) Dynamic lymphoscintigraphy

Planar dynamic single-photon emission computed tomog-
raphy (SPECT; Philips BrightView XCT, Philips Healthcare,
Best, The Netherlands) scintigrphatic images were obtained
40-60 minutes (40-60 frames, 60 seconds per frame) in both
anterior and lateral projection focusing on the area of interest
subsequently after radiotracers injection to detect the direc-
tion of the lymphatic drainage. The SPECT acquisition con-
ditions were set as matrix, 128128; zoom, 1; peak energy,
140 keV; window width, 20%. The direction of lymphatic
channel could be identified on the monitor. The first “hot
spot” on the lymphoscintigraphy, either in the internal mam-
mary area or in the axilla area, was considered to be a SLN.
The localization and the number of all visible focal accumu-
lations of radioactivity were recorded to observe the lym-
phatic drainage pattern in breast.

4) SPECT/CT combination imaging

SPECT/CT was performed immediately after SPECT 
dynamic lymphscintigrapy to identify the location of ALNs
and IMLNs. The SPECT/CT system consisted of a dual-head
variable-angle gamma camera equipped with low-energy
high-resolution collimators and a three-slice spiral CT scan-
ner (120 kV, 20 mAs, 4 mm slices) optimized for rapid rota-
tion. The CT scanning was low-dose and non-contrast in this
study. SPECT acquisition (matrix 6464, zoom 1.46[40.9]
cm, 140 keV) was performed using steps of 6 degree (10 sec-
onds per view). Maximum intensity projections with a three-
dimensional display were generated to localize SLNs in
relation to anatomical structures. In addition, the SPECT/CT
combination images were acquired again in the next day
morning (about 1 hour before surgery) for about 11 minutes.
In the tumor side, IM-SLN was detected by both the SPECT/
CT and  detector, patients with radioactive IM-SLN received
IM-SLNB. All enrolled patients were followed up 1 month
to observe the complications.

4. Data analysis

This was a descriptive study with an analysis of the fre-
quency of the findings. The data were analyzed with the
SPSS ver. 17.0 software package (SPSS Inc., Chicago, IL).
Pearson chi-square test or Fisher exact test was used for cat-
egorical variables. All tests were two-sided, and p < 0.05 was
considered statistically significant.
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5. Ethical statement

The study has been approved by the Shandong Cancer
Hospital Affiliated to Shandong University Ethics Commit-
tee (No. SDTHEC20130324) and all subjects signed an infor-
med consent form.

The animal experiment has been approved by the Shan-
dong Cancer Hospital Affiliated to Shandong University 
Animal Ethics Committee (No. SDTHEC20130324).

Results

1. Synthesis of 99mTc-Dextran 40

The radiolabeling yield was > 95% using the freeze-dried
kit of Dextran and Na99mTcO4. The results of TLC analysis
showed that Rf value 0-0.1, 0.3 for 99mTc-Dextran 40, Na99mTc-
O4, respectively.

2. Animal experiment

The model of lymphatic drainage in the hind leg was
shown in the Fig. 1. In the experimental groups, the sentinel
(popliteal) lymph node, the secondary (iliac) lymph node,

Cancer Res Treat. 2019;51(2):483-492

Table 1.  The ex vivo radionuclides counts of each-tier lymph nodes in subgroup A (n=12)

Group Radiotracer SLN Second Third Contra-lateral Backgrounddoses (uCi) LN LN SLN
Experiment

1 25 120±1.5 56±1.6 48±2.6 10±1.7 8±1.2
2 50 620±1.2 129±1.7 186±1.9 16±1.2 15±1.5
3 150 1,032±1.3 424±1.5 402±1.5 48±1.2 27±1.3

Control
4 50 550±1.1 0 0 0 1±1.0

SLN, sentinel lymph node; LN, lymph node.

Table 2.  Clinical characteristics of the patients with (+) and without (–) IMLN imaging in the experimental side

Characteristic IMLN– IMLN+ p-value 
Age (yr)

Median 49.5
 50 7 12 0.128
> 50 8 3

BMI (kg/m2)
18.5-24.9 11 12 1.000
25.0-28.0 4 3
> 28.0 0 0

Mammographic density
ACR 1 6 1 0.074
ACR 2 6 10
ACR 3 2 4
ACR 4 1 0

IMLN, internal mammary lymph node; BMI, body mass index; ACR, American College of Radiology (ACR 1; almost entirely
fat, glandular tissue < 25%; ACR 2, scattered fibroglandular densities [ca. 25-50% of breast]; ACR 3, heterogeneously breast
dense [ca. 51-75% of breast]; and ACR 4, extremely dense [> 75% of breast]).
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and the tertiary (renal) lymph node was detected by  detec-
tor at 5±0.59 minutes, 6±0.64 minutes, and 6.5±0.55 minutes,
respectively after 99mTc-Dextran 40 injection. In subgroup A,
the stained first, second, and third nodes removed could be
detected ex vivo radionuclide counts after dissection (Table 1).
The count of contralateral popliteal lymph node was nearly
equal to the background. The first, second, and third nodes
in subgroup B also could be detected in vivo radionuclide
counts after 12-hour injection. The radionuclide counts 
increased with the increasing of radiation dose injection. In
vivo radionuclide counts of kidney and liver detected in all

experimental groups were higher than spleen and lung, and
the counts were increasing as time going on, which indicated
that the 99mTc-Dextran 40 was metabolized by kidney and
liver in mice. In the control group, ex vivo radionuclide
counts were only detected in the sentinel (popliteal) lymph
node (Table 1). Thus, 99mTc-Dextran 40 could enter each-tier
lymph nodes detected by the  probe and show the whole
lymphatic drainage pattern of the hind leg in mouse. 

Xiao-Shan Cao, IM-SLN Lymphatic Identified by 99mTc-Dextran 40

Fig. 2.  The single-photon emission computed tomography images of dynamic lymphoscintigraphy. The small particle 
radiotracer could be identified in the lymphoscintigraphy with the time going. R, right breast is the tumor side; L, left breast
is the sound side; IMLN, internal mammary lymph node; ALN, axillary lymph node; ASLN, axillary sentinel lymph node.
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3. Clinical experiment

1) Patient characteristics

A total of 30 patients with cT1-4N0-3M0 breast cancer treated
in our breast cancer center were enrolled into this study, and
the median age was 49.5 years (range, 34 to 65 years). All of
the demographic and clinicopathologic characteristics were
listed in Table 2.

2) Lymphatic drainage imaging in human body

In the breast with 99mTc-Dextran 40 injection, the imaging
of drainage lymph vessels could be detected by SPECT
4.5±0.12 minutes after injection. It showed that the small 
radiotracer could drain to the lymph vessels from the injec-
tion site to the area of axilla or internal mammary. There
were no any complications and reactions after 1-month fol-
low-up.

In the area of axilla, the visualization rate of ALN was 90%

Cancer Res Treat. 2019;51(2):483-492

Fig. 3.  The combination images of single-photon emission computed tomography (SPECT)/computed tomography (CT)
which helps to identify the intercostal location of internal mammary lymph nodes (IMLNs) from different anatomical aspects.
ASLN, axillary sentinel lymph node.
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(27/30). The imaging of the first ALN (ASLN) could be 
detected by SPECT at 5.5±0.17 minutes after injection, and
then the small tracer drained from ASLN to the second-tier
ALN at 6.5±0.12 minutes after injection. The imaging showed
that the lymphatic drainage was one-by-one from ASLN to
the other ALNs (Figs. 2-4). 

In the area of internal mammary, the visualization rate of
IMLNs was 50% (15/30). The first IMLN (IM-SLN) could be
detected in the first to fourth intercostal, and the proportion
of them was 6.7% (1/15), 33.3% (5/15), 46.7% (7/15), and

13.3% (2/15), respectively, and only one lymph vessel could
be detected draining to the IM-SLN. The imaging of the 
IM-SLN could be detected by SPECT at 10.5±0.35 minutes
after injection, and the second-tier IMLN could be detected
from the IM-SLN at 15.4±0.21 minutes after injection. The lym-
ph drainage was step by step in the IMLN chain (Figs. 2-4).

In the breast with 99mTc- labeled sulfur colloid injection, the
visualization rate of IM-SLN was 23.3% (7/30). The success
rate of IM-SLNB was 100% (7/7). The median number of 
IM-SLNs was 2 (total, 10; range, 1 to 3). The site of IM-SLNs

Xiao-Shan Cao, IM-SLN Lymphatic Identified by 99mTc-Dextran 40

Fig. 4.  The lymphoscintigraphy detected by the single-photon emission computed tomography (SPECT)/computed tomog-
raphy (CT) in the next day morning about 1 hour before surgery. IMLN, internal mammary lymph node; ASLN, axillary
sentinel lymph node; SCLN, supraclavicular lymph node.
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concentrated in the second (40.0%, 4/10) and third (40.0%,
4/10) intercostal space. The median time-consuming of 
IM-SLNB was 10 minutes. The IM-SLN positive rate was
14.3% (1/7), combining with ALNs metastases.

Discussion

The study of the lymphatic drainage in the breast found
that the ipsilateral ALNs receive more than 75% of the breast
lymph and ipsilateral IMLNs receive other lymph [15]. As
the same with ALNs, IMLNs could receive lymphatic
drainage from all quadrants of the breast including primary
tumor area [13].

In the IMLN chain, there might be two types lymphatics
drainage pattern: one is the lymph in different area of the
breast drain into the same IMLN, then other IMLNs receive
the lymph from it one by one (Fig. 5); another is the lymph
in different area of the breast draining into different IMLNs
(Fig. 6). Only the IMLN lymphatic drainage pattern accords
with the former one, the concept of IM-SLN is accuracy, and
the pathology status of IM-SLN could reflect the situation of
the whole IMLN chain. If the IMLN lymphatic drainage pat-
tern accords with the later one, the pathology status of 
IM-SLN could not reflect the situation of the whole IMLN
chain.

Due to extend radical mastectomy (including IMLNs dis-
section) had been abandoned as it did not improve survival

versus radical mastectomy in 1980s [12], the lymphatic
drainage pattern of internal mammary area cannot be vali-
dated by this method. In 1786, Cruikshank and colleagues
used the mercury to explore the lymphatics drainage in the
breast [16,17]. In 1903, Poirer and Cuneo discovered the
anatomy of the lymphatic system in the breast by using oil
painting dye to stain the lymphatics [18]. However, the lym-
phatics of breast found by these methods were identified in
the cadaver and it did not describe the IMLN lymphatics
drainage pattern in details. Suami used hydrogen peroxide
to identify the lymph vessels which injected with a lead oxide
mixture and radiographed to study the IMLN lymphatics
drainage pattern [19], but the result was also identified in the
cadaver and could not reflect the really lymphatics drainage
pattern in human body. With the development of imaging
technique, Turner-Warwick injected radioisotope gold (Au198)
into tumor during surgery in breast cancer patients and
found that both ALNs and IMLNs could receive lymphatic
drainage from all quadrants of the breast [13]. While, due to
the limitation of the tomography technology, dynamic lym-
phscintigrapy could not be applied and the IMLN lymphatic
drainage pattern was not identified in this study. However,
this study provided some important information for design-
ing our study.

To explore the IMLN lymphatic drainage pattern and val-
idate the accurate of the IM-SLN concept, one radiotracer
with small particle size was injected into intra-parenchyma,
and then performing dynamic lymphoscintigraphy to iden-
tify the intercostal location and the lymphatic drainage pat-
tern of IMLNs. In our clinical experience, the vessel is visua-

Cancer Res Treat. 2019;51(2):483-492

Fig. 5.  The lymph in different area drain into the same 
internal mammary lymph node (IMLN), and then other
IMLNs receive lymph from it one by one.

Fig. 6.  The lymph in different area of breast drain into dif-
ferent internal mammary lymph nodes.
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Xiao-Shan Cao, IM-SLN Lymphatic Identified by 99mTc-Dextran 40

lized less often with 99mTc-labeled sulfur colloid. Colloids
with different particles size (e.g., unfiltered sulfur colloid, 
50-1,000 nm) enter the lymphatic vessels slowly through
pinocytosis; even larger particles do not migrate from the 
injection site [20]. Smaller particles (e.g., size < 5 nm) could
easily leak into the bloodstream directly [21]. However, par-
ticles size between 5 nm and 25 nm could enter lymphatic
capillaries via the gaps between cell junctions and the inter-
cellular clefts formed by overlapping cells, which often 
allows us to visualize the lymphatic drainage vessels leading
directly to the lymph node in the lymphoscintigraphy [20].
99mTc-Dextran 40 (< 30 nm) is a small particle colloid which
has been proved in mice model. Based on the lymphatic
drainage in the hind foot of mouse described by Harrell et
al. [22], all blue dyed lymph nodes were caught by following
the blue dyed draining lymph vessel. All dissected blue dyed
lymph nodes have a high ex vivo radionuclide counts and the
counts of second-tier lymph nodes were higher than 10% of
the SLN. Thus, 99mTc-Dextran 40 could drain into lymphatic
vessels and make every tier lymph nodes imaging in the
hind-foot of mouse. 

The lymphoscintigraphy technique plays an important role
in SLN biopsy and could show the lymphatic drainage ves-
sels passing from the tumor site to the draining lymph node
after radiotracer injection [23]. It could find an unequivocal
channel entering the first lymph node (defined as SLN) in
the SPECT dynamic lymphoscintigraphy. SPECT/CT camera
fuses tomographic lymphoscintigrams with anatomical data
from CT [24]. The combination images of SPECT/CT provide
functional and anatomical images in the same scanning ses-
sion and help to identify the intercostal location of IMLN
(Figs. 3 and 4). SPECT/CT provides an anatomical overview
in three-dimensional perspectives that cannot be provided
by planar images or intraoperative lymphatic mapping tech-
niques [25,26].

The accuracy of ASLN has been validated by ALND [9-11].
The results of our study showed that the second-tier ALN 
received the lymphatic drainage vessel from the ASLN,
which accord with the concept of ASLN (Fig. 2). It indicated
the accuracy of our method to identify the IMLN lymphatic
drainage indirectly.

In our study, lymphatic vessel draining to internal mam-
mary area could be detected by SPECT at 4.5±0.12 minutes
after the 99mTc-Dextran 40 injected intraparenchymally (Fig. 2).
The drainage lymphatic vessel was found from injection
point to the first IMLN (IM-SLN) after 10.5±0.35 minutes 
radiotracer injection and the image of the IM-SLN became
more and more clearly which means radiotracer was accu-
mulating into the IM-SLN. After that, the imaging of SPECT
showed the second IMLN received the lymph drainage from
the IM-SLN and then the third IMLN received the lymph
drainage from the second IMLN. Thus, the lymphatic drai-

nage pattern was step by step in the internal mammary area.
The location of the IM-SLN was concentrated in the second
33.3% (5/15) and third 46.7% (7/15) intercostal space. There-
fore, the IMLN lymphatic drainage is accord with the model
as showing by Fig. 5. It demonstrated the accuracy of 
IM-SLN concept and the situation of IM-SLN could stand for
the whole IMLN chain. This study provided more evidence
to support that IM-SLN removed by IM-SLNB guiding with
the modified radiotracer injection technique is true SLN in
the IMLN chain. In our pilot study, we have demonstrated
that the primary tumor area and the entire breast paren-
chyma could drain into the same IMLN [7]. Combined with
the conclusion of the pilot study, we could conclude that 
IM-SLN receives lymphatic drainage from not only the pri-
mary tumor area, but also the entire breast parenchyma.

In conclusion, the lymphatic drainage pattern was pre-
sented by the small radiotracer (99mTc-Dextran 40) on the
lymphoscintigraphy of SPECT/CT. In the IMLN chain, the
lymph was identified draining from different regions of the
breast to IM-SLN, and then outward from IM-SLN to other
IMLN one by one. It demonstrated the concept of the 
IM-SLN and provided more evidences for the application of
IM-SLNB in the clinical practice.

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

The work was supported by grants from the National Natural Sci-
ence Foundation of China (81672638, 81502314), the Natural Science
Foundation of Shandong Province (2014ZRC03036), the Medical and
Health Science Technology Development Program of Shandong
Province (2017WS177), and the Science and Technology Planning
Project of Shandong Academy of Medical Sciences (2016-39). Yong-
Sheng Wang and Xiao-Shan Cao conceived the study idea. Guo-Ren
Yang conducted the literature searches and review of studies. Yong-
Sheng Wang and Xiao-Shan Cao performed data extraction, inter-
preted analyses. Yong-Sheng Wang advised on clinical content and
on data resolution. Bin-Bin Cong and Peng-Fei Qiu provided addi-
tional data. Yong-Sheng Wang and Xiao-Shan Cao contributed to
drafting the manuscript. Yong-Sheng Wang and Bin-Bin Cong con-
tributed to reviewing the manuscript. We thank Yan-Bing Liu, MA,
Tong Zhao, MA, Peng Chen, MA, Chun-Jian Wang, MA, and Zhao-
Peng Zhang, MA from our breast cancer center. All six of these 
individuals contributed to manuscript review; none received com-
pensation for their contributions. We thank Rogers W, PhD, an Eng-
lish teacher from University of Jinan, who contributed to revise the
language of the manuscript.

VOLUME 51 NUMBER 2 APRIL 2019  491



Cancer Res Treat. 2019;51(2):483-492

1. Connolly JL. Changes and problematic areas in interpretation
of the AJCC Cancer Staging Manual, 6th Edition, for breast
cancer. Arch Pathol Lab Med. 2006;130:287-91.

2. Gnerlich JL, Barreto-Andrade JC, Czechura T, John JR, Turk
MA, Kennedy TJ, et al. Accurate staging with internal mam-
mary chain sentinel node biopsy for breast cancer. Ann Surg
Oncol. 2014;21:368-74.

3. Qiu PF, Liu YB, Wang YS. Internal mammary sentinel lymph
node biopsy: abandon or persist? Onco Targets Ther. 2016;9:
3879-82.

4. Huang O, Wang L, Shen K, Lin H, Hu Z, Liu G, et al. Breast
cancer subpopulation with high risk of internal mammary
lymph nodes metastasis: analysis of 2,269 Chinese breast can-
cer patients treated with extended radical mastectomy. Breast
Cancer Res Treat. 2008;107:379-87.

5. Thorsen LB, Offersen BV, Dano H, Berg M, Jensen I, Pedersen
AN, et al. DBCG-IMN: a population-based cohort study on the
effect of internal mammary node irradiation in early node-pos-
itive breast cancer. J Clin Oncol. 2016;34:314-20.

6. 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.

7. Cong BB, Qiu PF, Liu YB, Zhao T, Chen P, Cao XS, et al. Vali-
dation study for the hypothesis of internal mammary sentinel
lymph node lymphatic drainage in breast cancer. Oncotarget.
2016;7:41996-2006.

8. Cong BB, Qiu PF, Wang YS. Internal mammary sentinel lymph
node biopsy: minimally invasive staging and tailored internal
mammary radiotherapy. Ann Surg Oncol. 2014;21:2119-21.

9. Lyman GH, Temin S, Edge SB, Newman LA, Turner RR,
Weaver DL, et al. Sentinel lymph node biopsy for patients
with early-stage breast cancer: American Society of Clinical
Oncology clinical practice guideline update. J Clin Oncol.
2014;32:1365-83.

10. Schulze T, Mucke J, Markwardt J, Schlag PM, Bembenek A.
Long-term morbidity of patients with early breast cancer after
sentinel lymph node biopsy compared to axillary lymph node
dissection. J Surg Oncol. 2006;93:109-19.

11. Kumar A, Puri R, Gadgil PV, Jatoi I. Sentinel lymph node
biopsy in primary breast cancer: window to management of
the axilla. World J Surg. 2012;36:1453-9.

12. Veronesi U, Marubini E, Mariani L, Valagussa P, Zucali R. The
dissection of internal mammary nodes does not improve the
survival of breast cancer patients. 30-year results of a ran-
domised trial. Eur J Cancer. 1999;35:1320-5.

13. Byrd DR, Dunnwald LK, Mankoff DA, Anderson BO, Moe RE,
Yeung RS, et al. Internal mammary lymph node drainage pat-
terns in patients with breast cancer documented by breast lym-

phoscintigraphy. Ann Surg Oncol. 2001;8:234-40.
14. Qiu PF, Cong BB, Zhao RR, Yang GR, Liu YB, Chen P, et al.

Internal mammary sentinel lymph node biopsy with modified
injection technique: high visualization rate and accurate stag-
ing. Medicine (Baltimore). 2015;94:e1790.

15. Turner-Warwick RT. The lymphatics of the breast. Br J Surg.
1959;46:574-82.

16. Cruikshank WC. The anatomy of the absorbing vessels of the
human body. London: G. Nicol; 1786.

17. Sappey MP. Anatomie, Physiologie, Pathologie des vaisseaux
Lymphatiques consideres chez L’homme at les Vertebres.
Paris: A. Delahaye and E. Lecrosnier; 1874.

18. Pavlista D, Eliska O. Relationship between the lymphatic
drainage of the breast and the upper extremity: a postmortem
study. Ann Surg Oncol. 2012;19:3410-5.

19. Suami H, Pan WR, Mann GB, Taylor GI. The lymphatic
anatomy of the breast and its implications for sentinel lymph
node biopsy: a human cadaver study. Ann Surg Oncol. 2008;
15:863-71.

20. Tanis PJ, Nieweg OE, Valdes Olmos RA, Kroon BB. Anatomy
and physiology of lymphatic drainage of the breast from the
perspective of sentinel node biopsy. J Am Coll Surg. 2001;192:
399-409.

21. Yamaguchi A, Hanaoka H, Pirmettis I, Uehara T, Tsushima Y,
Papadopoulos M, et al. Injection site radioactivity of (99m)
Tc-labeled mannosylated dextran for sentinel lymph node
mapping. Mol Pharm. 2015;12:514-9.

22. Harrell MI, Iritani BM, Ruddell A. Lymph node mapping in
the mouse. J Immunol Methods. 2008;332:170-4.

23. Mariani G, Erba P, Villa G, Gipponi M, Manca G, Boni G, et
al. Lymphoscintigraphic and intraoperative detection of the
sentinel lymph node in breast cancer patients: the nuclear
medicine perspective. J Surg Oncol. 2004;85:112-22.

24. Kraft O, Havel M. Sentinel lymph nodes and planar scintigra-
phy and SPECT/CT in various types of tumours. Estimation
of some factors influencing detection success. Nucl Med Rev
Cent East Eur. 2013;16:17-25.

25. Brouwer OR, Vermeeren L, van der Ploeg IM, Valdes Olmos
RA, Loo CE, Pereira-Bouda LM, et al. Lymphoscintigraphy
and SPECT/CT in multicentric and multifocal breast cancer:
does each tumour have a separate drainage pattern? Results
of a Dutch multicentre study (MULTISENT). Eur J Nucl Med
Mol Imaging. 2012;39:1137-43.

26. Vercellino L, Ohnona J, Groheux D, Slama A, Colletti PM,
Chondrogiannis S, et al. Role of SPECT/CT in sentinel lymph
node detection in patients with breast cancer. Clin Nucl Med.
2014;39:431-6.

References

492 CANCER  RESEARCH  AND  TREATMENT



│ https://www.e-crt.org │ 493Copyright ⓒ 2019    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. 2019;51(2):493-501

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.125 

Open Access

EGFR Mutation Is Associated with Short Progression-Free Survival in 
Patients with Stage III Non-squamous Cell Lung Cancer Treated with 
Concurrent Chemoradiotherapy

Original Article

Purpose
This study was conducted to evaluate the relationship between epidermal growth factor 
receptor (EGFR) mutation and clinical outcomes in patients with stage III non-squamous
cell lung cancer treated with definitive concurrent chemoradiotherapy (CCRT).

Materials and Methods
From January 2008 to December 2013, the medical records of 197 patients with stage III
non- squamous non-small cell lung cancer treated with definitive CCRT were analyzed to
determine progression-free survival (PFS) and overall survival (OS) according to EGFR
mutation status.

Results
Among 197 eligible patients, 81 patients were EGFR wild type, 36 patients had an EGFR
mutation (exon 19 Del, n=18; L858R, n=9, uncommon [G719X, L868, T790M], n=9), and
80 patients had unknown EGFR status. The median age was 59 years (range, 28 to 80
years) and 136 patients (69.0%) were male. The median follow-up duration was 66.5
months (range, 1.9 to 114.5 months). One hundred sixty-four patients (83.2%) experienced
disease progression. Median PFS was 8.9 months for the EGFR mutation group, 11.8
months for EGFR wild type, and 10.5 months for the unknown EGFR group (p=0.013 and
p=0.042, respectively). The most common site of metastasis in the EGFR mutant group
was the brain. However, there was no significant difference in OS among the three groups
(34.6 months for EGFR mutant group vs. 31.9 months for EGFR wild type vs. 22.6 months
for EGFR unknown group; p=0.792 and p=0.284). A total of 29 patients (80.6%) with EGFR
mutation were treated with EGFR tyrosine kinase inhibitor (gefitinib, n=24; erlotinib, n=3;
afatinib, n=2) upon progression.

Conclusion
EGFR mutation is associated with short PFS and the brain is the most common site of distant
metastasis in patients with stage III non- squamous cell lung cancer treated with CCRT.  

Key words
Non-squamous non-small cell lung cancer, 
Chemoradiotherapy, Stage III, EGFR mutation, Survival

Song Ee Park, MD1

Jae Myoung Noh, MD, PhD2

You Jin Kim, MD3

Han Sang Lee, MD3

Jang Ho Cho, MD3

Sung Won Lim, MD3

Yong Chan Ahn, MD, PhD2

Hongryull Pyo, MD, PhD2

Yoon-La Choi, MD, PhD4

Joungho Han, MD, PhD4

Jong-Mu Sun, MD, PhD3

Se Hoon Lee, MD, PhD3

Jin Seok Ahn, MD, PhD3

Keunchil Park, MD, PhD3

Myung-Ju Ahn, MD, PhD3

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

Correspondence: Myung-Ju Ahn, MD, PhD
Division of Hematology-Oncology, 
Department of Medicine, Samsung Medical
Center, Sungkyunkwan University School 
of Medicine, 81 Irwon-ro, Gangnam-gu, 
Seoul 06351, Korea
Tel: 82-2-3410-3438 
Fax: 82-2-3410-1754   
Email: silk.ahn@samsung.com

Received  February 27, 2018
Accepted  June 10, 2018
Published Online  June 18, 2018

*Song Ee Park and Jae Myoung Noh contributed
equally to this work.

1Division of Hematology-Oncology, 
Department of Medicine, Chung-Ang 
University College of Medicine, Seoul, 
2Department of Radiation Oncology, 
3Division of Hematology-Oncology, 
Department of Medicine, 4Department of
Pathology, Samsung Medical Center,
Sungkyunkwan University School of 
Medicine, Seoul, Korea



Introduction

Concurrent chemoradiotherapy (CCRT) is the standard
treatment for patients with locally advanced non-small cell
lung cancer (NSCLC). CCRT is superior to radiation alone or
to sequential chemoradiation in patients with unresectable
stage IIIA or stage IIIB disease [1,2]. However, the majority
of patients treated with CCRT develop disease recurrence
and 5-year survival is only 15%-20% [2-4]. 

Epidermal growth factor receptor (EGFR) mutations are
detected in approximately 40% of NSCLC from Asian 
patients and 10%-20% of NSCLC from Caucasian patients
[5,6]. EGFR mutations are more frequently found in females,
never smokers, and adenocarcinomas, regardless of ethnic-
ity. Approximately 90% of EGFR tyrosine kinase inhibitor
(TKI)sensitizing mutations are exon 19 deletions or exon 21
L858R point mutations [7]. Several EGFR TKIs, including
gefitinib, erlotinib, and afatinib have been approved for treat-
ment of advanced EGFR-mutant NSCLC as a first-line ther-
apy. EGFR mutation is usually associated with overexpre-
ssion of EGFR. It has been reported that EGFR overexpres-
sion is negatively correlated with radiation treatment [8]. 

Several clinical studies recently reported that in patients
with locally advanced NSCLC with EGFR mutation, loco-
regional recurrence rate after radiotherapy (RT) is lower than
in patients with wild-type EGFR, and EGFR mutation was
associated with a better response to CCRT [9]. However, the
patient population in the previous studies was heteroge-
neous in terms of stage and surgical resection rate across
EGFR mutational status. In addition, the types of EGFR
mutations were not confined to deletion in exon 19 or L858R
[10]. 

This study was conducted to evaluate the relationship 

between EGFR mutation and clinical outcomes in patients
with stage III non-squamous cell lung cancer treated with 
definitive CCRT.

Materials and Methods

1. Study design

From January 2008 to December 2013, 334 patients with
pathologically confirmed stage III NSCLC were treated with
definitive CCRT at Samsung Medical Center, Korea. NSCLC
stage evaluation was based on the American Joint Committee
on Cancer seventh edition cancer staging manual. A total of
134 patients diagnosed with squamous cell carcinoma were
excluded from further analysis. Among 200 remaining 
patients, three patients who did not receive CCRT or recei-
ved it at half the dose of planned radiation were also exclu-
ded (Fig. 1).

The initial diagnosis of NSCLC was pathologically con-
firmed in all patients based on either bronchoscopy or per-
cutaneous fine-needle biopsy. Diagnostic and staging work-
ups included complete history and physical examination,
chest computed tomography (CT), positron emission tomog-
raphycomputed tomography (PET/CT) scan. Histologic 
diagnosis was assessed according to the World Health 
Organization classification. For nodal stage evaluation, 
endobronchial ultrasoundguided trans bronchial fine nee-
dle aspiration from a supraclavicular lymph node was per-
formed for N2/N3 stage. EGFR (exon 18-21) mutation was
detected using the peptide nucleic acid locked nucleic acid
polymerase chain reaction clamp method as previously 
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NSCLC stage III received CCRT (n=334)

NSCLC stage III was pathologically diagnosed 
  as squamous cell carcinoma (n=134)

NSCLC stage III did not receive half
  the dose of planned radiation (n=3)

NSCLC stage III without
squamous cell carcinoma (n=200)

NSCLC III without squamous 
cell carcinoma received CCRT (n=197)

Fig. 1. Study pilot. NSCLC, non-small lung carcinoma; CCRT, concurrent chemoradiotherapy.
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described [11]. 
The median RT dose was 66 Gy in 33 fractions using 4-10

MV photon beams generated by a linear accelerator (Varian
Medical Systems Inc., Palo Alto, CA). Simulation CT scans
were typically performed in the supine position at a thick-
ness of 2.5-5 mm. The gross tumor volume (GTV) was 
defined as the volume of tumor identified based on all avail-
able clinical information, including radiologic imaging, PET
scan, bronchoscopy, and mediastinoscopy.

The clinical target volume was generated by extending a
5-mm margin from the GTV, which was modified according
to adjacent organs if necessary. Elective irradiation of the
clinically uninvolved lymph node was not allowed. The most
common concurrent chemotherapeutic regimen was doc-
etaxel plus cisplatin. Chemotherapy consisted of six cycles
of docetaxel 25 mg/m2 intravenously with cisplatin 25
mg/m2 intravenously weekly [12]. Other CCRT regimen 
included paclitaxel plus platinum based chemotherapy that
consisted of six cycles of paclitaxel 50 mg/m2 intravenously
with cisplatin 25 mg/m2 intravenously or carboplatin area
under the curve 1.5 intravenously weekly. Paclitaxel or doc-
etaxel was given for 1 hour after chlorpheniramine 4 mg 
intravenously, followed by and H2 blocker (ranitidine) intra-
venously, and dexamethasone 20 mg intravenously. The cis-
platin or carboplatin was given for 30 minutes with standard
antiemetic after docetaxel. The investigator decided on doc-
etaxel plus cisplatin or paclitaxel plus platinum (cisplatin or
carboplatin) regimens. Patients received additional consoli-
dation chemotherapy following CCRT.

Medical records were reviewed to collect patient data 
including age, gender, EGFR mutation status, Eastern Coop-
erative Oncology Group (ECOG) performance status, and
smoking history. Radiological response to CCRT was evalu-
ated by CT scan following CCRT, and was classified as a
complete response (CR), partial response (PR), stable disease
(SD), or progressive disease according to Response Evalua-
tion Criteria in Solid Tumors (RECIST) ver. 1.1 [13]. The early
toxicities of treatment related pneumonitis and esophagitis
were graded using Common Terminology Criteria for 
Adverse Events ver. 4.0. The first follow-up and response
evaluation were scheduled 1 month after completion of
CCRT with chest CT scan. Subsequent follow-up evaluations
were conducted at 3-4-month intervals thereafter, and 
included alternating chest CT and whole-body PET/CT. The
primary endpoints were progression-free survival (PFS) and
overall survival (OS) according to the EGFR mutation status.

2. Statistical analysis

The chi-square test was used to compare the response rate
and recurrence rate according to EGFR mutation. PFS was
measured from the start date of CCRT to the date of docu-

mented treatment failure; death, disease progression, or date
of censoring at last follow-up examination was considered
treatment failure. OS was defined as the interval between the
start date of CCRT and the date of death from any cause or
the date of censoring. Rates of PFS and OS were calculated
and compared using the Kaplan-Meier methods and the log-
rank test. In addition, multivariate analysis was conducted
using Cox regression models including EGFR, stage IIIB, and
disease control rate (DCR) with a p-value less than 0.05 in
the univariate analysis. And, in the multivariate analysis,
only the EGFR mutation group and the wild type group were
analyzed, and the EGFR unknown group was excluded from
the mutivariable analysis. All statistical analyses were per-
formed using the SPSS ver. 24 (IBM Corp., Armonk, NY) soft-
ware package. Variables with a p-value of < 0.05 were
considered significant.

3. Ethical statement

The Institutional Review Board of the Samsung Medical
Center (2017-12-090) approved the study. The requirement
of informed consent was waived as the study was based on
the retrospective analyses of existing administrative and clin-
ical data.

Results

1. Patients characteristics

Among 334 patients, 197 patients met eligibility criteria 
excluding squamous cell lung cancer. The main clinical char-
acteristics of patients are summarized in Table 1. A total of
117 specimens were adequate for EGFR mutation analysis
and 81 patients had unknown EGFR status. A total of 81 
patients had EGFR wild type and 36 patients had EGFR
mutations (exon 19 deletion, n=18; L858R in exon 21, n=9;
uncommon mutation [G719X, L868, T790M], n=9). The 
median age was 59 years (range, 28 to 80 years) and 136 
patients (69.0%) were male. Regarding stage, 152 patients
(77.2%) had stage IIIB NSCLC and 45 (22.8%) patients had
stage IIIA NSCLC. A total of 131 patients (66.5%) were cur-
rent/former smoker and 183 patients (92.9%) had ECOG per-
formance status 0-1. Regarding chemotherapy, 128 patients
(65.0%) received a docetaxel plus cisplatin regimen, 56 
patients (28.4%) received a paclitaxel plus platinum regimen,
eight patients (4.1%) received an etoposide plus cisplatin reg-
imen, and five patients (2.5%) received other regimens.
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2. Response to CCRT

In the EGFR mutation group, one patient (2.8%) had CR,
25 patients (69.4%) had PR, six patients (16.7%) had SD, and four
patients (11.1%) had progression following CCRT (Table 2).
With EGFR wild type, 15 patients (18.1%) had CR, 61 
patients (75.3%) had PR, three patients (3.7%) had SD, and
two patients (2.5%) had progression following CCRT. There

was a significant difference in overall response rate to CCRT
between EGFR mutant and EGFR wild type group (72.2% vs.
93.8%, p < 0.001).

3. PFS and OS

The median follow-up duration was 66.5 months (range,
1.9 to 114.5 months). One hundred sixty four patients (83.2%) 
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Table 1.  Baseline characteristics according to EGFR mutation

Characteristic Total EGFR mutation EGFR wild Unknown
(n=197) (n=36) (n=81) (n=80)

Age (yr) 59.0 (28-80) 52.0 (39-70) 60.0 (28-78) 63.0 (31-80)
 60 98 (49.7) 9 (25.0) 41 (50.6) 48 (60.0)

Sex
Male 136 (69.0) 13 (36.1) 59 (72.8) 64 (80.0)
Female 61 (31.0) 23 (63.9) 22 (27.0) 16 (20.0)

Smoking status
Never smoker 66 (33.5) 24 (66.7) 24 (29.6) 18 (22.5)
Current/Former smoker 131 (66.5) 12 (33.3) 57 (70.4) 62 (77.5)

ECOG performance status
0-1 183 (92.9) 35 (97.2) 77 (92.8) 73 (91.2)
2 14 (7.1) 1 (2.8) 6 (7.2) 7 (8.8)

Clinical T classification
cT1-2 116 (58.9) 22 (61.1) 46 (56.8) 48 (60.0)
cT3-4 81 (41.1) 14 (38.9) 35 (43.2) 32 (40.0)

Clinical node involvement
N1-2 62 (31.5) 8 (22.2) 24 (29.6) 30 (37.5)
N3 135 (68.5) 28 (77.8) 57 (70.4) 50 (62.5)

Stage
IIIA 45 (22.8) 5 (13.9) 15 (18.5) 25 (31.3)
IIIB 152 (77.2) 31 (86.1) 66 (81.5) 55 (68.7)

Pathology
Adenocarcinoma 189 (95.9) 36 (100) 78 (96.3) 75 (93.8)
Large cell carcinoma 5 (2.5) - 1 (1.2) 4 (5.0)
Adenosquamous carcinoma 3 (1.5) - 2 (2.5) 1 (1.3)

EGFR mutation
Deletion in exon 19 - 18 (50.0) - -
L858R - 9 (25.0) - -
Uncommon - 9 (25.0) - -

Regimen of CCRT
Docetaxel+cisplatin 128 (65.0) 22 (61.1) 47 (58.0) 59 (73.8)
Paclitaxel+platinum 56 (28.4) 10 (27.8) 28 (34.6) 18 (22.5)
Etoposide+cisplatin 8 (4.1) 1 (2.8) 4 (4.9) 3 (3.7)
Others 5 (2.5) 3 (8.3) 2 (2.5) 0 (

Complete radiation 190 (96.4) 36 (100) 79 (97.5) 75 (93.8)
Radiation (Gy) 6,600 (1,800-7,400) 6,600 (6,200-7,400) 6,600 (4,400-7,400) 6,600 (1,800-7,400)

Follow-up duration (mo) 66.5 66.8 66.5 64.3

Values are presented as median (range) or number (%). EGFR, epidermal growth factor receptor; ECOG, Eastern Cooperative
Oncology Group; CCRT, concurrent chemoradiotherapy.
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experienced disease progression. Median PFS was 8.9
months for the EGFR mutation group versus 11.8 months for
EGFR wild type versus 10.5 months for EGFR unknown
group (Fig. 2). The EGFR mutation group had a short PFS
compared with the EGFR wild type group (p=0.013) or EGFR
unknown group (p=0.042). By univariate analysis including
EGFR mutation, DCR and stage was an independent factor
for shorter PFS. By multivariate analysis, EGFR mutation
group had a shorter PFS than the EGFR wild type group, 
although the EGFR mutation was not statistically significant

(hazard ratio, 1.492; 95% confidence interval, 0.968 to 2.229;
p=0.070) (Table 3). Among the EGFR mutant group, median
PFS was 8.5 months for the exon 19 deletion group vs. 9.4
months for the L858R group vs. 9.4 months for the unknown
group (p=0.900) (Fig. 3).

A total of 132 patients (67.0%) died during the follow-up
period. The median OS was 34.6 months for the EGFR
mutant group versus 31.9 months for the EGFR wild type
group versus 22.6 months for the EGFR unknown group
(p=0.214) (Fig. 2). There was no significant difference in 
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Table 2. Response according to EGFR mutation during concurrent chemoradiotherapy

Efficacy of CCRT Total EGFR mutation EGFR wild Unknown p-value(n=197) (n=36) (n=81) (n=80)
CCRT response

CR 33 (16.8) 1 (2.8) 15 (18.5) 17 (21.2) < 0.001
PR 126 (64.0) 25 (69.4) 61 (75.3) 40 (50.0)
SD 24 (12.2) 6 (16.7) 3 (3.7) 15 (18.8)
PD 14 (7.0) 4 (11.1) 2 (2.5) 8 (10.0)

ORR 159 (80.7) 26 (72.2) 76 (93.8) 57 (71.3) < 0.001
DCR 183 (92.9) 32 (88.9) 79 (97.5) 72 (90.0) 0.104

Values are presented as number (%). EGFR, epidermal growth factor receptor; CCRT, chemoradiotherapy; CR, complete 
response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control
rate.

Fig. 2.  Kaplan-Meier survival curves of progression-free survival (A) and overall survival (B) according to epidermal growth
factor receptor (EGFR) mutation status. HR, hazard ratio; CI, confidence interval.
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median OS according to EGFR mutation type. Twenty-nine
patients (80.6%) with EGFR mutation were treated with
EGFR TKIs (gefitinib, n=24; erlotinib, n=3; afatinib, n=2) on
progression. The median OS was 49.8 months for exon 19
deletions, 28.1 months for L858R and 25.1 months for uncom-
mon EGFR mutation (p=0.087) (Fig. 3). 

4. Recurrence

One hundred forty-nine patients (75.6%) experienced
tumor recurrence without death. The most common failure
pattern was systemic recurrence which was observed in 99
patients (66.4%). This was followed by loco-regional recur-
rence plus systemic recurrence in 32 patients (21.5%) and
loco-regional recurrence in 18 patients (12.1%) (Table 4).
Among 36 patients with EGFR mutation, 33 patients (91.7%)
developed tumor recurrence without death, 23 patients
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Variable
Univariate analysis Multivariable analysis                                                       

HR 95% CI p-value HR 95% CI p-value
Age > 60 yr 0.946 0.639 0.783 - - -
Female 1.456 0.979-2.166 0.063 - - -
ECOG  2 1.254 0.578-2.721 0.566 - - -
Smoker 0.691 0.466-1.025 0.066 - - -
EGFR mutationa) 1.681 1.108-2.511 0.015 1.492 0.968-2.229 0.070
Stage IIIB 1.911 1.098-3.326 0.022 1.780 1.018-3.110 0.043
DCR 0.412 0.179-0.944 0.036 0.542 0.230-1.282 0.163

Table 3. Univariate and multivariable analyses of progression-free survival

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor 
receptor, DCR, disease control rate. a)EGFR mutation type compared with EGFR wild type.

Fig. 3.  Kaplan-Meier survival curves of subgroup analysis according to epidermal growth factor receptor (EGFR) mutation
status. (A) Progression-free survival. (B) Overall survival. HR, hazard ratio; CI, confidence interval.
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(69.7%) had systemic recurrence, seven patients (21.2%) had
loco-regional recurrence plus systemic recurrence, and three
patients (9.1%) had loco-regional recurrence. The most com-
mon site of distant metastasis in the EGFR mutant group was
the brain in nine patients followed by pleural metastasis in
six patients, bone metastasis in five patients, lung to lung
metastasis in five patients, distant lymph node metastasis in
three patients, adrenal gland metastasis in two patients and
liver metastasis in one patient. In the EGFR wild type group,
pleural metastasis (15 patients, 18.5%) was the most common
metastatic lesion, followed by brain (13 patients, 16.0%). In
the EGFR unknown group, the brain was the most common
metastatic site (16 patients, 20.0%). The median distant
metastasis free survival (DMFS) was 9.3 months for the EGFR
mutant group versus 13.2 months for EGFR wild type versus

13.6 months for the EGFR unknown group. The EGFR muta-
tion group had a short DMFS compared with the EGFR wild
type group (p=0.022) and EGFR unknown group (p=0.013).
The median loco-regional recurrence free survival was 23.2
months for the EGFR mutant group versus 50.9 months for
the EGFR wild type group (p=0.184) (Fig. 4).

Discussion

In this study, PFS was significantly shorter in patients with
EGFR mutations compared to the EGFR wild type or 
unknown EGFR groups. The most common recurrence pat-
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Table 4. Recurrence rate and recurrence pattern

Variable Total EGFR mutation EGFR wild Unknown p-value(n=198) (n=36) (n=81) (n=80)
Recurrence rate 149 (75.6) 33 (91.7) 64 (79.0) 52 (65.0) 0.005

Loco-regional recurrence 18 (12.1) 3 (9.1) 7 (10.9) 8 (15.4) 0.793
Loco-regional plus systemic recurrence 32 (21.5) 7 (21.2) 16 (25.0) 9 (17.3)
Systemic recurrence 99 (66.4) 23 (69.7) 41 (64.1) 35 (67.3)

Values are presented as number (%). EGFR, epidermal growth factor receptor.

Fig. 4.  Kaplan-Meier survival curves of loco-regional recurrence free survival (A) and distant metastasis free survival (B).
EGFR, epidermal growth factor receptor; HR, hazard ratio; CI, confidence interval.

Lo
co

-re
gi

on
al

 re
cu

rre
nc

e 
fre

e 
su

rv
iva

l (
%

) 100

0
0

Time (mo)
48362412 60

A

60

80

20

40

Di
st

an
t m

et
as

ta
sis

 fr
ee

 su
rv

iva
l (

%
)

100

0
0

Time (mo)
48362412 60

B

60

80

20

40

50.9 mo (reference)
23.2 mo (HR, 1.472; 95% CI, 0.695-3.117; p=0.313)
N/A (HR, 0.791; 95% CI, 0.422-1.483; p=0.791)

EGFR wild
EGFR mutation
Unknown

13.2 mo (reference)
9.3 mo (HR, 1.585; 95% CI, 1.014-2.476; p=0.043)
13.6 mo (HR, 0.842; 95% CI, 0.568-1.248; p=0.391)

EGFR wild
EGFR mutation
Unknown

VOLUME 51 NUMBER 2 APRIL 2019  499



Cancer Res Treat. 2019;51(2):493-501

tern was systemic with or without loco-regional recurrence,
which was observed in more than 87.9% of patients. It was
previously reported that EGFR mutation was associated with
more frequent distant relapse and worse 5-year PFS rate after
neoadjuvant CCRT followed by surgery in locally advanced
mediastinoscopic N2-positive NSCLC [14]. These findings
suggest that systemic control is more important in patients
with locally advanced adenocarcinoma with EGFR muta-
tions. Given the high incidence of systemic recurrence and
limited clinical outcomes in EGFR mutant patients, a ran-
domized phase III trial of maintenance gefitinib after CCRT
in locally advanced NSCLC (SWOG S0023) was conducted
to evaluate whether maintenance gefitinib improved clinical
outcomes [15]. Unexpectedly, patients who received gefitinib
as maintenance had worse survival compared to gefitinib
and experienced more adverse events, although only few 
patients have EGFR mutation [16]. In our study, the PFS was
significantly shorter in patients with EGFR mutation com-
pared with EGFR wild type. The OS in our study did not
show any significant difference between the two groups due
to salvage therapy with EGFR TKI after progression. Another
concern is the development of resistance to maintenance
EGFR TKI. Therefore, it remains unclear whether mainte-
nance EGFR TKI improves OS in stage III NSCLC patients
after completion of CCRT. 

Intriguingly, we also found that the brain was the most fre-
quent site of distant metastasis in patients with EGFR muta-
tion, consistent with other studies [17,18]. This finding
suggests that prophylactic central nervous system irradiation
(PCI) might benefit patients with EGFR mutation. Recently,
PCI in locally advanced NSCLC after CCRT did not show
any survival benefit although the relapse rate in brain 
decreased [19]. Thus, the role of PCI in stage III EGFR mutant
NSCLC must be investigated further. In contrast, the third-
generation EGFR TKI osimertinib is a candidate for consoli-
dation therapy because of its high permeability to the brain
and promising central nervous system efficacy [20,21]. In
contrast, the locoregional recurrence rate of the EGFR muta-
tion group (9.1%) was not significantly different from that of
the EGFR wild type group (10.9%), which is not consistent
with previous studies [17] and needs further evaluation. Of

note, the response rate to CCRT in the EGFR mutation group
was also significantly lower than those of the EGFR wild type
group. However, there was no significant difference in OS
between the EGFR mutation group and the EGFR wild type
group. Although no significant difference in PFS was 
observed according to EGFR mutation type, the median OS
was longest in patients with exon 19 deletions.

Recently, a randomized phase III study of maintenance
durvalumab, anti–PD-L1 immune check point inhibitor after
completion of CCRT in stage III NSCLC patients (PACIFIC),
demonstrated significant improvement of PFS compared to
placebo (16.8 months vs. 5.6 months) [22]. In this study, only
6.1% of patients had EGFR mutations. Given that immune
checkpoint inhibitors do not improve OS in EGFR mutant
NSCLC by meta-analysis, there is a high possibility that dur-
valumab as consolidation therapy may not be beneficial to
patients with EGFR mutant stage III NSCLC after completion
of CCRT. Subgroup analysis in patients with EGFR mutation
showed a hazard ratio of 0.76 (95% confidence interval, 0.35
to 1.64), suggesting patients with EGFR mutation might not
benefit from maintenance durvalumab in this setting [23-25].
Although retrospective nature of analysis and single center
study, it is one of the largest series of cohort patient dataset
treated with CCRT along with long-term follow-up compar-
ing EGFR mutation and wild type.

In conclusion, EGFR mutation was associated with short
PFS and brain was the most common site of distant metasta-
sis in patients with stage III non-squamous cell lung cancer
treated with CCRT. To improve clinical outcome in this spe-
cific subset of patients, further study with novel agent should
be investigated.
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Efficacy and Safety of Afatinib for EGFR-mutant Non-small Cell Lung
Cancer, Compared with Gefitinib or Erlotinib
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Purpose
We tried to evaluate whether there are any specific features in treatment outcomes of first-
line afatinib in patients with epidermal growth factor receptor (EGFR)-mutant non-small cell
lung cancer (NSCLC), compared with gefitinib or erlotinib.

Materials and Methods
We analyzed patients treated with first-line afatinib, gefitinib, or erlotinib for advanced EGFR-
mutant NSCLC at Samsung Medical Center between 2014 and 2016.

Results
In total, 467 patients received first-line afatinib (n=165), gefitinib (n=230), or erlotinib
(n=72). Afatinib was used more often in patients with tumors harboring deletion in exon 19
(Del19), whereas the gefitinib group had more elderly, females, and never smokers. The
median progression-free survival (PFS) time for afatinib, gefitinib, and erlotinib was 19.1
months, 13.7 months, and 14.0 months, respectively (p=0.001). The superior PFS of afa-
tinib was more remarkable in subgroups of Del19 or uncommon EGFR mutations. Overall
toxicity profiles of the three drugs were comparable, though more grade 3 or 4 toxicities
were detected in afatinib (7.3%) compared with gefitinib (2.6%) or erlotinib (1.8%). The com-
mon grade 3 or 4 toxicities of afatinib included diarrhea (3.0%), paronychia (2.4%), and skin
rash (1.8%). Dose modification was more frequently required in patients treated with afatinib
(112/165, 68%), compared with gefitinib (5/230, 2%) and erlotinib (4/72, 6%). Interest-
ingly, however, dose reduction in the afatinib group did not impair its efficacy in terms of
PFS (dose reduction vs. no reduction group, 23.5 months vs. 12.4 months). 

Conclusion
First-line afatinib showed satisfactory efficacy data and manageable toxicity profiles.
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Introduction

Non-small cell lung cancer (NSCLC) is one of the leading
causes of deaths from cancer worldwide [1]. When used as
first-line therapy, first-generation epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitors (TKIs) such as
gefitinib and erlotinib have improved clinical outcomes in
patients with advanced NSCLC harboring EGFR mutations
[2,3].

Afatinib, a second-generation EGFR TKI, is an oral, irre-
versible ErbB family blocker that selectively and potently
blocks signaling from all relevant ErbB family receptors
(ErbB1, ErbB2, and ErbB4) [4]. In the Phase III LUX-Lung 3
and LUX-Lung 6 trials, first-line afatinib significantly impro-
ved progression-free survival (PFS) and objective response
rates versus platinum-doublet chemotherapy in patients
with EGFR-mutant NSCLC [5,6]. These promising results led
to the approval of afatinib in many countries from 2013 
onwards.
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Several large randomized trials have been conducted to
compare the clinical efficacies and toxicities of these EGFR
TKIs. The WJOG 5108L study was a randomized phase III
study comparing gefitinib with erlotinib. It did not demon-
strate statistical non inferiority of gefitinib in terms of PFS
compared with erlotinib [7]. The LUX-Lung 7 trial compared
afatinib with gefitinib as a first-line treatment in patients with
advanced NSCLC harboring common EGFR mutations (Del19
and the L858R point mutation) [8]. Although the median PFS
times of afatinib and gefitinib were similar (11.0 months vs.
10.9 months), afatinib showed a statistically superior PFS
outcome compared to gefitinib (hazard ratio [HR], 0.73; 95%
confidence interval [CI], 0.57 to 0.95) [8].

Currently, afatinib, gefitinib, and erlotinib are recommen-
ded as first-line therapies for EGFR-mutant NSCLC. How-
ever, no rules or guidelines are available to choose one of
these drugs for a given patient. Thus, the specific drug is typ-
ically chosen according to the physician’s preference or 
experience. In South Korea, these three TKIs are approved,
and one of three TKIs can be chosen by physicians as the
first-line therapy for their patients with EGFR-mutant
NSCLC. 

A few years have elapsed since first-line afatinib therapy
for EGFR-mutant NSCLC was first reimbursed in Korea 
(October 2014). Our purpose of this study is to investigate
how afatinib is used in real-world practice, and whether it
leads to different clinical outcomes compared with gefitinib
or erlotinib. 

Materials and Methods

1. Patients

This retrospective population-based study included 
patients with NSCLC who received first-line afatinib, gefi-
tinib, or erlotinib at a single institute (Samsung Medical Cen-
ter) between October 2014 and December 2016. Eligible
patients in the clinical database of the hospital were identi-
fied and their medical information was extracted from elec-
tronic medical records. Patient demographics such as age,
sex, smoking history, performance status, and EGFR muta-
tion type were reviewed. Demographic information was 
obtained for the time at which first-line EGFR TKI treatment
was initiated. EGFR mutations were identified using a PNA
clamp kit and real-time polymerase chain reaction. Muta-
tions other than Del19 or the L858R point mutation were clas-
sified as uncommon EGFR mutations, which also included
the de novo T790M mutation. In the efficacy analysis accord-
ing to EGFR mutation type, the T790M mutation was exclu-

ded since tumors harboring T790M are known to be resistant
to afatinib, gefitinib, and erlotinib.

2. Evaluation of safety and efficacy

All patients were diagnosed with NSCLC by histologic
analysis. Tumor stage was evaluated by chest computed 
tomography (CT), positron-emission tomographyCT (PET-
CT), and brain magnetic resonance imaging (MRI). If the 
results of staging work-up procedures performed in hospi-
tals other than Samsung Medical Center were of poor qual-
ity, we repeated the procedures at our hospital before the
patients started treatment.

When starting first-line EGFR TKIs, all patients were 
informed about the potential adverse events of the TKIs and
instructed on how to manage such events if they appear. All
patients were recommended to visit the clinic within 2 weeks
after starting TKIs so that they could be screened for any 
adverse events. If any significant adverse event had occurred
by the first visit after TKI treatment, dose reduction or a more
vigilant follow-up schedule was planned. Otherwise, pati-
ents visited every 1 or 2 months for the first 6 months, and
every 2 or 3 months thereafter. Tumor responses were
checked every 2 or 3 months by chest CT, with or without 
abdomen/pelvis CT, PET-CT, or brain MRI.  

Objective response rate was calculated by checking the
best response according to the Response Evaluation Criteria
in Solid Tumor ver. 1.1 guidelines. PFS was defined as the
time from starting first-line TKI to disease progression or
death; overall survival was defined as the time from starting
first-line TKI to death. Toxicity was graded according to the 
National Cancer Institute Common Toxicity Criteria, ver. 4.0.

3. Statistical considerations

To compare baseline characteristics among the three
groups or treatments, one-way ANOVA or the chi-square
test was used. Overall survival was defined as the time from
registration to death from any cause or censored at the time
of last contact. Progression-free survival (PFS) was defined
as the time from registration to documented progression or
death without progression. Patients without documented
progression or death were censored at the time of the last dis-
ease assessment. The survival data were analyzed using the
Kaplan-Meier method. Median PFS was calculated using a
Cox proportional hazards model. PFS is presented as median
values and two-sided 95% CIs. PFS after gefitinib, erlotinib,
or afatinib treatment was estimated with a Cox proportional
hazards model. For multivariable analysis, a multiple Cox
regression model was fitted by adjusting significant prog-
nostic variables (p < 0.05) in the univariable analysis for PFS.
All p-values were two-sided and a p < 0.05 was considered
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statistically significant. Data were analyzed using SPSS ver.
17 (SPSS Inc., Chicago, IL). The data cutoff for the analysis
was May 28, 2017. 

4. Ethical statement

This study was reviewed and approved by the institutional
review board (IRB No. 2018-02-111) at Samsung Medical
Center. The informed consent was waived because this study
was done based on the medical record review. The trial was
conducted in accordance with the Declaration of Helsinki.

Results

1. Patient characteristics and preference for afatinib, gefi-
tinib, or erlotinib

The patient characteristics are summarized in Table 1. A
total of 467 patients with recurrent or metastatic stage IV
NSCLC were included in the analysis, each of whom had
Del19, L858R point mutation, or an uncommon EGFR muta-
tion. Patients were treated with afatinib (n=165), gefitinib
(n=230), or erlotinib (n=72) as the first-line therapy. Patients

in the gefitinib group were significantly elderly (median age,
64 years) than those in the afatinib and erlotinib groups 
(median age, 57 and 59 years, respectively) (p < 0.001). 
Female patients comprised less than 50% of the afatinib and
erlotinib groups, while 74% of the gefitinib group was female
(p < 0.001). Performance status was not significantly different
among the three groups. The proportion of never smokers
was higher in the gefitinib group (78%) than in the afatinib
(60%) and erlotinib groups (57%) (p < 0.001). Approximately
70% of patients in the afatinib group had Del19; this percent-
age was significantly higher than those in the gefitinib (53%)
and erlotinib (56%) groups (p=0.002). A total of 31 patients
with uncommon EGFR mutation types were included, bro-
ken down by treatment group as follows: afatinib (n=14),
gefitinib (n=12), and erlotinib (n=5).

2. Survival outcomes according to EGFR TKI therapy

The median follow-up duration for PFS was 17.7 months
(95% CI, 16.5 to 18.9). The median PFS times for afatinib, gefi-
tinib, and erlotinib were 19.1 months (95% CI, 12.3 to 25.9),
13.7 months (95% CI, 12.3 to 15.1), and 14.0 months (95% CI,
11.3 to 16.8), respectively (p=0.001) (Fig. 1A). In the univari-
ate analysis for PFS, other clinical characteristics such as com-
mon EGFR mutation type (p < 0.001), good performance
status (Eastern Cooperative Oncology Group 0 or 1) (p < 0.001),

Patient characteristic Afatinib Gefitinib Erlotinib p-value
No. of patients 165 ( 230 ( 72 (
Age (yr)

Median (range) 57 (30-79) 64 (29-87) 59 (36-77) < 0.001
< 60 93 (56.4) 79 (34.3) 38 (52.8) < 0.001
 60 72 (43.6) 151(65.7) 34 (47.2)

Sex
Male 85 (51.5) 60 (26.1) 39 (54.2) < 0.001
Female 80 (48.5) 170 (73.9) 33 (45.8)

ECOG PS
0 42 (25.5) 56 (24.3) 24 (33.3) 0.658
1 114 (69.0) 160 (69.6) 44 (61.1)
2 9 (5.5) 14 (6.1) 4 (5.6)

Smoking status
Never smoker 99 (60.0) 180 (78.3) 41 (56.9) < 0.001
Current or ex-smoker 66 (40.0) 50 (21.7) 31 (43.1)

EGFR mutation type
Exon 19 deletion 114 (69.1) 122 (53.0) 40 (55.6) 0.002
Exon 21 L858R 37 (22.4) 96 (41.8) 27 (37.5)
Uncommon EGFR 14 (8.5) 12 (5.2) 5 (6.9)

Table 1. Baseline characteristics

Values are presented as median (range) or number (%). Uncommon EGFR: the tumor contains a mutation other than del19
or L858R. ECOG, Eastern Cooperative Oncology Group; PS, performance status; EGFR, epidermal growth factor receptor.
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and never smoker status (p=0.014) were associated with
longer PFS, while younger age (< 60 years) (p=0.174) and 
female sex (p=0.523) were not good prognostic factors in
terms of predicting PFS. With respect to the other clinical fac-
tors considered, afatinib therapy was significantly associated
with longer PFS in the multivariate analysis (HR, 0.46; 95%
CI, 0.34 to 0.63; p < 0.001). 

Regarding overall survival, the median follow-up duration
was 17.5 months (95% CI, 16.3 to 18.8). There was no statis-
tically significant difference between the EGFR TKI therapy
groups (p=0.21) (Fig. 1B). 

3. Progression-free survivals of EGFR TKIs according to
EGFR mutation types 

We next analyzed PFS according to EGFR mutation types.
In the subgroup of patients with Del19, the median PFS times
for afatinib, gefitinib, and erlotinib were 19.1 months, 15.0
months, and 16.3 months, respectively (p=0.01). In contrast,
there was no significant difference in the L858R subgroup
(p=0.46) (Fig. 2A and B). For the subgroup of uncom-
mon EGFR mutations, the afatinib group showed much
longer PFS (median PFS, not reached) compared with the
gefitinib (5.0 months) and erlotinib (6.1 months) groups,
though it was not statistically significant due to a small sam-
ple size (p=0.06) (Fig. 2C). 

4. Objective response in the uncommon EGFR mutation
subgroup 

Table 2 shows the uncommon EGFR mutation types and
the objective response of patients with each mutation type to
each EGFR TKI. A total of 31 patients had uncommon muta-
tions (exon 21 L861 Q, exon 18 G719X, exon 20 insertion, exon
18 G719X+exon 20 S768I, Del19+L747_P753>Q, and exon 21
L858R+H870R) and seven patients (1.4%) had both active
and resistant EGFR mutations (T790M). Seven patients had
the de novo T790M mutation (afatinib, 4; gefitinib, 3); these
patients had no response. Among the patients harboring 
uncommon mutations other than T790M, objective response
was seen in eight out of the 10 patients in the afatinib group,
while four out of nine in the gefitinib group showed a 
response and one out of five in the erlotinib group showed a
response.

5. Toxicity profile

The toxicity profiles were compatible with the expectation
(Table 3). The most common adverse events were skin rash,
stomatitis, paronychia, and diarrhea. The incidence of grade
1-2 adverse events were comparable among three treatment
groups. However, grade 3-4 adverse events were more fre-
quently found in the afatinib group (7.3%), compared with
gefitinib (2.6%) and erlotinib groups (1.8%). The common
grade 3-4 adverse events of afatinib were diarrhea, parony-
chia, and skin rash. A total of 10 patients of afatinib perma-
nently discontinued afatinib therapy due to grade 2 parony-

Fig. 1.  Progression-free survival (A) and overall survival (B) with afatinib, gefitinib, and erlotinib. TKI, tyrosine kinase 
inhibitor.
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chia or skin rash (n=3), grade 2 or 3 diarrhea (n=4), grade 2
or 3 stomatitis (n=2), or grade 3 pneumonitis (n=1). One 
patient with gefitinib hold permanently due to grade 3 inter-
stitial lung disease, and there was no permanent hold in the
erlotinib group. No treatment-related deaths occurred for all
the three drugs.

6. Dose modification

All patients initiated afatinib, gefitinib, and erlotinib treat-
ment with 40 mg, 250 mg, and 150 mg once daily, respec-

tively. Dose reduction was performed to control adverse
events. In the afatinib group, the first dose reduction was
from 40 mg to 30 mg per day. If further reduction was
needed, the dose was reduced subsequently from 30 mg to
20 mg per day. In accordance with the dose reduction 
sequence, dose reduction was performed either once or twice
in 112 patients (67.8%). The median interval from starting
afatinib to the first dose reduction was 4.9 weeks (95% CI, 4.0
to 5.8). Thus, the final afatinib dose was 30 mg per day in 80
patients (48.5%) and 20 mg per day in 32 patients (19.4%). In
the gefitinib group, total five patients reduced dose by 

Fig. 2.  Progression-free survival of afatinib, gefitinib, and erlotinib according to epidermal growth factor receptor (EGFR)
mutation types. (A) Exon 19 deletion. (B) Exon 21 L858R. (C) Uncommon EGFR mutations. TKI, tyrosine kinase inhibitor.
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increasing the administration interval into every other day,
due to skin toxicity and hepatotoxicity. Four patients with
erlotinib reduced dose to 100 mg per day due to skin toxicity.
A total of 10 patients in the afatinib group permanently dis-
continued afatinib therapy due to grade 2 paronychia or skin
rash (n=3), grade 2 or 3 diarrhea (n=4), grade 2 or 3 stomatitis
(n=2), or grade 3 pneumonitis (n=1). One patient with gefi-
tinib permanently stopped medication due to skin toxicity
and there was no permanent stop case for erlotinib. No treat-
ment-related deaths occurred for all three TKIs.

We analyzed whether dose reduction of afatinib affected

its efficacy. Interestingly, in the survival analysis according
to final afatinib dose, reduction did not impair PFS: the 
median PFS times for the unreduced group (40 mg) and 
reduced group (30 mg or 20 mg) were 12.4 months and 23.5
months, respectively (S1 Fig.). When the disease burdens
were compared by initial brain metastasis status between
two groups, there was no significant difference. There were
19 patients (35%) with brain metastasis in the unreduced
group (n=55), while 48 patients (43%) initially presented with
metastatic brain tumor in the reduced group (n=112) (p=0.53).

Afatinib Gefitinib Erlotinib                                                               
EGFR TKI Total Objective Total Objective Total Objective

response response response 
Uncommon EGFR mutation 14 8 12 4 5 1
Uncommon EGFR mutation other than T790M 10 8 9 4 5 1
Uncommon EGFR mutation

Exon 21 L858R+exon 20 T790M 3 0 3 0 0 0
Exon 19 deletion+exon 20 T790M 1 0 0 0 0 0
Exon 21 L861 Q 3 3 4 2 0 0
Exon 18 G719X 3 2 4 2 3 1
Exon 20 insertion 1 0 0 0 2 0
Exon 18 G719X+exon 20 S768I 1 1 1 0 0 0
Exon 19 Deletion+L747_P753>Q 1 1 0 0 0 0
Exon 21 L858R+H870R 1 1 0 0 0 0

Table 2. Objective response rates according to uncommon EGFR mutation

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.

Toxicity
Grade 1-2 Grade 3-4                                                                    

Afatinib Gefitinib Erlotinib Afatinib Gefitinib Erlotinib
Total 116 (70.3) 164 (71.3) 53 (73.6) 12 (7.3) 6 (2.6) 3 (1.8)
Rash and acne 76 (46.1) 131 (57.0) 47 (65.3) 3 (1.8) 1 (1.4) 3 (1.8)
Stomatitis 50 (30.3) 31 (13.5) 8 (11.1) 0 ( 0 ( 0 (
Paronychia 44 (26.7) 21 (9.1) 13 (18.1) 4 (2.4) 0 ( 0 (
Diarrhea 32 (19.4) 33 (14.3) 13 (18.2) 6 (3.0) 0 ( 0 (
Dry skin 18 (10.9) 45 (19.6) 12 (16.7) 0 ( 1 (1.4) 0 (
Pruritus 17 (10.3) 79 (34.3) 21 (29.2) 0 ( 0 ( 0 (
Anorexia 7 (4.2) 15 (6.5) 7 (9.7) 1 (0.6) 1 (1.4) 0 (
Nausea/Vomiting 0 ( 4 (1.7) 1 (1.4) 0 ( 0 ( 0 (
Fatigue 1 (0.6) 3 (1.3) 1 (1.5) 1 (0.6) 0 ( 0 (
Alopecia 0 ( 15 (6.5) 2 (2.8) 0 ( 1 (1.4) 0 (
Interstitial lung disease 0 ( 0 ( 0 ( 1 (0.6) 0 ( 0 (
Increased AST/ALT 0 ( 2 (0.9) 0 ( 0 ( 2 (2.8) 0 (

Table 3. Toxicity profile of afatinib, gefitinib, and erlotinib

Values are presented as number (%). ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Discussion

To our knowledge, this is the first study to comprehen-
sively evaluate the pattern of clinical use of three EGFR TKIs
(afatinib, gefitinib, and erlotinib). We found that gefitinib
was more commonly used than erlotinib or afatinib in Korea,
especially for elderly, which may be due to concerns about
treatment related adverse events. A previous retrospective
report showed that gefitinib was less associated with signif-
icant skin toxicity than the other two TKIs in patients with
NSCLC [9]. Compatible with this report, our study also
showed that gefitinib was prescribed more often to women,
indicating that physicians consider potential cosmetic prob-
lems when treating women. Afatinib was more commonly
used for patients with tumors harboring Del19. We reason
that this observation could be due to a study reporting that
the afatinib arm had longer overall survival than the chemo-
therapy arm in the Del19 subgroup, while this result was not
observed in the L858R subgroup [10].

Our results show that afatinib was significantly associated
with longer PFS compared with gefitinib and erlotinib, even
after adjustment for other potentially confounding prognos-
tic factors. In addition, the significantly longer PFS of afatinib
observed even in the Del19 subgroup could preclude the pos-
sibility that longer PFS of afatinib for overall population was
caused by that more patients with better prognostic factor,
Del19, were included in the afatinib group. We confirm the
previous data that showed the superior PFS outcome of sec-
ond-generation EGFR TKIs such as afatinib and dacomitinib
to first-generation EGFR TKI such as gefitinib [8,11].

The median PFS times of each TKI in our study (13-19
months) were longer than those (11 months) reported from
prospective trials as first-line EGFR TKIs [5,6,8]. Although
we do not have a definitive explanation for this result, main-
taining TKI treatment for a long-term period with more effi-
cient management of adverse events may in part contribute
to the longer PFS. We note that the rate of total grade 3 or 4
adverse events for afatinib, gefitinib, and erlotinib were 
approximately 7%, 3%, and 2%, respectively, in our study,
which is lower than those reported in prospective studies 
[5-8].

Although gefitinib and erlotinib have both demonstrated
efficacy for treating tumors with common EGFR mutations
[12-14], their efficacy against tumors with uncommon EGFR
mutations is still under investigation. The response rates and
median PFS of first-generation EGFR TKIs for uncommon
EGFR mutations were reported to be less than 50% and 5
months, respectively [15,16]. Recently, good efficacy of afa-
tinib for treating tumors with uncommon mutations was 
reported [17,18]. Our study confirms the previous efficacy
data of afatinib for NSCLC harboring uncommon EGFR

mutations other than T790M. Compared with gefitinib and
erlotinib, afatinib treatment yielded a longer PFS for patients
with uncommon EGFR mutations, although this difference
did not reach statistical significance, possibly due to the small
sample size (p=0.06). Based on our results, we recommend
afatinib for first-line therapy in patients harboring uncom-
mon EGFR mutations other than the de novo T790M point
mutation.

The frequency of adverse events was lower than in previ-
ous prospective studies and fewer types of adverse events
were observed [5,6,8]. This finding could be related to limi-
tations commonly associated with retrospective studies,
which are based on medical records. Despite these limita-
tions, we observed a lower rate of significant toxicity (grade
3 or 4). This finding can be explained by the fact that our
practice usually includes dose reduction with or without
temporary interruption, in addition to appropriate use of oral
antibiotics, anti-diarrheal agents, or steroid ointments for the
management of adverse events.

In our study, more patients underwent dose reduction due
to adverse events compared to previous prospective trials
[5,6,8]. However, this dose reduction did not impair efficacy
outcomes in terms of PFS. Therefore, based on our results,
we recommend that physicians reduce the afatinib dose
when patients experience unacceptable or prolonged adverse
events. However, the relationship between dose reduction
and PFS should be interpreted with caution, because there
are more opportunities for dose reduction when patients take
afatinib for longer periods. However, this bias was unlikely
to have significantly affected the results because most dose
reduction occurred soon after starting afatinib treatment,
with a median time of 4.9 weeks (95% CI, 4.0 to 5.8). In addi-
tion, reduced afatinib doses were shown to not impair effi-
cacy in another retrospective study [19]. It showed that there
was no difference in time to treatment failure between the
group that started afatinib 40 mg and the group that started
30 mg as the first-line therapy for NSCLC [19].

In summary, we evaluated the frequencies of first-line
EGFR TKI use in patients with EGFR-mutant NSCLC and
found that patient characteristics affected the choice of EGFR
TKI. Afatinib showed superior PFS data compared with gefi-
tinib or erlotinib. Afatinib showed more grade 3 or 4 adverse
events than gefitinib or erlotinib, though the incidence was
much lower than previous data. 

Electronic Supplementary Material

Supplementary materials are available at Cancer Research and
Treatment website (https://www.e-crt.org).

508 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(2):502-509



Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

We thank all participating patients and their families, as well as
the research nurses and study coordinators.

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal
A. Global cancer statistics, 2012. CA Cancer J Clin. 2015;65:87-
108.

2. Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N,
et al. Gefitinib or carboplatin-paclitaxel in pulmonary adeno-
carcinoma. N Engl J Med. 2009;361:947-57.

3. Zhou C, Wu YL, Chen G, Feng J, Liu XQ, Wang C, et al. 
Erlotinib versus chemotherapy as first-line treatment for 
patients with advanced EGFR mutation-positive non-small-
cell lung cancer (OPTIMAL, CTONG-0802): a multicentre,
open-label, randomised, phase 3 study. Lancet Oncol. 2011;12:
735-42.

4. Li D, Ambrogio L, Shimamura T, Kubo S, Takahashi M,
Chirieac LR, et al. BIBW2992, an irreversible EGFR/HER2 
inhibitor highly effective in preclinical lung cancer models.
Oncogene. 2008;27:4702-11.

5. Sequist LV, Yang JC, Yamamoto N, O'Byrne K, Hirsh V, Mok
T, et al. Phase III study of afatinib or cisplatin plus pemetrexed
in patients with metastatic lung adenocarcinoma with EGFR
mutations. J Clin Oncol. 2013;31:3327-34.

6. Wu YL, Zhou C, Hu CP, Feng J, Lu S, Huang Y, et al. Afatinib
versus cisplatin plus gemcitabine for first-line treatment of
Asian patients with advanced non-small-cell lung cancer har-
bouring EGFR mutations (LUX-Lung 6): an open-label, ran-
domised phase 3 trial. Lancet Oncol. 2014;15:213-22.

7. Urata Y, Katakami N, Morita S, Kaji R, Yoshioka H, Seto T, et
al. Randomized phase III study comparing gefitinib with 
erlotinib in patients with previously treated advanced lung
adenocarcinoma: WJOG 5108L. J Clin Oncol. 2016;34:3248-57.

8. Park K, Tan EH, O'Byrne K, Zhang L, Boyer M, Mok T, et al.
Afatinib versus gefitinib as first-line treatment of patients with
EGFR mutation-positive non-small-cell lung cancer (LUX-
Lung 7): a phase 2B, open-label, randomised controlled trial.
Lancet Oncol. 2016;17:577-89.

9. Chen KL, Lin CC, Cho YT, Yang CW, Sheen YS, Tsai HE, et al.
Comparison of skin toxic effects associated with gefitinib, 
erlotinib, or afatinib treatment for non-small cell lung cancer.
JAMA Dermatol. 2016;152:340-2.

10. Yang JC, Wu YL, Schuler M, Sebastian M, Popat S, Yamamoto
N, et al. Afatinib versus cisplatin-based chemotherapy for
EGFR mutation-positive lung adenocarcinoma (LUX-Lung 3
and LUX-Lung 6): analysis of overall survival data from two
randomised, phase 3 trials. Lancet Oncol. 2015;16:141-51.

11. Mok T, Cheng Y, Zhou X, Lee KH, Nakagawa K, Niho S, et al.
Dacomitinib versus gefitinib for the first-line treatment of 
advanced EGFR mutation positive non-small cell lung cancer
(ARCHER 1050): a randomized, open-label phase III trial. J
Clin Oncol. 2017;35(Suppl):LBA9007.

12. Jackman DM, Yeap BY, Sequist LV, Lindeman N, Holmes AJ,
Joshi VA, et al. Exon 19 deletion mutations of epidermal
growth factor receptor are associated with prolonged survival
in non-small cell lung cancer patients treated with gefitinib or
erlotinib. Clin Cancer Res. 2006;12:3908-14.

13. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto
RA, Brannigan BW, et al. Activating mutations in the epider-
mal growth factor receptor underlying responsiveness of non-
small-cell lung cancer to gefitinib. N Engl J Med. 2004;350:
2129-39.

14. Paez JG, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel S, et
al. EGFR mutations in lung cancer: correlation with clinical 
response to gefitinib therapy. Science. 2004;304:1497-500.

15. Wu JY, Shih JY. Effectiveness of tyrosine kinase inhibitors on
uncommon E709X epidermal growth factor receptor muta-
tions in non-small-cell lung cancer. Onco Targets Ther. 2016;9:
6137-45.

16. Baek JH, Sun JM, Min YJ, Cho EK, Cho BC, Kim JH, et al. Effi-
cacy of EGFR tyrosine kinase inhibitors in patients with EGFR-
mutated non-small cell lung cancer except both exon 19
deletion and exon 21 L858R: a retrospective analysis in Korea.
Lung Cancer. 2015;87:148-54.

17. Shen YC, Tseng GC, Tu CY, Chen WC, Liao WC, Chen WC, et
al. Comparing the effects of afatinib with gefitinib or Erlotinib
in patients with advanced-stage lung adenocarcinoma harbor-
ing non-classical epidermal growth factor receptor mutations.
Lung Cancer. 2017;110:56-62.

18. Yang JC, Sequist LV, Geater SL, Tsai CM, Mok T, Schuler MH,
et al. Activity of afatinib in uncommon epidermal growth fac-
tor receptor (EGFR) mutations: findings from three trials of
afatinib in Egfr mutation-positive lung cancer. J Thorac Oncol.
2013;8(Suppl 2):S141.

19. Liu CY, Wang CL, Li SH, Hsu PC, Chen CH, Lin TY, et al. The
efficacy of 40 mg versus dose de-escalation to less than 40 mg
of afatinib (Giotrif) as the first-line therapy for patients with
primary lung adenocarcinoma harboring favorable epidermal
growth factor mutations. Oncotarget. 2017;8:97602-12.

References

VOLUME 51 NUMBER 2 APRIL 2019  509

Youjin Kim, Efficacy and Safety of Afatinib



│ https://www.e-crt.org │510 Copyright ⓒ 2019 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. 2019;51(2):510-518

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.226 

Open Access

Phase I Dose-Finding Study of OPB-111077, a Novel STAT3 Inhibitor, 
in Patients with Advanced Hepatocellular Carcinoma

Original Article

Purpose
The signal transducer and activator of transcription 3 (STAT3) signaling pathway might be
a promising therapeutic target for hepatocellular carcinoma (HCC).

Materials and Methods
This study was a multicenter, open-label, non-comparative, dose escalating phase I study
of OPB-111077, an oral STAT3 inhibitor, in patients with advanced HCC who failed on 
sorafenib. Continuous dosing (daily administration, 50 to 400 mg) and intermittent dosing
(4-days on/3-days off administration: 300 to 900 mg) regimens were evaluated and the
dose-limiting toxicities (DLTs), maximum tolerated dose (MTD), and recommended dose
(RD) were the primary endpoints. 

Results
A total of 33 patients (19 for continuous dosing and 14 for intermittent dosing) were 
enrolled. One patient experienced a DLT with grade 3 dizziness, but the MTD was identified
in neither the continuous nor the intermittent dosing cohorts. The RDs were determined to
be 250 mg for the continuous dosing regimen and 600 mg for the intermittent dosing reg-
imen. There was no treatment-related death; five patients (15.2%) had grade 3-4 toxicities
including thrombocytopenia (6%), fatigue (3%), and dizziness (3%). No patients achieved
complete or partial responses and the median progression-free survival was 1.4 months
(95% confidence interval, 0.8 to 2.8).

Conclusion
OPB-111077 was well tolerated in patients with advanced HCC after sorafenib failure, but
only showed limited preliminary efficacy outcomes. Further investigation of the role of the
STAT3 signaling pathway in HCC and the development of biomarkers for STAT3 inhibitors
are warranted.  

Key words
Dose limiting toxicity, Hepatocellular carcinoma, 
OPB-111077, Phase 1, STAT3 transcription factor

Changhoon Yoo, MD1

Jihoon Kang, MD1,a

Ho Yeong Lim, MD, PhD2

Jee Hyun Kim, MD, PhD3

Myung-Ah Lee, MD, PhD4

Kyung-Hun Lee, MD, PhD5

Tae-You Kim, MD, PhD5

Baek-Yeol Ryoo, MD, PhD1

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  

Correspondence: Baek-Yeol Ryoo, MD, PhD
Department of Oncology, Asan Medical Center,
University of Ulsan College of Medicine, 
88 Olympic-ro 43-gil, Songpa-gu, 
Seoul 05505, Korea
Tel: 82-2-3010-3211
Fax: 82-2-3010-6961
E-mail: ryooby@amc.seoul.kr

Received  April 18, 2018
Accepted  June 12, 2018
Published Online  June 13, 2018

*Changhoon Yoo and Jihoon Kang contributed
equally to this work.

aPresent address: Division of Hematology/
Oncology, Department of Internal Medicine,
Kangbuk Samsung Hospital, Sungkyunkwan
University School of Medicine, Seoul, Korea

1Department of Oncology, Asan Medical 
Center, University of Ulsan College of 
Medicine, Seoul, 2Division of 
Hematology-Oncology, Department of 
Medicine, Samsung Medical Center,
Sungkyunkwan University School of 
Medicine, Seoul, 3Department of Internal
Medicine, Seoul National University Bundang
Hospital, Seoul National University College of
Medicine, Seongnam, 4Division of Medical
Oncology, Department of Internal Medicine,
Seoul St. Mary's Hospital, College of 
Medicine, The Catholic University of Korea,
Seoul, 5Department of Internal Medicine,
Seoul National University Hospital, 
Seoul National University College of 
Medicine, Seoul, Korea



VOLUME 51 NUMBER 2 APRIL 2019  511

Introduction

Hepatocellular carcinoma (HCC) is the most common type
of liver cancer. In the last decade, it has become one of the
most frequently occurring tumors worldwide, and it is the
third highest cause of cancer-related death globally [1]. In
Korea, HCC remains one of most common causes of cancer-
related mortality, although the incidence rate of liver cancer
has decreased since 1999 [2]. 

For patients with early-stage localized disease, surgical 
resection, liver transplantation, and ablative therapy are 
potentially curative treatment options [3]. Chemoemboliza-
tion is the mainstay of treatment for patients with HCC con-
fined to the liver with preserved liver function [3]. However,
patients with HCC diagnosed at the advanced stages, or
which has progressed after locoregional therapy, show poor
prognosis. Sorafenib, a multikinase inhibitor, has been estab-
lished as a standard first-line systemic chemotherapy for 
patients with advanced HCC based on the success of pivotal
phase III trials [4,5]. After 10 years of failures in the develop-
ment of systemic treatment for HCC, regorafenib, an oral
multikinase inhibitor, recently demonstrated improved sur-
vival in patients who progressed on sorafenib in the random-
ized phase III RESORCE trial [6], and nivolumab, an anti–
programmed-cell-death protein 1 (PD-1) inhibitor, showed
promising activity in a non-comparative phase I/II Check-
Mate 040 trial [7]. Despite these recent advances, the survival
of patients with advanced HCC remains dismal and novel
approaches to target and inhibit hepatocarcinogenesis are 
required to improve survival outcomes.

Signal transducer and activator of transcription 3 (STAT3)
belongs to the STAT family of proteins, which have functions
as both signal transducers and transcription factors [8]. The
aberration of STAT3 appears to be inherent in its relation-
ships with multiple types of hematological and solid cancers
[8]. A link between STAT3 and HCC has been previously
suggested, as enhanced production of interleukin 6 and
tumor necrosis factor through the activation of STAT3 is crit-
ical for obesity-promoted HCC preclinical models [9,10], and
the STAT3 signaling pathway is involved in multiple models
of hepatocellular oncogenesis [11-13]. In addition, STAT3 
inhibitors showed significant anti-cancer activity in preclin-
ical HCC models [14]. This suggests that STAT3 is a promis-
ing target for the treatment of advanced HCC [15,16].
Although several STAT3 inhibitors were tested in advanced
solid cancers, including HCC, no agent has been proven to
be effective in a randomized trial [17-19].

OPB-111077 is an orally bioavailable STAT3 inhibitor
which has shown preclinical efficacy in both in vitro and in
vivo preclinical HCC models. Based on these rationales, we
conducted a multicenter, open-label, dose-finding phase I

study of OPB-111077 for patients with advanced HCC.

Materials and Methods

This study was a multicenter, open-label, non-compara-
tive, dose escalating phase I study in patients with advanced
HCC, to determine the dose-limiting toxicities (DLTs), max-
imal tolerated dose (MTD), and recommended dose (RD) of
OPB-111077. The dosing escalation scheme included a con-
tinuous dosing (daily administration) and intermittent dos-
ing (4-days on/3-days off administration) regimen. This
study was conducted at five academic institutions in Korea.

1. Patients

Patients with HCC, confirmed by a pathological or non-
invasive assessment according to the American Association
for the Study of Liver Diseases criteria for patients with con-
firmed cirrhosis, were eligible for inclusion in this study if
they met the following criteria: age between 20 and 75 years;
Eastern Cooperative Oncology Group (ECOG) performance
status of 0-1; extrahepatic metastasis or locally advanced dis-
ease not amenable to surgical resection or loco-regional ther-
apies; Child-Pugh classification A or B (except 9); docu-
mented evidence of unresponsiveness to, intolerance to, or
ineligibility for sorafenib; and estimated life expectancy of 12
weeks or greater. 

2. Study design and treatment

A standard, multiple dose, 3+3 study design was used, and
consisted of two dosing regimen cohorts: a continuous dos-
ing regimen for once daily administration (5 cohorts with
doses of 50 mg, 100 mg, 150 mg, 200 mg, and 250 mg, respec-
tively) and an intermittent dosing regimen for 4-days on/
3-days off administration (3 cohorts with doses of 300 mg,
500 mg, and 600 mg, respectively). Both dosing regimens
consisted of a 24-day initial treatment cycle (cycle 1), and 21-
day subsequent treatment cycles (cycle 2 onwards) (Fig. 1).

This study was originally designed to evaluate the contin-
uous dosing regimen; however, intermittent dosing cohort
was added subsequently based on the findings of a prior
phase I study of OPB-111077 for patients with unselected 
advanced cancers [20] that all DLTs occurred at the 300
mg/day and 400 mg/day dose levels at approximately 1
week after the start of administration. Setting a washout 
period (3 days) was considered to ease the management of
the enhancement of toxicity in the daily regimen of OPB-
111077.

Changhoon Yoo, Phase 1 Study of OPB-111077 in HCC



OPB-111077 was administered as a single oral dose at 
approximately the same time each morning. In cycle 1 of the
continuous dosing regimen, patients received OPB-111077
on day 1, followed by a 2-day treatment-free interval for
safety and pharmacokinetic (PK) evaluation. OPB-111077 
administration resumed on day 4 and continued through day
24. In the intermittent dosing regimen cohort, patients 
received OPB-111077 for 4 days each week for 3 weeks (day
1 to 21), followed by a 3-day treatment-free period (days 22
to 24). Study treatment continued until patients experienced
intolerable toxicity, the occurrence of disease progression, or
withdrawal of consent. Cycle 2 and subsequent cycles con-
sisted of 3 weeks (21 days) with no treatment-free intervals. 

Doses were reduced or interrupted according to a pre-
specified protocol if grade 2 or greater non-hematological

toxicities or grade 3 or greater hematological toxicities 
occurred. Study treatment was discontinued if there was
dose interruption of more than 21 days despite appropriate
supportive care. Dose reduction was allowed up to two lev-
els and the lowest dose was 25 mg in the continuous dosing
regimen or 200 mg in the intermittent dosing regimen.

3. Evaluation

Safety profiles were evaluated by adverse events (AEs),
vital sign, body weight, electrocardiogram, laboratory tests,
ECOG performance status, and physical examinations. AEs
were assessed and graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCI-CTCAE), ver. 4.0.

Fig. 1.  Study design. Dose escalation in the continuous dosage schedule with once daily administration (A) and the inter-
mittent dosage schedule with 4-days on/3-days off administration (B).
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Efficacy outcomes were measured using radiological 
assessments, including computed tomography/magnetic
resonance imaging scans, and graded according to the 
Response Evaluation Criteria In Solid Tumors ver. 1.1. The
same method of assessment and the same techniques were
used to characterize each identified and reported lesion at
the baseline and follow-up stages. 

4. Dose-limiting toxicities 

A DLT is defined as an AE with a causal relationship with
the study treatment occurring in cycle 1 (Supplementary
Methods). Unless they experienced a DLT, patients with
drug compliance of < 75% during cycle 1 were excluded from
the DLT evaluation and additional patients were enrolled.

5. PK analysis

Plasma was obtained for the determination of concentra-
tions of OPB-111077 and its metabolites at days 1-4, 11, 18,
and 24 in the continuous regimen cohort, and days 1, 8, 15,
16, 17, and 18 in the intermittent regimen cohort. Details of
the pharmacokinetic analyses are summarized in the supple-
mentary methods.

6. Statistical analysis

The primary endpoint was to determine the DLTs, MTD,
RD, and safety profiles of OPB-111077 as a continuous or 
intermittent dose. The secondary endpoints include the PK
parameters of OPB-111077, overall response rate, disease
control rate (DCR) at 6 weeks and 12 weeks, progression-free
survival (PFS), and overall survival (OS). The full analysis
set included patients who received at least one dose of OPB-
111077 and from whom post-treatment efficacy data were
available. The safety analysis set consisted of all subjects that
received at least one dose of OPB-111077.

7. Ethical statement

The study protocol was approved by the institutional 
review boards of participating centers, and all patients pro-
vided written informed consent before enrolment. The study
was conducted in accordance with the Declaration of
Helsinki and the Guidelines for Good Clinical Practice (Clin-
icalTrial.gov Identifier: NCT01942083).

Results

1. Patients

A total of 33 patients (19 for the continuous dosing cohort
and 14 for the intermittent dosing cohort) were enrolled.
Their baseline patient characteristics are summarized in
Table 1. Cycle 1 of the study treatment was completed in 27
patients (81.8%) and DLTs were evaluable in 30 patients. All
patients were Korean and had ECOG performance status of
0-1. Median age was 54 years (range, 23 to 69 years) and most
patients (81.8%) were male. Hepatitis B virus infection was
the most common etiology of HCC (n=26, 78.8%). Except for
three patients (9.1%) with Child-Pugh B, all patients were
classified as Child-Pugh A at baseline. All patients had 
extrahepatic metastasis and the most common metastatic
sites were the lung (n=27, 82%) and lymph nodes (n=12,
36%). All patients previously received sorafenib and median
1 (range, 1 to 7) systemic chemotherapy regimen, including

Table 1. Baseline patient characteristics

Values are presented as number (%) or median (range).
HBV, hepatitis B virus; ECOG, Eastern Cooperative Onco-
logy Group.

Characteristic Value (n=33)
Dosing cohort

Continuous dosing 19 (57.6)
Intermittent dosing 14 (42.4)

Age (yr) 54 (23-69)
Male sex 27 (81.8)
Etiology

HBV infection 26 (78.8)
Alcohol 5 (15.1)
Others 2 (6.1)

ECOG performance status
0 10 (30.3)
1 23 (69.7)

Extrahepatic metastasis 33 (100)
Lung 27 (81.8)
Lymph nodes 12 (36.4)
Peritoneum 6 (18.2)
Bone 5 (15.2)

Previous sorafenib 33 (100)
Previous lines of systemic treatment 1 (1-7)

1 23 (69.7)
2 2 (6.1)
3 6 (18.2)
5 1 (3.0)
7 1 (3.0)
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sorafenib, was administered prior to study enrollment.

2. Dose limiting toxicities

One patient in the 250 mg continuous dosing cohort expe-
rienced a DLT of grade 3 dizziness. DLTs were not observed
in the intermittent dosing cohort. The MTD was not identi-
fied in either the continuous or intermittent dosing cohorts.
However, considering the PK profiles and increased frequen-
cies of AEs with dose escalation, the RDs were determined
to be 250 mg for continuous dosing and 600 mg for intermit-
tent dosing.

3. Adverse events

All 33 patients were included in the safety analysis (Table 2).
The duration of study treatment was median 22 days (range,
4 to 209 days); 40 days (range, 4 to 209 days) in the continu-
ous dosing cohort and 12 days (range, 7 to 59) in the inter-
mittent dosing cohort. There was no treatment-related death.
All patients had at least one treatment-emergent AE (TEAE)
and 5 patients (15.2%) had grade 3-4 TEAEs (10.5% in the
continuous dosing cohort and 21.4% in the intermittent dos-
ing cohort). The most frequently reported TEAEs were nau-
sea (84.6%) and vomiting (48.5%). Although there was no
dose-related trend in the frequency of TEAEs, there was an

Table 2.  Adverse events occurring in > 10% of patients

Adverse event All patients Continuous dosing Intermittent dosing   p-value(n=33) cohort (n=19) cohort (n=14)
Any grade TEAE 33 (100) 19 (100) 14 (100) > 0.99

Grade 3-4 TEAE 5 (15.2) 2 (10.5) 3 (21.4) 0.63
Abdominal pain 5 (15.2) 3 (15.8) 2 (14.3) > 0.99

Grade 3-4 1 (3.0) 1 (5.3) 0 ( > 0.99
Constipation 6 (18.2) 2 (10.5) 4 (28.6) 0.36

Grade 3-4 0 ( 0 ( 0 ( -
Cough 4 (12.1) 3 (15.8) 1 (7.1) 0.62

Grade 3-4 0 ( 0 ( 0 ( -
Decreased appetite 12 (36.4) 10 (52.6) 2 (14.3) 0.02

Grade 3-4 0 ( 0 ( 0 ( -
Diarrhea 4 (12.1) 1 (5.3) 3 (21.4) 0.29

Grade 3-4 0 ( 0 ( 0 ( -
Dizziness 14 (42.4) 5 (26.3) 9 (64.3) 0.03

Grade 3-4 1 (3.0) 1 (5.3) 0 ( > 0.99
Fatigue 14 (42.4) 10 (52.6) 4 (28.6) 0.17

Grade 3-4 1 (3.0) 0 ( 1 (7.1) 0.42
Hemoptysis 4 (12.1) 4 (21.1) 0 ( 0.12

Grade 3-4 0 ( 0 ( 0 ( -
Headache 9 (27.3) 7 (36.8) 2 (14.3) 0.24

Grade 3-4 0 ( 0 ( 0 ( -
Hypothyroidism 4 (12.1) 2 (10.5) 2 (14.3) > 0.99

Grade 3-4 0 ( 0 ( 0 ( -
Myalgia 4 (12.1) 2 (10.5) 2 (14.3) > 0.99

Grade 3-4 0 ( 0 ( 0 ( -
Nausea 28 (84.6) 17 (89.5) 11 (78.6) 0.63

Grade 3-4 0 ( 0 ( 0 ( -
Thrombocytopenia 4 (12.1) 1 (5.3) 3 (21.4) 0.29

Grade 3-4 2 (6.1) 0 ( 2 (14.3) 0.17
Pyrexia 4 (12.1) 1 (5.3) 3 (21.4) 0.29

Grade 3-4 0 ( 0 ( 0 ( -
Vomiting 16 (48.5) 6 (31.6) 10 (71.4) 0.02

Grade 3-4 0 ( 0 ( 0 ( -

Values are presented as number (%). TEAE, treatment emergent adverse event.
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increase in the severity of nausea in the highest dose level
(600 mg, 4-days on/3-days off), where most patients (6 of 7,
85.7%) experienced grade 2 nausea. The most frequent grade
3-4 TEAEs was thrombocytopenia (n=2, 6.1%). In the inter-
mittent dosing cohort, vomiting (71.4% vs. 31.6%, p=0.02)
and dizziness (64.3% vs. 26.3%, p=0.03) were significantly
more common but decreased appetite was less common
(14.3% vs. 52.6%) than in the continuous dosing cohort. 

TEAEs led to treatment discontinuation in three patients
due to grade 3 abdominal pain and dizziness (both in the 200
mg continuous dosing cohort) and grade 4 thrombocytope-
nia (in the 300 mg intermittent dosing cohort). Dose reduc-
tion and interruption occurred in three (1 in the continuous
and 2 in the intermittent dosing cohort) and five patients 
(1 in the continuous and 4 in the intermittent dosing cohort),
respectively. 

4. Efficacy

A total of 31 patients were included in the efficacy assess-
ment. There were no patients who achieved complete or par-
tial responses. Stable disease and progressive disease were
the best responses in 13 (42%) and 18 (58%) patients, respec-
tively. Five of 30 patients (16.7%) with measurable lesions
showed reductions in the sizes of target lesions (Fig. 2). There
was no significant difference in the rate of stable disease 
between dosing regimen (44.4% in the continuous dosing 
cohort vs. 38.5% in the intermittent dosing cohort; p > 0.99).

The DCRs at 6 weeks and 12 weeks were 41.9% and 22.6%,
respectively. There were also no dose-related trends in tumor
response in either dosing regimen (S1 Table). 

Median PFS was 1.4 months (95% confidence interval [CI],
0.8 to 2.8) and there was no significant difference between
dosing regimens (median 1.6 months [95% CI, 0.8 to 4.2] in

Fig. 2.  Waterfall plot of the changes in the target lesion. 4d on/3d off, 4-days on/3-days off administration.
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Fig. 3.  Kaplan-Meier estimates of progress-free survival
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the continuous dosing cohort vs. 0.9 months [95% CI, 0.7 to
2.8] in the intermittent dosing cohort; p=0.21) (Fig. 3). Median
OS was not reached at the time of analysis and 6-month and
1-year OS rates were 44.4% and 11.1%, respectively.

5. PK parameters

The results of PK analyses of the continuous dosing regi-
men and intermittent dosing regimen cohorts are listed in
S2-S4 Tables. OPB-111077 was readily absorbed after both
single and multiple doses, with median tmax values ranging
from 1 to 4.96 hours across dose levels and dosing regimens.
The half-life (t1/2), following multiple dose administration,
ranged from 12.7 to 15.5 hours and was comparable across
dosing levels and dosing regimens.

Discussion

This study was the phase 1 trial of the novel STAT3 
inhibitor, OPB-111077, for patients with advanced HCC after
failure of sorafenib. Two dosing schemes, continuous daily
dosing and intermittent dosing (4-days on/3-days off admin-
istration), were tested to determine the DLTs, MTD, and RD.
The safety profile, PK, and preliminary efficacy of each dos-
ing schedule was also evaluated.

In this trial, the MTD was not determined in either the con-
tinuous or intermittent dosing cohorts. One patient experi-
enced grade 3 dizziness, a prespecified DLT, in the 250 mg
continuous dosing cohort, while no patients showed DLTs
in the intermittent dosing cohorts. Considering the PK pro-
files and the increased frequency of AEs, particularly gas-
trointestinal symptoms, with dose escalation, the RDs of
OPB-111077 for further evaluation in HCC populations were
determined as 250 mg once daily for continuous dosing, and
600 mg once daily, 4-days on/3-days off, for intermittent
dosing. These were consistent with the results of a previous
phase I trial of OPB-111077 performed in United States,
which included various types of cancers [20]. In this trial, the
MTD of continuous daily OPB-111077 dosing was 250 mg
once daily, and the observed DLTs were grade 3 nausea/
vomiting at a dose of 400 mg once daily and grade 3 dizzi-
ness at a dose of 300 mg once daily. 

PK analysis showed that OPB-111077 was readily absorbed
after both single and multiple doses in both the continuous
and intermittent dosing cohorts. Because of the small sample
sizes, the data in this study were insufficient to reliably assess
dose proportionality with inferential statistics. However, our
results were in line with those of previous studies performed
in United States [20]. 

OPB-111077 was well tolerated and showed favorable
safety profiles. Most TEAEs were of grade 1 or 2 and man-
ageable with appropriate supportive care. Nausea and vom-
iting were the most frequent TEAEs, and occurred in 84.6%
and 48.5% of patients, respectively. Vomiting and dizziness
were more commonly observed in the intermittent dosing
cohorts, and decreased appetite in the continuous dosing 
cohorts. Grade 3-4 TEAEs occurred in 15.2% of patients and
thrombocytopenia (6.1%), dizziness (3.0%), and fatigue
(3.0%) were the most common severe toxicities. These safety
profiles of OPB-111077 in HCC patients are consistent with
the results of the previous phase 1 study of OPB-111077 in
which continuous dosing for various cancer types showed
that nausea (68.5%), vomiting (48%), fatigue (59.8%), and
dizziness (31.5%) were common toxicities [20]. Previous trials
that investigated other STAT3 inhibitors also reported that
gastrointestinal symptoms, including nausea and vomiting,
are the major TEAEs, with generally favorable safety profiles
[17,18].

Despite 16.7% of patients with measurable lesions showing
reduction in the sizes of target lesions, no patients achieved
objective responses in this study, and the median PFS was
only 1.4 months. There was no difference in efficacy between
the different dosing schedules. Although based on a small
number of patients, the current preliminary efficacy outcome
did not justify the further evaluation of OPB-111077 in 
advanced HCC, considering that other investigational agents
tested in randomized trials at the second-line setting after the
failure of sorafenib showed median PFS (or time-to-progres-
sion) and OS of at least 3 months and 8 months, respectively
[6,7,21-23]. Regorafenib, which has been approved as second-
line therapy for sorafenib-progressed advanced HCC, showed
a median PFS and OS of 3.1 months and 10.6 months, respec-
tively [6]. An anti–PD-1 inhibitor, nivolumab, showed prom-
ising results in phase I/II trial with objective response rates
of 15% and a median PFS of 4 months [7].

Despite the strong rationale for the investigation of STAT3
inhibition in HCC [9,11,14,24], the efficacy of small molecule
STAT3 inhibitors, including ours, were limited [19]. In a pre-
vious Japanese study investigating another STAT3 inhibitor,
OPB-31121, no patients showed objective responses and the
median PFS was approximately 2 months in patients with
HCC [19]. These findings indicate that STAT3 inhibitors, as
a monotherapy, might not be effective in patients with HCC,
and there are several hypotheses to explain these failures.
First, there is the possibility that STAT3 inhibition was insuf-
ficient with these agents to produce anti-cancer activity. 
Because pharmacodynamic evaluation such as the measure-
ment of STAT3 phosphorylation in peripheral blood was not
done in these studies, it is not clear whether STAT3 was 
effectively targeted. Second, there is the lack of biomarkers
for STAT3 inhibitors. Janus kinases (JAKs) are the upstream
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regulators of the JAK-STAT3 signaling pathway and ruxoli-
tinib, a JAK2 inhibitor, is effective for patients with myelofi-
brosis and polycythemia vera in which JAK2 mutations are
prevalent [25]. In contrast, there is no proven biomarker for
STAT3 inhibitors and this limits the ability to stratify the 
patients who would benefit most from STAT3 inhibitors in
the trial. Recent advances in understanding the role of STAT3
signaling in the development of HCC might help to revisit
STAT3 inhibitors in subsets of HCC patients, such as those
with FGF19-driven HCC or obesity-related HCC [9,12]. 

Although OPB-111077 showed limited efficacy as a mono-
therapy in patients with HCC, this agent might be further 
investigated as a combination therapy, considering its favor-
able safety profiles. Because the STAT3 signaling pathway
has an immunomodulatory role in cancer development [26],
the combination of OPB-111077 with anti–PD-1 inhibitors
might be synergistic. The efficacy of OPB-111077 in combi-
nation with currently approved agents including sorafenib

or regorafenib, or with promising investigational agents 
including FGFR inhibitors, might be also valuable to inves-
tigate.

In conclusion, OPB-111077 was well tolerated in patients
with advanced HCC after failure of sorafenib, but only
showed limited preliminary efficacy outcomes. Further 
investigation of the role of the STAT3 signaling pathway in
HCC and the development of biomarkers for STAT3 
inhibitors are warranted.  
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Purpose
This study aimed to evaluate the racial and ethnic disparities in the incidence of gastric can-
cer and their temporal trends in the United States.

Materials and Methods
Using data from 13 cancer registries in the Surveillance, Epidemiology, and End Results
database, we assessed such disparities during 1992-2014 in the United States using a 
variety of disparity metrics.

Results
The age-standardized incidence rate of non-cardia gastric cancer was highest in Asian and
Pacific Islanders, while the incidence of cardia gastric was highest in non-Hispanic whites
in men and was similarly low in all groups in women. The incidence of non-cardia gastric
cancer decreased in all groups over time, particularly in Asian and Pacific Islanders (on 
average by 3% per year). The incidence of cardia gastric remained relatively stable in virtually
all racial/ethnic groups. The racial and ethnic disparities in gastric cancer incidence steadily
decreased over time as measured on the absolute scale, which was mainly driven by the
reduced disparities in non-cardia gastric cancer. The range difference in the incidence of
gastric cancer decreased on average by 4.1% per year in men and by 2.6% per year in
women from 1992 to 2014. The between group variance decreased by 5.6% per year in
men and by 3.4% per year in women. The relative-scale disparity measures generally 
remained stable over time.

Conclusion
This study demonstrates decreased racial and ethnic disparities in the incidence of gastric
cancer over time in the United States, particularly as measured on the absolute scale.    

Key words
Stomach neoplasms, Race/ethnicity, Disparity, Incidence
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Introduction

Gastric cancer is the fifth commonest type of malignancy
worldwide with an estimated nearly one million new cases
occurring globally each year [1]. Gastric cancer varies greatly
in epidemiology and risk factors across anatomic subsites 
[2-4]. Non-cardia gastric cancer accounts for the majority of
all gastric cancer cases. Helicobacter pylori infection is a major
risk factor for non-cardia gastric cancer, but it does not 

increase the risk of cardia gastric cancer. On the other hand,
obesity and gastroesophageal reflux disease have been con-
sistently associated with increased risk of cardia gastric can-
cer but not non-cardia gastric cancer [2,3]. 

Marked racial and ethnic disparities have been noted in
the incidence of gastric cancer, and the patterns of disparity
seem also varying between cardia and non-cardia gastric
cancers [5,6]. In the United States, the incidence of gastric
cancer in total is higher in Asian Americans than in other
racial groups, while the incidence of cardia gastric cancers



was higher in whites, particularly in men [5-7]. However, the
temporal trends in the incidence of gastric cancer across
racial and ethnic groups have not been updated recently.
Moreover, health disparity is a complex conception and is
heavily related to the specific disparity indicators used when
measuring such disparity. However, the racial and ethnic
disparities in gastric cancer have not been measured thor-
oughly.

Using data from the Surveillance, Epidemiology, and End
Results (SEER) Program, we aimed to characterize the racial
and ethnic disparities in the incidence of gastric cancer by
anatomic subsite, i.e., cardia and non-cardia gastric cancers,
in the United States during a period of over 20 years. Multi-
ple disparity measures were used for evaluating different 
aspects of such disparity.

Materials and Methods

1. Data sources

We extract data on incident cases of gastric cancer (topog-
raphy code C16 according to the International Classification
of Diseases for Oncology, 3rd edition [ICD-O-3]) and popu-
lation data during the period 1992-2014 from the SEER data-
base in the United States, using the SEER*Stat ver. 8.3.4 [8].
Data were extracted from the November 2016 submission of
the SEER 13 registries database, which included data from
the 13 cancer registries in the United States, namely Atlanta,
Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Fran-
cisco-Oakland, Seattle-Puget Sound, Utah, Los Angeles, San
Jose-Monterey, Rural Georgia, and the Alaska Native Tumor
Registry. The SEER 13 registries database has contained 
expanded data according to categories of race and ethnicity
since the year 1992. The SEER 13 registries database covers
approximately 13.4% of the total population in the United
States.

2. Statistical analysis

We categorized all participants into the following five
racial/ethnic groups: non-Hispanic whites, Hispanic whites,
blacks, Asian and Pacific Islanders, and other specified. We
calculated the annual age-standardized incidence rates by
sex and racial/ethnic group using the United States Standard
Population in 2000 as the reference. We estimated the aver-
age annual percentage change (AAPC) and the correspon-
ding 95% confidence interval (CI) in the age-standardized
incidence rate using log-linear regressions, under the assu-
mption that the rate changed at a constant percentage ever

year during the study period. 
We measured the racial/ethnic disparities in the incidence

of gastric cancer using the following six health disparity 
indicators which measure different aspects of the disparity:
range difference (RD), between group variance (BGV), range
ratio (RR), index of disparity (IDisp), mean log deviation
(MLD), and Theil index (T). Among these indicators, RD and
BGV measure the absolute difference in the incidence bet-
ween social groups, while the remaining four are measures
on the relative scale. RD, RR, and IDisp do not account for
population sizes of different racial/ethnic groups, while the
other three measures are weighted by the population size of
each group. The detailed characteristics of these disparity
measures can be found in the supplementary material 
(S1 Table) and elsewhere [9-11]. We calculated these dispar-
ity measures by sex and calendar year and percentage
change since 1992 in these measures for each calendar year.
We performed Joinpoint regression identify any changing
points of the temporal trends in these disparity measures and
to estimate the annual percent change in each segment of
time period. The AAPC was also computed as a summary
measure of the trend over the whole study period. 

The age-standardized incidence rates were calculated for
total gastric cancer, and for cardia gastric cancer (ICD-O-3
code C16.0) and non-cardia gastric cancer (ICD-O-3 codes
C16.1-C16.6) separately. The disparity measures were calcu-
lated for total gastric cancer and non-cardia gastric cancer
separately, but not for cardia gastric cancer due to small
number of cases of cardia gastric cancer stratified by racial/
ethnic group. All statistical analyses were performed using
the Joinpoint Regression Program ver. 4.4.0.0 and Health Dis-
parities Calculator (HD*Calc) ver. 1.2.4, both of which were
developed by the National Institute of Cancer of the United
States [11,12]. 

Results

1. Incidence trends by racial/ethnic group

This study included a total of 72,748 patients with newly
diagnosed gastric cancer, identified from the SEER 13 reg-
istries during 1992-2014, among which 43,975 (60%) were
males and 28,773 (40%) were females. Table 1 presents the
age-standardized incidence rates of gastric cancer by sex and
anatomic subsite for each racial/ethnic group and the
AAPCs in the rates during the study period. The sex-specific
annual incidence rates in the four major racial/ethnic groups
are plotted in Fig. 1. 

In 1992, the age-standardized incidence rate of total gastric
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1992-2014 1992 2014
AAPC 95% CI

No. Rate No. Rate No. Rate
Total gastric cancer

Males
Non-Hispanic white 24,242 9.3 1,118 11.6 1,042 7.8 –1.8 –2.0 to –1.7
Hispanic white 6,316 16.7 201 20.2 362 13.5 –2.0 –2.4 to –1.5
Black 5,062 17.2 209 20.8 218 12.4 –2.2 –2.7 to –1.7
Asian/Pacific Islander 7,678 19.0 287 28.0 396 14.6 –3.0 –3.3 to –2.7
Other specified 513 13.5 13 11.4 28 10.6 –0.9 –2.6 to 0.9
Total 43,975 11.8 1,831 14.3 2,067 10.0 –1.7 –1.8 to –1.6

Females
Non-Hispanic white 13,928 4.1 684 5.0 514 3.2 –1.4 –1.8 to –1.1
Hispanic white 4,967 10.0 155 11.7 299 9.1 –0.9 –1.3 to –0.3
Black 3,768 8.9 130 9.2 173 7.0 –1.2 –1.9 to –0.6
Asian/Pacific Islander 5,645 10.7 185 14.7 248 6.9 –2.9 –3.4 to –2.4
Other specified 348 7.2 9 8.0 26 7.9 –0.3 –2.2 to 1.6
Total 28,773 5.9 1,164 6.6 1,278 5.0 –0.8 –1.0 to –0.6

Gastric cardia cancer
Males

Non-Hispanic white 11,464 4.3 463 4.6 603 4.4 –0.3 –0.6 to 0.0
Hispanic white 1,122 2.9 50 4.4 80 3.0 –1.5 –2.7 to –0.4
Black 723 2.4 21 2.0 33 1.8 –0.3 –1.5 to 1.0
Asian/Pacific Islander 1,148 2.8 32 2.8 75 2.7 –0.8 –1.5 to –0.1
Other specified 116 3.2 5 3.2 6 2.1 - -
Total 14,614 3.8 572 4.2 802 3.8 –0.7 –0.9 to –0.4

Females
Non-Hispanic white 3,047 0.9 124 0.9 138 0.8 0.5 –0.2 to 1.2
Hispanic white 491 1.0 17 1.2 29 0.9 –0.7 –2.4 to 0.9
Black 351 0.8 7 0.5 21 0.8 0.7 –1.7 to 3.1
Asian/Pacific Islander 433 0.8 15 1.2 26 0.7 –1.6 –3.3 to 0.1
Other specified 50 1.1 1 1.1 5 1.4 - -
Total 4,384 0.9 164 0.9 219 0.8 –0.2 –0.3 to 0.7

Non-cardia gastric cancer
Males

Non-Hispanic white 9,044 3.6 448 4.8 331 2.6 –3.1 –3.3 to –2.9
Hispanic white 3,743 10.0 119 11.8 196 7.4 –2.3 –2.9 to –1.6
Black 3,034 10.4 126 12.5 145 8.3 –2.4 –3.0 to –1.8
Asian/Pacific Islander 4,968 12.4 192 18.6 231 8.7 –3.3 –3.8 to –2.8
Other specified 264 7.0 6 6.7 14 5.5 –1.1 –3.8 to 1.6
Total 21,134 5.8 892 7.1 925 4.5 –2.2 –2.4 to –2.0

Females
Non-Hispanic white 7,657 2.2 383 2.8 278 1.8 –1.9 –2.3 to –1.5
Hispanic white 3,179 6.5 108 8.3 178 5.4 –1.2 –1.8 to –0.6
Black 2,326 5.5 83 6.0 91 3.7 –1.1 –1.8 to –0.3
Asian/Pacific Islander 3,962 7.5 134 10.4 178 5.1 –2.9 –3.3 to –2.4
Other specified 205 4.4 5 3.8 14 4.4 –1.8 –4.4 to 1.0
Total 17,403 3.6 714 4.0 752 3.0 –1.0 –1.2 to –0.7

Table 1. Age-standardized incidence rate (1/100,000 person-years) of gastric cancers by sex and race/ethnicity group in the
United States, 1992-2014

AAPC, average annual percent change; CI, confidence interval. 
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Fig. 1.  Sex-specific age-standardized incidence rates of gastric cancer by anatomic subsite and racial/ethnic group in the
Surveillance, Epidemiology, and End Results 13 registries in the United States during 1992-2014. 
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cancer was the highest in Asian and Pacific Islanders, fol-
lowed by blacks and Hispanic whites, and the lowest in non-
Hispanic whites, in both sexes. The rate decreased steadily
in all racial/ethnic groups, regardless of sex, from 1992 to
2014. The decrease was steeper in Asian and Pacific Islanders
(on average by 3% per year in both sexes) compared with

that in other groups. In 2014, the rate remained lower in non-
Hispanic whites and similarly higher in other groups, 
regardless of sex. 

The incidence rate of cardia gastric cancer in men was
higher in non-Hispanic whites and similarly lower in other
racial/ethnic groups, while the rate in women was lower

Qiang Yao, Racial/Ethnic Disparities in Gastric Cancer

1992 2013 % Change,
Index 95% CI Index 95% CI 1992-2013

Total gastric cancer
Males

Absolute scale
Range difference 16.6 9.1 to 24.2 6.8 5.3 to 8.4 –58.9
Between-group variance 40.0 20.4 to 41.6 8.5 5.4 to 11.5 –72.7

Relative scale
Range ratio 2.5 1.3 to 4.5 1.9 1.7 to 2.1 –23.8
Index of disparity 77.4 –29.3 to 184.0 64.1 44.8 to 83.5 –17.1
Mean log deviation 0.06 0.04 to 0.07 0.04 0.03 to 0.05 –31.9
Theil index 0.06 0.04 to 0.08 0.04 0.03 to 0.05 –36.2

Female
Absolute scale

Range difference 9.7 7.5 to 11.9 5.9 4.8 to 7.0 –39.6
Between-group variance 11.8 7.7 to 16.0 6.0 4.1 to 7.8 –49.6

Relative scale
Range ratio 2.9 2.5 to 3.5 2.8 2.4 to 3.3 –4.2
Index of disparity 118.3 82.4 to 154.2 140.1 104.4 to 175.7 18.4
Mean log deviation 0.09 0.07 to 0.12 0.10 0.08 to 0.13 9.5
Theil index 0.10 0.07 to 0.12 0.10 0.07 to 0.12 0.1

Non-cardia gastric cancer
Male

Absolute scale
Range difference 13.7 10.9 to 16.6 6.1 4.9 to 7.3 –55.6
Between-group variance 21.3 14.4 to 28.2 7.4 5.4 to 9.4 –65.2

Relative scale
Range ratio 3.8 3.2 to 4.6 3.4 2.9 to 4.0 –11.7
Index of disparity 156.8 111.9 to 201.7 193.5 144.7 to 242.4 23.4
Mean log deviation    0.14 0.10 to 0.18 0.16 0.12 to 0.19 11.6
Theil index 0.15 0.11 to 0.18 0.14 0.11 to 0.17 –1.7

Female
Absolute scale

Range difference 7.6 5.8 to 9.5 3.7 2.8 to 4.5 –51.6
Between-group variance 7.5 4.7 to 10.3 2.6 1.7 to 3.6 –64.6

Relative scale
Range ratio 3.8 3.1 to 4.6 3.1 2.6 to 3.8 –17.2
Index of disparity 156.1 108.9 to 203.4 166.1 114.7 to 217.6 6.4
Mean log deviation    0.15 0.11 to 0.19 0.13 0.09 to 0.17 –10.5
Theil index 0.15 0.11 to 0.19 0.12 0.09 to 0.16 –19.1

Table 2. Changes in racial and ethnic disparities in the incidence of total gastric cancer and non-cardia gastric cancer by sex
in the United States, 1992-2014

CI, confidence interval.
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than 2/100,000 person-years in all groups throughout the
study period. The incidence rate of cardia gastric cancer 
remained relatively stable over time, except for a slight 
decrease in Hispanic white men (AAPC, –1.5; 95% CI, –2.7 to 
–0.4). The incidence rate of non-cardia gastric cancer showed
similar pattern as that of total gastric cancer in both sexes.

2. Racial and ethnic disparities in total gastric cancer

Table 2 presents the absolute and relative measures of
racial and ethnic disparity in the incidence of total gastric
cancer and non-cardia gastric cancer by sex in the beginning
and ending calendar years, and the percent changes in these
measures during the study period. The percent changes since

Cancer Res Treat. 2019;51(2):519-529

Fig. 2.  Percent changes since 1992 in the racial and ethnical disparities in the incidence of total gastric cancer and non-cardia
gastric cancer in men in the Surveillance, Epidemiology, and End Results 13 registries in the United States during 1992-2014.
(A) Absolute measures for total gastric cancer. (B) Absolute measures for non-cardia gastric cancer. (C) Relative measures
for total gastric cancer. (D) Relative measures for non-cardia gastric cancer.

Ch
an

ge
 si

nc
e 

19
92

 (%
)

100

–100
1992

Year of diagnosis
2012200720021997

A

0

20

80

–20

–40

–60

–80

60

40

Range difference
Between group variance

Ch
an

ge
 si

nc
e 

19
92

 (%
)

100

–100
1992

Year of diagnosis
2012200720021997

B

0

20

80

–20

–40

–60

–80

60

40

Range difference
Between group variance

Ch
an

ge
 si

nc
e 

19
92

 (%
)

200

–200
1992

Year of diagnosis
2012200720021997

C

0

150

–50

–100

–150

100

50

Range ratio
Index of disparity
Mean log deviation
Theil index

Range ratio
Index of disparity
Mean log deviation
Theil index

Ch
an

ge
 si

nc
e 

19
92

 (%
)

200

–200
1992

Year of diagnosis
2012200720021997

D

0

150

–50

–100

–150

100

50

524 CANCER  RESEARCH  AND  TREATMENT



Qiang Yao, Racial/Ethnic Disparities in Gastric Cancer

1992 in disparity measures for each calendar year in men and
in women are shown in Figs. 2 and 3, respectively. Table 3
presents results from Joinpoint regression on these racial and
ethnic disparity measures by sex.

The absolute disparity measures RD and BGV for the inci-
dence of total gastric cancer decreased during the study 
period in both sexes (Figs. 2A and 3A). The RD for total gas-

tric cancer decreased on average by 4.1% per year in men and
by 2.6% per year in women from 1992 to 2014 (Table 3). The
BGV for total gastric cancer decreased on average by 5.6%
per year in men and by 3.4% per year in women during the
observation period. 

The relative disparity measures for total gastric cancer in
men decreased over the entire study period, which was how-

Fig. 3.  Percent changes since 1992 in the racial and ethnical disparities in the incidence of total gastric cancer and non-cardia
gastric cancer in men in the Surveillance, Epidemiology, and End Results 13 registries in the United States during 1992-2014.
(A) Absolute measures for total gastric cancer. (B) Absolute measures for non-cardia gastric cancer. (C) Relative measures
for total gastric cancer. (D) Relative measures for non-cardia gastric cancer. 
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ever slighter compared with the decrease in absolute dispar-
ity measures (Fig. 2C). The RR and IDisp for total gastric can-
cer in men decreased at constant rates during the study
period. On the other hand, the T for total gastric cancer in
men remained stable from 1992 to 2007 and decreased on 
average by 6.6% per year from 2007 to 2014, and the decrease
in MLD started from 2008 onwards, on average by 3.4% per
year (Table 3). The relative disparity measures for total gas-
tric cancer in women remained relatively stable during the
study period, except for a slight decrease in RR by 0.8% per
year (Table 3, Fig. 3C).

3. Racial and ethnic disparities in non-cardia gastric cancer

The absolute disparity measures RD and BGV for the inci-
dence of non-cardia gastric cancer steadily decreased over
time in both sexes (Figs. 2B and 3B), which was in similar pat-

terns as for total gastric cancer. The relative disparity meas-
ures for the incidence of non-cardia gastric cancer remained
relatively stable during the study period in both sexes, except
for a slight decrease in RR on average by 0.6% per year in
women (Table 3, Fig. 3D).

Discussion

We measured the racial and ethnic disparities in the inci-
dence of gastric cancer, based on a variety of disparity meas-
ures, during a period of over 20 years from 1992 to 2014 in
the United States. The incidence rate of non-cardia gastric
cancer decreased in all racial/ethnic groups, and the decrease
was steeper in Asian and Pacific Islanders than in the other

Cancer Res Treat. 2019;51(2):519-529

Total gastric cancer Non-cardia gastric cancer                                                           
Period APC 95% CI Period APC 95% CI

Male
Absolute scale

Range difference 1992-2014 –4.1 –4.7 to –3.4 1992-2014 –3.5 –4.1 to –2.9
Between-group variance 1992-2014 –5.6 –6.7 to –4.5 1992-2014 –4.8 –5.8 to –3.9

Relative scale
Range ratio 1992-2014 –1.9 –2.7 to –1.1 1992-2014 –0.5 –1.0 to 0.1
Index of disparity 1992-2014 –1.3 –2.1 to –0.5 1992-2014 0.5 –0.4 to 1.4
Theil index 1992-2007 –0.0 –1.4 to 1.3 1992-2014 0.6 –0.1 to 1.3

2007-2014 –6.6 –10.8 to –2.2
AAPC –2.2 –3.7 to –0.6

Mean log deviation 1992-2008 –0.6 –1.8 to 0.6 1992-2014 0.1 –0.6 to 0.7
2008-2014 –7.6 –12.9 to –1.9

AAPC –2.5 –4.2 to –0.8
Female

Absolute scale
Range difference 1992-2014 –2.6 –3.1 to –2.1 1992-2009 –2.2 –2.9 to –1.5

2009-2014 –7.0 –11.2 to –2.6
AAPC –3.3 –4.4 to –2.2

Between-group variance 1992-2014 –3.4 –4.0 to –2.8 1992-2014 –3.5 –4.5 to 2.4
Relative scale

Range ratio 1992-2014 –0.8 –1.3 to –0.4 1992-2014 –0.6 –1.0 to -0.1
Index of disparity 1992-2014 –0.3 –1.1 to 0.5 1992-1998 6.9 –0.2 to 14.4

1998-2014 –1.4 –2.9 to 0.1
AAPC 0.8 –1.2 to 2.8

Theil index 1992-2014 –0.5 –1.2 to 0.2 1992-2014 0.1 –0.8 to 1.0
Mean log deviation 1992-2014 –0.9 –1.6 to –0.3 1992-2014 –0.5 –1.3 to 0.3

Table 3. Joinpoint regression on racial and ethnic disparity measures of the incidence of total gastric cancer and non-cardia
gastric cancer by sex in the United States, 1992-2014

APC, annual percent change; CI, confidence interval; AAPC, average annual percent change.
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groups. On the other hand, the incidence rate of cardia gas-
tric remained relatively stable over time in virtually all racial
/ethnic groups, except for a slight decrease in Hispanic white
men. We observed steadily decreased racial and ethnic dis-
parities in the incidence of gastric cancer over time as meas-
ured on the absolute scale, which was mainly driven by the
reduced disparities in the incidence of non-cardia gastric can-
cer. The relative-scale measures for the racial and ethnic dis-
parities in the incidence of gastric cancer generally remained
stable over the entire study period, but showed a seemingly
decrease in recent years in men.

We observed substantially higher incidence of non-cardia
gastric cancer in Asian and Pacific Islanders relative to other
racial/ethnic groups, which is in line with previous studies
[5,6]. The higher risk of non-cardia gastric cancer in Asian
American than in other racial/ethnic groups may be partly
explained by a historically higher prevalence of H. pylori
infection [13-15]. Nevertheless, the observed racial/ethnic
disparities in the incidence of non-cardia gastric cancer con-
tradict with historic differences in the prevalence of tobacco
smoking and alcohol consumption across racial/ethnic
groups, i.e., a substantially lower prevalence of smoking in
Asian American and higher prevalence of alcohol consump-
tion in whites [16,17]. The incidence of non-cardia gastric
cancer decreased over time in all racial/ethnic groups, cor-
responding to the declining prevalence of H. pylori infection
and tobacco smoking in all racial/ethnic groups in the Uni-
ted States [16-18]. However, the magnitude of decline in the
incidence of non-cardia gastric cancer and the prevalence of
H. pylori infection and smoking might not exactly correlate
with each other according to racial/ethnic group. For exam-
ple, the smoking prevalence has decreased more dramati-
cally in Asian and Hispanic Americans than in blacks and
non-Hispanic whites [16,17], while our results showed that
the decrease in non-cardia gastric cancer incidence was
slightly steeper in non-Hispanic whites and Asian Americans
than in the other groups. Some other risk factors, including
dietary factors, and interactions between risk factors might
also have contributed to the observed racial and ethnic dis-
parities in the incidence of non-cardia gastric cancer [2,3].

Cardia gastric cancer may share some risk factors with
esophageal adenocarcinoma, including obesity and gastroe-
sophageal reflux disease [19-21]. Particularly, abdominal
obesity other than general obesity has been suggested to be
an important risk factor for esophageal adenocarcinoma and
cardia gastric cancer [22]. Smoking seems a moderate risk
factor for cardia gastric cancer, while H. pylori infection dose
not increase the risk of cardia gastric cancer [2,3]. We did not
observe distinct racial and ethnic disparities in the incidence
of cardia gastric cancer, except for a higher risk in white men
than in men of other racial/ethnic groups. The higher risk in
white men may be explained by the higher prevalence of 

abdominal obesity and reflux in white men compared with
other groups [23-26]. In contrast to an increasing incidence
of esophageal adenocarcinoma in the United States [9,21], we
did not observe any increase in the incidence of cardia gastric
cancer. However, any conclusion regarding the temporal
trend in the incidence of cardia gastric cancer cannot be
drawn considering potential misclassification of these two
types of cancer.

To our knowledge, this study is the most comprehensive
assessment of the racial and ethnic disparities in the inci-
dence of gastric cancer in the American population. We used
a variety of health disparity measures which take into accou-
nt different aspects of measuring health disparity, including
indicators on both relative and absolute scales and treating
individuals and groups equally [10,11,27]. The absolute dis-
parity measures provide information on the absolute gap in
the disease burden across racial/ethnic groups, while the rel-
ative disparity measures may be more relevant in etiology.
Our findings suggest a significant decrease in the absolute
gap in the incidence of gastric cancer across racial/ethnic
groups in the United States. Although these are not merely
specific to gastric cancer, achieving health equity, eliminating
disparities, and improving the health of all groups have been
set as one of the overarching goals in Healthy People 2010 and
Healthy People 2020 programs in the United States [28]. The
decreased absolute racial and ethnic disparities in gastric
cancer observed in this study is no doubt supporting evi-
dence for the success of such public health strategies in the
United States, and continued efforts to eliminating health
disparity in the specific context of gastric cancer would be
encouraged. On the other hand, the relative disparity meas-
ures had remained relatively stable over time as compared
with absolute measures, indicating that substantial changes
in the risk factor profiles of gastric cancer are less likely to
have occurred in the American population. The disparity
measures weighted by population sizes of racial/ethnic
groups and those unweighted measures generally showed
similar results, indicating that the results were not domi-
nated by any racial/ethnic group of large size. Considering
the complex conception of health disparity, interpretation of
the results should be made taking into account all these dis-
parity measures and the specific question to be answered in
practice [11,29]. 

Several limitations in the present study warrant discussion.
First, we only used data from the SEER13 cancer registries
because expanded categories of racial/ethnic groups are
available in these registries for a long period. Therefore, find-
ings presented in this study may not be simply generalized
to the total population of the United States. Second, due to
the limited number of cases in each racial/ethnic group, we
were unable to calculate the disparity measures by calendar
year and perform Joinpoint regression for the incidence car-
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dia gastric cancer. Third, considering the limited incidence
of gastric cancer of histology other than adenocarcinoma and
the substantial missing in histological type, we could not per-
form stratified analyses by histological type. Last, because
the SEER database does not contain information on risk fac-
tors, we could not direct evaluate how the observed dispar-
ities in the incidence of gastric cancer could be explained by
the major risk factors in the study population. 

In conclusion, this comprehensive assessment of the racial
and disparity in the incidence of gastric cancer in the United
States demonstrates a steady decrease in such disparities
over time, particularly as measured on the absolute scale.
Such decrease was mainly driven by the reduced disparities
in the incidence of non-cardia gastric cancer and may be 
attributable to the decreasing prevalence of H. pylori infection
in the population which was more rapid in Asian Americans.
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Purpose
Although several studies have suggested that osteoporosis is common in survivors of gastric
cancer (GC), no study to date has directly assessed the risk for osteoporosis in GC survivors
compared to matched controls. Thus, we aimed to investigate the relative risk for osteo-
porosis in survivors of GC compared to general population. 

Materials and Methods
We used the Korea National Health and Nutrition Examination Survey data (2008-2011).
Patients with a history of GC (n=94) were defined as case among 8,142 individuals over
50 years old who were evaluated by dual-energy X-ray absorptiometry. Controls (n=470)
were matched to cases by age and sex in a 1:5 ratio. Osteopenia (–2.5 < T-score < –1.0)
and osteoporosis (T-score  –2.5) were defined. 

Results
The prevalence of osteoporosis in GC survivors was 30.2%, which was significantly greater
than that of controls (19.7%). In total, GC survivors had a 3.7-fold increased risk for osteo-
porosis compared to controls (p=0.021). In addition, the risk for osteoporosis of the total
proximal femur total (TF) and femur neck (FN) was significantly increased among GC sur-
vivors compared to controls (adjusted relative risk, 4.64; 95% confidence interval, 1.16 to
18.6 in TF and adjusted relative risk, 3.58; 95% confidence interval, 1.19 to 10.8 in FN).
Furthermore, we found sub-optimal daily calcium intake and mean serum levels of 25-
hydroxy-vitamin D in both groups.  

Conclusion
GC survivors are at significantly increased risk for osteoporosis, especially in the femur. Clin-
ically, our finding supports the importance of screening bone health and adequate nutrient
supplementation in survivors of GC.     
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Introduction

As of 2012, gastric cancer was the fifth most common can-
cer worldwide [1]. Although the incidence of gastric cancer
has decreased rapidly in Western countries, it remains the
second most common cancer in Asia [2]. In South Korea, gas-
tric cancer is the second leading cause of cancer behind thy-
roid cancer [3]. However, owing to increasing rates of parti-
cipation in national gastric cancer screening programs [4]
and development of endoscopic examinations leading to ear-
lier detection and initiation of treatment [5], more than half
of gastric cancers detected in Korea are identified at T1 stage
without lymph node metastasis. Advancements in treatment
modalities for gastric cancer including extensive lymph node
dissection and availability of effective chemotherapy regi-
mens has led to an increase in long-term survival [6]. Indeed,
the 5-year survival rate for all gastric cancer is now 67%,
while that of early stage gastric cancer is 92% [7]. This 
improvement in survival rates for gastric cancers has her-
alded significant attention as a model of how to address and
appropriately mange long-term health problems. 

The sequelae of undergoing treatment for gastric cancer
include malnutrition, poor bone health and decreased qual-
ity of life [8-10]. Poor bone health predisposes patients to 
osteoporosis and an increased risk of fracture, which can
cause physical disability and is associated with a high rate of
mortality [11]. Indeed, several previous studies have repor-
ted a high prevalence of osteoporosis [9,12] and osteoporotic
fracture [13,14] in survivors of gastric cancer post-gastrec-
tomy. Lim et al. [9] reported that the prevalence of osteoporo-
sis after gastrectomy was 38.3% among 133 gastric cancer
survivors and compared factors that predict osteoporosis
stratified by sex among gastric cancer survivors, but not with
healthy controls. Similarly, Yoo et al. [12] investigated the
prevalence of osteoporosis and associated factors in gastric
cancer survivors. In their study, they indirectly compared the
prevalence of osteoporosis in gastric cancer survivors with
that of the general population based on the results of other
studies but did not consider nutrient intake or nutrient sta-
tus. Lastly, in the Mediterranean Osteoporosis Study, the rel-
ative risk for hip fracture in men who underwent gastrec-
tomy due to all gastric diseases including cancer was 1.78
(95% confidence interval [CI], 1.13 to 2.85) compared to con-
trols [14]. 

Studies directly comparing bone health between patients
with gastric cancer and that of the general population are
rare. Therefore, this aim of this study was to assess the rela-
tive risk for osteoporosis in gastric cancer survivors com-
pared to the general population free of cancer using data
from the Korea National Health and Nutrition Examination
Survey (KNHNES). 

Materials and Methods

1. Study population

We used KNHNES data collected between July 2008 and
May 2011. KNHNES is a nationwide representative cross-
sectional survey consisting of a clustered, multistage, strati-
fied, probability-sampling design using household registries.
The survey includes demographic, socioeconomic, medical,
and dietary information [15]. The survey questionnaires were
administrated by trained investigators except information 
related to health behaviors that was performed based on self-
reported questionnaires. 

Among an initial dataset comprising 21,303 subjects, we
selected 8,142 individuals who had undergone dual-energy
X-ray absorptiometry (DXA) and were more than 50 years
old. We excluded 330 individuals with a history of cancer
other than gastric cancer, leaving 7,812 subjects, from which
a total of 94 gastric cancer survivors were identified based
on the question: “Have you ever been diagnosed with gastric
cancer by a doctor?” Four hundred seventy controls who
were free of any cancers were matched by 1:5 ratio for each
case of gastric cancer with exact age and sex. In subgroup
analysis, gastric cancer survivors were divided into two
groups according to the period after gastric cancer diagnosis
( 5 years, > 5 years). 

2. Diagnosis of osteoporosis and osteopenia 

Bone mineral density (BMD) at the total proximal femur
(TF), femoral neck (FN), and lumbar spine (LS; first to fourth
lumbar spine) was measured by DXA (Hologic Inc., Bedford,
MA). T-scores were calculated among postmenopausal
women and men more than 50 years or 50 years old using
the Asian (Japanese) reference curve supplied by the manu-
facturer. Osteoporosis and osteopenia were defined by 
T-score according to the World Health Organization defini-
tion [16]. A normal density was defined as T-score  –1.0, 
osteopenia was defined as a T-score between –1.0 and –2.5,
and osteoporosis was defined as T-score  –2.5. 

3. Additional variables 

Body weight and height were measured to the nearest 0.1
kg and 0.1 cm, respectively, with subjects wearing light cloth-
ing without shoes. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared and
was analyzed as a continuous variable. Smoking status was
categorized as never smoker, former, and current smoker
based on self-reported questionnaire. Alcohol consumption
was classified by frequency as < 2 times per week or  2 times
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Table 1.  Baseline characteristics of the study population

Variable No gastric cancer Gastric cancer p-value(n=470) survivor (n=94)
Age (yr) 65.7±0.5 66.5±1.1 1.00
Sex

Male 330 (70.4) 66 (68.8) 1.00
Female 140 (29.6) 28 (31.2)

Height (cm) 162.1±0.5 161.3±1.3 0.916
Weight (kg) 63.0±0.6 58.5±1.3 < 0.001
Body mass index (kg/m2) 23.9±0.2 22.4±0.5 < 0.001
Household incomea)

Highest quartile 70 (19.4) 11 (11.6) 0.818
Third qurtile 90 (18.3) 16 (18.0)
Second quartile 138 (29.6) 27 (35.2)
Lowest quartile 170 (32.7) 37 (35.2)

Smoking status
Never smoker 180 (38.6) 32 (33.4) 0.437
Former and current smoker 290 (61.4) 62 (66.6)

Alcohol consumption (per week)
< 2 331 (70.7) 76 (77.0) 0.040
 2 139 (29.3) 18 (23.0)

Moderate to intense physical activity
Yes  350 (72.7) 74 (75.4) 0.383
No 120 (27.3) 20 (24.6)

Hypertension
No 228 (49.9) 56 (50.1) 0.050
Yes  242 (62.3) 38 (37.7)

Diabetes
No 368 (78.3) 78 (85.8) 0.308
Yes  102 (21.7) 16 (14.2)

Undergoing health check-ups for recent 2 years
Yes  296 (63.1) 67 (69.4) 0.125
No 174 (36.9) 27 (30.6)

Calcium intake (mg/day)b) 481.0±20.8 439.2±39.7 0.424
 800 60 (13.0) 17 (11.9) 0.798
< 800 384 (87.0) 77 (88.1)

25-Hydroxy–vitamin D (ng/mL)c) 20.2±0.4 17.9 (1.2) 0.022
 20 206 (45.7) 33±37.6 0.170
< 20 233 (54.3) 52 (62.4)

Alkaline phosphatase (IU/L)c) 246.6±6.1 279.7±11.5 0.003
< 250 282 (63.9) 36 (42.6) < 0.001
 250 157 (36.1) 49 (57.4)

Parathyroid hormone (pg/mL)d) 68.7±1.7 73.7±5.8 0.198
< 65 237 (54.4) 41 (47.6) 0.384
 65 202 (45.6) 43 (52.4)

Values are presented as weighted mean±standard error or number (weighted %). a)Information on household income was
obtained in 559 subjects (468 controls and 91 cases), b)Information on calcium intake was obtained in 532 subjects (444 controls
and 88 cases), c)Information on vitamin D levels and alkaline phosphatase and parathyroid hormone were obtained in 524
subjects (439 controls and 84 cases), d)Information on parathyroid hormone was obtained in 523 subjects (439 controls and
83 cases).
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per week. Physical activity was classified based on whether
subjects engaged in intense to moderate physical activity for
at least 10 minutes during the prior week or not. Hyperten-
sion was defined as those who were taking anti-hypertensive
drug, had hypertension diagnosis history or systolic blood
pressure  140 mm Hg, or diastolic blood pressure  90 mm
Hg. Diabetes was defined as taking hypoglycemic agents,
having fasting blood glucose  126 mg/dL. Quartile of hou-
sehold income was used to assess the socioeconomic status.
Experience of health check-up within recent 2 years was
asked and classified into yes or no. 

In terms of nutrition intake and markers of bone metabo-
lism, daily calcium intake was assessed using a 24-hour recall
method the day before the survey and was classified by 800
mg according to recommended dietary allowance [17]. Fast-
ing blood samples were used to measure serum levels of 25-
hydroxy-vitamin D [25(OH)D], alkaline phosphatase (ALP),
and parathyroid hormone (PTH). 25(OH)D levels were cate-
gorized into two groups by 20 ng/mL. ALP levels were 
divided by 250 IU/L, and PTH levels were divided by 65
pg/mL. 

4. Statistical analysis 

To represent the entire Korean population, weights were
assigned to each subject in order to give an equal probability
for sampling. All statistical analyses were performed consid-
ering sample weights, which were constructed based on the
survey design. All data were presented as mean with stan-
dard error or number with (weighted %). Differences bet-
ween cases and controls were analyzed using a two-tailed
Student’s t test for continuous variables and 2 test for cate-
gorical variables. Multinomial logistic regression was used
to compare the relative risk for osteopenia and osteoporosis
between cases and controls after adjusting for factors that
could affect bone health, namely, age, sex, BMI, smoking sta-

tus, alcohol consumption physical activity in model 1. Model
2 additionally adjusted hypertension, diabetes, household 
income and health check-up history. A multivariable logistic
regression model was used to compare differences in nutri-
tional status and biomarker levels between cases and con-
trols and between normal and osteoporosis. All statistical
analyses were performed using Stata ver. 14.1 (Stata Corp,
College Station, TX).

5. Ethical statement 

All subjects participated voluntarily and provided infor-
med consent. The KNHANES was annually approved by the
institutional review board of the Centers for Disease Control
and Prevention (2008-04EXP-01-C, 2009-01CON-03-2C, 2010-
02CON-21-C, and 2011-02CON-06-C).

Results

1. Baseline characteristics 

The general characteristics in the controls and gastric can-
cer survivors are shown in Table 1. The mean age and sex
distributions were similar in both groups due to age and sex
matching used to select controls. The weighted mean age
was 65.7±0.5 years in the control group and 66.5±1.1 years in
the gastric cancer survivor group. Approximately 30% of
subjects were female in both groups. The mean weight of
gastric cancer survivors (58.5±1.3 kg) was less than that of
controls (63.0±0.6 kg, p < 0.001). BMI was also lower in gas-
tric cancer survivors compared to controls (22.4 kg/m2 vs.
23.9 kg/m2, p < 0.001). The prevalence of frequent alcohol
consumption was higher in controls compared to gastric can-

Table 2.  Comparison of bone mineral density and T-scores between gastric cancer survivors and controls 
No gastric cancer Gastric cancer p-value(n=470) survivor (n=94)

Bone mineral density (g/cm2)
Total femur 0.87±0.01 0.80±0.02 < 0.001
Femur neck 0.70±0.01 0.65±0.02 0.003
Lumbar spine 0.90±0.01 0.83±0.02 < 0.001

T-score
Normal ( –1.0) 150 (34.4) 15 (14.4) 0.002
Osteopenia (–2.5 to –1.0) 224 (45.9) 48 (55.4)
Osteoporosis ( –2.5) 96 (19.7) 31 (30.2)

Values are presented as weighted mean±standard error or number (weighted %).
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Unadjusted Model 1 Model 2                                                           
RR (95% CI) p-value Adjusted RRa) (95% CI) p-value Adjusted RRa) (95% CI) p-value

Overall
Normal 1.00 ( 1.00 ( 1.00 (
Osteopenia 1.50 (0.61-3.67) 0.376 2.70 (1.21-7.27) 0.017 2.80 (1.10-7.13) 0.031
Osteoporosis 3.30 (1.26-8.66) 0.015 3.51 (1.23-10.04) 0.019 3.72 (1.22-11.4) 0.021

Total femur
Normal 1.00 ( 1.00 ( 1.00 (
Osteopenia 1.79 (0.83-3.88) 0.137 1.42 (0.66-3.01) 0.373 1.13 (0.56-2.28) 0.725
Osteoporosis 8.84 (2.14-36.6) 0.003 4.30 (1.21-15.3) 0.024 4.64 (1.16-18.6) 0.030

Femur neck
Normal 1.00 ( 1.00 ( 1.00 (
Osteopenia 1.63 (0.76-3.50) 0.211 2.11 (0.98-4.57) 0.057 1.96 (0.88-4.36) 0.051
Osteoporosis 3.01 (1.09-8.26) 0.033 2.74 (0.91-8.24) 0.072 3.58 (1.19-10.8) 0.023

Lumbar spine 
Normal 1.00 ( 1.00 ( 1.00 (
Osteopenia 1.44 (0.66-3.18) 0.361 2.30 (1.08-4.89) 0.030 2.30 (1.10-4.83) 0.028
Osteoporosis 2.21 (0.94-5.18) 0.068 2.27 (0.93-5.55) 0.073 2.17 (0.86-5.47) 0.099

Table 3. Multinomial logistic regression for osteoporosis according to gastric cancer history

RR, relative risk; CI, confidence interval. a)Model 1 was adjusted for age, sex, body mass index, smoking status, alcohol con-
sumption, and physical activity and Model 2 was adjusted for covariates in model 1 plus hypertension, diabetes, household
income and health check-up status in 559 subjects.

Unadjusted Model 1 Model 2                                                           

OR (95% CI) p-value Adjusted ORa)
p-value Adjusted ORa)

p-value(95% CI) (95% CI)
Calcium intake (mg/day)
 800 1.00 ( 1.00 ( 1.00 (
< 800 1.11 (0.50-2.43) 0.801 1.04 (0.46-2.31) 0.933 0.80 (0.36-1.81) 0.598

25-Hydroxy–vitamin D (ng/mL)
 20 1.00 ( 1.00 ( 1.00 (
< 20 1.39 (0.77-2.51) 0.268 1.33 (0.73-2.41) 0.348 1.35 (0.73-2.51) 0.334

Alkaline phosphatase (IU/L)
< 250 1.00 ( 1.00 ( 1.00 (
 250 2.39 (1.32-4.30) 0.004 2.05 (1.09-3.85) 0.027 2.30 (1.19-4.44) 0.013

Parathyroid hormone (pg/mL)
< 65 1.00 ( 1.00 ( 1.00 (
 65 1.31 (0.74-2.34) 0.354 1.28 (0.70-2.35) 0.429 1.41 (0.76-2.60) 0.277

Table 4. Comparison of nutrient status and biomarker levels between gastric cancer survivor and controls

OR, odds ratio; CI, confidence interval. a)Model 1 was adjusted for age, sex, body mass index, smoking status, alcohol con-
sumption, and physical activity and Model 2 was adjusted for covariates in model 1 plus hypertension, diabetes, household
income and health check-up status.
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cer survivors. There was no significant difference in the level
of physical activity between controls and gastric cancer sur-
vivors. 

Differences in the BMD of TF, FN, and LS are shown in
Table 2. The BMDs of TF, FN, and LS were lower in the gas-
tric cancer group compared to controls (all p < 0.05). Further-
more, 30.2% of gastric cancer survivors had osteoporosis,
which was higher than that of the control group (19.7%)
(p=0.002).  

2. Risk of osteoporosis 

In total, gastric cancer survivors had a 3.7-fold increased risk
for osteoporosis compared to controls (p=0.021) (Table 3). The
risk for TF and FN osteoporosis was significantly increased
in gastric cancer survivors compared to controls (adjusted
relative risk [aRR], 4.64; 95% CI, 1.16 to 18.6; p=0.030 in TF
and aRR, 3.58; 95% CI, 1.19 to 10.8; p=0.023 in FN). There was
no significant difference in the risk for LS osteoporosis 
between the two groups (p=0.099).  

According to the period after gastric cancer diagnosis 
(before or after 5 years), The risk for osteopenia and osteo-
porosis was significantly increased in gastric cancer sur-
vivors (aRR, 5.89; 95% CI, 1.81 to 19.2 for osteopenia and aRR,
7.17; 95% CI, 1.62 to 31.8 for osteoporosis) in the group 
exceeding 5 years after cancer diagnosis (S1 Table).

3. Nutrition status and biomarkers of bone metabolism 

Daily calcium intake was insufficient in more than 87% of
subjects in both groups (Table 1). Only 11.9% of gastric can-
cer survivors satisfied the recommended level. The serum
25(OH)D level was significantly lower in gastric cancer sur-
vivors compared to controls (17.9 ng/mL vs. 20.2 ng/mL)
(p=0.022), with 37.6% of gastric cancer survivors reaching a
concentration of 20 ng/mL. The mean ALP level in gastric
cancer survivors was higher than that of controls (p=0.003).
Lastly, mean PTH was not significantly different between the
two groups (p=0.198). Gastric cancer survivors were associ-
ated with elevated ALP (adjusted odds ration [aOR], 2.30;
95% CI, 1.19 to 4.44) (Table 4). Low calcium intake and serum
25(OH)D level were not significantly associated with gastric
cancer survivors compared to controls. In addition, elevated
ALP and PTH levels were associated with osteoporosis com-
pared to normal (aOR, 4.44; 95% CI, 1.99 to 9.91) and (aOR,
2.49; 95% CI, 1.15 to 5.40), respectively (S2 Table).

Discussion

To the best of our knowledge, there have been only a few
studies to evaluate differences in BMD and relative risk for
osteoporosis in gastric cancer survivors compared to con-
trols. In the present study, we confirmed that BMD of the
femur and lumbar spine were lower in gastric cancer sur-
vivors compared to age- and sex-matched controls, and that
gastric cancer survivors have an approximately 4.6-fold and
3.6-fold increased risk for osteoporosis of TF and FN com-
pared to controls, respectively. In addition, we found that
88.1% and 62.4% of gastric cancer survivors have inadequate
levels of daily calcium intake and serum 25(OH)D levels.

Our results showed that gastric cancer survivors have a
lower BMD of the TF, FN, and LS and higher prevalence
(30.2%) of osteoporosis compared to controls (19.7%). The
high prevalence of osteoporosis was consistent with previous
studies [9,12,18,19]. A prior case-control study in 18 patients
after total gastrectomy reported that the adjusted mean dif-
ferences in BMD of the LS and FN were significantly less
than that of healthy controls [18]. However, that study was
adjusted only for height as a covariate due to relatively small
sample size. In addition, Adachi et al. [19] reported that sub-
jects who had undergone post-gastrectomy more than 5
years before had a 12.5% and 16.9% decrease of BMD of the
LS in men and women compared to age- and sex-matched
controls. In that study, only BMD of the LS was evaluated. 

On the other hands, the prominent decrease of BMD was
observed in gastric cancer survivors after 5 years from cancer
diagnosis. This result suggests that osteoporosis may be a
problem after gastric cancer diagnosis rather than an inher-
ent problem before gastric cancer diagnosis.

The possible etiologies of increased risk of osteoporosis in
gastric cancer survivors include low calcium intake with mal-
absorption, low vitamin D levels, and weight loss. Firstly, we
found that calcium intake and calcium absorption were 
inadequate in gastric cancer survivors. Specifically, more
than 88% of the patients in the present study had a daily cal-
cium intake less than 800 mg. Consistently, a cohort study of
1,289 patients after gastrectomy reported a daily calcium 
intake around 600 mg [20]. In addition, calcium absorption,
which occurs primarily in the duodenum, can be interrupted
due to bypassing the duodenal surface secondary to rapid
transit of food [21]. Lastly, decreased gastric acidity after gas-
trectomy also contributes to the low absorption of calcium
[22]. 

Low serum vitamin D level may reflect either low intake
or malabsorption of vitamin D. The reported rate of vitamin
D deficiency (< 20 ng/mL) in gastric cancer survivors was
61.5% [23]. As vitamin D is fat-soluble, exocrine pancreatic
insufficiency after gastrectomy, which causes steatorrhea,
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could aggravate vitamin D malabsorption [24]. 
Low calcium intake and low serum vitamin D level after

gastric bypass surgery [25] or gastrectomy [22] may result in
secondary hyperparathyroidism, a physiological response
aimed at maintaining normal serum calcium and vitamin D
at the expense of bone mass. As such, increased bone tur-
nover reflected by elevated levels of PTH and ALP may 
reflect osteoblastic activity [26]. A hyperparathyroid respon-
se can also cause deterioration of cortical bone microstruc-
ture with a reduction in cortical bone density and cortical
thickness [27], in contrast with anabolic effects on trabecular
bone, which predominates at the spine [28]. Our results also
demonstrated an increased risk for osteoporosis in TF and
FN rather than LS. 

Weight loss may increase the risk for osteoporosis in gas-
tric cancer survivors. A previous study reported that marked
weight loss after gastrectomy is associated with osteoporosis
[12]. Likewise, bone loss is magnified in patients who have
undergone Roux-en-Y gastric bypass, which is also known
to cause the greatest degree of weight loss compared to other
types of bariatric surgery [27]. 

Among the general population, screening rates for osteo-
porosis are as low as 56% in women and 38% in men [29].
Furthermore, 88.4% of gastric cancer survivors are unaware
of the status of their bone health [30], despite the recommen-
dations of the American Gastroenterology Association [31].
In other words, both physicians and patients appear to be
generally unaware of the risks of osteoporosis in gastric can-
cer survivors. In terms of managing poor bone health, oral
supplementation of vitamin D and calcium could be an 
effective method to stabilize PTH level and reduce bone loss
[32]. 

There were several strengths of the present study, foremost
of which was the use of a representative and comprehensive
national database that included information on medical his-
tory, DXA, bone biomarkers, and nutrient status. The main

limitation of this study was that we were not able to clarify
the specific treatment history for gastric cancer, such as total
gastrectomy, partial gastrectomy, or endoscopic submucosal
dissection (ESD) of local early stage gastric cancers. How-
ever, patients who have undergone ESD have also been 
reported to have low vitamin D and calcium intake [21]. Fur-
thermore, definition of gastric cancer survivors was based on
questionnaire. Although the questionnaire was conducted
by professional interviewers, the accuracy of self-reported
cancer history could be low. A study reported that sensitivity
of self-reported cancer history was as low as 72% [33]. How-
ever, gastric cancer had relatively high sensitivity (78%) and
high positive predictive value (93%). In addition, reliability
for self-reported cancer history was ranged from 80% to
100% [34]. Lastly, we were not able to determine the reliabil-
ity of reported histories for factors associated with bone
health including fracture history, current osteoporosis treat-
ment, and supplementation of calcium and vitamin D. 

In conclusion, we found that risk for osteoporosis of TF
and FN in gastric cancer survivors was 4.6-fold and 3.6-fold
higher than that of age and sex matched controls, respec-
tively. Overall, daily calcium intake and serum vitamin D
level were deemed insufficient for maintaining bone health
among study participants. Thus, gastric cancer survivors
need to be screened for bone health and encouraged to main-
tain adequate nutrient intake.
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Diabetes Medication Use in Association with Survival among Patients
of Breast, Colorectal, Lung, or Gastric Cancer

Original Article

Purpose
Studies suggest that regular use of metformin may decrease cancer mortality. We investi-
gated the association between diabetes medication use and cancer survival. 

Materials and Methods
The current study includes 633 breast, 890 colorectal, 824 lung, and 543 gastric cancer
cases identified from participants of two population-based cohort studies in Shanghai. 
Information on diabetes medication use was obtained by linking to electronic medical
records. The associations between diabetes medication use (metformin, sulfonylureas, and
insulin) and overall and cancer-specific survival were evaluated using time-dependent Cox
proportional hazards models. 

Results
After adjustment for clinical characteristics and treatment factors, use of metformin was
associated with better overall survival among colorectal cancer patients (hazards ratio [HR],
0.55; 95% confidence interval [CI], 0.34 to 0.88) and for all four types of cancer combined
(HR, 0.75; 95% CI, 0.57 to 0.98). Ever use of insulin was associated with worse survival for
all cancer types combined (HR, 1.89; 95% CI, 1.57 to 2.29) and for the four cancer types
individually. Similar associations were seen for diabetic patients. Sulfonylureas use was 
associated with worse overall survival for breast or gastric cancer (HR, 2.87; 95% CI, 1.22
to 6.80 and HR, 2.05; 95% CI, 1.09 to 3.84, respectively) among diabetic patients. Similar 
association patterns were observed between diabetes medication use and cancer-specific
survival. 

Conclusion
Metformin was associated with improved survival among colorectal cancer cases, while 
insulin use was associated with worse survival among patients of four major cancers. Fur-
ther investigation on the topic is needed given the potential translational impact of these
findings.
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Cancer survival, Diabetes medication, Metformin
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Introduction

Diabetes is associated with an increased risk of cancers, as
well as overall/cancer mortality [1]. Recent studies have
shown that metformin and other diabetes medications may
reduce risk or mortality for some cancers [2,3], although find-
ings are inconsistent [4].

A recent meta-analysis reported that metformin use was
associated with reduced overall cancer mortality, and liver
cancer and breast cancer mortality individually [4]. Overall
cancer mortality was evaluated in four studies, all of which
observed decreased mortality among metformin users com-
pared to non-users [5-8], although one study’s findings did
not reach statistical significance [5]. One study evaluated
mortality by cancer type and found that metformin use was
associated with decreased mortality from lung cancer, but
observed no association with breast or colorectal cancer [8].

Fewer studies have evaluated cancer survival, rather than
mortality, and its association with metformin. For breast can-
cer survival, one study observed improved survival among
stage  2, HER2+ breast cancer patients [9], while another
study found no association in survival among triple-negative
breast cancer patients [10]. One previous study in colorectal
cancer patients found significantly increased survival among
metformin users [11]. Other recent studies, not included in
the meta-analysis, were identified. One study among lung
cancer patients found no significant survival benefit for met-
formin users when compared to either non-diabetics or dia-
betic non-users [12]. A study among diabetic patients with
non-small cell lung cancer found significantly reduced mor-
tality among patients with longer duration of metformin use,
particularly those who began taking metformin prior to lung
cancer diagnosis [13]. A study among colorectal cancer 
patients with and without diabetes found that metformin use
was associated with better survival compared to diabetics
taking other diabetes medication [14], while another study
found that metformin use among diabetics was associated
with better survival compared to diabetic patients taking any
or no other diabetes medications [15]. A study evaluating
metformin use and gastric cancer reported that the increased
cumulative duration of metformin use decreased the recur-
rence, all-cause mortality, and cancer-specific mortality rates
among gastric cancer patients with diabetes who underwent
gastrectomy [16], while another study suggested that met-
formin use might improve overall mortality, but not cancer-
specific survival [17]. 

Fewer studies have been published evaluating the associ-
ation between cancer mortality/survival and other diabetes
medications, such as sulfonylureas or insulin. One study
found that sulfonylureas or insulin monotherapy in the three
months prior to cancer diagnosis was associated with higher

overall cancer mortality compared to non-diabetics [8]. 
Another study found the cumulative dose exposure to insu-
lin was associated with lower cancer mortality among dia-
betic patients taking insulin [18]. Metformin users have been
shown to have lower mortality rates compared to sulfony-
lureas or insulin users [19].

To date, epidemiologic studies on the association between
diabetes medications and cancer survival are limited and the
findings inconsistent. Furthermore, there is a serious concern
that immortal time bias (in epidemiology, immortal time
refers to a period of cohort follow-up or observation time,
during which death cannot occur) may have influenced
many studies that examined medication exposure, including
metformin use, and cancer survival [20-22]. We report here
a study of 2,890 incident cancer cases (633 breast, 890 colorec-
tal, 824 lung, and 543 gastric) identified from participants of
the Shanghai Men’s Health Study (SMHS) and the Shanghai
Women’s Health Study (SWHS). Using information obtained
via electronic medical records (EMR), we examined the asso-
ciations between metformin, sulfonylureas, and insulin use
and survival from breast, colorectal, lung, and gastric cancers
with a time-dependent analytic approach. 

Materials and Methods

1. Ascertainment of cancer cases

Incident cases of breast, lung, colorectal, or gastric cancer
were identified from the SMHS and SWHS, two ongoing
population-based cohort studies. Details of these studies
have been previously described [23,24]. Briefly, Shanghai res-
idents aged 40-70 years were recruited to the SWHS from
1996-2000 and aged 40-74 years to the SMHS from 2002-2006.
Information on demographic/lifestyle factors was collected
at baseline through in-person interviews via structured ques-
tionnaires by trained interviewers. Cancer occurrence infor-
mation was collected via annual record linkage with the
population-based Shanghai Cancer Registry supplemented
by in-person surveys every 2-4 years. Matches were verified
by home visits. Cancer diagnoses were verified and clinical
information was extracted through review of medical charts
obtained from the diagnosing hospital. 

Participants with a first cancer diagnosis of colorectal can-
cer (International Classification of Diseases ninth edition
[ICD-9] codes 153 and 154), lung cancer (ICD-9 code 162),
gastric cancer (ICD-9 code 151), and breast cancer (among 
females only) (ICD-9 code 174) [25,26] after study enrollment
were selected for this study and were sent for linkage to EMR
(n=4,436). Diabetes medication use from 2004-2014 was 
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extracted from EMR for 3,438 participants. We excluded par-
ticipants diagnosed with cancer prior to 2004 due to incom-
pleteness of EMR data collection of medication use prior to
this time point (n=548), resulting in 2,890 cancer cases for the
analysis. 

2. Ascertainment of diabetes diagnosis and medication use

Information on diagnosis of other chronic diseases, includ-
ing diabetes, was obtained through active surveys conducted
every 2-4 years in both cohorts. In 2015, we linked cancer
cases identified from the SWHS and SMHS to EMR data from
the Changning District Health Information Center to obtain
common diseases and medication use information. The data
included clinic visits, laboratory tests, diagnosis, hospital dis-
charge summary, and prescriptions. Using this data, partic-
ipants were categorized by diabetes medication class (met-
formin, sulfonylureas, insulin, glucosidase inhibitors, thiazo-
lidinone compounds, and Chinese hypoglycemic medicine),
and whether use was initiated before and/or after cancer 
diagnosis. In the current study, we treat patients with either
self-reported diabetes history or EMR evidence of diabetes
as diabetic cases. 

3. Statistical analysis

The study endpoints were death from any cause (for over-
all survival analyses), and cancer-specific death from breast,
colorectal, lung, or gastric cancer (for relevant cancer-specific
survival analyses). The censor date for event-free individuals
was the date of last in-person contact or December 31, 2014
(6 months prior to the date of the most recent record linkage),
whichever was most recent. For cancer-specific mortality
analysis, follow-up time for patients who died of other
causes was censored. 

Demographic/lifestyle and clinical/treatment factors were
tabulated by cancer type. The 3- and 5-year survival rates
were calculated using the life table analysis method and com-
pared using the log-rank test; 34.3% of participants had  5
years of survival time (from date of diagnosis to death or
date of last follow-up). Cox proportional hazards models
with age as the time scale starting at age of cancer diagnosis
were used to estimate the associations of survival outcomes
with use of diabetes medications of interest, including met-
formin, sulfonylureas, and insulin [27]. Hazard ratio (HR)
refers to use versus non-use of specific diabetes medications.
The proportional hazards assumptions were evaluated by
checking with the Schoenfeld residuals. Stratified Cox pro-
portional hazards models were used for some categorical 
covariates that did not satisfy the proportional assumption.
To alleviate the concern of the immortal time bias for med-
ication uses initiated after cancer diagnoses, those medica-

tion uses were treated as the time-dependent variables in the
survival analysis [28]. The covariates adjusted for in the Cox
models were sex, education, body mass index (BMI), ciga-
rette smoking status, regular exercise, comorbidity (i.e., myo-
cardial infarction, congestive heart failure, peripheral
vascular disease, cerebrovascular disease), TNM stages of
cancer, and cancer treatment (surgery, chemotherapy, and
radiotherapy). Use of diabetes medications were mutually
adjusted in the analysis. The analyses were conducted for
each type of cancer separately and for all four types of cancer
combined. Two sets of analyses were carried out: model 1—
analysis included all participants of the study, and model 2—
analysis included only diabetic patients. All statistical analy-
ses were performed using SAS ver. 9.4 (SAS Institute, Cary,
NC).

4. Ethical statement

All participants provided written informed consent and
the study was approved by the Institutional Review Boards
(IRBs) at all participating institutions.

Results

Included in the current analysis are 2,890 cancer cases: 633
breast, 890 colorectal, 824 lung, and 543 gastric. Patient char-
acteristics by diabetes and diabetes medication use are pre-
sented in S1 Table. Over a median follow-up of 3.4 years after
cancer diagnosis (interquartile range, 1.0 to 6.3 years), 1,528
deaths were documented among 2,890 patients. The 5-year
survival rate by cancer type was 87.6% (breast), 58.4% (col-
orectal), 18.3% (lung), and 36.7% (gastric). Overall survival
rate by cancer type was positively associated with education
and surgery, but inversely associated with age at cancer 
diagnosis and TNM stage (Table 1). Among breast cancer
cases, overall survival rate was inversely associated with
baseline (pre-cancer diagnosis) BMI, current/former smok-
ing status, and existing comorbidity. For colorectal cancer
cases, overall survival rate was higher among those with
chemotherapy, but lower among those with high baseline
BMI, existing comorbidity and radiotherapy. For lung cancer
cases, overall survival rate was higher among females, or
those with no comorbidity and chemotherapy, but lower for
current/former smokers. Among gastric cancer cases, overall
survival rate was positively associated with chemotherapy
(Table 1).

Diabetes status was associated with increased risk of over-
all and cancer-specific mortality among breast cancer cases
(HR, 1.56; 95% confidence interval [CI], 1.01 to 2.43, and HR,
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1.62; 95% CI, 0.98 to 2.67, respectively) after adjustment for
patient and clinical characteristics. However, no such asso-
ciations were detected in colorectal, lung, and gastric cancer
cases (Table 2).

Among all participants (diabetics and non-diabetics) in the
study, better overall survival was found among metformin
users with colorectal cancer (HR, 0.55; 95% CI, 0.34 to 0.88)
or when all four cancer types were combined (HR, 0.75; 95%
CI, 0.57 to 0.98) (Table 3) compared to non-users. Ever use of
insulin among all participants was associated with worse
survival when all four cancer types were combined (HR, 1.89;
95% CI, 1.57 to 2.29) and individually for breast (HR, 1.94;
95% CI, 1.05 to 3.56), colorectal (HR, 2.60; 95% CI, 1.90 to
3.54), lung (HR, 1.43; 95% CI, 1.06 to 1.94), and gastric cancer
(HR, 1.45; 95% CI, 0.99 to 2.10) (Table 3). When the analysis
was restricted to diabetic patients only, the association of sul-
fonylureas use with worse overall survival was observed for
breast or gastric cancer (HR, 2.87; 95% CI, 1.22 to 6.80 and
HR, 2.05; 95% CI, 1.09 to 3.84, respectively) and for all four

cancer sites combined (HR, 1.49; 95% CI, 1.09 to 2.03). The 
association of metformin use with better overall survival and
the association of insulin use with worse overall survival
were also evident in colorectal cancer and all four cancer
types combined when the analysis was restricted to diabetics
(Table 3).

Similar to the observed associations between diabetes
medication use and overall survival, metformin use was 
associated with better cancer-specific survival, while ever use
of insulin was associated with worse cancer-specific survival
in colorectal cancer and all four cancer types combined
among all participants or diabetic patients only (Table 4). An
association between use of sulfonylureas with worse cancer-
specific survival was also observed for all four cancer types
combined (HR, 1.45; 95% CI, 1.08 to 1.94) among diabetics
(Table 4).

Cancer site                                                              
All 4 sites combined Breast Colorectal Lung Gastric

Model I (all participants)
Events/Total 1,528/2,890 107/633 383/890 681/824 357/543

Use of metformin
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 0.75 (0.57-0.98) 0.73 (0.35-1.53) 0.55 (0.34-0.88) 0.93 (0.61-1.40) 0.95 (0.52-1.74)

Use of sulfonylureas
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 1.03 (0.82-1.30) 1.65 (0.87-3.10) 1.02 (0.69-1.52) 0.79 (0.55-1.12) 1.00 (0.60-1.68)

Use of insulin
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 1.89 (1.57-2.29) 1.94 (1.05-3.56) 2.60 (1.90-3.54) 1.43 (1.06-1.94) 1.45 (0.99-2.10)

Model II (all diabetic patients)  
Events/Total 373/793 38/190 116/292 138/181 81/130

Use of metformin 
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 0.74 (0.53-1.02) 0.76 (0.33-1.75) 0.51 (0.30-0.88) 1.56 (0.87-2.79) 1.01 (0.48-2.12)

Use of sulfonylureas
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 1.49 (1.09-2.03) 2.87 (1.22-6.80) 1.50 (0.93-2.41) 1.03 (0.62-1.71) 2.05 (1.09-3.84)

Use of insulin
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 1.70 (1.26-2.29) 1.36 (0.64-2.89) 4.06 (2.59-6.39) 1.15 (0.70-1.88) 1.36 (0.69-2.69)

Table 3. Associations between use of diabetes medications (metformin, sulfonylureas, and insulin) and overall survival,
Shanghai, China

Hazard ratios adjusted for education, body mass index, smoking status, regular exercise, comorbidity, TNM stage of cancer,
chemotherapy, radiotherapy, and surgery; all except breast cancer analyses additionally adjusted for sex. During analyses,
use of diabetes medications (metformin, sulfonylureas, and insulin) was also adjusted mutually in the models.
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Discussion

Metformin, a biguanide, is the most commonly used type
2 diabetes drug [29]. It improves insulin resistance by decrea-
sing circulating levels of glucose and insulin, which may 
indirectly affect cancer growth [12,30]. In vivo studies have
shown that mice on a control diet exhibited less antitumor
activity associated with metformin compared with mice on
a high energy diet, suggesting that the antitumor activity of
metformin may be due to reduced endogenous insulin levels
[31-33]. Metformin may also have direct anti-cancer effects,
including mammalian target of rapamycin inhibition through
the activation of AMP-kinase, which reduces cell growth and
proliferation by slowing protein synthesis [12,34,35]. In our
study, we found metformin use was associated with decrea-
sed risk of mortality among colorectal cancer patients but not
in patients with breast, lung, or gastric cancers. Our finding
suggests that effects of metformin use vary by cancer type;

however, underlying reasons are unclear. Studies have shown
that hyperinsulinemia patients with tumor expression of the
insulin receptor, LKB1, and TSC2 may respond to metformin
therapy while patients without these characteristics may not
[34]. More studies are needed to better understand the effects
of metformin therapy in different patient populations and to
identify biomarkers that may predict responsiveness to met-
formin.

Unlike metformin, sulfonylureas and exogenous insulin
increase circulating levels of insulin [36]. Insulin is known to
have mitogenic properties, and increased levels of insulin
may promote carcinogenesis due to insulin’s growth-pro-
moting properties [37-39]. Previous studies have observed
that patients with type 2 diabetes who were exposed to sul-
fonylureas and exogenous insulin had a significantly increa-
sed risk of cancer-related mortality compared with patients
exposed to metformin [37]. In our study, we observed worse
survival for all four cancer types among those patients who
had ever used insulin, as well as for certain types of cancer,

Cancer site                                                              
All 4 sites combined Breast Colorectal Lung Gastric

Model I (all participants)
Events/Total 1,408/2,890 84/633 342/890 648/824 334/543

Use of metformin
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 0.75 (0.56-1.01) 0.70 (0.29-1.70) 0.58 (0.35-0.95) 0.98 (0.64-1.49) 0.90 (0.48-1.70)

Use of sulfonylureas
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 0.97 (0.76-1.23) 1.78 (0.86-3.71) 1.00 (0.66-1.52) 0.75 (0.52-1.08) 0.91 (0.52-1.58)

Use of insulin
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 1.80 (1.48-2.21) 1.32 (0.62-2.82) 2.52 (1.81-3.51) 1.40 (1.02-1.91) 1.44 (0.98-2.14)

Model II (all diabetic patients)  
Events/Total 331/793 29/190 101/292 128/181 73/130

Use of metformin 
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 0.74 (0.54-1.01) 0.84 (0.32-2.20) 0.53 (0.29-0.96) 1.57 (0.86-2.56) 1.01 (0.46-2.22)

Use of sulfonylureas
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 1.45 (1.08-1.94) 2.20 (0.83-5.84) 1.59 (0.94-2.70) 0.99 (0.58-1.67) 1.76 (0.90-3.42)

Use of insulin
Never use 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ever use 1.67 (1.27-2.19) 0.92 (0.36-2.31) 3.88 (2.32-6.47) 1.19 (0.72-1.97) 1.41 (0.68-2.92)

Table 4. Associations between use of diabetes medications (metformin, sulfonylureas, and insulin) and cancer-specific sur-
vival, Shanghai, China

Hazard ratios adjusted for education, body mass index, smoking status, regular exercise, comorbidity, TNM stage of cancer,
chemotherapy, radiotherapy, and surgery; all except breast cancer analyses additionally adjusted for sex. During analyses,
use of diabetes medications (metformin, sulfonylureas, and insulin) was also adjusted mutually in the models.
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such as breast cancer and gastric cancer, among diabetic 
patients who took sulfonylureas. It is uncertain whether this
increased risk is related to a deleterious effect of sulfonylurea
and insulin or a protective effect of metformin or due to some
unmeasured effect related to both choice of therapy and can-
cer risk. In addition, diabetic cases who use insulin are gen-
erally more severe cases than those who are only prescribed
oral diabetes medications. This may also contribute to the
higher mortality noted in insulin users.

Many diabetic patients in our study were taking multiple
diabetes medications concurrently. Although we have 
mutually adjusted diabetes medication use in our analysis,
we were unable to evaluate the association for monotherapy
patients and had to rely on any use of the medication as the
study variable due to the low number of monotherapy 
patients in our study population. We were unable to accu-
rately account for length of medication use, due to the inabil-
ity to capture use of medications prior to establishment of
EMR. Studies that assess pharmacological factors, such as
concurrent versus monotherapy medication use and dosage/
duration of medication use, may better assess the association
between cancer survival and diabetes medication use and
potential survival bias. Finally, we were missing TNM stage
information for 24% of patients included in the analyses,
which may have introduced a residual confounding effect.

Our study has several noteworthy strengths. The data
come from large population-based studies with comprehen-
sive data collection. Self-reported diabetes information was
supplemented by EMR data, and medication use was gath-
ered from EMR, strengthening the validity of our data. Our
study evaluated survival after cancer diagnosis, rather than
mortality, allowing us to evaluate the potential survival 
advantage of diabetes medication use among cancer patients.

Unlike most previous studies, in this study we comprehen-
sively adjusted for a wide range of potential confounding
factors. Importantly, we used time-dependent Cox propor-
tional hazards models in the survival analysis, thus alleviat-
ing any concern of immortal time bias for medication use
initiated after cancer diagnoses. 

In summary, we found that use of metformin was associ-
ated with improved overall and cancer-specific survival
among colorectal cancer patients. In contrast, insulin use was
associated with worse survival from breast, lung, colorectal,
and gastric cancers. Sulfonylurea use was associated with
worse survival among breast or gastric cancer patients with
diabetes. Additional investigation on the topic is needed
given the potential translational impact if our findings are
proven to be true.
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Follicular Lymphoma 
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Purpose
Duodenal-type follicular lymphoma (FL) is a rare variant of FL. There is still no consensus
on the initial treatment, and clinical features including endoscopic findings are not familiar
to most physicians. The objective of this study was to evaluate the outcome of patients who
were initially treated with radiation therapy for duodenal-type FL.

Materials and Methods
We retrospectively analyzed 20 patients who were consecutively diagnosed with duodenal-
type FL between 2008 and 2017. All patients received radiation therapy with curative intent.  

Results
The median age of the patients was 52 years (range, 26 to 66 years), and females were
predominant. Most patients (n=18, 90%) had stage I disease, and were diagnosed by a reg-
ular health examination in an asymptomatic state. The histological grade was one in 19 
patients (95%), and the endoscopic findings were diffuse nodular (n=8), whitish granular
(n=8), and mixed pattern (n=4). Radiation therapy was delivered to 17 patients with 24 Gy
in 12 fractions, and to three patients with 30.6-36 Gy in 18 fractions. All patients were eval-
uated with endoscopy for response to radiation therapy, and complete response was
achieved in 19 patients (95%). At the time of analysis, all patients survived without any 
evidence of late toxicities related with radiation therapy.  

Conclusion
Taken together, radiation therapy alone could be effective in controlling duodenal lesion. 
A further study with longer follow-up duration is warranted to confirm our findings.   
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Introduction

Duodenal-type follicular lymphoma (FL) is an extremely
rare variant of FL among primary non-Hodgkin lymphomas
of the gastrointestinal tract [1,2]. This disease entity was pre-
viously included in primary intestinal follicular lymphoma.
However, it was prosed as a new subtype of FL in the World
Health Organization (WHO) classification due to its distinc-
tive and clinical features [3]. Although FL predominantly 

occurs as a nodal disorder and is a more common subtype of
lymphoma in Western countries than in Asian countries,
duodenal-type FL has been reported more frequently in
Asian countries, especially in Japan [4,5]. Basically, it shares
similar pathology findings with nodal FL including mor-
phology and positivity for CD10 and Bcl-6 immunohisto-
chemistry [6]. However, its clinical features are closer to
mucosa-associated lymphoid tissue (MALT) lymphoma
rather than nodal FL because it is usually confined to the
duodenum as a localized disease [5]. Indeed, a comprehen-



sive gene expression analysis showed that gene expression
profiles of duodenal-type FL were more closely related with
MALT lymphoma than nodal FL [7]. Accordingly, radiation
therapy (RT) is the first consideration for newly diagnosed
duodenal-type FL in many institutes similar to limited stage
disease of nodal FL where irradiation as preferred treatment
option for localized disease [8,9]. A recent report of single
center experience with 21 cases of duodenal-type FL also
demonstrated that RT could be an effective initial treatment
for this disease entity [10]. Nevertheless, there is still no con-
sensus on the initial treatment for duodenal-type FL or the
optimal timing and target volume of RT. Because of its low
incidence, few data are available on the treatment outcome
of patients who were treated with RT. Furthermore, the clin-
ical features and endoscopic findings of patients with duo-
denal-type FL are still not familiar to most physicians.
Therefore, in this study, we analyzed patients with duode-
nal-type FL who were consecutively treated with RT and 
report their clinical features including endoscopic findings
and the treatment outcome.

Materials and Methods

1. Patients

A total of 20 patients were diagnosed with duodenal-type
FL at the Samsung Medical Center between 2008 and 2017.
Endoscopic biopsy was performed in all patients and they
were diagnosed by an expert pathologist for lymphoma
(Y.H.K). Staging work-up was done including physical 
examination, laboratory studies, computed tomography (CT)
scans of thorax and abdomen, 2-deoxy-2-fluorine-18-fluoro-
D-glucose positron emission tomography integrated with CT
(18F-FDG PET/CT) scan, and bilateral bone marrow biopsy
and aspiration. Colonoscopy was done at the time of diag-
nosis; however, double-balloon enteroscopy or capsule 
endoscopy was not performed. After staging work-up, 
patients received involved-site RT with curative intent. Each
patient fasted for at least 8 hours before the simulation. The
planning CT scan was acquired in a supine position during
free breathing. For all patients, a four-dimensional CT (4D
CT) was acquired at our institution. In 4D CT, the movement
of the third part of the duodenum craniocaudally ranged
from 0.75 to 2 cm. The clinical target volume (CTV) included
the whole duodenum. The internal target volume (ITV) for
the CTV was delineated. The planning target volume (PTV)
was defined with a margin of 1-1.5 cm to the CTV or ITV. A
three-dimensional conformal RT technique was used in 13
patients and intensity-modulated RT (IMRT) in seven 

patients. One-arc volumetric modulated arc therapy tech-
nique was used for IMRT planning. Basically, the goal of
planning the radiation field was that 95% of PTV should be
covered by 99% of prescribed dose. Furthermore, a volume
greater than one cubic centimeter does not receive more than
107% of the prescribed dose. Before 2013, RT was delivered
with 30-36 Gy. Thereafter, RT was delivered with 24 Gy in
12 fractions. Chemotherapy was administered as an initial
regimen for one patient. After the completion of RT, follow-
up endoscopic examination was carried out to confirm com-
plete response (CR). During follow-up, endoscopy and/or
surveillance CT scan were regularly performed to monitor
the occurrence of local and systemic relapse. We performed
a follow-up evaluation every 3 to 4 months during the first
year. After that, the follow-up interval was 6 months to 1
year. 

2. Study methods

We retrospectively reviewed the medical records of all 
patients with duodenal-type FL to analyze their clinical fea-
tures and treatment outcome. The pathology report, includ-
ing the WHO grade of FL, was reviewed to confirm the dia-
gnosis of FL. The staging was based on the Lugano classifi-
cation for gastrointestinal tract lymphoma, and the prognos-
tic group was determined by the International Prognostic
Index (IPI) and Follicular Lymphoma International Prognos-
tic Index (FLIPI) [11]. We also reviewed endoscopic findings
of all patients to categorize the duodenal involvement pat-
tern of FL. Information concerning RT-related toxicities, 
relapses, and outcomes was collected in a review of medical
records. The last survival status was updated at the time of
analysis in March 2018, and overall and progression-free sur-
vival outcomes were analyzed. 

3. Ethical statement

All aspects of the study were approved by the Institutional
Review Board of Samsung Medical Center (IRB No. 2017-
08-002), and informed consent was exempted due to the ret-
rospective nature of this study.

Results

1. Characteristics of patients at diagnosis

The median age of patients at diagnosis was 52 years
(range, 26 to 66 years); 16 patients were  60 years (Table 1).
Females were predominant (n=14, 70%), and the majority of
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patients (n=18, 90%) had stage I disease confined to the duo-
denum. Only one patient had evidence of bone marrow 
involvement; however, only 5% of cells were positively
stained for CD20 and morphologically consistent with lym-
phoma in the tissue sample of bone marrow biopsy. This case
with bone marrow involvement had grade 1 disease, and the
flow cytometry of bone marrow aspirates did not show any
evidence of lymphoma. As we could not determine its clini-

cal significance, we treated the patient like other patients
with stage I. Most patients (n=15, 75%) were asymptomatic
at diagnosis and were incidentally diagnosed as part of a reg-
ular preventive medical examination. Only three patients
complained of mild abdominal discomfort and dyspepsia at
diagnosis. The elevation of serum lactate dehydrogenase
(LDH) was observed in only one case; thus, all patients were
scored as low risk on the IPI. FLIPI scoring also showed that
all patients were low risk (0 to 1) (Table 1). Nineteen patients
were grade 1 in the WHO histological classification (95%),
and the remaining patient was diagnosed as grade 3A. The
staging work-up with CT scan and PET/CT showed no evi-
dence of wall thickening or distant metastasis involving
other organs such as gastrointestinal tract, liver, and spleen.
The 18F-FDG avid lesion of the primary site was found only
in two patients (patient 8 and 12) with > 5.0 of standardized
uptake value (Deauville score 4) (Fig. 1). Thus, most patients
had localized disease although the whole intestine was not
evaluated by capsule endoscopy or double-balloon entero-
scopy.

2. Endoscopic finding of the primary lesion

Primary lesions were confined to the duodenum in all
cases; however, their gross appearance was variable from
multiple polypoid to multiple granular lesions. The size of
polypoid lesions was also variable from small nodules to 2
cm-sized polyps, and the color and texture of all lesions were
mainly a whitish granular pattern (Fig. 2). Thus, according
to the endoscopic findings, the pattern of involvement was
classified as follows: diffuse nodular (n=8), whitish granular
(n=8), and mixed pattern (n=4) (Fig. 2). The site most com-
monly involved was the second portion of the duodenum
(n=19); the second and third portions of the duodenum were
involved in one patient. 

3. Treatment and survival outcome

Among 20 patients, 19 patients received initially RT after
diagnosis. One patient who was diagnosed in 2008 received
6 cycles of CVP (cyclophosphamide, vincristine, and pred-
nisone) chemotherapy after diagnosis. However, the follow-
up endoscopy and biopsy demonstrated disease progression
1.6 years after the completion of chemotherapy. Thus, he 
received RT as a salvage treatment. As a result, seventeen 
patients received RT with 24 Gy in 12 fractions, and three 
patients received 30-36 Gy with conventional fractionations.
RT response was evaluated with endoscopy, and CR was
achieved in 19 cases. We performed endoscopic biopsy to
confirm pathological CR, and pathological examination of
biopsy samples showed no evidence of disease. However,
one patient (patient No. 6) (Fig. 3A) showed partial response

Hansang Lee, Duodenal-Type Follicular Lymphoma

Table 1. Patient characteristics at diagnosis

ECOG, Eastern Cooperative Oncology Group; LDH, Lac-
tate dehydrogenase; WHO, World Health Organization;
IPI, International Prognostic Index; FLIPI, Follicular Lym-
phoma International Prognostic Index. 

Characteristic No. (%)
Age (yr)
 60 16 (80)
> 60 4 (20)

Sex
Male 6 (30)
Female 14 (70)

Performance status
ECOG 0/1 20 (100)
ECOG  2 0 (

Abdominal pain
Absence 17 (85)
Presence 3 (15)

Lugano stage
I 18 (90)
II1 1 (5)
II2 0 (
IV 1 (5)

Hemoglobin (g/dL)
 12 18 (90)
< 12 2 (10)

Serum LDH
Normal 19 (95)
Elevated 1 (5)

Bone marrow involvement
Absence 19 (95)
Presence 1 (5)

WHO histological grade
1 19 (95)
2 0 (
3A 1 (5)
3B 0 (

IPI risk (score)
Low (0/1) 15/5 (100)

FLIPI risk (score)
Low (0/1) 13/7 (100)
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on endoscopy at the 3-month follow-up after RT (Fig. 3B).
Biopsy specimen also revealed residual tumor. This lesion
was still persistent on re-biopsy at 6 and 9 months after RT
(Fig. 3C and D). Finally, irradiation of 20 Gy was delivered
to this patient, again. After that, the patient achieved CR and
maintained the response. Another patient (patient No. 14)
(Fig. 3E) achieved CR in duodenal lesion showed CR 
(Fig. 3E), but the colonoscopy revealed nodular lesions in the
terminal ileum (Fig. 3G and H). The biopsy showed the pres-
ence of FL in the terminal ileum, thus, six cycles of rituximab–
cyclophospha-mide, vincristine, and prednisone (R-CVP)
were performed. CR was achieved after chemotherapy, and
the patient was alive without evidence of disease (Fig. 3I).
The patient (patient No. 9) (Figs. 1C, D and 2C, D) with stage
IV disease (bone marrow involvement) also achieved CR
after RT and maintained CR at the time of analysis without
evidence of systemic progression. We have only one patient
who had initially serum LDH elevation (602 IU/L; normal

range, 240 to 480 IU/L) (Table 1). Three months after the
completion of RT in this patient, the serum level of LDH was
recovered to 305 IU/L. At the time of analysis, only two 
patients who were initially treated with RT experienced dis-
ease progression or relapse after the completion of RT 
(S1 Fig.). All acute toxicities related with RT were grade 1
and most of these patients experienced mild nausea (n=15).
Other symptoms were abdominal pain or discomfort (n=7),
dyspepsia (n=3), fatigue (n=3), anorexia (n=2), vomiting
(n=2), and diarrhea (n=2). No grade 2 or greater acute toxic-
ities were observed during RT and over the follow-up 
period. The toxicities of patients receiving second RT and 
R-CVP chemotherapy were not different from that of remain-
ing patients receiving RT alone. The median follow-up time
was 20 months (range, 11 to 110 months) because 13 patients
(65%) were diagnosed between 2015 and 2017. At the time of
analysis, all patients survived without any evidence of dis-
ease relapse and late toxicities related with RT. 

Cancer Res Treat. 2019;51(2):547-555

Fig. 1.  Initial computed tomography (CT) and positron emission tomography (PET)/CT scan imaging. (A, C, E, G, I, K)
Most patients do not have severe wall thickening in the CT scan. (B, D, F, H) 2-Deoxy-2-fluorine-18-fluoro-D-glucose (FDG)
uptake is not increased at the primary tumor site in the PET/CT. (J, L) Only two patients show increased FDG uptake (yellow
circle). 
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Discussion

Duodenal-type FL is known as having a different patho-
genesis to that of nodal FL. Thus, the biology of duodenal-
type FL may be different although the initial event with the
occurrence of t(14;18)(q32;21) in B cells of the duodenal 
mucosa was the same as that of nodal FL. Additional major

oncogenic events might be absent in duodenal-type FL, and
this might be related with the rarity of systemic dissemina-
tion and large cell transformation whereas most nodal FL can
acquire additional genetic changes resulting in widespread
disease [12,13]. The expression of a mucosal adhesion mole-
cule, 47, was also demonstrated in duodenal-type FL, but
not in nodal FL, which may increase the likelihood of local-
ized disease in duodenal-type FL [14]. Similarly, duodenal-

Hansang Lee, Duodenal-Type Follicular Lymphoma

Fig. 2.  Endoscopic findings of duodenal-type follicular lymphoma consist of diffuse nodular (A, E, I) and a whitish granular
pattern (C, G, K). These lesions disappear after radiation therapy (RT) (B, D, F, H, J, L). 
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type FL and MALT lymphoma have strong expression of
macrophage inflammatory protein-3 (CCL20) and its recep-
tor, CCR6 [7]. The chronic inflammatory reaction induced by
CCL20 in the gastrointestinal tract might influence the occur-
rence of duodenal-type FL and MALT lymphoma. 

The comparison of our study with previous Japanese and

European retrospective cohorts showed several points of dif-
ference [10,13]. First, the median age of our study was youn-
ger. The reason for our younger sample might be influenced
by the early detection of duodenal lesions by endoscopy in
Korea because most Koreans can receive endoscopic exami-
nations under the government-sponsored annual health 

Cancer Res Treat. 2019;51(2):547-555

Fig. 3.  (A) Initial lesions of patient No. 6. (B) Improved lesions on endoscopy at 3-month follow-up after radiation therapy.
Biopsy also reveals residual tumor. (C) Endoscopic examination at 6-month follow-up shows no significant change. (D) At
9-month follow-up, the lesion progresses, and re-biopsy shows persistent disease. Finally, re-irradiation of 20 Gy is carried
out on this patient. (E) Initial lesions of patient No. 14. (F) Complete response on endoscopy at 3-month follow-up after 
radiation therapy. (G) Relapse outside the radiation field. Colonoscopy reveals nodular lesions in the terminal ileum. Biopsy
proves the presence of follicular lymphoma. (H) Follow-up colonoscopy shows progressive disease. (I) After six cycles of
rituximab–cyclophosphamide, vincristine, and prednisone, complete response is achieved, and the patient is alive without
evidence of disease.
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examination. However, given that Japanese people also have
easy access to endoscopy through the screening program of
their national health insurance system [15], the earlier age of

diagnosis in Korea needs to be investigated further. Second,
the predominance of female patients was noted in ours and
the Japanese study unlike the European study [10,13]. This

Table 2.  Comparison of our study results with previous studies

Characteristic Our study Harada et al. [10] Schmatz et al. [13]
(n=20) (n=21) (n=63)

Country Korea Japan Germany/Austria
Period 2008-2017 2005-2013 1997-2008
Follow-up (mo) 20.0 43.2 77.0
Age (yr) 52 (26-66) 62 (46-79) 65 (32-83)
Sex

Male 6 (30) 6 (29) 31 (49)
Female 14 (70) 15 (71) 32 (51)

Abdominal pain
Absent 17 (85) 19 (90) 22 (35)
Present 3 (15) 2 (10) 41 (65)

Lugano stage
I 18 (90) 20 (95) 63 (100)
II1/II2/IV 1 (5)/0/1 (5) 1 (5)/0/0

Histological grade
1 19 (95) 17 (81) 63 (100)
2 0 ( 4 (19)
3A/3B 1 (5)/0

IPI risk
Low 20 (100) 21 (100) Not reported

FLIPI risk
Low 20 (100) 19 (90) 62 (98)
Intermediate 0 ( 2 (10) 1 (2)

Duodenal location
2nd portion 19 (95) 15 ( Not specified
3rd portion 0 ( 3 (
2nd and 3rd portions 1 (5) 2 (
2nd and 4th portions 0 ( 1 (

PET/CT
Positive 2 ( 7 ( Not reported
Negative 17 ( 12 (

Initial treatment
Radiation therapy 19 (95) 21 (100) 19 (30)
Watch and wait 24 (38)
Rituximab 5 (8)
Chemotherapya) 1 (5) 8 (13)

Radiation therapy
Dose (Gy) 24-36 30-36 30-45 
CR/PR 19/1 Not reported 19/0
Local progression 1 ( 0 (
Systemic progression 1 ( 4 (
Death 0 ( 0 ( 0 (

Values are presented as median (range) or number (%). IPI, International Prognostic Index; FLIPI, Follicular Lymphoma 
International Prognostic Index; PET/CT, positron emission tomography/computed tomography; CR, complete response;
PR, partial response. a)Some patients also received radiation therapy after chemotherapy.   
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point should be clarified in future studies by comparing
Western and Asian patients with duodenal-type FL. Third,
the number of patients with abdominal pain was higher in
the European study than in ours and the Japanese study, per-
haps because most Asian cases were found as part of a reg-
ular health examination in the asymptomatic state. The
histological grade and the distribution of stage were similar
between the three studies, and most patients’ risk on the IPI
and FLIPI were scored as low (Table 2). When we analyzed
the endoscopic findings of duodenal lesions, the main 
appearance was nodular or fine granular patterns consistent
with previously observed findings [16]. 

The response to RT was excellent in the Japanese, Euro-
pean and our studies, and the response was maintained at
the time of analysis. Thus, RT could be an effective initial
treatment although there is no consensus on the best treat-
ment option for duodenal-type FL. Considering that the 
diagnosis of lymphoma itself might give psychosocial stress
to patients, RT could be the preferred option to a watch-and-
wait strategy. However, the RT dose was variable between
the studies (Table 2). Since a randomized study comparing a
standard dose (40-45 Gy in 20-23 fractions) with a low dose
(24 Gy in 12 fractions) in indolent lymphomas showed no dif-
ference of response rate and survival [17], an RT dose of 24
Gy has been recommended for indolent lymphoma [18].
However, there is still insufficient data to confirm the efficacy
of low-dose RT in duodenal-type FL. Our results with an RT
dose of 24 Gy showed excellent outcomes comparable to that
of Japanese and European studies using an RT dose of 30 Gy
or greater [10,13]. Although the optimal target volume of RT
is also uncertain, the International Lymphoma Radiation 
Oncology Group guideline recommends including the entire
duodenum [18]. This is reasonable considering the very 
favorable clinical course of duodenal-type FL and increasing
toxicity of a larger RT field. However, the need to extend the
RT to the whole intestine still exists because duodenal-type
FL often has multifocal lesions in the intestine [7].

Due to the nature of retrospective study, our study has a

number of limitations. First, we did not perform a full eval-
uation for involvement of the small intestine. Thus, our stag-
ing work-up might have insufficiently reflected the exact
amount of disease. However, considering the indolent nature
of duodenal-type FL, it is not clear whether evaluation of the
whole intestine would be beneficial for patients. Second, the
median follow-up duration (20 months) was not sufficiently
long to provide clear information about the occurrence of
systemic relapse and transformation to large cell lymphoma.
However, a previous study with a median follow-up of 77
months found no cases of systemic relapse or transformation
among patients receiving RT [13]. Therefore, the risk of sys-
temic progression or transformation might be minimal in 
patients with duodenal-type FL who were treated with RT.
In addition, there is a lack of data about RT-induced long-
term toxicities due to a short duration of follow-up. 

In summary, duodenal-type FL had endoscopically unique
findings and indolent clinical features. RT alone could effec-
tively control duodenal lesion, although a further study with
longer follow-up duration is warranted to confirm our find-
ings.
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Health-Related Quality of Life Changes in Prostate Cancer Patients
after Radical Prostatectomy: A Longitudinal Cohort Study

Original Article

Purpose
Health-related quality of life (HRQOL) information related to radical prostatectomy (RP) is
valuable for prostate cancer (PC) patients needing to make treatment decisions. We aimed
to investigate HRQOL change in PC patients who underwent three types of RP (open, 
laparoscopic, or robotic) and compared their HRQOL with that of general population.

Materials and Methods
Patients were prospectively recruited between October 2014 and December 2015. Euro-
pean Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire
(EORTC QLQ-C30) and PC-specific module (PR25) were administered before surgery (base-
line) and at postoperative 3 and 12 months. At each time point, HRQOL was compared,
and a difference of 10 out of 0-100 scale was considered clinically significant. 

Results
Among 258 screened patients, 209 (41 open, 63 laparoscopic, and 105 robotic surgeries)
were included. Compared to baseline, physical, emotional, and cognitive functioning 
improved at 12 months. Role functioning worsened at 3 months, but recovered to baseline
at 12 months. Pain, insomnia, diarrhea, and financial difficulties also significantly improved
at 12 months. Most PR25 scales excluding bowel symptoms deteriorated at 3 months. Uri-
nary symptoms and incontinence aid recovered at 12 months, whereas sexual activity and
sexual function remained poor at 12 months. Clinically meaningful differences in HRQOL
were not observed according to RP modalities. Compared to the general population, physical
and role functioning were significantly lower at 3 months, but recovered by 12 months. 
Social functioning did not recover. 

Conclusion
Most HRQOL domains showed recovery within 12 months after RP, excluding sexual func-
tioning and social functioning. Our findings may guide patients considering surgical treat-
ment for PC.

Key words
Health-related quality of life, Prostate neoplasms, 
Radical prostatectomy, Social function
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Introduction

Prostate cancer (PC) is a highly prevalent disease that con-
stitutes a significant proportion of cancer death and has a
profound public health impact in Western countries [1]. Sim-
ilarly, increasingly westernized diet habits, increased PC
screening, and a rapidly aging population have contributed

to greater PC prevalence in Asian countries including Korea.
According to 2014 nationwide cancer statistics in Korea, PC
is the fifth most common cancer in men and the most com-
mon urologic tumor in Korea, with 9,785 new cases reported
in 2014 [2].

The number of PC patients diagnosed in early stages has
been increasing mainly due to the PC screening test, although
its clinical utility remains controversial [3]. Among treatment
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modalities, surgery is still the most commonly used for clin-
ically localized PC, and radical prostatectomy (RP) cases
have significantly increased over time in Korea, from 22.4%
of active treatments in 2003 to 45.4% in 2013 [4]. Meanwhile,
owing to the early detection and treatment of PC, long-term
survival after RP has been increasing. Therefore, health-
related quality of life (HRQOL) has become a critical issue
for PC patients undergoing RP. HRQOL information related
to RP may be particularly valuable for PC patients needing
to make decisions about surgery vs. active surveillance or
surgery vs. radiotherapy [5]. Furthermore, the association 
between patient quality of life (QOL) and different surgical
techniques has become another important issue. Currently,
minimally invasive surgery such as robot-assisted radical
prostatectomy (RARP) and laparoscopic radical prostatec-
tomy (LRP) is widely performed, along with open retropubic
radical pro-statectomy (RRP). While all surgical modalities
are reported to have comparable oncologic outcomes [6], a
systematic review indicated that no surgical approach was
superior to the others in terms of functional outcomes [7], 
although several studies have reported that LRP or RARP
showed better functional outcomes compared to RRP [8].

While many studies have addressed QOL after definitive
therapy for localized PC [9,10], no study has yet compared
HRQOL based on validated QOL measurement tools among
patients treated with three different surgical modalities. In
this study, we aimed to investigate longitudinal changes in
HRQOL of PC patients after each type of radical surgery and
to compare their HRQOL with the age-matched general pop-
ulation. 

Materials and Methods

1. Study design and population

This study was a multicenter, prospective longitudinal 
cohort study that included consecutive newly diagnosed PC
patients who underwent RP (open, laparoscopic, and robotic)
between October 2014 and December 2015. Patients were 
recruited at seven academic medical centers in Korea. Since
patients’ QOL after RP can be affected by the level of surgical
skill, we included patients treated by surgeons who had com-
pleted an uro-oncological fellowship, had more than 8 years
of uro-oncology clinical experience after their fellowship, and
had a minimum of 30 cases of RP per year. All participating
surgeons had performed at least 100 cases of prior RPs. Sur-
gery method was determined after shared treatment decision
making between clinician and patients. Patients who pro-
vided written informed consent were asked to fill out a self-

administered questionnaire before surgery (after histologic
confirmation and within 2 weeks of the date of surgery) and
at 3 and 12 months postoperatively (with a window of 14
days). In the event of any difficulties understanding or com-
pleting the questions, nurse or research assistants assisted in
the completion of the questionnaire.

Exclusion criteria included those patients (1) diagnosed
with double primary cancer before or after PC; (2) with 
severe complications (grade 3 or higher according to the
modified Clavien system); (3) who were undergoing adju-
vant hormonal or radiation treatment; (4) who underwent
salvage treatment due to biochemical recurrence; or (5) who
refused to participate in the study or had communicational
difficulties. 

To compare the HRQOL levels of PC patients with those
of general population, we used HRQOL data from the gen-
eral population without a cancer history that had been col-
lected previously [11,12]. The general population sample was
selected from the nationwide survey, “Awareness of Quality
of Cancer Treatment among the General Population in
Korea," conducted between November and December in
2012. The questionnaire included the European Organization
for Research and Treatment of Cancer Quality-of-Life Ques-
tionnaire (EORTC QLQ-C30), as well as the sociodemo-
graphic and medical information of the participants, making
it comparable to the PC patient cohort. To ensure represen-
tativeness of the sample, a stratified probability sampling
using a two-stage systematic sampling method was emplo-
yed—after stratifying the population based on region, we
systematically extracted samples based on the population
ratio. The sampling error within a 95% confidence interval
was ±2.2%. The participants were limited to those who were
within an age range of 40-70 years (considering the purpose
of the study) and those without a history of cancer. 

Professionally trained interviewers visited the identified
households and enrolled eligible participants. Absence of
cancer history was confirmed by self-report. Among 4,851 
eligible participants, a total of 2,000 individuals completed
the survey questionnaire (response rate, 41.2%). The major
reasons for refusal to participation were lack of time (54%),
privacy concerns (25%), and inconvenience (17%). Details of
the study design and procedures are described in detail else-
where [11,12]. 

2. Measures of QOL

In this outcome study, HRQOL was the primary outcome
of interest. The Korean version of the EORTC QLQ-C30
[13,14] and its prostate module (QLQ-PR25) [15,16] were
used to measure HRQOL. EORTC QLQ-C30 [13,14] was 
designed as a multidimensional assessment of QOL using
five scales of functional assessment (physical, role, emo-
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tional, cognitive, and social), three symptom scales (fatigue,
nausea and vomiting, and pain), a global health status and
QOL scale, and six single items (dyspnea, insomnia, appetite
loss, constipation, diarrhea, and financial difficulties). Of the
30 items in QLQ-C30, 28 are scored on 4-point Likert scales,
while the two items for the global QOL scale are scored on
7-point linear analog scales. The EORTC QLQ-PR25, which
was designed to assess PC-specific QOL, contains 25 ques-
tions in six domains (urinary symptoms, incontinence aid,
bowel symptoms, hormonal treatment-related symptoms,

sexual activity, and sexual functioning) [15,16]. Domain
scores of the QLQ-C30 and PR25 modules were calculated
according to the established scoring manual provided by the
EORTC QOL group as follows [13,15]: the raw scores of each
scales were linearly transformed to a scale of 0 to 100, with
100 representing the worst symptom status or the best func-
tional status, and scale scores were not computed when 
> 50% of the responses of the corresponding scale were miss-
ing values. 

In addition, questionnaire items included sociodemo-

Table 1.  Baseline characteristics of prostate cancer patients (n=209)

Variable Total Open Laparoscopic Robot p-value(n=209) (n=41) (n=63) (n=105)
Age (yr) 66.6±6.6 67.6±6.1 67.5±6.2 65.7±6.9 0.124
Height (cm) 166.7±5.6 166.5±6.3 167.0±5.5 166.9±5.4 0.881
Weight (kg) 66.8±8.4 66.9±9.1 66.5±8.6 67.0±8.0 0.931
Comorbidity, any 118±56.5 26±63.4 35±55.6 57±54.3 0.598
Education level

Less than high school 112 (53.9) 27 (65.9) 37 (58.7) 48 (46.2) 0.065
High school and above 96 (46.1) 14 (34.1) 26 (41.3) 56 (53.8)

Marital status
Married 187 (89.5) 39 (95.1) 53 (84.1) 95 (90.5) 0.181
Unmarried 22 (10.5) 2 (4.9) 10 (15.9) 10 (9.5)

Smoking
Current 22 (10.6) 3 (7.3) 7 (11.1) 12 (11.5) 0.386
Past 120 (57.7) 24 (58.5) 31 (49.2) 65 (62.5)
None 66 (31.7) 14 (34.2) 25 (39.7) 27 (26.0)

Drinking
Current 84 (40.2) 16 (39.0) 20 (31.8) 48 (45.7) 0.349
Past 69 (33.0) 14 (34.2) 21 (33.3) 34 (32.4)
None 56 (26.8) 11 (26.8) 22 (34.9) 23 (21.9)

Pathologic T category
2 153 (73.2) 29 (70.7) 40 (63.5) 84 (80.0) 0.060
3 56 (26.8) 12 (29.3) 23 (36.5) 21 (20.0)

Pathologic N category
0 100 (47.9) 27 (65.9) 29 (46.03) 44 (41.9) 0.053
1 3 (1.4) 0 ( 0 ( 3 (2.9)
x 106 (50.7) 14 (34.1) 34 (53.97) 58 (55.2)

Pathologic Gleason score
6 41 (19.6) 6 (14.6) 15 (23.8) 20 (19.1) 0.795
7 130 (62.2) 26 (63.4) 37 (58.7) 67 (63.8)
 8 38 (18.2) 9 (22.0) 11 (17.5) 18 (17.1)

PSA (ng/mL) 10.4±11.9 8.6±7.1 10.9±9.5 10.7±14.5 0.578
Karnofsky performance status

100 159 (76.4) 21 (52.5) 63 (100) 75 (71.4) < 0.001
90 47 (22.6) 17 (42.5) 0 ( 30 (28.6)
80 2 (1.0) 2 (5.0) 0 ( 0 (

Values are presented as mean±standard deviation or number (%). Numbers may not sum to total number due to missing 
responses. p-values were calculated by chi-square test or Fisher exact test. PSA, prostate-specific antigen. 
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graphic information such as marital status, education level,
and smoking and drinking status. Clinical data including the
type of surgery, tumor stage, Gleason score, Karnofsky per-
formance status (KPS), and initial prostate-specific antigen
(PSA) value were obtained from hospital medical records.

3. Statistical analysis

Descriptive statistics were used for the baseline demo-
graphic and clinical characteristics. Mean (standard devia-
tion) of each scale of the EOTRC QLQ-C30 and the PR25
module at each time point was calculated. 

For the comparisons of each domain of HRQOL by time
point and operation type, we used a generalized estimating
equation (GEE) to perform the analyses of repeated measures
data. For the comparison of HRQOL by time point for the 
entire patient population, the models were adjusted for base-
line sociodemographic characteristics, clinical characteristics,
and types of surgery as outlined above, and comparisons
were made between 3 months vs. baseline, 12 months vs.

baseline, and 12 months vs. 3 months, respectively, while
case wise deletion was used for any missing data. Compar-
isons of the changes in HRQOL according to the type of sur-
gery were also performed using the same GEE model for
both the postoperative 3-month and 12-month time points.
Interactions between operation type and time point were
generally not significant, and were excluded from the final
models.

Function in 5 scales of the EORTC QLQ-C30 and overall
QOL were compared between the PC patients and the gen-
eral population using a subset of the matched population.
For matching, we used 1:1 propensity score matching, in
order to reduce bias in the statistical analysis of observational
data. Considering the age distribution of the general popu-
lation dataset, we excluded those who were aged under 40
or over 71 from each dataset. Then, propensity scores were
estimated using logistic regression based on baseline age,
marital status, education level, and smoking and drinking
status and matched with a Mahalanobis algorithm with a
caliper of 0.01 [17]. Paired t test was used to compare the

Baseline (n=209) 3 Months (n=180) 12 Months (n=190)                                                  

Mean±SD Mean±SD p-value Mean±SD p-value p-value
(vs. baseline) (vs. baseline) (vs. 3 months)

QLQ-C30 functioning scale
Physical function 85.5±13.6 84.7±13.5 0.293 87.7±13.4 0.039 < 0.001
Role function 89.0±17.3 85.8±20.5 0.013 88.4±18.6 0.630 0.052
Emotional function 84.0±18.2 86.5±17.5 0.485 88.2±15.3 0.002 0.360
Cognitive function 84.9±16.4 88.6±15.5 0.019 88.4±14.8 0.007 0.781
Social function 81.7±22.1 82.3±21.6 0.962 85.0±19.0 0.080 0.085
Global quality of life 62.2±21.7 62.1±18.6 0.977 64.4±20.9 0.234 0.041

QLQ-C30 symptom scale
Fatigue 20.6±17.9 23.1±17.9 0.103 20.3±17.9 0.968 0.154
Nausea and vomiting 4.9±11.5 4.2±10.1 0.629 4.1±11.6 0.749 0.927
Pain 14.0±20.5 11.8±14.6 0.459 8.8±15.9 0.001 0.003
Dyspnea 11.2±18.9 9.3±17.6 0.500 10.7±19.8 0.632 0.773
Insomnia 18.2±24.9 18.9±26.6 0.578 14.4±23.1 0.025 0.053
Appetite loss 11.3±18.9 14.6±22.3 0.041 8.8±16.6 0.085 < 0.001
Constipation 14.4±22.1 12.2±19.6 0.512 13.4±22.8 0.742 0.781
Diarrhea 10.5±17.8 5.6±15.7 0.002 6.1±15.7 0.007 0.527
Financial difficulties 21.7±26.7 17.7±24.1 0.095 14.6±21.1 0.002 0.290

QLQ-PR25 scale
Urinary symptom 22.2±16.8 29.2±16.7 < 0.001 22.0±16.8 0.896 < 0.001
Incontinence aid (conditional) 12.0±22.3 28.9±27.2 < 0.001 17.9±30.7 1.000 0.005
Bowel symptoms 7.7±10.7 6.9±10.4 0.877 5.3±9.3 0.007 0.006
Hormonal treatment-related symptom 9.2±10.2 12.0±8.9 < 0.001 11.3±9.4 0.010 0.132
Sexual activity 32.6±27.7 17.7±25.8 < 0.001 27.0±27.1 0.035 < 0.001
Sexual function (conditional) 63.1±23.8 45.0±26.4 < 0.001 44.0±23.7 < 0.001 0.328

Table 2. Health-related quality of life of prostatic cancer patients after radical prostatectomy over 1 year

SD, standard deviation; QLQ, Quality-of-Life Questionnaire.
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functional scales of the HRQOL between the PC patients and
the general population for each time point. 

As this was an observational study, sample size was not
formally determined, and it was based on enrollment volume
of participating centers. All analyses were conducted using
Stata ver. 14.0 (StataCorp, College Station, TX) with p < 0.05
considered statistically significant. A clinically meaningful
difference was defined as 10 points or more on the 0-100 scale
of the EORTC QLQ scores, as previously suggested [18].

4. Ethical statement

The Institutional Review Board of the National Cancer
Center of Korea approved this general population survey
(IRB No. NCCNCS-12-635) and the study protocol was 
approved by the Institutional Review Board of the Eulji Uni-
versity Hospital (No. 2014-08-012). 

All participants were fully informed as to the purpose of

the study and provided written consent.

Results

1. Subjects and recruitment results

During the study period, a total of 258 patients were 
recruited. After excluding 13 patients who did not meet the
inclusion criteria and 36 patients with various exclusion cri-
teria, 209 patients constituted the PC population. The study
flow is shown in S1 Fig. All patients finished the baseline sur-
vey, and 180 (86.1%) and 190 (90.9%) patients completed the
questionnaires at postoperative 3 and 12 months, respec-
tively. 

Fig. 1.  Changes in the QLQ-C30 functioning scales according to the type of radical prostatectomy (RP). a)Significant in com-
parison between laparoscopic or robotic RP and open RP at the same time point (either postoperative 3 or 12 months), b)Sig-
nificant in comparison with baseline status within each group, c)Significant in comparison with status at postoperative 3
months within each group.
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Fig. 2.  Changes in the QLQ-C30 symptom scales according to the type of radical prostatectomy (RP). a)Significant in com-
parison between laparoscopic or robotic RP and open RP at the same time point (either postoperative 3 or 12 months), b)Sig-
nificant in comparison with baseline status within each group, c)Significant in comparison with status at postoperative 3
months within each group.

15

–10

–15

–5

0

10

3 moBaseline 12 mo

5
a)

a)

b)

Open
Laparoscopic
Robot-assisted

Fatigue

15

–10

–15

–5

0

10

3 moBaseline 12 mo

5

b)
b)

Open
Laparoscopic
Robot-assisted

Nausea/Vomiting

15

–10

–15

–5

0

10

3 moBaseline 12 mo

5

a)

b)

Open
Laparoscopic
Robot-assisted

Pain

15

–10

–15

–5

0

10

3 moBaseline 12 mo

5

Open
Laparoscopic
Robot-assisted

Dyspnea

15

–10

–15

–5

0

10

3 moBaseline 12 mo

5

b) c)

Open
Laparoscopic
Robot-assisted

Insomnia

15

–10

–15

–5

0

10

3 moBaseline 12 mo

5
a), c)

a), c)a)

a)

b)

b)

Open
Laparoscopic
Robot-assisted

Appetite loss

15

–10

–15

–5

0

10

3 moBaseline 12 mo

5

Open
Laparoscopic
Robot-assisted

Constipation

15

–10

–15

–5

0

10

3 moBaseline 12 mo

5

b) b)
b)

Open
Laparoscopic
Robot-assisted

Diarrhea

15

–10

–15

–5

0

10

3 moBaseline 12 mo

5

b)

Open
Laparoscopic
Robot-assisted

Financial difficulty

VOLUME 51 NUMBER 2 APRIL 2019  561

Dong Wook Shin, QOL Change after Radical Prostatectomy



2. Patient characteristics

The number of patients who underwent RRP, LRP, and
RARP was 41 (19.6%), 63 (30.1%), and 105 (50.2%), respec-
tively. Table 1 summarizes the baseline characteristics of the
PC patients. Mean age of patients was 66.6 years (standard
deviation [SD], 6.6). Mean PSA level was 10.4 ng/mL (SD,
11.9; range, 1.2 to 118). According to the pathologic stage, 153
(73.2%) and 56 (26.8%) patients had pathological T2 and T3
disease, respectively. The number of patients with patholog-
ical Gleason scores of 6, 7, and 8 or higher was 41 (19.6%),
130 (62.2%), and 38 (18.2%), respectively. The majority of 
patients (76.4%) had a normal performance status. No signif-
icant differences were observed in baseline characteristics
among the three RP groups, except performance status
(Table 1).

3. Overall trends in QOL of PC patients

QOL changes in the PC patients after RP are shown in
Table 2. Most of the HRQOL categories assessed by the
EORTC QLQ-C30 showed improvement over time. While
role functioning worsened at postoperative 3 months, it 
recovered over time to nearly baseline status at 12 months.
On the other hand, cognitive functioning significantly impro-
ved at 3 months compared to baseline, and the improvement
was maintained at 12 months. At 12 months, physical, emo-
tional, and cognitive functioning showed significant 
improvement compared to baseline. While global QOL at 3
months was similar compared to baseline, it significantly 
improved at 12 months. Similarly, some of the QLQ-C30
symptom scores improved over time. Pain, insomnia, diar-
rhea, and financial difficulties showed significant improve-
ment at 12 months compared to baseline. Meanwhile, 

Fig. 3.  Changes in the QLQ-PR25 module according to the type of radical prostatectomy (RP). a)Significant in comparison
between laparoscopic or robotic RP and open RP at the same time point (either postoperative 3 or 12 months), b)Significant
in comparison with baseline status within each group, c)Significant in comparison with status at postoperative 3 months
within each group.
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fatigue, nausea and vomiting, dyspnea, and constipation
showed no significant change before and after RP.

PC-specific HRQOL, as assessed by EORTC QLQ-PR25,
showed significant deterioration with the exception of bowel
symptoms at postoperative 3 months compared to baseline
(Table 2). Urinary symptoms and incontinence aid signifi-
cantly worsened at 3 months, though they recovered at 12
months to nearly baseline status. Bowel symptoms signifi-
cantly improved at 12 months compared to baseline. How-
ever, hormonal treatment-related symptoms, sexual activity,
and sexual functioning were significantly worse at 3 months
and remained poorer than baseline at 12 months, although
they showed a tendency toward improvement after 3
months.

4. Changes in QOL by type of RP 

While the QLQ-C30 functional scales after each type of RP
(Fig. 1) generally improved over time, the recovery pattern
was not significantly different according to the surgery type
except in the case of emotional and social functioning. Emo-
tional functioning at 12 months and social functioning at 3
and 12 months were significantly worse in the LRP group
than in the RRP group. However, the difference was not clin-
ically significant (score difference < 10) (Fig. 1). 

Fig. 2 shows the changes in the QLQ-C30 symptom scales
after each type of RP. While most symptom scales were sim-
ilar at each time point among the groups, the RRP group
showed greater improvement compared to the RARP or LRP
groups in terms of fatigue, pain, insomnia, and appetite loss
at 12 months, and the score differences for pain and insomnia

Unmatched sample Matched sample                                                   
PC patients Control p-value PC patients Control p-value

Total 156 (100) 623 (100) 114 (100) 114 (100)
Age (yr) 63.9±5.4 57.4±5.7 < 0.001 62.7±5.5 62.1±5.2 0.359
Comorbidity, any 90 (57.7) 221 (35.5) < 0.001 60 (52.6) 62 (54.4) 0.791
Education level, high school and above 79 (60.0) 496 (79.6) < 0.001 58 (50.9) 60 (52.6) 0.791
Marital status, married 141 (90.4) 600 (96.3) < 0.001 106 (93) 108 (94.7) 0.581
Smoking, current 18 (11.6) 328 (52.7) < 0.001 18 (15.8) 18 (15.8) 1.000
Drinking, current 70 (44.9) 508 (81.5) < 0.001 64 (56.1) 59 (51.8) 0.506
Pathologic T category

2 117 (75.0) - - 84 (73.7) - -
3 39 (25.0) - - 30 (26.3) - -

Pathologic N category
0 70 (44.9) - - 57 (50.0) - -
1 3 (1.9) - - 2 (1.8) - -
x 83 (53.2) - - 55 (48.2) - -

Pathologic Gleason score
6 31 (19.9) - - 24 (21.1) - -
7 98 (62.8) - - 71 (62.3) - -
 8 27 (17.3) - - 19 (16.6) - -

Prostate-specific antigen (ng/mL) 9.98±9.77 - - 9.76±9.16 - -
Karnofsky performance status

100 119 (76.8) - - 83 (73.5) - -
90 34 (21.9) - - 28 (24.8) - -
80 2 (1.3) - - 2 (1.8) - -

Type of surgery
Open 28 (18.0) - - 22 (19.3) - -
Laparoscopic 46 (29.5) - - 27 (23.7) - -
Robot 82 (52.6) - - 65 (57.0) - -

Table 3. Baseline characteristics of prostate cancer patients and general population control: Before and After Propensity
Score matching

Values are presented as number (%) or mean±standard deviation.
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were clinically significant (> 10 point).
Comparison of the QLQ-PR25 among the RP groups 

(Fig. 3) showed that while 3 of the RP modalities showed a
similar recovery pattern, sexual activity at 3 months was sig-
nificantly better in the LRP and RARP groups than in the
RRP group. 

5. Comparison of QOL with matched general population

After propensity-score matching, 114 patients were selec-
ted and compared with the same number of controls from
the general population. Table 3 shows the baseline charac-
teristics of PC patients and matched general population.
There were no statistical differences between the two groups
regarding age, comorbidity, education level, marital status,
smoking, and drinking. 

Comparisons of the HRQOL changes over time between
PC patients after RP and the matched population are shown
in Fig. 4. At baseline, the physical and social functioning of
PC patients was significantly lower than that of the general

population, with no improvement at 3 months after surgery.
While the physical functioning of the PC patients became
similar to that of the general population at postoperative 12
months, the social functioning of the PC patients continued
to be significantly lower than that of the general population
at 12 months. Role, emotional, and cognitive functioning, as
well as the overall QOL of the PC patients were similar to
those of the general population at baseline. While the role
functioning of the PC patients significantly decreased at post-
operative 3 months, it recovered and became similar to that
of the general population at 12 months. The emotional and
cognitive functioning of the PC patients showed no change
over 12 months and remained comparable to that of the gen-
eral population. On the other hand, the overall QOL of the
PC patients at postoperative 12 months was significantly bet-
ter than that of the general population. 

Fig. 4.  Comparison of the QLQ-C30 functioning scales and overall quality of life between matched prostate cancer patients
and general population control. a)Significant in comparison with the baseline values of the general population control.
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Discussion

To our knowledge, this is the first prospective and longi-
tudinal cohort study to examine the changes in HRQOL after
three types of RP and to compare the HRQOL of disease-free
PC survivors with that of the general population. More
specifically, our study is the first to compare HRQOL after
RRP, LRP, and RARP using validated questionnaires. 

Overall, RP did not have a negative impact on QLQ-C30
functioning scales over 1 year, except for a transient decrease
in role functioning at 3 months that recovered to baseline sta-
tus at 12 months. In addition, physical, emotional, and cog-
nitive functioning and global QOL showed significant 
improvement over 1 year without deterioration at 3 months.
Our results, showing no negative impact on the functional
scales after RP, are consistent with those of a prior German
study using EORTC QLQ-C30 and QLQ-PR25 [19] and a U.S.
study using SF-36 and UCLA questionnaire [20]. For exam-
ple, a longitudinal study by Litwin et al. [20] reported that
over 90% of RP patients reached baseline HRQOL status at
postoperative 1 year. Our results also show that several
symptom scales, specifically pain, insomnia, diarrhea, and
financial difficulties, significantly improved over time after
RP. The finding that many domains of HRQOL at postoper-
ative 1 year were significantly higher than those at baseline
status may reflect that the baseline QOL of patients with 
untreated PC was compromised and subsequently improved
over time after surgery, which is consistent with a prior
study [20].

In contrast, RP was found to have a negative impact on PC-
specific HRQOL. At postoperative 3 months, 5 domains of
the QLQ-PR25, excluding bowel symptoms, showed signifi-
cant deterioration. Urinary symptoms and incontinence aid
recovered at 12 months, whereas hormonal symptoms, sex-
ual activity, and sexual functioning did not recover to base-
line status and remained poorer at 12 months. Our results
are in accordance with previous studies showing that pati-
ents who underwent RP experienced lower urinary tract
symptoms and sexual dysfunction, with the former recover-
ing gradually and the latter not improving [9,10,21]. Indeed,
a U.S. study reported that urinary function recovered at post-
operative 12 months following RP, whereas sexual function
did not improve [9]. Thus, group education [22] and erectile
rehabilitation therapy (i.e., pills, injection, vacuum device)
[23,24] may be considered after surgery in order to minimize
postoperative sexual dysfunction in RP patients. 

We found that most functioning and symptom scales were
not significantly different among the RP groups with a few
exceptions. For example, emotional and social functioning
was lower in patients who underwent LRP than in those who
underwent RRP (not clinically significant, i.e., score differ-

ence < 10), while the improvements in pain and insomnia
were greater (clinically significant) in the RRP group than in
the LRP and RARP groups. Meanwhile, most PC-specific
HRQOL categories were similar between the RP groups;
however, sexual activity at 3 months (though not at 12 months)
was significantly better (also clinically significant) in the LRP
and RARP groups than in the RRP group. Consistent with
this finding, several recent studies have reported that LRP
and RARP are superior to traditional RRP in terms of urinary
incontinence and sexual dysfunction complications [7,8], 
although those studies have limitations in that the investiga-
tors interviewed patients [7] or used a non-validated ques-
tionnaire [8]. Since interview-assessed functional outcomes
after surgery show a limited association with questionnaire-
based evaluations and may overestimate functional recovery
[25], our results based on self-administered validated ques-
tionnaires that indicate comparable HRQOL outcomes
among RP types may more accurately reflect QOL data in
terms of patient perception. 

Given that the baseline HRQOL of PC patients may be
compromised due to untreated cancer and thus may differ
from that of the general population, we also longitudinally
compared the HRQOL of PC patients with that of the general
population. We found that PC patients seem to experience a
slight deterioration in physical, role, and social functioning
from the time of surgery onward for several months. While
physical and role functioning appeared to recover up to 12
months postoperatively, the social functioning of PC patients
remained lower than that of the general population at 1 year,
which merits clinical attention and intervention. Group 
education [22] and psychosocial intervention [26] may be
helpful to improve the social functioning of PC survivors and
have been found to increase the likelihood of remaining 
employed. 

Interestingly, the overall QOL score of the PC patients was
similar to that of the general population at baseline and post-
operative 3 months, and became even slightly higher at post-
operative 12 months, although this increase was not clinically
significant. This finding was consistent with cross-sectional
studies from Germany [27,28] in which the global QOL of PC
patients was found to be comparable to that of the general
population. As in previous studies [29,30], our results indi-
cate that PC survivors have the capacity to positively adapt
to the challenges of cancer diagnosis and treatment and that
their experience of cancer survival may contribute to a more
positive perception of QOL. 

Our study has certain limitations. We acknowledge possi-
bility of selection bias. Though we aimed to enroll all consec-
utive RP patients during the study period, 18.9% (49 out of
289 screened patients) were excluded due to various reasons
(shown in the S1 Fig.), which might affect HRQOL. Though
exclusion of some patients were to minimize impact of pos-
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sible confounding factors on primary outcome (HRQOL), it
is possible that patients who participated in our study are
generally in better physical condition and therefore have bet-
ter HRQOL than those who did not participate. In addition,
our results were based on a relatively short follow-up period
(1 year), with a lack of randomization to treatment. Relatively
small sample size, specifically in open RP group, is another
limitation. Because entire patient cohort was not large
enough (n=209) and matched cohort with general population
was rather small (n=114), we could show QOL comparison
results between matched PC patients and general population
(Fig. 4) without separate comparison between each type of
RP and general population. Nevertheless, the strengths of
our study include its prospective design, inclusion of a lon-
gitudinal cohort, and usage of a validated and standardized
questionnaire during follow-up. Despite non-randomization
of surgical methods, no significant differences in baseline
characteristics among the three RP groups, except perform-
ance status (probably due to very small number of patients
with Karnofsky score 80), indicate that selection bias depend-
ing on the surgical methods may be minimal. Although our
patients were recruited from multiple institutions and
treated by multiple surgeons, we recruited patients who
were treated by experienced uro-oncologic surgeons in order
to minimize the factor of surgical expertise. Finally, the com-
parison of the HRQOL of PC patients with that of age-
matched general populations is another strength.

In the present longitudinal cohort study that included both
a comparison of HRQOL among the three current RP surgi-
cal modalities and a comparison of HRQOL between RP 
patients and the general population, the majority of the func-
tional and symptom scales significantly improved over time
after RP. In contrast, RP patients showed a transient deteri-
oration of PC-specific HRQOL, and those with compromised
PC-specific QOL experienced recovery over the course of 1
year in all scales except sexual functioning. The various sur-
gical modalities all showed a similar recovery pattern of
HRQOL. The compromised social functioning of RP patients

at postoperative 1 year warrants clinical consideration and
further supportive interventions. Our findings have the 
potential to assist patients to make truly informed decisions
around surgical treatment for PC.
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Verification of Low Risk for Perihippocampal Recurrence in Patients
with Brain Metastases Who Received Whole-Brain Radiotherapy with
Hippocampal Avoidance 

Original Article

Purpose
The purpose of this study was to analyze the patterns of failure and survival outcome in 
patients with brain metastases who received whole-brain radiotherapy (WBRT) with hip-
pocampal avoidance (HA) using simultaneous integrated boost (SIB) on metastatic brain
tumors.

Materials and Methods
We retrospectively reviewed 42 patients treated with HA-WBRT for brain metastases. A total
of 25 Gy for whole brain and 35-55 Gy for gross tumors were delivered with 10 fractiona-
tions. Local tumor and intracranial progression were defined as a recurrence or tumor pro-
gression in SIB field and any recurrence or tumor progression within whole brain,
respectively. Progression in HA zone was defined as the recurrence within the area 
expanded 5 mm from HA zone.

Results
Median follow-up duration was 10.0 months (range, 4.1 to 56.4 months). Intracranial pro-
gression was observed in 13 patients (31.0%) and the median duration from the start of
HA-WBRT to progression was 10.6 months (range, 0.9 to 33.0 months). Local tumor pro-
gression and new metastasis outside SIB field occurred in 10 patients (23.8%) and nine
patients (21.4%), respectively. There was no isolated hippocampal metastasis, except only
one patient (2.4%) with multiple metastases inside and outside HA zone simultaneously.
Median survival time and intracranial progression-free survival rate at 1 year were 19.4
months (95% confidence interval [CI], 9.6 to 29.2) and 71.5%, respectively, and those for
overall survival were 26.5 months (95% CI, 15.4 to 37.5) and 67.9%, respectively.

Conclusion
HA-WBRT was associated with low risk of new metastasis in HA region in the patients with
brain metastases. These findings would serve as useful guidance on applying HA-WBRT in
clinical practice.

Key words
Brain, Neoplasm metastasis, Hippocampus, Radiotherapy, 
Recurrence
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Introduction

Brain metastases are common manifestation of advanced
cancers, observed in up to 30% of cancer patients [1]. 
Although whole brain radiotherapy (WBRT) increases the
survival up to 3-6 months, poor prognosis is still predicted
for the patients with brain metastasis [2]. WBRT had been

considered as a standard treatment in patients with multiple
brain metastases, and its efficacy was still valuable as com-
bined with or without radiosurgery for the single or multiple
brain metastases [3,4].

Despite its utility for brain metastases, WBRT may be 
associated with neurocognitive sequelae that decreased qual-
ity of life [5-9]. The deterioration of neurocognitive function
after WBRT was related to the radiosensitivity of stem cells
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within the hippocampus. These neural progenitor cells seemed
to be more apoptotic and gliogenic after cranial irradiation
[10-12]. Based on the hippocampal contribution to maintain-
ing neurocognitive function, and the development of sophis-
ticated radiation delivery technique, a phase II trial of Radia-
tion Therapy Oncology Group (RTOG) 0933 was proposed
to verify the hypothesis that hippocampal sparing during
WBRT for the patients with brain metastases might reduce
or delay the incidence and/or severity of neurocognitive
function decline as well as control the intracranial disease.
Safety of RTOG 0933 trial was based on the reliable estima-
tion that the risk of disease progression within the hippocam-
pal avoidance (HA) region was not significant [13]. 

Few studies have so far reported the incidences and risk
of new metastasis near the hippocampus in the patients
treated with HA-WBRT for multiple brain metastases.
Against this background, the current study was designed to
analyze the treatment outcome and patterns of failure in the
patients with brain metastases who received HA-WBRT. 

Materials and Methods

1. Patients and radiation treatment

Between September 2011 and October 2017, HA-WBRT
was implemented in 65 patients with brain metastases at St.
Vincent’s Hospital in the Republic of Korea. Of them, 23 
patients were excluded from the analysis for the following
reasons; 14 patients for the absence of follow-up magnetic
resonance imaging (MRI), six for the follow-up duration of
less than 4 months, three for incomplete treatment. The clin-
ical data included the age at WBRT, performance status, the
site and histology of primary origin, status of extracranial
disease, the number and size of metastatic tumors in brain,
and radiotherapy (RT) technique, dose, and duration.  

All patients received HA-WBRT with simultaneous inte-
grated boost (SIB) on gross tumors. A total of 25 Gy for whole
brain and 35-55 Gy for gross tumors were delivered with 10
fractionations by tomotherapy (TomoTherapy Incorporated,
Madison, WI). The converted dose with radiobiologically
weighted dose equivalent of 2 Gy per fraction (EQD2), cal-
culated using a linear quadratic model with a / ratio of 10,
was 26 Gy10 for whole brain and median 62.5 Gy10 (range,
39.4 to 71.0) for gross tumors, respectively. All targets and
organs at risk were delineated on the fusion images of simu-
lation computed tomography and diagnostic MRI. Gross
tumor volume was defined as the gross intracranial lesion
on T1-weighted enhancing axial images and clinical target
volume as whole brain. Additional 3-5 mm margin was used

to generate planning target volume for SIB on gross tumors
and whole brain. Planning target volume for whole brain 
excluded HA zone which was defined as 5 mm volumetric
expansion on both of hippocampus. Contouring of organs at
risk including hippocampus was implemented as per the rec-
ommendation of RTOG 0933 trial contouring atlas (https://
www.rtog.org/CoreLab/ContouringAtlases/hippocam-
palsparing.aspx). Hippocampus was delineated as the hypo-
intense area medial to the temporal horn on the T1-weighted
axial MRIs. Dose constraint for hippocampus was as follows:
dose at 100% volume of hippocampus (D100%)  10 Gy and
maximum dose to hippocampus  17 Gy. Two patients were
treated with ipsilateral hippocampal sparing due to the pres-
ence of metastatic tumor close (< 10 mm) to contralateral hip-
pocampus.

2. Follow-up and statistical analysis

A follow-up with brain MRI was scheduled for all patients
1-2 months after the finish of RT and every 3 months there-
after. Responses of metastatic brain tumors were evaluated
by using the Response Evaluation Criteria in Solid Tumors
[14]. A complete response (CR) was defined as the disappear-
ance of the tumor; a partial response (PR) as a 30% reduction
in the longest diameter of the tumor; progressive disease
(PD) as a  20% increase in the longest diameter of the tumor,
or the appearance of one or more new lesions; and a stable
disease (SD) as a response that did not meet the condition of
PR or PD. Local tumor progression was defined as a recur-
rence or tumor progression in SIB field, and intra-cranial pro-
gression as any recurrence or tumor progression within
whole brain. Progression in HA zone was defined as the 
recurrence within the area expanded 5 mm from HA zone.
Local tumor control, intracranial progression-free survival
(PFS), and overall survival (OS) was calculated from the start
date of RT to the date of local tumor progression, intracranial
progression, and any death, respectively. Kaplan- Meier
method was used to evaluate the survival rate. p-values of
< 0.05 were regarded as statistically significant.    

3. Ethical statement

The review and analysis of the patient data was approved
by Institutional Review Board (VC17RESI0189) of the St. Vin-
cent’s Hospital, the Republic of Korea. The informed consent
was waived due to the retrospective design of the current
study.
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Results

1. Patient and tumor characteristics

The characteristics of patient and tumor are summarized
in Table 1. There were 30 men and 12 women, and the 
median age at HA-WBRT was 63 years (range, 31 to 79).
Lung (n=29) was the most common primary site, followed
by rectum (n=4), kidney (n=3), breast (n=2), colon (n=2),
ovary (n=1), and thyroid (n=1). Adenocarcinoma was the
most common histology (28/42, 66.7%). Thirty-five patients
(83.3%) had more than 70% of Karnofsky performance status.
The recursive partitioning analysis (RPA) was distributed in
nine patients (21.4%) for class I, 26 (61.9%) for II, and seven
(16.7%) for III. The Graded Prognostic Assessment [15] was
scored with 0-1.0 in 12 patients (28.6%), 1.5-2.5 in 27 (64.3%),
and 3.0-4.0 in 3 (7.1%). The number of metastatic brain tumor
was median 3 (range, 1 to 12). Twenty-seven patients (64.3%)
had 1-3 lesions, while 15 (35.7%) indicated  4 metastatic 
tumors. The median diameter of largest metastatic brain
tumor was 2.2 cm (range, 0.5 to 12.0 cm). There was no 
patient with leptomeningeal seeding at the time of HA-
WBRT. Seventeen patients (40.5%) had stable or no evidence
of disease for extracranial tumor, while 25 (59.5%) had PD or
metastasis at diagnosis. Nine patients (21.4%) received pre-
WBRT treatment, such as surgery or chemotherapy, for brain
metastases. Of 30 patients (71.4%) who received additional
treatment after HA-WBRT, 16 (38.1%: lung 10, kidney 3, rec-
tum 2, and colon 1) were treated with targeted agents. 

Fig. 1 shows the dose distribution and dose-volume his-
togram of treatment plan for a patient treated with HA-WBRT
as an example. A 40-year-old woman had two metastatic
brain lesions from non-small cell lung cancer and received
25 Gy for whole brain and 45 Gy for brain metastases in 10
fractionations.  

Table 1. Patient and tumor characteristics (n=42) 

(Continued)

Parameter No. (%)
Age (yr) 63 (31-79)
 60 22 (52.4)
< 60 20 (47.6)

Sex
Male 30 (71.4)
Female 12 (28.6)

Primary tumor site
Lung 29 (69.0)
Rectum 4 (9.5)
Kidney 3 (7.1)
Breast 2 (4.8)
Colon 2 (4.8)
Ovary 1 (2.4)
Thyroid 1 (2.4)

Histology
Adenocarcinoma 28 (66.7)
Non-adenocarcinoma 14 (33.3)

KPS (%)
 70 35 (83.3)
< 70 7 (16.7)

RPA class
I 9 (21.4)
II 26 (61.9)
III 7 (16.7)

GPA score
0-1.0 12 (28.6)
1.5-2.5 27 (64.3)
3.0-4.0 3 (7.1)

No. of metastatic brain tumors 3 (1-12)
1 9 (21.4)
2 12 (28.6)
3 6 (14.3)
 4 15 (35.7)

Maximum size of lesion in MRI (axial, cm) 2.2 (0.5-12.0)
 3 14 (33.3)
< 3 28 (66.7)

Status of extracranial tumor
NED 11 (26.2)
Stable 6 (14.3)
Progressive 11 (26.2)
Metastasis at diagnosis 14 (33.3)

Treatment before WBRT
Yes 9 (21.4)

Surgical resection 5 (11.9)
Chemotherapy 4 (9.5)

No 33 (78.6)

Table 1. Continued

KPS, Karnofsky performance status; RPA, recursive par-
titioning analysis; GPA, graded prognostic assessment;
MRI, magnetic resonance imaging; NED, no evidence of
disease; WBRT, whole brain radiotherapy. 

Parameter No. (%)
Treatment after WBRT

Yes 30 (71.4)
Target agent 16 (38.1)

No 12 (28.6)
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2. Survival outcome and patterns of failure

Twenty-five patients (59.5%) remained alive and 17 (40.5%)
died at the time of analysis. The median of follow-up and
overall RT duration were 10.0 months (range, 4.1 to 56.4
months) and 13 days (range, 11 to 20 days), respectively. The
response of intracranial metastatic lesion after HA-WBRT
with SIB was CR in five patients (11.9%), PR in 17 (40.5%),
SD in nine (21.4%), and PD in 11 (26.2%). The patterns of fail-
ure are described in Fig. 2. Intracranial progression was 
observed in 13 patients (31.0%) and the median duration
from the start of HA-WBRT to progression was 10.6 months
(range, 0.9 to 33.0 months). Local tumor progression and new

metastasis outside SIB field occurred in 10 patients (23.8%)
and nine patients (21.4%), respectively. Progression in HA
zone occurred only in one patient (2.4%), who showed mul-
tiple metastases outside HA zone simultaneously. The 1-year
rate of local tumor control was 76.6% (Fig. 3A). Median sur-
vival and 1-year rate for intracranial PFS were 19.4 months
(95% confidence interval [CI], 9.6 to 29.2) and 71.5% (Fig. 3B),
and those for OS were 26.5 months (95% CI, 15.4 to 37.5) and
67.9% (Fig. 3C). 

Of 29 patients with primary origin of lung cancer, 10 pati-
ents showed intracranial progression. Post-WBRT targeted
therapy was given to 10 patients, and two of them developed
intracranial progression. There was no association between

Fig. 1.  Treatment plan of a 40-year-old woman who received whole brain radiotherapy with hippocampal avoidance for
two brain metastases from non-small cell lung cancer. (A-C) Dose distribution of axial, coronal, and sagittal plane. (D) Dose-
volume histogram for boosted metastatic tumors (red), whole brain (green), and both of hippocampus (blue). 
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targeted therapy and intracranial progression (target agent
2/10 vs. non-target agent 8/19, p=0.414 by Fisher exact test).

3. Toxicity

Of 42 patients, 11 were asked to answer the questions 
regarding their neurocognitive function. Three patients men-
tioned some deterioration in memory, but their alleged con-
ditions were not assessed with an objective tool. Another one
showed dysarthria for 3 months after treatment. There were
no grade  3 acute and late toxicities according to Common
Terminology Criteria for Adverse Events, v4.03. Mild symp-
toms, such as headache, nausea, somnolence, fatigue, and
dizziness were relieved with conservative managements. No
patient had treatment break due to RT-related toxicities.

Discussion

According to a recent national cohort investigation [16],
median survival duration and 1-year survival rate was
5.0±0.4 months and 30.8±1.7% for patients with intracranial

metastases, respectively. Despite well-known dismal prog-
nosis, longer survival was anticipated for some patients with
brain metastases and our results presented that 20 patients
(47.6%) had survived more than 12 months after WBRT with
SIB on metastatic tumors. The studies that evaluated the 
effect of WBRT followed by radiosurgery boost indicate that
intracranial tumor control could be improved and the sur-
vival prolonged in subgroup patients, although there is no
significant increase for OS in whole patients [17,18]. Given
that the favorable prognosis is shown in the subgroup 
patients with brain metastases, consideration should be
given to the quality of life for those who received cranial 
irradiation. Other areas of interest included the early deteri-
oration, less than 6 months, of recall and delayed recall and
patient-reported quality of life observed in the patients with
WBRT [5,8-9,19].

In a phase II multi-institutional trial (RTOG 0933), Gondi
et al. [20] demonstrated that the avoiding hippocampus dur-
ing WBRT was associated with the preservation of memory
and quality of life. The low risk of recurrence around hip-
pocampus would be prerequisite for HA-WBRT. Several
studies evaluated the incidence and elevated risk of exclud-
ing the hippocampus from irradiated volume for brain
metastases. In the safety profile study for RTOG 0933, Gondi
et al. [13] showed low incidence of brain metastases within
HA region, defined as the hippocampus plus 5 mm, through
review of 1,133 metastatic lesion from 371 patients: 3% of
brain metastases and 8.6% of patients. According to Harth et
al. [21] who estimated the intracranial failure risk following
HA-WBRT in the patients with non-small cell lung cancer,
there was low incidence of 2.8% for brain metastasis in the
hippocampus and there would be slightly increased absolute
risk of 0.2% in case of delivering HA-WBRT. Sun et al. [22]
recently investigated the incidence and relapse risk of peri-
hippocampal metastases (around 5 mm the hippocampus) in
patients with breast cancer. The reported rates of brain
metastases in hippocampus were 1.2% of 1,678 metastases
and 4.1% of 314 patients, and those of perihippocampal 
region were 3.5% and 11.1%, respectively. They also pre-
sented the low absolute risk of 2.2% for the increase of peri-
hippocamapal recurrence after HA-WBRT. According to
another study that analyzed the incidence of melanoma
metastasis to brain, none (0.0%) and four of 77 patients (5.2%)
had metastases within and within 5 mm of the hippocampus,
respectively [23]. Consistent with the previous studies that
presented low incidences of hippocampal metastasis, our
study shows that only one patient (2.4%) experienced new
metastasis in hippocampal region following HA-WBRT, con-
firming the safety of this hypothetical radiation delivery
strategy. Besides, due consideration should be given to the
fact that the patient also showed miliary spread in the whole
brain as well as hippocampal metastasis. This finding might

Fig. 2.  Patterns of failure in patients who received whole
brain radiotherapy with hippocampal avoidance for brain
metastases. SIB, simultaneous integrated boost; HA, hip-
pocampus avoidance.
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imply that the prognosis of the patient would not have been
changed even if he had received WBRT without hippocam-
pal sparing. 

Oehlke et al. [24] reported the favorable local tumor control
with acceptable HA zone metastasis in 20 patients who recei-
ved WBRT with hippocampal sparing for multiple brain
metastases. Cranial irradiation with hippocampal sparing
was performed on whole brain with 30 Gy in 12 fractions
(EQD2, 31.3 Gy10) and SIB on metastatic tumors with 51 Gy
in 12 fractions (EQD2, 60.6 Gy10) using volumetric modulated
arc therapy approach. There were two patients who devel-

oped new metastasis in the HA zone. They, however, showed
concomitant multiple new lesions outside hippocampal 
region, consistent with our finding. With median follow-up
of 40 weeks, local tumor control treated with dose escalation
was 73% and median survival and 1-year survival rate were
40 weeks and 45.3% for intracranial PFS, and 71.5 weeks and
60% for OS. These figures seem a little inferior to our data
(median 19.4 months and 1-year rate 71.5% for intracranial
PFS; median 26.5 months and 1-year rate 67.9% for OS). The
inconsistent outcomes could result from the difference in
numbers of metastatic brain tumors. About two thirds of 

Fig. 3.  Local tumor control (A), intracranial progression free survival (PFS) (B), and overall survival (C) in patients who 
received whole brain radiotherapy with hippocampal avoidance for brain metastases. CI, confidence interval.
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patients (27/42, 64.3%) had 1-3 metastatic lesion (median, 3;
range, 1 to 12) in our study, while all the patients had brain
metastases of median 5 (range, 2 to 13) in Oehlke et al.’s [24].
The proportion of patients with RPA class I and post-WBRT
treatment might be other factors that have influenced on 
intracranial control and survival.  

A total of 16 patients were treated with post-WBRT tar-
geted therapy (lung 10, kidney 3, rectum 2, and colon 1) in
our study. To confine the origin of lung cancer, two patients
developed intracranial progression and eight didn’t. There
was no statistically significant difference for incidence
(p=0.414), but relatively prolonged time to progression for
intracranial recurrence. One patient had intracranial PFS of
33.0 months, while the other only 8.5 months who had
stopped the gefitinib 3 months before developing intracranial
progression without her physician’s permission. Compared
with median survival of 15.9-21.9 months in the patients who
received erlotinib or gefitinib for brain metastases from lung
cancer [25-27], 33.0 months of intracranial PFS would be
noteworthy for the efficacy of WBRT in addition to targeted
therapy.    

Our study has some limitations due to small retrospective

nature. First, it could be underestimated for intracranial PFS
in some patients due to inconsistent follow-up of post-WBRT
MRI. Second, there would be confounding factors for local
tumor control and survival, because of a heterogeneous
group of patients and disease status. Third, the patients in
our study were not assessed on impaired function of hip-
pocampus by objective tools, such as Hopkins Verbal Learn-
ing Test-Revised. Fewer than a third of patients (11/42,
26.2%) were asked to have their memory status evaluated 
before and after WBRT by an attending physician and drop-
outs were a problem in evaluating neurocognitive function.      

In conclusion, the current study confirmed an acceptable
low risk of new metastasis in HA region in the patients with
brain metastases who received HA-WBRT. These findings
would serve as useful guidance in applying HA-WBRT in
clinical practice. Further investigation is warranted in a
larger sampled multi-institutional study.
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Upregulation of PITX2 Promotes Letrozole Resistance Via 
Transcriptional Activation of IFITM1 Signaling in Breast Cancer Cells  

Original Article

Purpose
Although the interferon  (IFN) signaling and the paired-like homeodomain transcription
factor 2 (PITX2) have both been implicated in the progression of breast cancer (BCa), it 
remains obscure whether these two pathways act in a coordinated manner. We therefore
aimed to elucidate the expression and function of PITX2 during the pathogenesis of 
endocrine resistance in BCa. 

Materials and Methods
PITX2 expression was assessed in BCa tissues using quantitative reverse transcription poly-
merase chain reaction (RT-qPCR) and immunohistochemistry and in experimentally induced
letrozole-resistant BCa cells using RT-qPCR and immunoblotting. Effects of PITX2 deregula-
tion on BCa progression was determined by assessing MTT, apoptosis and xenograft model.
Finally, using multiple assays, the transcriptional regulation of interferon-inducible trans-
membrane protein 1 (IFITM1) by PITX2 was studied at both molecular and functional lev-
els.

Results
PITX2 expression was induced in letrozole-resistant BCa tissues and cells, and PITX2 induc-
tion by IFN signaling powerfully protected BCa cells against letrozole insult and potentiated
letrozole-resistance. Mechanistically, PITX2 enhanced IFN-induced AKT activation by trans-
activating the transcription of IFITM1, thus rendering BCa cells unresponsive to letrozole-
elicited cell death. Additionally, ablation of IFITM1 expression using siRNA substantially
abolished IFN-elicited AKT phosphorylation, even in the presence of PITX2 overexpression,
thus sensitizing BCa cells to letrozole treatment. 

Conclusion
These results demonstrate that constitutive upregulation of PITX2/IFITM1 cascade is an 
intrinsic adaptive mechanism during the pathogenesis of letrozole-resistance, and modu-
lation of PITX2/IFITM1 level using different genetic and pharmacological means would thus
have a novel therapeutic potential against letrozole resistance in BCa.        
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Introduction

The estrogen receptor (ER) signaling is of vital importance
for the development and progression of breast cancer (BCa).
In fact, about 70%-80% of postmenopausal female patients
with BCa are ER-positive. So these patients benefit a lot from

endocrine therapies such as blocking estrogen binding to ER
with antiestrogens (i.e., tamoxifen) or inhibition of estrogen
synthesis using aromatase inhibitors (AIs; i.e., letrozole and
anastrozole). Compared to tamoxifen, letrozole possesses 
superior efficacy to prolong the disease-free and overall sur-
vival, including higher response rates and lower risks of 
endometrial cancer and stroke [1]. Despite these advantages,
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however, resistance eventually occurs in a large portion of
letrozole-treated patients, thus resulting in BCa relapse with
higher metastatic status and poorer prognosis [2]. Evidence
from experimental and clinical studies have identified sev-
eral potential mechanisms coexisting to confer letrozole-
resistance, including repression of ER expression, activation
of phosphoinositide-3 kinase (PI3K)/AKT/mammalian tar-
get of rapamycin pathway [1] and deregulation of epigenetic
modification [3]. Nevertheless, occurrence of letrozole-resis-
tance likely involves actions at different levels and remain to
be fully established.

Due to a wide spectrum of biological activities, the inter-
ferons (IFNs) pathways have been implicated in multiple
malignancies. IFNs bind to type I (IFN/) and type II (IFN)
receptors (IFNAR1/2), and then lead to phosphorylation and
activation of various downstream pathways including JAK,
AKT, STAT1/2, and mitogen-activated protein kinase,
thereby enhancing cell proliferation and survival over ther-
apeutic stress [4]. So deregulation of IFN signaling pathway
lays a good foundation for cancerous progression. Very 
recently, by using global gene expression analysis, Ariazi et
al. [5] have identified the IFN signaling as one of the most
upregulated pathways involved in tamoxifen-resistant BCa
cells. Moreover, using estrogen-deprived human BCa cells,
Choi et al. [4] have confirmed that targeting IFN response
genes, such as IFN-inducible transmembrane protein 1
(IFITM1, a IFN-inducible cell surface protein), could effec-
tively sensitize the endocrine-resistant BCa cells to estrogen-
induced cell death [4]. These studies underscore and empha-
size the need to better understand the mechanisms by which
how these IFN-inducible genes are regulated and exhibit
their pleiotropic effects.

The paired-like homeodomain transcription factor 2 (PITX2),
acting as the upstream activator of the muscle regulatory fac-
tors, plays a decisive role in skeletal muscle development [6].
A growing body of evidence suggest that additional, as yet
poorly characterized, cancerous actions of PITX2 are likely
to occur. Patients with aberrant methylation of PITX2 pro-
moter show a significantly higher risk of disease progression
in non-small-cell lung cancer [7], BCa [8], and prostate cancer
[9]. Moreover, deregulated PITX2 expression potentiates
chemoresistance in various malignancies, including esopha-
geal squamous cell carcinoma [10], renal cancer [11], and
bladder cancer [12]. Of particular interest, in a previous
genome-wide chromatin immunoprecipitation sequencing
study, PITX2 is found to be among the top 4 upregulated
genes represented in tamoxifen-resistant MCF7 cells [13]. 
Although these findings suggest broad implication of PITX2
in endocrine resistance of BCa, a role for PITX2 in regulating
against endocrine therapy in ER-positive BCa cells, if any,
has not been investigated.

We show here, for the first time, that interaction between

PITX2 and IFN signaling pathways strongly promotes cell
survival and invasiveness upon letrozole treatment, thus
conferring letrozole-resistance in BCa cells. 

Materials and Methods

1. Patient samples

Female BCa patients, who had received letrozole 2.5 mg
daily in neoadjuvant treatment, were recruited from Depart-
ment of Breast Surgery in Liaoning Cancer Hospital and 
Institute during June 2015 and September 2017. Patients were
subdivided into “Primary” (complete or partial response to
letrozole, n=24) and “Recurrent” (stable or progressive dis-
ease after letrozole treatment, n=20) groups based on medical
image examination. An incisional biopsy was obtained 
before new therapy. Moreover, adjacent normal breast tis-
sues sampled at least 5 cm from primary tumors were obtai-
ned from 12 chemotherapy-naive BCa patients during mas-
tectomy, and were used as controls. The clinical characteris-
tics of BCa patients recruited in the current study was cate-
gorized according to the St. Gallen standards [14] and sum-
marized in S1 Table.

2. Real-time quantitative polymerase chain reaction

Total RNA was extracted using RNeasy Mini Kit (Qiagen,
Shanghai, China), and cDNA was synthesized using SMA-
RTer PCR cDNA Synthesis Kit (Takara, Beijing, China) accor-
ding to protocols recommended by the manufacturer. Poly-
merase chain reaction (PCR) primers used for different tar-
gets were listed in S2 Table. Subsequent quantitative reverse
transcription PCR (RT-qPCR) was performed using Quan-
tiFast one-step SYBR Green RT-PCR kit in Applied Biosys-
tems 7300 Real-Time PCR System (Foster City, CA), as des-
cribed in our previous work [14]. 18S served as the internal
control. 

3. Immunohistochemistry

Immunohistochemical staining was performed as previ-
ously described [15], with the aid of VECTASTAIN Elite ABC
HRP Kit (Vector Laboratories, Burlingame, CA). The anti-
body used was rabbit anti-PITX2 polyclonal Ab (Abcam,
Shanghai, China).

4. Western blotting

Total protein was isolated using Total Protein Extraction
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Kit (BioChain, Newark, CA) and protein concentrations were
determined by a protein assay kit (Bio-Rad, Hercules, CA).
Western blotting was carried out as described previously
[16]. The antibodies used were listed in S3 Table. 

5. Cells treatment

HeLa cells and the ER-positive hormone-dependent MCF7
BCa cells were obtained from American type culture collec-
tion (ATCC, Manassas, VA). Cells were routinely cultured in
Dulbecco's modified Eagle's medium medium supplemented
with 10% fetal bovine serum (FBS; GIBCO, Shanghai, China)
and 1% penicillin/streptomycin in a 37°C, 5% CO2 incubator.
The generation of letrozole-resistant MCF7/LR cells has been
described in our previous work [17]. MCF7/LR cells were
maintained in phenol red-free improved minimal essential
medium supplemented with 5% charcoal/dextran-treated
FBS, 1% penicillin/streptomycin, 100 µg/mL hygromycin
(Thermo Fisher Scientific, Shanghai, China), and 1 µmol/L
of letrozole (Sigma-Aldrich, Shanghai, China). To overex-
press the exogenous PITX2, MCF7 cells were transfected with
pPM-His-PITX2 or pPM-His vector (GenScript, Nanjing,
China) using Lipofectamine 3000 (Thermo Fisher Scientific),
followed by Neomycin selection (200 µg/mL, Invitrogen,
Carlsbad, CA) according to the manufacturer’s instructions.
To stably knockdown the endogenous expression of PITX2,
MCF7/LR cells were transfected with PITX2 shRNA or
scramble shRNA (SABioscience, Shanghai, China) using
Lipofectamine 3000. One day after transfection, the trans-
fected cells were selected with 1.0 µg/mL puromycin (Sigma-
Aldrich) for 1-2 weeks. To transiently knockdown the
expression of IRF-7 or IFITM1, MCF7/LR and MCF7/LR/
His-PITX2 cells were transfected with IRF-7 siRNA/Ctrl
siRNA and IFITM1 siRNA/Ctrl siRNA (Santa Cruz Biotech-
nology, Shanghai, China), respectively. Forty-eight hours
after transient transfection, cells were harvested for further
analysis. To determine the potential regulation of PITX2 
expression by IFN signaling, BCa cells were challenged for
24 hours with a gradual concentration of recombinant hIFN
Protein (R&D Systems, Minneapolis, MN), in the presence or
absence of the pretreatment with 5 µg/mL of anti-IFNAR
neutralizing antibody (Millipore, Temecula, CA) for 4 hours.

6. Cell viability and apoptosis 

BCa cells with different transfections were plated onto a
96-well plate at of density of 1104 cells/well. After a 3-day
culture and a following overnight starvation, cells were
treated with 10–5 M of letrozole, along with 25 nM of andro-
stenedione (4A, Sigma-Aldrich), for another 4 days. Viable
cell numbers were determined using trypan blue staining
(Invitrogen) along with hemocytometer count (Beckman

Coulter, Fullerton, CA) and cell apoptosis were assayed
using an apoptosis enzyme-linked immunosorbent assay
(ELISA) kit (Roche Diagnostics, Shanghai, China) [17,18], as
per the manufacturer’s instructions. 

7. In vivo letrozole sensitivity assay

Tumor growth in nude mice was performed according to
our previous work [14]. Briefly, BCa cells with different
transfections were resuspended in Matrigel (10 mg/mL, BD
Biosciences, Shanghai, China). One hundred microliters of
cell suspension (2107 cells/mL) were then injected into left
flanks of female nude mice. Four weeks after cells inocula-
tion, mice were injected subcutaneously with vehicle, 100
µg/day of 4A, or4A plus 10 µg/day of letrozole on a daily
basis, for 32 days (4A is the aromatase substrate and athy-
mic mice are deficient in adrenal androgens [2]). Tumor vol-
ume changes were recorded every 3 days from the 14th day
by two perpendicular diameter measurements. 

8. Cell invasion assay

BCa cells (1104) were cultured in the upper chamber of
Transwell with a membrane coated with Matrigel for 24
hours, followed by treatment with 10–5 M of letrozole, along
with 25 nM of 4A, or with dimethyl sulfoxide (Sigma-
Aldrich) for 48 hours. Subsequently, the upper chamber were
carefully removed and the remaining cells on the membrane
were stained for 10 minutes with 0.1% crystal violet solution
(Sigma-Aldrich). Final spectrophotometry was developed at
570 nM.

9. Measurement of human IFN content

BCa cells were seeded in six-well plates and cultured
overnight, followed by stimulation with 250 U/mL of recom-
binant hIFN for 24 hours. Cell lysates and culture super-
natants were then harvested and subjected to ELISA analysis
using a commercial kit (Thunderscience, Shanghai, China).
The lower limit of detection for hIFN is 1.04 pg/mL, with a
standard curve range of 15.63-1,000 pg/mL.

10. Immunofluorescence staining

BCa cells grown on coverslips were fixed with 4%
formaldehyde diluted in phosphate buffered saline (PBS) at
room temperature (RT) for 15 minutes. After a thorough
rinse, cells were incubated with blocking buffer containing
1 PBS, 5% normal donkey serum and 0.3% Triton X-100
(Vector Lab, Burlingame, CA) at RT for 60 minutes, followed
by incubation with the primary antibodies (S3 Table) at 4°C
overnight. On the second day, cells were incubated with flu-
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orochrome-conjugated second antibody for 1-2 hours at RT
in the dark. Final immunofluorescence was observed under
an inverted microscope (Axio Imager M1 microscope, Zeiss,
Gottingen, Germany).

11. Promoter reporter assay 

For the assessment of IFITM1 promoter activity, the geno-
mic fragments harboring the putative PITX2-binding sites in
human IFITM1 promoter (~1.8 kb upstream of the translation
start site), were subcloned into the pGL4-Luc reporter vector

(Promega, Madison, WI) using Infusion 2.0 Dry-Down PCR
cloning kit (Clontech, Shanghai, China). Promoter activity
was further validated by mutation of the putative PITX2-
binding site on the promoter at –406/–402 by replacing
AATCC with AcgaC using the QuikChange II Site-Directed
Mutagenesis Kit (Agilent, Santa Clara, CA). For reporter
assay, 0.5 µg reporter plasmid and pRL-TK Renilla reporter
plasmid were co-transfected with pPM-His-PITX2 or pPM-
His vector into HeLa cells using FUGENE (Promega). Forty-
eight hours later, cells were treated for 4 hours with 20 U/mL
of hIFN, followed by luciferase activity measurements

Fig. 1.  Upregulation of paired-like homeodomain transcription factor 2 (PITX2) expression in letrozole-resistant breast cancer
(BCa) tissues and cells. (A) PITX2 expression in normal breast tissues, primary BCa tissues and recurrent BCa tissues was
determined using quantitative real-time polymerase chain reaction (RT-qPCR). Fold change was determined for each sample
relative to the internal control gene 18S. Each value is a mean±standard error of mean from three experiments. (B) Repre-
sentative fields of normal breast tissues, primary BCa tissues and recurrent BCa tissues immunohistochemically stained with
anti-PITX2 antibody as indicated. Scale bar=20 µm. (C) Characterization of PITX2 expression in different BCa cells using 
RT-qPCR. (D) Western blotting analysis of PITX2 expression in different BCa cells. Actin served as the loading control. 
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Fig. 2.  Ectopic expression of exogenous paired-like homeodomain transcription factor 2 (PITX2) promotes letrozole resistance
and cell invasiveness. (A) Western blotting analysis of PITX2 level in MCF7 cells stably transfected with pPM-His-PITX2 or
pPM-His vector. After a 3-day culture and a following overnight starvation, MCF7 cells stably transfected with pPM-His-
PITX2 or pPM-His vector were treated with 10–5 M of letrozole, along with 25 nM of androstenedione, for another 4 days.
Viable cell numbers were then determined using trypan blue staining (B) (fold change was determined for each treatment
relative to the untreated control cells, *p < 0.05 and **p < 0.01) and cell apoptosis was determined using an apoptosis 
enzyme-linked immunosorbent assay kit (C). The results were presented as the mean±standard error of mean of the triplicate
samples. (D) Each mouse received subcutaneous injections at one site on each flank with 0.1 mL of suspension of different
transfected MCF7 cells (2107 cells/mL). Mice were then injected subcutaneouslys daily for 32 days with androstenedione
(100 µg/day) plus letrozole (10 µg/day) from the day of inoculation. PBS, phosphate buffered saline. Tumor volumes were
measured every 3 days. *p < 0.05 and **p < 0.01 when comparing letrozole (10 µg/day)+vector group to letrozole (10
µg/day)+His-PITX2 group. (Continued to the next page)
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using a dual luciferase reporter assay kit (Promega).

12. Chromatin immunoprecipitation 

MCF7/His-PITX2 cells were challenged for 4 hours with
20 U/mL of hIFN [4], and cells were then crosslinked with
1% formaldehyde and sonicated. Soluble chromatin was 
immunoprecipitated and subjected to chromatin immuno-
precipitation (ChIP), as described in detail in our previous
work [14]. Primers used for ChIP and double ChIP were
listed in S2 Table.

13. Statistical analysis

Statistical analyses were performed using SPSS ver. 15.0
(SPSS Inc., Chicago, IL). Statistical comparisons and analyses
were performed by either Student’s t test or one-way ANO-
VA, followed by Tukey post-hoc analyses wherever appropri-
ate. The relative correlation rate was determined using the
Pearson chi-square test. Results are presented as mean±stan-
dard error of mean. and p < 0.05 was considered statistically
significant.

14. Ethical statement

All procedures involving animals, strictly conformed to the
Guide for the Care and Use of Laboratory Animals, were 
approved by the Animal Care and Use Committee (ACUC)
of Cancer Hospital of China Medical University (CMU-2016-
332-1).

The study protocol, strictly following the ethical standards
of Helsinki Declaration, was approved by the Ethics Com-
mittee of Cancer Hospital of China Medical University. Writ-
ten informed consents were obtained from all participants.

Results

1. PITX2 upregulation is associated with the pathogenesis
of letrozole resistance

To examine the expression of PITX2 in human BCa tissues,
RT-qPCR and immunohistochemical analyses were done on
12 cases of normal breast tissues, 24 cases of primary BCa
biopses and 20 cases of letrozole-resistant (recurrent) BCa
biopses. As shown in Fig. 1A, expression of PITX2 mRNA
was significantly induced in recurrent BCa compared to
other tissues. Histologically, PITX2 immunoreactivity, which
was predominantly localized in the nuclear, was notably 
increased in recurrent BCa tissues (Fig. 1B). To further pro-
vide the in vitro evidence for the involvement of PITX2 in
letrozole resistance, we examined the expression levels of
PITX2 in letrozole-sensitive MCF7 cells and letrozole-resis-
tant MCF7/LR cells. As expected, when MCF7 became letro-
zole-resistant, MCF7/LR cells showed an increased level of
PITX2 expression (Fig. 1C and D). Thus, PITX2 upregulation
correlates to the pathogenesis of letrozole-resistance in BCa.

2. Ectopic overexpression of exogenous PITX2 potentiates
letrozole-resistance in MCF7 cells

To directly ask whether PITX2 contributes to letrozole-
resistance, we established MCF7 cells stably overexpressing
pPM-His-PITX2 (Fig. 2A). The MCF7/His-PITX2 cells, along
with the control cells, were then cultured in the medium con-
taining 10–5 M letrozole. Letrozole-induced growth inhibition
was totally reversed in MCF7/His-PITX2 cells, compared
with the pPM-His vector–transfected cells (Fig. 2B). Of note,
transfection with pPM-His-PITX2 or vector alone exerted no
effects on cell viability. To investigate a PITX2-dependent reg-
ulation of anchorage-dependent tumor proliferation and clus-
ter formation, we cultured MCF7/His-PITX2 cells, along with
the control cells, in the medium containing basement mem-

Fig. 2.  (Continued from the previous page) (E) Cell invasive-
ness assay: breast cancer cells (1104) were cultured in the
upper chamber of Transwell with a membrane coated
with Matrigel for 24 hours, followed by treatment with 
10–5 M of letrozole, along with 25 nM of 4A, or with dime-
thyl sulfoxide (Sigma-Aldrich) for 48 hours. The remain-
ing cells on the membrane were then stained for 10
minutes with 0.1% crystal violet solution and subsequent
spectrophotometry was developed at 570 nM. 
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Fig. 3.  Paired-like homeodomain transcription factor 2 (PITX2) inhibition sensitizes MCF7/LR cells to letrozole treatment.
(A) MCF7/LR cells were transfected with PITX2 shRNA or scramble shRNA, followed by puromycin selection for 1-2 weeks.
Stable knockdown of PITX2 expression was then verified by Western blotting analysis. Actin served as the loading control.
(B) After a 3-day culture and a following overnight starvation, MCF7/LR cells stably transfected with PITX2 shRNA or
scramble shRNA were treated with 10–5 M of letrozole, along with 25 nM of androstenedione, for another 4 days. Viable cell
numbers were then determined using trypan blue staining. Fold change was determined for each treatment relative to the
untreated control cells. (C) After a 3-day culture and a following overnight starvation, MCF7 cells stably transfected with
pPM-His-PITX2 or pPM-His vector were treated with 10–5 M of letrozole, along with 25 nM of androstenedione, for another
4 days. Cell apoptosis was determined using an apoptosis enzyme-linked immunosorbent assay kit. (D) Tumor xenograft
assay, as described above, was carried out to evaluate the effects of PITX2 inhibition on in vivo letrozole sensitivity. *p < 0.05
and **p < 0.01 when comparing letrozole (10 µg/day)+scramble shRNA to letrozole (10 µg/day)+PITX2 shRNA. (Continued
to the next page)
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brane extract and 10–5 M letrozole for 16 days. The average
size of tumor clusters with stable ectopic expression of His-
PITX2 was significantly increased by ~1.8 fold as compared to
His-vector-expressing MCF7 cells (S4A and S4B Fig.). Consis-
tently, higher colony formation efficiency was observed after
letrozole treatment in MCF7 cells overexpressing His-PITX2
when compared with His-vector-expressing MCF7 cells (S4C
Fig.), suggesting that ectopic expression of exogenous PIXT2
can enhance anchorage-dependent and -independent growth
of MCF7 cells upon letrozole challenge. On the other hand,
letrozole-induced apoptosis was partially but effectively 
attenuated in MCF7/His-PITX2 cells (Fig. 2C). In agreement,
the formation of xenograft tumors in letrozole-challenged 
immunodeficient mice were substantially augmented in
MCF7 cells by PITX2 overexpression (Fig. 2D). Moreover,
letrozole-elicited inhibition of cell invasiveness was com-
pletely abolished by PITX2 overexpression (Fig. 2E). Taken
together, these data demonstrate that PITX2 directly pro-
motes letrozole-resistance in ER-positive BCa cells.

3. Endogenous PITX2 protects MCF7/LR cells from letro-
zole toxicity

Having established the causal link between PITX2 expres-
sion and letrozole-resistance, we then determined the effects
of PITX2 inhibition on the malignant status of MCF7/LR

cells. The stable knockdown of PITX2 expression by shRNA
was validated using immunoblotting (Fig. 3A). The letrozole-
induced growth inhibition was significantly enhanced in the
MCF7 cells depleted of endogenous PITX2, compared to that
in cells transfected with Ctrl shRNA (Fig. 3B). Transfection
with PITX2 shRNA or Ctrl shRNA alone exerted no effects
on cell viability. We also confirmed the promoting effects of
PITX2 on anchorage-dependent and -independent growth of
MCF7/LR cells upon letrozole challenge, using tumor cluster
formation assay (S4D and S4E Fig.) and soft agar colony for-
mation experiments (S4F Fig.). Moreover, as shown by the
apoptotic ELISA assay, upon letrozole challenge, MCF7/LR/
PITX2 shRNA cells exhibited higher apoptosis (~6.8 fold)
when compared with MCF7/LR cells transfected with scram-
ble shRNA (Fig. 3C). Consistently, the formation of xenograft
tumors in letrozole-challenged immunodeficient mice were
significantly compromised in MCF7/LR cells by PITX2 abla-
tion (Fig. 3D). Additionally, the cell invasiveness of MCF7/
LR/PITX2 shRNA cells was significantly reduced by ~62.4%
as compared to MCF7/LR cells transfected with scramble
shRNA (Fig. 3E). Thus, repression of PITX2 expression may
augment the inhibitory effect of letrozole on the proliferation
and clonogenicty of BCa cells.

4. Intracellular IFN signaling regulates PITX2 expression 

During the course of the study, we unexpectedly observed
that PITX2 mRNA expression was positively correlated to
IFNA1 (the gene encoding IFN) mRNA level in the above-
mentioned 44 cases of BCa samples (Fig. 4A). Because the
IFN signaling pathway plays a pivotal role in the regulation
of tumorigenesis and drug resistance, understanding how
IFN regulates the cellular processes controlling malignant
transformation holds a lot of promise in combating BCa [4].
To this end, we then determined the expression levels of
IFN protein in different BCa cells using a ELISA kit. As
shown in Fig. 4B, IFN content was significantly higher in
the supernatant and lysates of MCF7/LR cells than that in
MCF7 cells. Consistently, MCF7/LR cells exhibited higher
expression levels of both PITX2 mRNA and IFNA1 mRNA,
when compared to the parental MCF7 cells (Fig. 4C). To 
directly assay the regulation of PITX2 expression by IFN
signaling, we treated MCF7 cells with gradual doses of 
recombinant hIFN. IFN induced PITX2 expression in a
dose-dependent manner. In contrast, blocking IFN receptor
using a previously-validated neutralizing antibody effec-
tively abolished IFN-elicited PITX2 induction [4] (Fig. 4D).
Considering that endogenous IFN production is predomi-
nantly controlled at the transcriptional level by IRF-7 [4], we
then transiently knocked down the IRF-7 expression using
siRNA in MCF7/LR cells (Fig. 4E). Interestingly, ablation of
IRF-7 significantly reduced endogenous IFN production in

Fig. 3.  (Continued from the previous page) (E) Cell invasive-
ness assay as described above. Shown are the absorptions
at 570 nm of MCF7/LR cells treated with different trans-
fection plus 10–5 M of letrozole for 48 hours, in the lower
chambers of transwells.
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both cell supernatant and lysates (Fig. 4F). Of particular 
interest, PITX2 repression substantially eliminated the IFN-
stimulated phosphorylation of AKTSer-473 (Fig. 4G). Thus,
PITX2 and IFN signaling pathways may interact with each
other in a reciprocal manner.

5. PITX2 transcriptionally regulates IFITM1 expression

In search of the specific component of IFN pathway that
may underlie PITX2 function, we observed that the mRNA
expression of IFITM1 (a well-known IFN response gene) was
positively correlated to PITX2 mRNA level in the above-

Fig. 4.  Activation of interferon  (IFN) signaling pathway stimulates paired-like homeodomain transcription factor 2 (PITX2)
expression in letrozole-resistant breast cancer (BCa) cells. (A) PITX2 and IFNA1 expression levels in primary BCa tissues
(n=24) and recurrent BCa tissues (n=20) were determined using quantitative real-time polymerase chain reaction (RT-qPCR).
Fold change was determined for each sample relative to the internal control gene 18S. Each value is a mean±standard error
of mean from three experiments. The correlation between PITX2 and IFNA1 expression levels were the analyzed using Pear-
son chi-square test. (B) Enzyme-linked immunosorbent assay (ELISA) analysis of baseline expression of IFN in cell lysates
and culture supernatants in different BCa cells. (C) Relative expression levels of PITX2 and IFNA1 mRNA were assayed
using RT-qPCR in different BCa cells. (D) MCF7 cells were challenged for 24 hours with a gradual concentration of recom-
binant hIFN protein, in the presence or absence of the pretreatment with 5 µg/mL of anti-IFNAR neutralizing antibody for
4 hours. PITX2 expression was then determined using Western blotting. Actin served as the loading control.  (Continued to
the next page)
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mentioned 44 cases of BCa samples (Fig. 5A). In agreement,
a strong nuclear staining of PITX2 protein was associated
with a clear cytoplasm and membrane staining of IFITM1
protein in MCF7/LR cells, whereas a negligible staining of
both PITX2 and IFITM1 proteins was frequently observed in
MCF7 cells (Fig. 5B). In MCF7 cells, overexpression of the 
exogenous PITX2 resulted in a significant induction of
IFITM1 expression at both transcriptional and translational
levels, whereas knockdown of PITX2 by shRNA significantly
compromised PITX2 and IFITM1 expression levels (Fig. 5C
and D). To study whether PITX2 directly regulates IFITM1

transcription, we performed luciferase reporter assays in
HeLa cells using the fragments harboring the putative
PITX2-binding sites (AATCC) in IFITM1 promoter. Transfec-
tion with pPM-His-PITX2 significantly increased the IFITM1
reporter activity relative to control vector. This stimulatory
effect was further amplified by co-incubation with hIFN. In
good contrast, blocking IFN receptor using a previously-
validated neutralizing antibody effectively abolished the
pPM-His-PITX2–induced IFITM1 reporter activity, indicat-
ing that IFN signaling is involved in the transcriptional 
activation of IFITM1 by PITX2 (Fig. 5E). Notably, analysis of

Fig. 4.  (Continued from the previous page) (E) MCF7/LR cells were transiently transfected with IRF-7 siRNA or Ctrl siRNA
using Lipofectamine 3000. Forty-eight hours later, cells were harvested and subjected to Western blotting analysis of IRF-7
and PITX2 expression. (F) ELISA analysis of baseline expression of IFN in cell lysates and culture supernatants in MCF7/LR
cells with different transfections. (G) MCF7/LR cells with different transfections were challenged with 20 U/mL of recom-
binant hIFN protein for 24 hours, followed by Western blotting analysis of p-AKTSer-473, AKT and PITX2 expression.
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Fig. 5.  Direct regulation of interferon-inducible transmembrane protein 1 (IFITM1) transcription by paired-like homeodomain
transcription factor 2 (PITX2) in breast cancer (BCa) cells. (A) PITX2 and IFITM1 expression levels in primary BCa tissues
(n=24) and recurrent BCa tissues (n=20) were determined using quantitative real-time polymerase chain reaction (RT-qPCR).
Fold change was determined for each sample relative to the internal control gene 18S. Each value is a mean±standard error
of mean from three experiments. The correlation between PITX2 and IFITM1 expression levels were the analyzed using Pear-
son chi-square test. (B) Iimmunofluorescence microscopy was carried out by co-staining MCF7 and MCF7/LR cells with
anti-PITX2 (green) and anti-IFITM1 (red) antibodies. Scale bar=2.5 µm. (C) Western blotting analysis of PITX2 and IFITM1
levels in MCF7/His-PITX2, MCF7/His-vector, MCF7/LR/PITX2 shRNA and MCF7/LR/scramble shRNA cells. Actin served
as the loading control. (D) RT-qPCR analysis of PITX2 and IFITM1 levels in MCF7/His-PITX2, MCF7/His-vector, MCF7/LR/
PITX2 shRNA, and MCF7/LR/scramble shRNA cells. Fold change was determined for each gene relative to the values in
Ctrl cells (dashed line). (E) The pGL4-Luc-IFITM1 reporter plasmid and pRL-TK Renilla reporter plasmid were co-transfected
with pPM-His-PITX2 or pPM-His vector into HeLa cells using FUGENE. Forty-eight hours later, cells were treated for 4
hours with 20 U/mL of hIFN or with 5 µg/mL of anti-IFNAR neutralizing antibody, followed by measurement of luciferase
activity.  (Continued to the next page)
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the 5 flanking regions of human IFITM1 identified three 
sequences containing the conserved binding site of PITX2
(AATCC box) (Fig. 5F). We then tested whether PITX2 func-
tions as a direct regulator of the putative binding sites in the
IFITM1 promoter by using ChIP assay. PITX2 could bind the
promoter region that harbors the proximal AATCC box 
(–645/–641) (Fig. 5G). Furthermore, mutation of the binding
site by replacing AATCC with AcgaC using the site-directed
mutagenesis greatly compromised PITX2-enhanced promo-
ter activity, even in the presence of hIFN stimulation (Fig. 5H).
Additionally, to clarify the regulatory relationship between
IFN and IFITM1 upon PITX2 overexpression at the in vivo
level, we subjected the MCF7/His-PITX2 cells, along with

the His-vector-expressing MCF7 cells to in vivo letrozole sen-
sitivity assay. As expected, PITX2 overexpression caused a
significant increase in both IFN and IFITM1 expression lev-
els. The induction in the IFITM1 expression levels in xeno-
graft tissues was further augmented by letrozole treatment.
In contrast, treatment with 10 µg/day of letrozole for 2 weeks
could not stimulate futher the IFN production in xenograft
tissues (S5 Fig.). Thus, PITX2 positively regulates IFITM1
transcription by direct binding its chromatin. 

Fig. 5.  (Continued from the previous page) (F) Simplified structure of the potential binding site of PITX2 onto IFITM1 promoter.
(G) MCF7/His-PITX2 cells were challenged for 4 hours with 20 U/mL of hIFN, followed by chromatin immunoprecipitation
and quantitative polymerase chain reaction analysis of recruitment of PITX2 onto IFITM1 promoter. (H) The mutation of
the putative IFITM1-binding site on the promoter at –406/–402 was carried out by replacing AATCC with AcgaC using the
QuikChange Site-Directed Mutagenesis Kit. The wild type or mutated pGL4-Luc-IFITM1 reporter plasmid and pRL-TK 
Renilla reporter plasmid were co-transfected with pPM-His-PITX2 or pPM-His vector into HeLa cells using FUGENE. Forty-
eight hours later, cells were treated for 4 hours with 20 U/mL of hIFN. Relative luciferase activity was then measured using
a dual luciferase reporter assay.
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Fig. 6.  Transient knockdown of interferon-inducible transmembrane protein 1 (IFITM1) abolishes paired-like homeodomain
transcription factor 2 (PITX2)overexpression induced letrozole-resistance. (A) MCF7/LR/His-PITX2 cells were transiently
transfected with IFITM1 siRNA or Ctrl siRNA. Forty-eight hours later, cells were harvested and subjected to Western blotting
analysis of PITX2 and IFITM1 levels. After a 3-day culture and a following overnight starvation, the breast cancer (BCa) cells
with different transfections were treated with 10–5 M of letrozole, along with 25 nM of androstenedione, for another 4 days.
Viable cell numbers were then determined using trypan blue staining (B) (fold change was determined for each treatment
relative to the untreated control cells) and cell invasiveness was determined using a colorimetric kit at 570 nm (C). The results
were presented as the mean±standard error of mean of the triplicate samples. (D) BCa cells with different transfections were
challenged with 20 U/mL of recombinant hIFN protein for 24 hours, followed by Western blotting analysis of p-AKTSer-473

and AKT expression levels. (Continued to the next page)
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6. Repression of IFITM1 expression abolished PITX2-
induced letrozole resistance

In the last experimental setting, we determined whether
IFITM1 alone was sufficient to explain PITX2-induced letro-
zole resistance. Transient transfection in MCF7/His-PITX2
cells with IFITM1 siRNA significantly decreased IFITM1 
expression, but exerted no effects on PITX2 expression levels
(Fig. 6A), reemphasizing the notion that PITX2 acts upstream
of IFITM1 signaling pathway. Incubation with 10–5 M letro-
zole for 4 days resulted in a remarkable decrease of cell via-
bility, whereas stable expression of PITX2 caused an obvious
letrozole resistance by enhancing viability. More importan-
tly, transient knockdown of IFITM1 expression could effec-
tively abolish PITX2 overexpression-induced impact on cell
viability, and partially recovered MCF7/His-PITX2 cells sen-
sitivity to letrozole (Fig. 6B). To determine whether these in
vitro associations between letrozole resistance and disruption
of PITX2/IFITM1 pathway also affect cell invasiveness, we
performed Transwell cell invasion assay. Ectopic expression
of exogenous PITX2 significantly enhanced in vitro cell 
invasiveness upon letrozole challenge, and this letrozole 
resistance was effectively but partially reversed by transient
knockdown of IFITM1 expression using siRNA (Fig. 6C). In
agreement, ablation of IFITM1 expression substantially abol-
ished PITX2 overexpression-elicited phosphorylation of 

AKTSer-473 (Fig. 6D). Lastly, by using the MCF7/LR cells in a
xenograft model, we verified that ablation of endogenous
IFITM1 expression could successfully but partially restore
the responsiveness to letrozole treatment in MCF7/LR cells
(Fig. 6E, S6 Fig.). Taken together, the available data confirm
the relevance of the disruption of the PITX2/IFITM1 path-
way in conferring letrozole resistance.

Discussion

The homeodomain transcription factor PITX2 was origi-
nally identified as an indispensible regulator for extraocular
muscle development. However, emerging data suggest that
additional, as yet poorly understood, non-muscle actions of
PITX2 are possible to take place. For example, deregulation
of PITX2 expression has been frequently reported in bladder
cancer [19], esophageal squamous cell carcinoma [20], renal
cancer [11], endometrioid endometrial adenocarcinoma [21],
prostate cancer [22], and BCa [23]. In the present study, evi-
dence is provided that PITX2 upregulation promotes the
pathogenesis of letrozole resistance in BCa. We also con-
firmed the oncogenic effects of PITX2 signaling in another
two ER-positive BCa cells (namely MDA-MB-415 and MDA-

Fig. 6.  (Continued from the previous page) (E) Tumor xeno-
graft assay, as described above, was carried out to evaluate
the effects of IFITM1 inhibition on in vivo letrozole sensi-
tivity. *p < 0.05 and **p < 0.01 when comparing letrozole
(10 µg/day)+scramble shRNA to letrozole (10 µg/day)
+IFITM1 shRNA.  
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MB-415/LR) (Figs. 4-6, S7-S9 Figs.). Thus, PITX2 may serve
as an important regulator of both muscle development and
transformed cancer cells.

PITX2 expression responding to different cellular context
is rigorously regulated by epigenetic mechanisms. For exam-
ple, because PITX2 methylation significantly correlates to
clinicopathologic parameters, hypermethylation of this hom-
eodomain transcription factor has been suggested to be a
strong predictor for recurrent prostate cancer. In agreement,
hypermethylation of PITX2 promoter has been observed to
be closely associated with BCa grade and stage [24]. These
two observations are strongly indicative of that PITX2 
expression should be much lower in the highly malignant
cancer cells. In our study, however, PITX2 expression was
substantially upregulated in letrozole-resistant BCa tissues
(Fig. 1A and B). Despite different methodologies employed,
three possibilities may account for this discrepancy. First,
BCa is a heterogeneous disease entity. The high degree of 
diversity between and within BCa cells differentiates the risk
of disease progression and therapeutic resistance [25]. Con-
sidering that letrozole-resistant BCa cells exhibit differential
cellular behaviors and genome characteristics, it is very likely
that PITX2 may exhibit a dual function in response to distinct
cell contexts depending upon the state of cell malignancy.
Second, hypermethylation of a promoter does not necessarily
repress the gene expression. Thyroid-stimulating-hormone
 (TSH-) is such a striking example. Two CpG sites in the
TSH- promoter is hypermethylated in thyroid cancer cells
but the expression of TSH- in thyroid cancer remains rela-
tively high when compared to that in normal thyroid tissues
[26]. Lastly, besides promoter hypermethylation, other epi-
genetic mechanism(s) may coexist to determine the level of
PITX2 expression. For instance, using miRNA profiling and
pharmacological assay, Zhang et al. [27] have identified miR-
644a as a negative mediator of PITX2 during the pathogene-
sis of esophageal squamous cell carcinoma. Similarly, in
cardiomyocyte background, miR-21 upregulation may 
directly target PITX2, thereby underlying the onset of atrial
fibrillation [28]. Thus, the duality of PITX2 function in trans-
formed cells may be considered as an extension of the com-
plexity of different co-regulators.

Evidence from both experimental and clinical studies have
confirmed that activation of the PI3K/AKT pathway, func-
tioning as an indispensible adaptive mechanism, is a hall-
mark of resistance to cancer treatment. Specifically in BCa,
treatment with AKT siRNA or with the PI3K inhibitor tase-
lisib both effectively impair the cell viability of letrozole-
resistant cells, thus overcoming acquired letrozole resistance
[29]. Interestingly, there is increasing evidence that intensive
crosstalk between IFN/ and AKT signaling is involved in
cancerous progression. Activation of the AKT pathway by
the IFN/ complements the function of IFN-activated

downstream pathways, and ultimately mediates the biolog-
ical effects of IFN signal [30]. However, how the AKT path-
way is delicately coordinated in the induction of IFN-media-
ted biological responses, especially under certain pathophys-
iological conditions, remain largely unknown. The data
shown here reveal that PITX2 is required for the IFN-stim-
ulated activation of the AKT pathway in letrozole-resistant
BCa cells (Fig. 4G). It will be of future interest to deconvolute
whether PITX2 alone is sufficient enough to explain the
IFN-induced phosphorylation of AKT during the pathogen-
esis of drug resistance.

Another relevant central question addressed by the current
study is how PITX2 regulates IFN-elicited cellular response.
We have shown that PITX2 activated IFITM1 transcription
by directly binding its promoter (Fig. 5E-G), and this chro-
matin recruitment of PITX2 was significantly augmented
upon hIFN stimulation (Fig. 5H). More importantly, abla-
tion of IFITM1 could effectively abolish PITX2 overexpres-
sion-induced letrozole-resistance (Fig. 6B and C). Thus, PITX2
may serve as a potent positive regulator of letrozole-resis-
tance in BCa cells, likely functioning at least in part via trans-
activation of IFITM1 signaling. IFITM1 is a transmembrane
protein that is strongly induced by IFN and IFN. Recent
advance in this field have revealed that IFITM1, in turn,
could enhance IFN-mediated biological responses in AI 
resistant BCa cells [4]. In favor of the latter point, we obser-
ved that knockdown of IFITM1 dramatically reduced IFN-
elicited phosphorylation of AKT, even in the presence of
PITX2 overexpression (Fig. 6D). These findings together 
reveal a critical homeostatic role of PITX2/IFITM1, both as a
target and as a component of the IFN circuitry, in the regu-
lation of inflammatory responses of letrozole-resistant BCa
cells, likely affecting the activation of the AKT pathway (Fig. 7).
Of particular interest, a putative cis-regulatory element has
been previously identified in the IFITM1 promoter region 
(–37/+181 bp) [31]. The signal transducers and activators of
transcription 1 (STAT1) binds to this region and is required
for IFITM1 transactivation. In contrast, the promoter region
of IFITM1 bound by PITX2 (–406/–402 bp) was not included
in the above-mentioned cis-acting element. Therefore, our 
results help to broaden the understanding of the diversity of
the transcriptional regulation sites of IFITM1 expression.

In summary, the data presented here have demonstrated
that induction of PITX2 expression is an intrinsic molecular
event during the pathogenesis of letrozole-resistance. As a
mechanism of direct transactivation of IFITM1 by PITX2, the
PITX2/IFITM1 cascade, both as a target and as a modifier of
the IFN pathway, in conferring an adaptive mechanism
upon therapeutic stress. As a result, PITX2 enhances cell sur-
vival, augments AKT activation and potentiates cell invasive-
ness in the presence of letrozole treatment, all of which are
characteristic features of letrozole-resistant BCa. Thus, our
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findings of PITX2 regulation of IFITM1 expression introduce
a new regulatory player of IFN pathway and in principle
identify PITX2/IFITM1 cascade as a potential new therapeu-
tic target for letrozole-resistant BCa. 
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Correlation of Androgen Deprivation Therapy with Cognitive Dysfunction in
Patients with Prostate Cancer: A Nationwide Population-Based Study Using
the National Health Insurance Service Database

Original Article

Purpose
The purpose of this study was to evaluate the association of androgen deprivation therapy
(ADT) with cognitive dysfunction.

Materials and Methods
Using the National Health Insurance Service database of the entire Korean adult prostate
cancer population (n=236,391), data on ADT and cognitive dysfunction between 2008 and
2015 were analyzed. We excluded patients previously diagnosed with cognitive dysfunction,
dementia, or a cerebral event history. We tested the effect of ADT on the risk of cognitive
dysfunction using propensity score–matched Cox proportional hazards regression models
and Kaplan-Meier survival analysis. Our final cohort comprised of 35,401 individuals with
prostate cancer, including 24,567 men (70.6%) who underwent ADT. 

Results
During a mean follow-up period of 4.1 years, 4,741 patients were newly diagnosed with
cognitive dysfunction. A statistically significant association was found between ADT and the
risk of cognitive dysfunction (hazard ratio, 1.169; p=0.002). Meanwhile, age ( 70 years),
diabetes, hypertension, cardiovascular history, and peripheral vascular disease were iden-
tified as factors that contribute to the increased risk of cognitive dysfunction. In contrast,
the use of statins and aspirin was associated with a lower risk of cognitive dysfunction. 
Kaplan-Meier analysis demonstrated that patients aged 70 years or older who underwent
ADT had the lowest cumulative probability of remaining cognitive dysfunction-free (log-rank
p < 0.001). 

Conclusion
Our results revealed an association between the use of ADT for the treatment of prostate
cancer and an increased risk of cognitive dysfunction in a nationwide population-based
study. This finding should be further evaluated in prospective studies.    

Key words
Prostate neoplasm, Androgen deprivation therapy, 
Cognitive dysfunction, Nationwide population-based study
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Introduction

Androgen deprivation therapy (ADT) is the mainstay
treatment for metastatic prostate cancer (PC) [1]. Recently,
the use of ADT has increased markedly, with 500,000 men
currently undergoing ADT for PC in the United States and
50% of men with PC in industrialized countries undergoing
ADT during their lifetime [2]. ADT decreases testosterone

levels, suppresses prostate-specific antigen levels, stabilizes
the disease, and potentially prolongs survival in PC [3].
However, decreasing serum testosterone levels in PC pati-
ents are thought to contribute to developing various adverse
effects and chronic diseases [4].

Recently, many previous studies have demonstrated that
patients with PC undergoing ADT had an increased risk of
developing chronic diseases, such as metabolic syndrome,
cardiovascular diseases, fractures, anxiety, and depression



[3-6]. Indeed, the occurrence of cognitive dysfunction is
based on the known association between age-related decline
in testosterone levels and cognitive decline [7,8]. However,
the relationship between ADT and cognitive dysfunction is
controversial. In a general population cohort study, Nead et
al. [9,10] showed that undergoing ADT for treating PC 
increased the risk of dementia and Alzheimer disease (AD).
In contrast, in another population-based study, Khosrow-
Khavar et al. [11] demonstrated that ADT was not associated
with an increased risk of dementia. In addition, Kao et al. [12]
reported that no difference was found in the risk of subse-
quent dementia between Asian patients with PC who did
and did not undergo ADT in their large retrospective cohort
study. The difference between the results of the aforemen-
tioned studies may be due to the low prevalence of dementia
in the study cohort. 

Considering that one-half of PC diagnoses are made in
men aged more than 65 years, potential side effects of treat-
ment that may accelerate cognitive aging as well as increase
the risk of dementia require careful consideration in a popu-
lation already at increased risk [13]. However, only a few
large-cohort studies have investigated the association of ADT
with a wide range of cognitive dysfunctions. Thus, we aimed
to evaluate, using a nationwide population-based cohort,
whether ADT is associated with an increased risk of cogni-
tive dysfunction, including dementia and AD, in patients
with PC.

Materials and Methods

1. Study population selection and design

We used data from the national health claims database of
the National Health Insurance Service (NHIS) of Korea, a
mandatory universal health insurance program that provides
comprehensive medical care coverage to almost of the entire
Korean population (approximately 50 million people) [14].
Since 2006, the information from the Medical Aid program
has been integrated within a single NHIS database. There-
fore, the NHIS claims database includes the actual claims
data of the entire Korean population. The NHIS database
consists of diagnoses, procedures, prescription records, and
demographic information. We identified diagnoses using the
International Classification of Disease, Tenth Revision, Clin-
ical Modification (ICD-10-CM) codes.

2. Definition of outcomes and covariates

Data for all Koreans aged  20 years with PC (ICD-10-C61)
from January 1, 2008 to December 31, 2015 were included. To
control for differential frequency of follow-up, patients with-
out exposure to ADT were only included if they had follow-
up visits after the median time of undergoing ADT in the
exposed group. Exclusion criteria were as follows. First, to
prevent the inclusion of patients receiving ongoing treatment
or those previously diagnosed, we excluded patients who
were diagnosed with PC in 2007, who had received related
treatment in this period, or who did not show a prostate
biopsy billing code (C8551, C8552) prior to being diagnosed
with PC. Second, patients with a history of cognitive dys-
function or cerebral disease (ischemic stroke or transient 
ischemic attack at any time before cohort entry) were exclu-
ded from this analysis. Third, patients who underwent ADT
but had developed dementia (any type) or cognitive dysfunc-
tion prior to starting ADT were excluded. Fourth, based on
previous evidence of chemotherapy-related cognitive impair-
ment, patients with PC who had a prior history of chemo-
therapy or who received chemotherapy after diagnosis were
excluded [15]. 

We defined cognitive dysfunction as the loss of intellectual
functions, such as thinking, remembering, and reasoning,
with sufficient severity to interfere with daily functioning,
including dementia or AD. Cognitive dysfunction was iden-
tified using ICD-10 diagnostic codes (S1 Table). To improve
diagnostic accuracy and avoid overestimation due to the 
inclusion of subjects with cognitive dysfunction, we only 
included patients with cognitive dysfunction with one and
more diagnoses during hospitalization or tow and more 
diagnoses in the outpatient clinic. Among those undergoing
ADT, incident cognitive dysfunction was ascertained after
the initiation of ADT and at least 180 days after the diagnosis
of PC. 

Adjustment covariates included age at PC diagnosis, use
of antiplatelet, anticoagulant, and statin medications; and a
history of hypertension (HTN), myocardial infarction (MI),
congestive heart failure (CHF), peripheral vascular disease
(PVD), type 1 or 2 diabetes mellitus (DM), renal disease (RD),
or malignant neoplasm (as defined in S1 Table). Medication
use and history of comorbidities were determined using data
collected 12 months prior through 6 months after PC was 
diagnosed. A history of cardiovascular disease was deter-
mined using data collected 12 months prior through 6
months after PC was diagnosed. A history of stroke was 
determined using only data collected before PC was diag-
nosed.

ADT included the administration of gonadotropin-releas-
ing hormone agonists (leuprolide, goserelin, and triptorelin),
oral antiandrogens (cyproterone acetate, flutamide, and 
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bicalutamide), and estrogens (estramustine) and undergoing
bilateral orchiectomy (S2 Table).

3. Statistical analysis 

The end of the follow-up period was defined as the date
of the last available record, either inpatient or outpatient, or
the time of cognitive dysfunction diagnosis. Chi-square tests
were used to investigate differences in characteristics 
between patients with PC who underwent ADT and those
who did not undergo ADT. Hazard ratios (HRs) were calcu-
lated using propensity score–matched and traditional mul-
tivariable-adjusted Cox proportional hazards regression
models to test the effect of ADT on the risk of cognitive dys-
function. We used 1:1 nearest-neighbor propensity score
matching without replacement. Variables included in the
propensity score matching and in the traditional multivari-
able-adjusted Cox proportional hazards regression analyses
included age at PC diagnosis, use of antiplatelet, anticoagu-
lant, or statin medications, and a history of cardiovascular
disease (CHF, HTN, DM, PVD, and RD), or prior cancer his-
tory.

Kaplan-Meier curves were generated to examine the 
cumulative probability of remaining cognitive dysfunction-
free in the propensity score-matched and unmatched 
cohorts. The duration of ADT was also evaluated to deter-
mine its association with the risk of cognitive dysfunction.

Specifically, we examined the risk of cognitive dysfunction
among those with PC who received fewer than 12 months of
ADT and 12 months or more of ADT compared with those
who did not receive ADT using Cox proportional hazards
regression models. We also stratified our analysis using 70
years of age as the cut-off, given the recommendations for
comprehensive geriatric assessments of all patients with can-
cer aged 70 years or older [16]. Kaplan-Meier curves were
compared using log-rank tests for those aged younger or
older than 70 years who did and did not undergo ADT. All
analyses in this study were conducted using the SAS ver. 9.2
(SAS System for Windows, SAS Institute Inc., Cary, NC).

4. Ethical statement

To protect their information and identities, all patients 
received an anonymous identification code in the NHIS data-
base. The study was approved by the Institutional Review
Board of Korea University Ansan Hospital (IRB No. 2017-
AS0121) and performed in accordance with the principles of
the Declaration of Helsinki. The authors could not identify
any of the patients included. The need for informed consent
was waived.
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Total available cohort (n=115,121)

Excluded
Cerebral disease history (n=51,055)
Previous cognitive dysfunction (n=23,121)
History of receiving chemotherapy (n=2,913)
Cognitive dysfunction after prostate cancer but before ADT (n=483)

Patients who had diagnosis code of prostate cancer in 2007 or
  patients who did not have a prostate biopsy code prior to 
  being diagnosed with prostate cancer (n=121,270)

Diagnosed with prostate cancer between 
January 2008 and December 2015

(n=236,391)

Patients included in the study cohort (n=37,549)
ADT group (n=24,929)

No-ADT group (n=12,620)

Fig. 1. Study flow diagram of the cohort of patients newly diagnosed with prostate cancer in the Korean national health 
insurance system between 2008 and 2015. ADT, androgen deprivation therapy.
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Full Cohort Propensity score–Matched cohort                                                           
Variable No ADT Received ADT p-value No ADT Received ADT p-value(n=12,620) (n=24,929) (n=12,620) (n=12,712)
Age (yr)

Mean±SD 65.9±6.6 71.2±8.2 < 0.001 71.1±7.8 71.2±8.2 0.894
< 70 9,099 (72.1) 10,990 (44.1) < 0.001 9,099 (72.1) 9,178 (72.2) 0.975
 70 3,512 (27.8) 13,939 (55.9) 3,512 (27.8) 3,534 (27.8)

Medical history
Hypertension 6,032 (47.8) 11,977 (48.0) 0.153 6,032 (47.8) 5,987 (47.1) 0.740
Diabetes 2,713 (21.5) 5,275 (21.2) 0.487 2,713 (21.5) 2,733 (21.5) 0.867
Prior cancer history 1,830 (14.5) 2,901 (11.6) < 0.001 1,830 (14.5) 1,831 (14.4) 0.923
Myocardial infarction 164 (1.3) 359 (1.4) 0.530 164 (1.3) 140 (1.1) 0.086
Chronic heart failure 328 (2.6) 891 (3.6) < 0.001 328 (2.6) 318 (2.5) 0.663
Peripheral vascular disease 883 (7.0) 1,920 (7.7) 0.034 883 (7.0) 864 (6.8) 0.587
Renal disease 242 (1.9) 507 (2.0) 0.412 242 (1.9) 216 (1.7) 0.409

Medication status
Anticoagulants 454 (3.6) 883 (3.5) 0.656 454 (3.6) 432 (3.4) 0.311
Antiplatelets 4,130 (32.7) 8,051 (32.3) 0.303 4,130 (32.7) 4,157 (32.7) 0.959
Statins 4,606 (36.5) 8,720 (35.0) 0.005 4,606 (36.5) 4,614 (36.3) 0.909

Treatment
Radical prostatectomy 7,596 (60.2) 4,302 (17.3) < 0.001 7,596 (60.2) 2,733 (21.5) < 0.001
Radiotherapy 2,423 (19.2) 4,900 (19.7) 2,423 (19.2) 3,445 (27.1)
Follow-up, mean±SD (day) 1603.0±836.9 1,446.5±851.0 < 0.001 1,603.0±836.9 1,536.0±861.3 0.003

Table 1. Demographic characteristics of patients with prostate cancer, stratified by ADT (n=37,549)

Values are presented as number (%) unless otherwise indicated. ADT, androgen deprivation therapy.

Variable
Full cohort Propensity score–Matched cohort                                                           

HR (95% CI) p-value HR (95% CI) p-value
Age  70 yr 2.621 (2.454-2.799) < 0.001 2.583 (2.375-2.810) < 0.001
Medical history

Hypertension 1.124 (1.002-1.260) 0.046 1.106 (1.011-1.209) 0.027
Diabetes 1.430 (1.263-1.620) < 0.001 1.422 (1.291-1.567) < 0.001
Prior cancer history 0.948 (0.794-1.131) 0.553 1.000 (0.887-1.127) 0.997
Myocardial infarction 1.695 (1.093-2.627) 0.018 1.676 (1.182-2.377) 0.004
Chronic heart failure 1.024 (0.725-1.446) 0.893 1.089 (0.843-1.407) 0.513
Peripheral vascular disease 1.348 (1.125-1.615) 0.001 1.243 (1.075-1.438) 0.003
Renal disease 1.029 (0.667-1.586) 0.424 1.122 (0.833-1.510) 0.450

Medication status
Anticoagulants 0.791 (0.578-1.084) 0.147 0.804 (0.640-1.010) 0.061
Antiplatelets 0.879 (0.822-0.940) < 0.001 0.904 (0.821-0.995) 0.040
Statins 0.635 (0.594-0.679) < 0.001 0.645 (0.587-0.709) < 0.001

Treatment
Radical prostatectomy 1.152 (0.701-1.896) 0.576 1.405 (0.824-2.396) 0.211
Radiotherapy 1.173 (0.723-1.903) 0.519 1.452 (0.872-2.418) 0.152
Received ADT 1.245 (1.076-1.440) 0.003 1.169 (1.077-1.270) 0.002

Table 2. Multivariable Cox regression for the association of covariates with cognitive dysfunction

HR, hazard ratio; CI, confidence interval; ADT, androgen deprivation therapy.
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Results

All inclusion and exclusion criteria were met by 37,549 
individuals with PC (Fig. 1). Table 1 presents the character-
istics of the 37,549 patients constituting the PC cohort, cate-
gorized by whether they did or did not undergo ADT (24,929
patients underwent ADT). During a mean follow-up period
of 1,492 (±849.8) days, 4,743 patients (12.6%) were newly 
diagnosed with cognitive dysfunction. In the unmatched 
cohort, individuals undergoing ADT were statistically sig-
nificantly older, had a history of CHF, PVD, or prior malig-
nant neoplasm, and had less statin use. However, no statis-
tically significant differences existed among the measured

baseline covariates in the propensity score–matched cohort.
In the multivariable Cox regression analysis, ADT was cor-
related with cognitive dysfunction (HR, 1.169; 95% confi-
dence interval [CI], 1.077 to 1.270; p=0.002) (Table 2). In
addition, age ( 70 years: HR, 2.583; 95% CI, 2.375 to 2.810; 
p < 0.001) and a history of HTN (HR, 1.106; 95% CI, 1.011 to
1.209; p=0.027), DM (HR, 1.422; 95% CI, 1.291 to 1.567; p <
0.001), MI (HR, 1.676; 95% CI, 1.182 to 2.377; p=0.004), or PVD
(HR, 1.243; 95% CI, 1.075 to 1.438; p=0.003) showed statisti-
cally significant associations with the risk of cognitive dys-
function according to multivariable analysis. In terms of
medication history, the use of antiplatelets (HR, 0.904; 95%
CI, 0.821 to 0.995; p=0.040) and statins (HR, 0.645; 95% CI,
0.587 to 0.709; p < 0.001) was correlated with a decreased risk
of cognitive dysfunction (p < 0.05). Analyses stratified by 

Bum Sik Tae, Association of ADT with Cognitive Dysfunction

Duration of Full cohort Propensity score–Matched cohort                                                           
ADT use HR (95% CI) p-value HR (95% CI) p-value
No ADT Reference Reference Reference Reference
ADT < 12 mo 0.995 (0.922-1.074) 0.899 1.005 (0.909-1.110) 0.928
ADT  12 mo 1.540 (1.426-1.662) < 0.001 1.399 (1.264-1.548) < 0.001

Table 3. Cox regression analysis for the association between ADT and cognitive dysfunction according to therapy duration

ADT, androgen deprivation therapy; HR, hazard ratio; CI, confidence interval.

Fig. 2.  Kaplan-Meier curves of cognitive dysfunction-free probability in the unmatched cohort. (A) Kaplan-Meier curves of
cognitive dysfunction-free probability in patients with prostate cancer who did undergo androgen deprivation therapy
(ADT) (red) and did not undergo ADT (blue). (B) Kaplan-Meier curves of cognitive dysfunction-free probability in patients
with prostate cancer aged less than 70 years who did not undergo ADT (blue), those aged less than 70 years who did undergo
ADT (red), those aged 70 years or older who did not undergo ADT (green), and those aged less than 70 years who did 
undergo ADT (orange).
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duration of ADT demonstrated that individuals who recei-
ved at least 12 months of ADT had the greatest risk for cog-
nitive dysfunction (HR, 1.399; 95% CI, 1.264 to 1.548; p <
0.001) (Table 3).

Kaplan-Meier analyses showed that those undergoing
ADT had a lower cumulative probability of remaining cogni-
tive dysfunction-free compared with the group not undergo-
ing ADT in unmatched cohorts (log-rank p < 0.001) (Fig. 2).
Age-stratified Kaplan-Meier analyses demonstrated a lower
cumulative probability of remaining cognitive dysfunction-
free among those aged over 70 years who underwent ADT
versus those aged over 70 years who did not undergo ADT
in both cohorts (log-rank p < 0.001). However, no difference
was found in the cumulative probability of remaining cog-
nitive dysfunction-free among those aged less than 70 years
who underwent ADT versus those aged less than 70 years
who did not undergo ADT (log-rank p > 0.05). In the matched
cohort, Kaplan-Meier analyses also showed that those 
undergoing ADT had a lower cumulative probability of 
remaining cognitive dysfunction-free compared with the
group not undergoing ADT (log-rank p=0.003) (Fig. 3). Age-
stratified Kaplan-Meier analyses demonstrated a lower 
cumulative probability of remaining cognitive dysfunction-
free among those aged over 70 years who underwent ADT
versus those aged over 70 years who did not undergo ADT
(log-rank p < 0.001). We found that the cumulative probabil-

ities of developing cognitive dysfunction at 5 years were
23.8%, 17.6%, 6.7%, and 6.5% among those aged 70 years or
older who received ADT, those aged 70 years or older who
did not receive ADT, those aged less than 70 years who 
received ADT, and those aged less than 70 years who did not
receive ADT, respectively.

Discussion

Numerous studies have examined the association between
testosterone levels in men and performance on various cog-
nitive tests. Previous studies have revealed associations 
between bioavailable testosterone levels and working mem-
ory, verbal memory, and attention [17,18]. In addition, there
is a possible explanation for the effect of gonadotropin levels
on the role of sex steroids in relation to cognition and brain
function. Luteinizing hormone levels were found to be neg-
atively associated with memory recall in elderly men, inde-
pendent of total and free testosterone levels and after
adjustment for age, education, and depression [19]. In addi-
tion, testosterone has been speculated to protect the brain
against AD by specifically protecting against hyperphospho-
rylation of small microtubule-associated protein (tau) and

Cancer Res Treat. 2019;51(2):593-602

Fig. 3.  Kaplan-Meier curves of cognitive dysfunction-free probability in the propensity score-matched cohort. (A) Kaplan-
Meier curves of cognitive dysfunction-free probability in patients with prostate cancer with androgen deprivation therapy
(ADT) (red) and without ADT (blue). (B) Kaplan-Meier curves of cognitive dysfunction-free probability in patients with
prostate cancer aged less than 70 years who did not undergo ADT (blue), those aged less than 70 years who did undergo
ADT (red), those aged 70 years or older who did not undergo ADT (green), and those aged less than 70 years who did 
undergo ADT (orange).
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regulating the accumulation of -amyloid, which results in
neurotoxic plaque formation [20]. 

As mentioned above, the association between ADT and
cognitive dysfunction remains controversial. Indeed, previ-
ous observational studies reporting a positive association 
between ADT and different cognitive domains had various
methodological limitations, including small sample sizes,
short follow-up durations, cross-sectional study designs, lack
of a comparator group (pre-post study design) or comparator
groups consisting of patients without cancer, and lack of 
adjustment for important confounders, including lifestyle
variables [21,22]. 

However, one meta-analysis demonstrated no significant
differences in the cognitive domains that are pertinent to 
dementia, including performance in attention/working
memory, executive function, language, verbal memory, 
visual memory, and visuospatial ability [23]. However, this
meta-analysis evaluated only 14 studies with 585 patients
with PC and a less than 3-year follow-up period. However,
this link is particularly relevant as the population of older
long-term cancer survivors continues to grow, and the 
potential connection magnifies the chronic health implica-
tions of adverse treatment effects. In addition, longitudinal
studies may suffer from confounders of incident morbidity
over time.  

Hence, large, national population, big data studies are
emerging as new opportunities to elucidate this potential 
association [24]. Indeed, Nead et al. [9,10] demonstrated that
ADT was associated with increased AD and dementia in a
general population cohort study. In Asia, while Kao et al. [12]
initially evaluated the relationship between ADT and 
dementia only using big data, their subsequent 5-year fol-
low-up study demonstrated no risk of dementia. Despite the
large sample size of the initial study, the number of patients 
enrolled in the follow-up study was only 1,314. Thus, the 
effects of ADT on cognitive function in a national popula-
tion-based sample have remained unclear. The present pop-
ulation-based study revealed a risk of cognitive dysfunction
in patients with PC who underwent ADT compared with 
patients with PC who did not undergo ADT. In addition, eld-
erly patients who underwent ADT had a higher risk of cog-
nitive dysfunction compared to other patients. To the best of
knowledge, this is the first study to demonstrate the relation-
ship between ADT and cognitive dysfunction in an Asian
population.

In this study, DM, HTN, MI, and PVD were revealed as
risk factors in multivariable analysis, which supports the vas-
cular risk factor hypothesis in the pathogenesis of cognitive
dysfunction. Vascular risk factors, including HTN, DM, coro-
nary artery disease, and PVD increase the risk of cognitive
dysfunction [25-28]. Notably, the use of statin or antiplatelet
medications was found to decrease the risk for cognitive dys-

function in this study. In a recent randomized placebo-con-
trolled trial, Chan et al. [29] found the evidence of a positive
effect of statins on frontal lobe function and a physical qual-
ity-of-life measure. However, the effect of antiplatelet drugs
on cognitive dysfunction remains controversial. While pre-
clinical models have suggested that aspirin may decrease
neuroinflammation and oxidative stress in the central nerv-
ous system [30], a recent meta-analysis suggested that there
is no evidence that low-dose aspirin prevents cognitive dys-
function or improves cognitive test scores in randomized
controlled trials [31]. In patients with PC, previous studies
showed that medication use (antiplatelets, anticoagulants,
and statins) had no correlation with dementia or AD in mul-
tivariate analysis [9,11]. However, the results of our nation-
wide population-based study are encouraging in that the use
of such medications may potentially lower the risk of cogni-
tive dysfunction due to ADT.

Nead et al. [10] showed that patients who underwent ADT
had a higher dementia risk compared to those not undergo-
ing ADT in their age-stratified analysis. Our findings were
similar with the exception of those for patients aged less than
70 years, for whom no difference in the cumulative probabil-
ity of cognitive dysfunction was found between the ADT and
no-ADT groups. Current finding may be associated with the
heterogeneity of the patients or broader diagnosis than that
of previous studies. Nonetheless, we can infer that ADT may
accelerate cognitive dysfunction in elderly patients with PC
aged over 70 years.

In our study, 12.6% of patients with PC were newly diag-
nosed with cognitive dysfunction. This proportion is rela-
tively high compared with that reported in previous studies
and can be explained as follows. First, previous studies 
established the occurrence of dementia or AD as the primary
endpoint. We believe that the association of ADT with 
dementia remains controversial because the number of 
patients who progress to dementia is small. Thus, we expan-
ded the scope of the study to include the relationship bet-
ween ADT and cognitive dysfunction using diagnose code,
including the loss of intellectual functions such as thinking,
remembering, and reasoning, of sufficient severity to inter-
fere with daily functioning. Second, the prevalence of 
dementia and cognitive dysfunction in Korea is reportedly
higher than that in Western or other Asian countries [32]. In
their Nationwide Survey on Dementia Epidemiology, Han
et al. [32] showed that the urbanicity-standardized preva-
lence rates of dementia and mild cognitive impairment were
8.74 and 31.85%. This difference may be due to methodolog-
ical variability in the diagnosis of dementia or cognitive dys-
function between countries. In addition, there is also a possi-
bility that the Korean health insurance system may include
more patients owing to the implementation of a long-term
care program for various geriatric diseases for elderly people
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aged over 65 years [33]. 
In this study, an analysis of the relationship between cog-

nitive dysfunction and other hormonal agents (e.g., enzalu-
tamide or abiraterone) could not be conducted because we
were unable to find patients who were treated with these
hormonal agents among our cohort for the following reasons.
First, abiraterone and enzalutamide were approved by the
Ministry of Food and Drug Safety in Korea in June 2012 and
2013, respectively. Therefore, it is presumed that among the
patients diagnosed and followed up to 2015, not many were
actually receiving new-generation hormone therapy. Sec-
ondly, in Korea, only the second generation hormonal ther-
apy that is used after chemotherapy treatment is approved
for insurance coverage; therefore, most patients are taking it
after chemotherapy. So far, no worldwide study has explored
the relationship between new-generation hormone therapy
and cognitive dysfunction. Recently, Lange et al. [34] pre-
sented their protocol for a prospective study analyzing the
correlation between new-generation hormone therapy and
cognitive dysfunction, but their results have yet to be 
released.

Although some previous studies have investigated this
issue, the specific contributions of the present study are as
follows. First, to the best of our knowledge, this study is the
first to show that ADT is associated with cognitive dysfunc-
tion in Asian patients with PC. Second, as mentioned above,
our national population-based study findings have sug-
gested that certain comorbidities (HTN, DM, MI, and PVD)
may be risk factors for cognitive dysfunction in patients with
PC. Third, our study suggests that antiplatelet and statin use
may potentially prevent cognitive impairment in patients
with PC undergoing ADT. Finally, this study includes
unique descriptions of longitudinal data from the entire 
Korean PC population rather than data from selected or reg-
istered patients from trials, specific insurance claim pro-
viders, or sponsored registries. Therefore, our findings reflect
the real-world clinical practice pattern of ADT use at a 
nationwide scale.

Despite the highlights mentioned above, our study has
some limitations. First, this study had a retrospective obser-
vational design based on claims data, and our criteria for cog-
nitive dysfunction were limited to diagnosis codes. However,
as mentioned above, the Korean government established a
long-term care program that covers adults aged 65 years and
older and those aged less than 65 years with various geriatric
or other diseases (e.g., dementia, Parkinson disease, and
stroke), as determined at the national level by a presidential
decree [33]. Thus, the NHIS database covers almost all geri-
atric-related diseases. Second, the claims database did not
provide detailed, patient-level clinical data regarding PC,
such as Gleason scores, pathologic stage assessment, or cog-
nitive dysfunction tests, such as the Mini-Mental State 

Examination. Third, neither inadequate treatment due to
poor drug adherence nor longitudinal data regarding inter-
ruptions in ADT were reflected in this study. The start of fol-
low-up differed between those who did and did not undergo
ADT, which may have introduced an immortal time bias.
Fourth, since the NHIS database analyzed in this study
yielded a maximum of 10 years of data, the follow-up period
was limited to 10 years. Nevertheless, previous studies also
reported a mean follow-up period of between 4.3 and 5 years,
and the longest reported follow-up period was similar to that
in our study (4.1 years) [9,11,12]. If a longer timeframe of 
nationwide population data becomes available, more accu-
rate research results will be obtained. Finally, there is the pos-
sibility of code errors in such a large database.

In conclusion, this population-based retrospective cohort
study found that ADT is a risk factor for cognitive dysfunc-
tion in patients with PC, especially old age patients. Our
study expands upon previous work by supporting a corre-
lation between treatment with ADT and cognitive dysfunc-
tion and suggests that ADT may more broadly affect neu-
rocognitive function. In addition, the use of antiplatelet or
statin medications demonstrated the potential to prevent
cognitive dysfunction in patients with PC in this study. Fur-
ther well-designed, prospective studies with a large sample
size are warranted to validate our hypotheses. 
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Purpose
This study aimed to report the clinical outcomes following selective neck irradiation (SNI)
with lower elective radiation therapy (RT) dose in treating nasopharyngeal cancer (NPC) 
patients.  

Materials and Methods
A total of 347 NPC patients received definitive RT according to our SNI policy and were ret-
rospectively analyzed. The clinical target volumes (CTVs) were subdivided into CTV at high
risk (CTV-HR) and CTV at low risk (CTV-LR). The typical doses to gross tumor volume (GTV),
CTV-HR, and CTV-LR were 68.4-70.0 Gy, 54.0-60.0 Gy, and 36.0 Gy.

Results
With the median follow-up of 68.1 months (range, 2.3 to 197.1 months), the 5-year rates
of loco-regional control and progression-free survival in all the patients were 85.0% and
70.8%, respectively. Thirty patients developed regional failure and the regional control rates
at 3 and 5 years were 92.6% and 91.4%, respectively. The sites of regional failure in relation
to the target volume were exclusively inside GTV/CTV-HR in 20, inside and outside GTV/CTV-
HR in three, and exclusively outside GTV/CTV-HR in seven, which were 5.7%, 0.9%, and
2.0% of total patients, respectively.  

Conclusion
The clinical outcomes by the current SNI policy were feasible and comparable to those fol-
lowing classic elective nodal irradiation policy.      
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Nasopharyngeal carcinoma, Lymphatic irradiation, Radiotherapy
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Introduction

Radiation therapy (RT) has long been the mainstay treat-
ment for the patients with non-metastatic nasopharynx can-
cer (NPC), which can lead to 62%-80% of 5-year overall
survival (OS) rate [1]. Considering relatively younger 
median age of NPC patients (45-50 years) than other head

and neck cancers [2], higher level of attention needs to be
paid to the quality of life following RT. Xerostomia, altered
taste, and dysphagia with mucositis are the most common
acute adverse effects during and following RT, which not
only bother the patients with pain, but also often interrupt
the planned RT course. Chronic xerostomia and altered taste
often restrict the patients’ capability of speech and swallow-
ing, which often limit their social interactions.



NPC is associated with lymph node (LN) metastasis fre-
quently (60%-90%) at time of diagnosis [3]. LN metastasis is
usually predictable by virtue of orderly spread pattern and
skip metastasis is rare. Nevertheless, bilateral entire neck 
irradiation used to be typically recommended in RT for NPC
patients. This was based on the classic reports on lymphatic
failure rates following no elective nodal irradiation (ENI)
(40%) and partial neck irradiation (12%) in most non-NPC
head and neck cancer patients [4,5]. In the earlier days, when
the quality of diagnostic imaging was not satisfactory, dis-
crimination between metastatic and normal LNs was not an
easy task. Furthermore, reduced ENI volume did not make
big difference in normal organ sparing over entire neck irra-
diation when the advanced RT techniques such as 3-dimen-
sional conformal RT (3DCRT) and intensity modulated RT
(IMRT) were not available. Instead, reduced ENI volume was
not widely accepted in fear of missing probable metastatic
LNs. However, the refinement of diagnostic imaging modal-
ities and the technical advances in RT have enabled the 
delivery of selective neck irradiation (SNI) and consequent
saving of more surrounding normal organs from high dose
radiation. Based on these, tailored lymphatic target volume
delineation has recently become popular.

Our institution has employed the SNI policy with lower
radiation dose in treating the NPC patients for longer than
two decades, and the current study is to report our experi-
ences of the clinical outcomes and toxicities.

Materials and Methods

1. Patients

After approval by the institutional review board, 347 
patients who received definitive RT for newly diagnosed
non-metastatic NPC from January 2001 to December 2015
were retrospectively reviewed. All patients underwent thor-
ough physical examination, histopathologic confirmation,
and computed tomography (CT) scan of the head and neck
region. Magnetic resonance imaging was done in 108 
patients (31.1%), in whom the skull base and/or intracranial
invasion was suspected. Systemic staging work-up’s during
the early study period included whole body bone scintigra-
phy and abdominal ultrasonography in 54 patients (15.6%),
which were later replaced by whole-body 5-fluorodeoxyglu-
cose positron emission tomography and computed tomog-
raphy (FDG PET-CT) in 293 (84.4%). Clinical T-stage (cT) and
clinical N-stage (cN) categories were allocated according to
the seventh edition of the American Joint Committee on Can-
cer (AJCC) Cancer Staging Manual [6].

2. Target volume delineation

All the patients underwent CT simulation. The delineation
of the gross tumor volume (GTV) of the primary tumor and
LN was done with reference to all the clinically available 
information including physical examination and imaging

Cancer Res Treat. 2019;51(2):603-610

Fig. 1.  The policy of selective neck irradiation with differential radiation dose plan employed in the current study is illus-
trated: (A) 66-72 Gy to gross tumor volume (GTV) of primary tumor and metastatic lymph nodes; (B) 54-60 Gy to clinical
target volume at high risk (CTV-HR) that included 1.0-1.5 cm margin to nodal GTV; and (C) 36 Gy to clinical target volume
at low risk (CTV-LR) that included 2-2.5 cm distal margin from CTV-HR.

GTV: 66-72 Gy CTV-HR: 54-60 Gy CTV-LR: 36 Gy

1-1.5 cm

2-2.5 cm

A B C
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studies. The diagnosis of metastatic LNs was based either on
cyto-histologic confirmation or on more than one of the fol-
lowing radiologic criteria: short axis  1 cm (cervical LN) or
 6 mm (retropharyngeal LN); findings of contrast enhance-
ment, round shape, central nodal necrosis, and/or irregular
margin with infiltration to the surrounding structure; and
evident FDG uptake regardless of the LN size [7,8]. The clin-
ical target volume (CTV) of the primary tumor was delin-
eated by adding 3-5 mm margins in all directions from GTV
of the primary tumor and included the sphenoid sinus, pos-
terior part of nasal cavity and maxillary sinus, and skull base
in case of skull base invasion. The lymphatic CTVs were 
divided into two components: CTV at high risk (CTV-HR)
was to encompass the immediately adjacent lymphatic levels
to the nodal GTV with 1.0-1.5 cm margins; and CTV at low
risk (CTV-LR) was to include addition 2.0-2.5 cm distal lym-
phatics from CTV-HR (Fig. 1). All CTVs were edited consid-
ering the normal anatomic barriers of the surrounding
structures. The planning target volume was generated by
adding 3 mm margin to CTV. 

3. Treatment

The majority of patients (n=289, 83.3%) were treated by RT
combined with chemotherapy, while RT alone was delivered
to 58 patients (16.7%), who either had cT1-2N0 disease or med-
ical comorbidities contraindicating chemotherapy (Table 1).
Concurrent chemoradiation therapy alone was delivered to
188 patients (54.2%). Neoadjuvant and adjuvant chemother-
apy before or following RT were delivered to 12 (3.5%) and
90 patients (25.9%), respectively, both of which were given
mainly during the early study period.

4. RT techniques and schedules

During the early part of the current study, 3DCRT was the
main technique applied to 152 patients (43.8%). By serial
shrinking and adaptive re-plans, twice during the course, the
typical doses delivered to GTV, CTV-HR, and CTV-LR were
70.0 Gy, 54.0 Gy, and 36.0 Gy over 7 weeks by daily 1.8 Gy
or 2.0 Gy per fraction, respectively. During the later part,
when the Korean Health Insurance Policy began to cover the
IMRT cost, IMRT by helical tomotherapy was mainly used
to treat 195 patients (56.2%). The simultaneous integrated
boost and adaptive re-plan were employed when using
IMRT, and the typical doses to GTV, CTV-HR, and CTV-LR
were 68.4 Gy, 60.0 Gy, and 36.0 Gy over 6 weeks, respec-
tively. The typical fractional dose to GTV and CTV were 2.2
Gy and 2.0 Gy during the first 18 fractions and 2.4 Gy and
2.0 Gy during the remaining 12 fractions.

Won Kyung Cho, Selective Neck Irradiation in Nasopharynx Cancer

Table 1. Patients’ characteristics 

ECOG, Eastern Cooperative Oncology Group; CT, com-
puted tomography; MRI, magnetic resonance imaging;
FDG, 5-fluorodeoxyglucose; PET, positron emission 
tomography; RT, radiation therapy; NAC, neoadjuvant
chemotherapy; CCRT, concurrent chemoradiotherapy;
AC, adjuvant chemotherapy; 3D-CRT, 3 dimensional con-
formal RT; IMRT, intensity-modulated RT.

Characteristic No. (%) (n=347)
Age, median (range, yr) 51 (16-86) 
Sex

Male 267 (76.9)
Female 80 (23.1)

Performance status
ECOG 0-1 336 (96.8)
ECOG 2 11 (3.2)

Histologic type
Keratinizing squamous cell carcinoma 56 (17.0)
Non-keratinizing carcinoma, 67 (20.4)
differentiated type

Undifferentiated carcinoma 197 (59.9)
Unclassified 9 (2.7)

Imaging studies
CT 3 (0.9)
CT, MRI 51 (14.7)
CT, FDG-PET 236 (68.0)
CT, MRI, FDG-PET 57 (16.4)

Clinical T category
cT1 157 (45.2)
cT2 45 (13.0)
cT3 80 (23.1)
cT4 65 (18.7)

Clinical N category
cN0 50 (14.4)
cN1 97 (28.0)
cN2 148 (42.7)
cN3 52 (15.0)

Treatment
RT alone 58 (16.7)
NAC+RT 1 (0.3)
CCRT alone 188 (54.2)
NAC+CCRT 10 (2.9)
CCRT+AC 89 (25.6)
NAC+CCRT+AC 1 (0.3)

RT technique
3D-CRT 152 (43.8)
IMRT 195 (56.2)
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5. Follow-up evaluation and statistical analysis

The first clinical evaluation was done with CT scan taken
in 1 month of RT completion, and the second evaluation was
done with PET-CT in 3 months of the first evaluation. The
subsequent follow-up evaluations were scheduled at every
3-4 months’ interval during the first 2 years, at every 6
months’ interval during the third year, and then annually
thereafter. Loco-regional failure was defined as the reappear-
ance or new lesion development at the primary site and/or
regional lymphatics. The durations of loco-regional control
(LRC), progression-free survival (PFS), and OS were calcu-
lated from the date of RT start till the date of the event or the
last follow-up. The rates of LRC, PFS, and OS were calculated
using the Kaplan-Meier methods. All the analyses were con-
ducted using the SPSS Statistics ver. 20 (IBM Corp., Armonk,
NY).

6. Ethical statement

The study was approved by the Institutional Review Board
of Samsung Medical Center (IRB No. 2011-11-105-002) and
performed in accordance with the principles of the Declara-
tion of Helsinki. The informed consent was waived.

Results

1. Patients’ characteristics

The patients’ characteristics are summarized in Table 1.
The median age of all patients was 51 years (range, 16 to 86
years), and 267 patients (76.9%) were male. The most com-
mon histologic type was undifferentiated carcinoma in 197
patients (59.9%), followed by non-keratinizing carcinoma,
differentiated type in 67 (20.4%), keratinizing squamous cell
carcinoma in 56 (17.0%), and unclassified in nine (2.7%), 
respectively. cT categories were cT1 in 157 patients (45.2%),
cT2 in 45 (13.0%), cT3 in 80 (23.1%), and cT4 in 65 (18.7%), 
respectively. cN categories were cN0 in 50 patients (14.4%),
cN1 in 97 (28.0%), cN2 in 148 (42.7%), and cN3 in 52 (15.0%),
respectively.

2. Clinical outcomes and patterns of first failure 

The median follow-up duration was 68.1 months (range,
2.3 to 197.1 months), during which 100 patients (28.8%) 
developed disease progression and 83 (23.9%) died, respec-
tively. The 5-year rates of LRC, PFS, and OS were 85.0%,
70.8%, and 81.1%, respectively. Distant metastasis was the

most common component observed in 59 patients (17.1%),
followed by components of regional and local failures in 30
(8.7%) and 28 (8.1%), respectively (Fig. 2). The most common
site of distant metastasis was the lung observed in 23 patients,
followed by the bone in 13, and the liver in six, respectively.

3. Location of regional failure and salvage treatment 

The sites of regional failure in 30 patients were classified
in relation to the target volumes: failure exclusively within
CTV-HR in 20 (5.7%); failure synchronously inside and out-
side CTV-HR in three (0.9%); and failure exclusively outside
CTV-HR in seven (2.0%), respectively (Fig. 3). Among seven
patients who developed exclusively outside CTV-HR failure,
four (1.1%) developed exclusively inside CTV-LR failure, one
(0.3%) did synchronous inside and outside CTV-LR failure,
and two (0.6%) did exclusively outside CTV-LR failure, 
respectively. Salvage treatment was attempted in four 
patients, all of whom were successfully salvaged, while three
(no treatment in two and palliative systemic chemotherapy
in one) died of disease. The 5-year regional control rates of
the patients with cN0, cN1, cN2, and cN3 disease were 94.0%,
85.3%, 94.2%, and 95.6%, respectively. 

4. Toxicities

Table 2 summarizes RT-related toxicity profiles. Grade 3
or higher acute toxicities developed in 44 patients (12.7%)
and mucositis (n=19, 5.5%) and nausea/vomiting (n=19,
5.5%) were most frequent followed by dermatitis (n=4, 1.2%)
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Fig. 2.  Patterns of failure in 100 patients. 

Total 100

Distant failure
52

Regional failure
16

Local failure
15

3

4

10
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and neutropenia (n=2, 0.6%). Grade 3 or higher chronic tox-
icities included cranial neuropathy in 11 patients (3.2%), 
mucosal necrosis in four (1.2%), and brain necrosis in three
(0.9%), respectively. Grade 2 or higher xerostomia persisting
longer than 3, 12, and 24 months following RT completion
was observed in 38 (11.0%), 23 (6.6%), and 15 patients (4.3%),
respectively. 

Discussion

Most previous clinical trials regarding NPC treatment 
advocated the routine bilateral entire neck irradiation from
the retropharyngeal LNs to the level IV/V [9]. However, the
rarity of skip metastasis in NPC and the improved LN 
assessment by advanced diagnostic imaging, coupled with
the increased concern on post-RT quality of life, have pro-
moted to the introduction of SNI. The feasibility of omitting
level Ib or IV/Vb from the lymphatic target volume is most
frequently addressed in regards to SNI. One analysis on 1,438
NPC patients examined the safety of level Ib-sparing IMRT

Won Kyung Cho, Selective Neck Irradiation in Nasopharynx Cancer

Fig. 3.  The sites of regional failures in relation to target volume and detail of seven patients who developed regional failure
in or outside clinical target volume at low risk (CTV-LR). GTV, gross tumor volume; CTV-HR, clinical target volume at high
risk. RT, radiotherapy; NED, no evidence of disease; DOD, dead of disease; M, male.
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[10], and reported only three recurrences at level Ib (0.2%).
Chen et al. [11] evaluated the impact of omitting levels
IV/Vb in 212 cN0-1 NPC patients and affirmed the effective-
ness and safety of the SNI strategy. Gao et al. [12] also 
employed SNI limited to level II, III, and Va in treating 410
cN0 NPC patients, and observed only one relapse (0.2%) out-
side this volume. On the basis of aforementioned evidence,
the most up-to-date international guideline does not recom-
mend the routine inclusion of ipsilateral level Ib and IV/Vb
to nodal CTV [13].

The current guidelines regarding the ENI volume delin-
eation are based on the anatomic landmarks which include
the hyoid bone, cricoid cartilage, posterior margin of the ster-
nocleidomastoid muscle, and the line between shoulder and
neck junction to medial clavicle end [13]. These anatomic
landmarks are proposed mainly for surgeons’ as they are eas-
ily identifiable to provide information during surgery, how-
ever, are less meaningful to radiation oncologists, as they are
not relevant to the cancer cells’ spread through the lymphatic
channels. Instead of the surgical landmark-based LN levels,
the current study employed lymphatic CTV delineation pol-
icy by adding differential margins from GTV of LN.

The ENI dose of 44-64 Gy to the clinically uninvolved lym-
phatics has usually been recommended in most head and
neck cancer types [13]. However, there has been no clear
guidance on the optimal ENI dose in treating the NPC 
patients. Fletcher [5] reported that 50 Gy could eradicate 95%
of subclinical disease, whereas 30-40 Gy were associated with
regional relapse in 9%-10.5%. These recommendations were
based on the data collected during the first generation CT
era, when the image quality was suboptimal in detecting
subclinical disease compared with the current standard. The
tumor control probability (TCP) is, theoretically as well as
practically, associated with the tumor burden and likelihood

of occult disease, and so is the elective radiation dose to
achieve effective tumor control [14,15]. Assuming that the
probability of occult disease be 20%, the radiation dose in
order to achieve TCP of 95% would be 40-50 Gy, if the occult
disease tumor burden is equivalent to 10 mm sized gross
tumor, and would become 35-40 Gy if the tumor burden is
equivalent to 5-mm-sized gross tumor [16]. With the advan-
ces in diagnostic imaging modalities, detection of metastatic
deposits in the LNs has become much easier than in the past,
and the elective radiation dose also needs to be redefined 
accordingly. van den Bosch et al. [16] also suggested that
elective dose of 36 Gy might be feasible theoretically with the
current diagnostic strategies to achieve 95% of TCP. More-
over, favorable clinical outcomes were achievable following
elective dose of 36 Gy in treating human papillomavirus
(HPV)–related anal cancer [17], and there are emerging evi-
dences supporting to deliver 36 Gy as elective dose in treat-
ing HPV-associated oropharyngeal cancer. These imply the
feasibility of 36 Gy in treating nasopharyngeal cancer that is
usually associated with Epstein-Barr virus infection.

In addition, there were several clinical studies that 
addressed the feasibility of lower ENI dose in treating head
and neck cancer [18,19]. Bedi et al. [18] showed no difference
in LRC in the patients who received lower than conventional
ENI dose. Salama et al. [19] compared three different ENI
dose schemes (45 Gy, 39 Gy, and 36 Gy) in treating the head
and neck cancer patients, and found that LRC and OS were
not different among the groups. A prospective trial [20],
which compared elective doses of 40 Gy and 50 Gy, demon-
strated that lower ENI dose was not inferior with respects to
LRC and OS. In the current study, seven among 30 patients
(23.3%) who developed regional recurrence had exclusively
outside GTV/CTV-HR recurrence. Kong et al. [21] reported
that, following bilateral whole neck irradiation except level
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Study No. of patients Median FU (mo) Regional control rate Survival outcomes (%)
Wolden et al. (2006) [22] 74 35 93% at 3 yr OS 83 at 3 yr

DFS 67 at 3 yr
Wong et al. (2010) [23] 175 34 93.3% at 3 yr OS 87.2 at 3 yr

DMFS 86.6 at 3 yr
Wang et al. (2013) [24] 300 80.2 95.1% at 4 yr OS 96.1 at 4 yr

DMFS 87.4 at 4 yr
Au et al. (2018) [25] 3,328 80.2 91.5% at 8 yr OS 68.5 at 8 yr

DFS 62.6 at 8 yr
Current study 347 68.1 92.6% at 3 yr OS 87.1 at 3 yr

DFS 74.7 at 3 yr

Table 2. Comparison of regional control rates and survival between the current study and other studies employing entire
neck irradiation

FU, follow-up; OS, overall survival; DFS, disease-free survival; DMFS, distant metastasis-free survival.
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IB with 54 Gy, three of 11 patients (27.3%) developed regio-
nal recurrence within the elective irradiation volume. 
Although fair comparison is impossible because of hetero-
geneity in tumor characteristics and RT dose schedules, the
recurrence rates in the elective volume in the current study
do not seem detrimental. Not only LRC and OS but also 
regional control rate of the current study (92.6% at 3 years)
was not inferior, when compared to the previous studies that
employed entire neck irradiation policy (Table 2).

One may raise an argument in that one should not take the
risk of recurrence by reducing ENI volume and dose, as the
RT toxicities may not be severe if IMRT is used. However, a
recent study regarding the oral health quality of the head and
neck cancer patients following IMRT reported that the sali-
vary flow was recovered only by 40% and suggested that fur-
ther reduced dose to the salivary glands is warranted [26].
Several retrospective studies revealed that reduced mean
dose to the submandibular gland, oral cavity, and parotid
gland is associated with diminished patient-reported xeros-
tomia without increasing local recurrences [27,28]. Along
with the advances in RT technique, lower elective dose can
attribute to reduce toxicities by decreasing the irradiated

dose of normal organs [16]. Two prospective studies reported
lower ENI dose could prevent dysphagia and salivary dys-
function [20,29]. A recent phase II study also revealed that
the lower elective dose of 36 Gy in head and neck cancer 
patients improved the patient-reported quality of life score
and decreased the rate of percutaneous feeding gastrostomy
tube insertion [30].

Despite the retrospective nature, the current study is the
first one reporting the clinical outcomes following reduced
ENI volume and lower ENI dose of 36 Gy in treating the NPC
patients. The clinical outcomes of the current study could
support the feasibility of authors’ policy of SNI with lower
elective dose in treating nasopharyngeal cancer. Thorough
image evaluation and meticulous peer review in target 
delineation process are deemed integral points for the suc-
cessful execution of the SNI policy. Larger prospective clini-
cal trials, however, might be warranted to endorse our
conclusions.
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Non-Hodgkin Lymphomas
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Purpose
Pembrolizumab, a programmed cell death protein 1 (PD1) inhibitor inhibits the interplay
between PD1 of T-cell and programmed cell death ligand 1 (PDL1) on tumor cells. Although
pembrolizumab has been tried to various subtypes of non-Hodgkin lymphoma (NHL), real-
world data about the efficacy of pembrolizumab in NHL patients are limited.  

Materials and Methods
We analyzed the outcome of 30 relapsed or refractory NHL patients treated with pem-
brolizumab, and compared the outcome between Epstein-Barr virus (EBV)positive and
negative subtypes because EBV infection of tumor cells can upregulate PDL1 expression. 

Results
Seven patients with EBV-positive NHL showed a response including NK/T-cell lymphoma
(6/14, 44%) and primary mediastinal B-cell lymphoma (1/4, 25%) whereas EBV-negative
subtypes did not respond such as diffuse large B-cell lymphoma and T-lymphoblastic lym-
phoma. We also evaluated PDL1 expression using tumor tissue of 76 patients. High PDL1
expression (positive staining of > 50% of tumor cells) was more frequent in NK/T-cell lym-
phoma and primary mediastinal B-cell lymphoma than other subtypes. Thus, PDL1 expres-
sion was significantly higher in EBV-positive (18/32, 56%) than EBV-negative NHL (4/38,
11%, p < 0.001). Furthermore, NK/T-cell lymphoma patients with high PDL1 expression
showed a higher response (4/6, 67%) than those with low PDL1 expression (1/5, 20%).   

Conclusion
Pembrolizumab could be useful as a salvage treatment for relapsed or refractory EBV-pos-
itive NHL, especially NK/T-cell lymphoma. However, its efficacy in EBV-negative NHL with
low or absent PDL1 expression is still not clear although pembrolizumab could be a potential
treatment option for relapsed or refractory NHL.  
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Introduction

Non-Hodgkin lymphoma (NHL) represents a heteroge-
neous group of malignancies with distinct clinical and patho-
logical features. New treatments have improved the out-
comes of NHL, but a substantial number of patients still 
relapse and require multiple treatments because only a lim-
ited number of patients respond to salvage treatment and the
response is usually of short duration [1,2]. Furthermore, as

intensified salvage chemotherapy is repeated, treatment-
related toxicity contributes to long-term morbidity and poor
survival outcomes. Thus, there is an unmet need for more 
effective and less toxic drugs for the treatment of NHL. 
Recent improvements in the understanding of the evasion of
the immune response by tumor cells have led to the identifi-
cation of immune checkpoint inhibition as a new tool for can-
cer treatment [3]. The programmed cell death protein 1 (PD1)
is an immune checkpoint that regulates the host immune 
response. The binding of PD1 ligand 1 (PDL1) on tumor cells



to PD1 on the surface of effector T-cells transduces inhibitory
signals to the T cells, allowing tumor cells to escape antitu-
mor immunity [4]. Therefore, inhibition of this interplay 
between PD1 and PDL1 can reverse this immune escape and
enhance T-cell cytotoxicity against tumor cells. Currently,
two monoclonal IgG4 anti-PD1 antibodies, nivolumab and
pembrolizumab, are approved by the Food and Drug 
Administration (FDA) as salvage treatment for solid cancers
such as melanoma and non-small cell lung cancer. The FDA
has also granted accelerated approval to nivolumab and
pembrolizumab for the treatment of relapsed or refractory
classical Hodgkin lymphoma (HL). However, data concern-
ing the use of pembrolizumab in patients with NHL are lim-
ited because its efficacy in relapsed or refractory NHL has
not been determined. In our institute, we have used pem-
brolizumab to treat patients with various subtypes of 
relapsed or refractory NHL, and already reported the excit-
ing outcome of one patient with relapsed NK/T-cell lym-
phoma (NKTCL) in a previous multicenter retrospective
study [5]. Since January 2016, we have used pembrolizumab
as a salvage treatment for thirty patients with relapsed or 
refractory NHL. In this study, we retrospectively analyzed
their treatment outcome to illustrate our real-world experi-
ence with pembrolizumab treatment in relapsed or refractory
NHL outside of clinical trials.

Materials and Methods

1. Patients and treatment

Thirty consecutive patients with relapsed or refractory
NHL were treated with pembrolizumab at the Samsung
Medical Center between January 2016 and September 2017.
Informed consent for the use of pembrolizumab was obtai-
ned from all patients. Because the cost of pembrolizumab is
not reimbursed by health insurance in Korea, a fixed low
dose of 100 mg was administered to 27 patients while three
patients received the recommended dose of 200 mg. The
treatment cycle was repeated every 3 weeks. The response
was assessed using 2-deoxy-2-fluorine-18-fluoro-D-glucose
positron emission tomography integrated with computed 
tomography and computed tomography according to stan-
dard criteria. In most patients, the first response evaluation
was performed after the second or third cycle of treatment
[6]. If signs of rapid deterioration were observed, response
evaluation was performed earlier than the planned date. For
patients with NKTCL, blood Epstein–Barr virus (EBV) DNA
titer was also quantified as previously reported as an indirect
biomarker of the extent of disease [7].

2. Assessment of PDL1 expression in NHL

We assessed PDL1 expression of tumor cells by immuno-
histochemistry (IHC) to evaluate the extent of PDL1 expres-
sion in various subtypes of NHL. Thus, PDL1 expression was
assessed in relapsed or refractory NHL patients (n=76) for
whom paraffin-embedded tissue blocks were available for
IHC. Most tissue samples were from archived tissue samples
in our lymphoma registry that were obtained as routine clin-
ical practice at the time of diagnosis (n=71), and only five
cases were from obtained at relapse or progression. After
IHC, we analyzed the proportion of cells in each tumor sub-
type that expressed PDL1 to determine whether PDL1 
expression differed according to subtype of NHL. We also
evaluated the EBV positivity of tumor cells, correlating the
results of EBV in situ hybridization with PDL1 expression for
each subtype of NHL. These 76 patients included 21 patients
treated with pembrolizumab who were analyzed for res-
ponse evaluation. Thus, we could evaluate the PDL1 expres-
sion of tumor cells in patients receiving pembrolizu-mab to
determine whether the response to pembrolizumab was cor-
related with PDL1 expression. 

3. IHC for PDL1 and EBV positivity

Two assays including monoclonal antibodies against PDL1
were used: the Ventana PDL1 (SP142) assay (1:25, rabbit 
antihuman PDL1/CD274 monoclonal antibody, clone SP142,
Ventana, Tucson, AZ) and the PDL1 IHC 22C3 pharmDx
assay, which includes the murine 22C3 anti-human PDL1 
antibody (Dako, Carpinteria, CA). PDL1 IHC using the Ven-
tana PDL1 assay was performed on an automated immunos-
tainer (Benchmark, Ventana) according to the manufacturer’s
instructions. In some cases, PDL1 IHC was performed using
the PDL1 IHC 22C3 pharmDx kit using a Link 48 autostainer
according to the manufacturer’s instructions. Because it was
difficult to identify tumor cells precisely when observing
only hematoxylin and eosin (H&E) stained slides, PDL1 
expression on tumor cells was investigated by comparing
H&E slides. The proportion of PDL1-positive cells was esti-
mated as a percentage of total tumor cells; tumor cells typi-
cally showed membranous staining with a variable com-
ponent of cytoplasmic staining. The percentage of tumor cells
positively stained for PDL1 was determined by pathologists.
Because there are no established criteria for high PDL1 
expression in lymphoma, we used the cutoff value of 50%
which was suggested by the manufacturer’s instructions of
PDL1 IHC 22C3 pharmDx kit [8]. Thus, PDL1 expression was
defined as follows: No expression (PDL1-positive tumor cells
< 1%), low expression (PDL1-positive tumor cells 1%-49%),
and high expression (PDL1-positive tumor cells  50%). 
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4. Study parameters

The response of each patient was classified based on the
best response during pembrolizumab treatment, regardless
of the final outcome. The overall response rate (ORR) was
based on the number of patients who achieved a complete
response (CR) or a partial response (PR). The toxicity profiles
of pembrolizumab were determined based on review of the
medical records. The number of previous treatments was 
defined as the total number of cycles of treatment from the
first-line chemotherapy to the last chemotherapy before pem-
brolizumab. Radiotherapy or autologous or allogeneic stem
cell transplantation (SCT) were not included in the number

of previous treatments because they were used as adjuvant
or consolidation therapy. The characteristics of patients 
including age, performance status, stage, and absolute lym-
phocyte count were recorded at the time of pembrolizumab
treatment, not at the time of diagnosis. Time to pembrolizu-
mab was defined as the interval between the date of diagno-
sis and the date of the first infusion of pembrolizumab.
Post-pembrolizumab survival was defined as the time 
between the date of first infusion of pembrolizumab and the
date of last follow-up or death from any cause. The partici-
pants’ disease status and survival were updated on Decem-
ber 31, 2017. 

Seok-Jin Kim, Pembrolizumab in Non-Hodgkin Lymphoma

Table 1.  Clinical characteristics of patients at the time of pembrolizumab treatment
Total DLBCL PMBCL NKTCL T-LBL
(n=30) (n=10) (n=4) (n=14) (n=2)

Age (yr)
 60 22 7 4 9 2
> 60 8 3 0 5 0

Sex
Male 21 7 1 11 2
Female 9 3 3 3 0

Performance status
ECOG 0/1 9 1 3 4 1
ECOG  2 21 9 1 10 1

Stage
I/II 2/2 0/0 1/1 2 0
III/IV 0/26 0/10 0/2 12 2

No. of extranodal involvements
0/1 5 1 2 2 0
 2 25 9 2 12 2

Serum LDH
Normal 10 2 1 5 0
Increased 20 8 3 9 2

IPI
Low/Low-intermediate 4/2 0/1 2/0 2/0 0/1
High-intermediate/High 8/16 1/8 1/1 5/7 1/0

No. of previous treatments, median (range) 4 (1-10) 5 (2-10) 4 (3-6) 3 (1-7) 2 (2-3)
Previous SCT 14 3 2 6 2

Autologous 9 3 2 4 0
Allogeneic 4 0 0 2 1
Both 1 0 0 0 1

Time to pembrolizumab, median (mo) 17.0 12.2 33.7 19.0 19.9
EBV

Positive 15 0 1 14 0
Negative 15 10 3 0 2

DLBCL, diffuse large B-cell lymphoma; PMBCL, primary mediastinal B-cell lymphoma; NKTCL, NK/T-cell lymphoma; 
T-LBL, T-lymphoblastic lymphoma; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; IPI, Inter-
national Prognostic Index; SCT, stem cell transplantation; EBV, Epstein-Barr virus.
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5. Ethical statement

The study was approved by the Institutional Review Board
of Samsung Medical Center (IRB No. 2017-11-105) and per-
formed in accordance with the principles of the Declaration
of Helsinki. The informed consent was waived. 

Results

1. Characteristics of patients before pembrolizumab

The median age of patients at the time of pembrolizumab
treatment was 49 years (range, 18 to 80 years) and most were
men (n=27). The histologic subtypes of tumor were diffuse
large B-cell lymphoma (DLBCL; n=10), primary mediastinal
large B-cell lymphoma (PMBCL; n=4), NKTCL (n=14), and
T-cell lymphoblastic lymphoma (T-LBL; n=2). Most patients
had stage IV disease (n=26) with widespread organ involve-
ment ( 2 sites of extranodal involvement, n=25) (Table 1).
The majority of patients had been heavily treated before
pembrolizumab treatment: the median number of previous
chemotherapy treatments excluding SCT was 4 (range, 1 to
10), and 16 patients had undergone autologous or allogeneic
SCT (Table 1). Five patients had relapsed after allogeneic
SCT, including one patient who underwent haploidentical
SCT. All patients with DLBCL and T-LBL showed negativity
for EBV whereas all cases of NKTCL and one case of PMBCL
were positive for EBV (Table 1).

2. Response to pembrolizumab

All patients with DLBCL rapidly progressed during pem-
brolizumab treatment and died. Therefore, more than half
the patients discontinued pembrolizumab after their first
cycle (median number of cycle, 1; range, 1 to 4). The two 
patients with T-LBL had relapsed after haploidentical and
unrelated allogeneic SCT and received pembrolizumab as a
salvage treatment. However, their disease rapidly pro-
gressed after the first of second cycle of pembrolizumab. Of
the four patients with PMBCL, case 1 showed a PR, and com-
pleted the 12th cycles of pembrolizumab (Fig. 1). She is cur-
rently in the state of ongoing treatment. On the contrary to
other tumor subtypes, six NKTCL patients responded (5 CR,
1 PR; ORR, 44%). Case 1 who had relapsed after unrelated
allogeneic SCT, showed a CR: this case was included in a pre-
vious study [5]. Since then, he has continued to receive pem-
brolizumab up to 16 cycles, and has shown no clinical or
radiologic evidence of disease relapse during treatment 
(Fig. 1). Case 2, an 80-year-old man who was diagnosed with

stage IV NKTCL only received a half-dose of SMILE (steroid,
methotrexate, ifosfamide, L-asparaginase, and etoposide)
chemotherapy because he was elderly and unsuitable for 
intensified chemotherapy. After his third cycle of SMILE
chemotherapy, his disease progressed with an elevation in
blood EBV DNA titer (90,568 copies/mL). However, he
achieved CR with an undetectable level of blood EBV DNA
after the third cycle of pembrolizumab and completed 12 
cycles. Three patients (case 3-5) also continued to receive
pembrolizumab up to 19th cycle (Fig. 1). Case 6 showed a PR
after the second cycle of pembrolizumab, but the patient 
refused further treatment for financial reasons; his disease
progressed, and he died (Fig. 1). Most patients who showed
disease progression after one to three cycles of pembrolizu-
mab died. 

3. Adverse events during pembrolizumab treatment

Case 1 with NKTCL developed a grade II skin rash after
the third cycle of pembrolizumab treatment. The biopsy of
skin lesion showed hydropic degeneration and basal vac-
uolization consistent with graft-versus-host disease (GVHD).
Although the time to onset of skin lesion was longer than 1
year because he underwent allogeneic SCT from a matched
unrelated donor 10.6 months before pembrolizumab treat-
ment, we reported this event as an acute GVHD in a previous
study [5]. The reason was that he did not have any sign of
acute GVHD before pembrolizumab and his skin manifesta-
tion was not consistent with chronic GVHD. His skin lesions
improved with corticosteroid treatment and further therapy
was unhindered. In contrast, cases 1 and 2 with T-LBL did
not develop any sign of GVHD despite having undergone
haploidentical and unrelated allogeneic SCT 11.0 and 6.2
months before pembrolizumab treatment. Case 9 with NKTCL
involving the small intestine developed bowel perforation
after the first cycle of pembrolizumab and died as a result of
sepsis (Fig. 1). 

4. Association of PDL1 with EBV positivity   

PDL1 expression was evaluated in archived tumor tissue
samples from 76 patients with NHL including 21 patients
treated with pembrolizumab. The proportion of tumors with
high PDL1 expression differed according to the subtype of
NHL. Thus, high PDL1 expression was more frequent in
NKTCL (15/28, 54%), PMBCL (4/6, 67%), and peripheral 
T-cell lymphoma (PTCL; 2/7, 29%) than in DLBCL (2/18,
11%) and T-LBL (0/8, 0%). Although the numbers were
small, high PDL1 expression was observed in subcutaneous
panniculitis-like T-cell lymphoma and angioimmunoblastic
T-cell lymphoma unlike primary central nervous system
(CNS) DLBCL (0/3), mantle cell lymphoma (0/2), and ente-
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Fig. 1.  Clinical outcome and treatment cycles of NK/T-cell lymphoma (NKTCL), primary mediastinal B-cell lymphoma
(PMBCL), diffuse large B-cell lymphoma (DLBCL), and T-lymphoblastic lymphoma (T-LBL). EBV, Epstein-Barr virus; PDL1,
programmed cell death ligand 1; H, high; CR, complete response; NA, not available; L, low; PR, partial response; PD, pro-
gressive disease.
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response191817161514131211101DosePDL1EBVSex/ageNo. 2 3 4 5 6 7 8 9 Survival
status

100No–F/431
100No–M/492
100No–M/443
100H–M/434
100NA–M/675

PR Dead100NA–M/666
PD Dead100NA–M/567
PD Dead100L–F/488
PD Dead100L–F/329
PD Dead

PR Dead
PD Dead
PD Dead
PD Dead
PD Dead

100H–M/7210

PD Dead100L+M/3211
PD Dead100H+M/5312
PD Dead100L+M/3213
PD Dead100NA+M/6014
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Fig. 2.  (A) Comparison of programmed cell death ligand 1 (PDL1) expression in 76 patients with non-Hodgkin lymphoma
shows different frequencies of high ( 50% of PDL1-positive tumor cells), low (1%-49% of PDL1-positive tumor cells), and
no expression. High PDL1 expression is more frequent in NK/T-cell lymphoma (NKTCL; 15/28, 54%) and primary medi-
astinal B-cell lymphoma (PMBCL; 4/6, 67%) than in peripheral T-cell lymphoma (PTCL; 2/7, 28%), diffuse large B-cell lym-
phoma (DLBCL; 2/18, 11%), and T-lymphoblastic lymphoma (T-LBL; 0/8, 0%). No case of PDL1 high expression is observed
in primary central nervous system diffuse large B-cell lymphoma (CNS DLBCL; 0/3), mantle cell lymphoma (MCL, 0/2), or
enteropathy-associated T-cell lymphoma (EATL; 0/1). However, subcutaneous panniculitis-like T-cell lymphoma (SPTCL;
2/2) and angioimmunoblastic T-cell lymphoma (AITL; 1/1) show high PDL1 expression. (B) Epstein-Barr virus (EBV)–pos-
itive non-Hodgkin lymphoma (NHL) shows a significantly higher proportion of high PDL1 expression (18/32, 56%) than
EBV-negative NHL (4/38, 11%, p < 0.001).

NKTCL
(n=28)

Positive
Negative
Not evaluated

EBV PDL1
High
Low
No expression

PMBCL
(n=6)

PTCL
(n=7)

SPTCL
(n=2)
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(n=1)

MCL
(n=2)

T-LBL
(n=8)

DLBCL
(n=18)

A

EBV-positive NHL EBV-negative NHL

B
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ropathy-associated T-cell lymphoma (0/1) (Fig. 2A). Althou-
gh six patients were not evaluated for EBV in situ hybri-
dization including DLBCL (n=4) and PMBCL (n=2), EBV-
positivity was more frequent in NKTCL (28/28, 100%) and
PTCL (3/7, 43%) than other subtypes. EBV-positive NHL 
included a significantly higher proportion of tumors with
high PDL1 expression (18/32, 56%) compared with EBV-neg-
ative NHL (4/38, 11%, p < 0.001) (Fig. 2B). Thus, these results
suggest the association of EBV-positivity with PDL1 expres-
sion although EBV-positivity was not evaluated in four cases
of high PDL1 expression due to lack of available tissue
(DLBCL and PMBCL) (Fig. 2A). 

5. Association of PDL1 and EBV positivity with treatment
outcome 

When we dichotomized 30 patients receiving pembroli-
zumab into two groups according to the EBV positivity,
seven patients with EBV-positive tumor responded to pem-
brolizumab (7/15) whereas all patients with EBV-negative
tumor failed to respond (0/15) (Table 2). Thus, NKTCL
(6/14, 44%) and PMBCL (1/4, 25%) showed higher ORR than
DLBCL (0/10, 0%) and T-LBL (0/2, 0%). This higher respon-
se to pembrolizumab was associated with more frequent 
expression of PDL1 in EBV-positive tumors. Indeed, afore-
mentioned case 1 of PMBCL who had EBV-positive disease
and high PDL1 expression showed a PR to pembrolizumab
(Fig. 1). The different proportions of high PDL1 expression

in different subtypes of NHL tumors correlated with their 
response to pembrolizumab. Of 21 pembrolizumab-treated
patients whose PDL1 expression was analyzed, five cases
with high PDL1 expression responded to pembrolizumab
(5/10, 50%) whereas only two cases with low PDL1 expres-
sion responded (2/11, 18%); however, this difference was not
significant (p=0.183). Even in patients with NKTCL, the ORR
was different between those with high (4/6, 67%) and low
PDL1 expression (1/5, 20%). For example, case 6 of NKTCL
with high PDL1 expression showed a PR with undetectable
levels of EBV DNA in blood after pembrolizumab treatment
(Fig. 3A), whereas case 10 with low PDL1 expression did not
respond (Fig. 3B). However, this difference of response based
on PDL1 expression could not be statistically analyzed due
to small number of patients. 

Discussion

In our study, pembrolizumab was used in different NHL
subtypes, and their response to pembrolizumab was differ-
ent. Thus, the ORR of NKTCL (6/14, 44%) was higher than
that of PMBCL (1/4, 25%), DLBCL (0/10, 0%), or T-LBL (0/2,
0%). Although the number of patients in each subtype was
small, our findings are consistent with those of a previous
case series reporting outstanding outcomes of pembrolizu-

Seok-Jin Kim, Pembrolizumab in Non-Hodgkin Lymphoma

Total EBV                                                     
(n=30) Positive (n=15) Negative (n=15)

Subtype
DLBCL 10 0 10
PMBCL 4 1 3
NKTCL 14 14 0
T-LBL 2 0 2

PDL1 expression
High 10 7 3
Low 7 5 2
No expression 5 0 5
Not evaluated 8 3 5

Response
Complete response 5 5 0
Partial response 2 2 0
Stable disease 0 0 0
Progressive disease 23 8 15

Table 2. EBV positivity and response to pembrolizumab treatment

EBV, Epstein-Barr virus; DLBCL, diffuse large B-cell lymphoma; PMBCL, primary mediastinal B-cell lymphoma; NKTCL,
NK/T-cell lymphoma; T-LBL, T-lymphoblastic lymphoma; PDL1, programmed cell death ligand 1.
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Fig. 3.  (A) Immunohistochemistry for programmed cell death ligand 1 (PDL1) shows  50% of tumor cells positively stained
(brown membranous staining) in a case of extranodal NK/T-cell lymphoma (top left); decrease in blood Epstein-Barr virus
(EBV) DNA level after pembrolizumab treatment (top right); decrease in fluorodeoxyglucose (FDG) uptake in liver and
spleen after pembrolizumab treatment (bottom). (B) Immunohistochemistry for PDL1 shows < 1% of tumor cells positively
stained in a case of extranodal NK/T-cell lymphoma (top left); increase in blood EBV DNA level even after pembrolizumab
treatment (top right); increase in the extent and intensity of FDG uptake in a soft tissue mass in an extremity after pem-
brolizumab treatment (bottom). 
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mab treatment in NKTCL patients (Table 3). Actually, pem-
brolizumab as an off-label treatment for relapsed or refrac-
tory T- or NK-cell NHL achieved CR [5,9,10]. Of the patients
with PMBCL, case 1 who was EBV positive with high PDL1
expression responded to pembrolizumab (Fig. 1). However,
the other three patients with PMBCL, including one patient
with high PDL1 expression, failed to respond. In a previous
phase 1b study, the ORR to pembrolizumab was 41% (7/17)
in relapsed or refractory PMBCL [11]. Although our response
rate in PMBCL was inferior to these phase 1b results, the
number of patients in our study was too small to draw defi-
nite conclusions about the efficacy of pembrolizumab in
PMBCL. On the other hand, a recent phase II study using
pembrolizumab plus rituximab reported 80% of ORR in 
relapsed or refractory follicular lymphoma [12]. This sug-
gests the role of pembrolizumab as a combination treatment
with other drugs. Indeed, a patient with double-hit lym-
phoma receiving pembrolizumab and lenalidomide achieved
CR [13]. In our study, although not all patients responded to
pembrolizumab, six cases of NKTCL did respond. Therefore,
given that NKTCL usually follows an aggressive clinical
course after relapse and there is currently no effective salvage
treatment for NKTCL, our findings suggested that pem-
brolizumab could be a useful treatment option for relapsed
or refractory NKTCL. 

This different response of different NHL subtypes to pem-
brolizumab could be related to their different levels of PDL1
expression. Thus, our study analyzed the extent of PDL1 
expression in 76 patients with NHL including 21 patients

who received pembrolizumab.  The frequency of high PDL1
expression was very rare in patients with DLBCL (2/18, 11%)
and mantle cell lymphoma (0/2, 0%) in our study. Previous
studies also reported the absence of PDL1 expression in man-
tle cell lymphoma [14,15]. Although those studies showed
higher frequency of PDL1 expression in DLBCL than that of
our study, it might be related with low cutoff value (5%) for
PDL1 expression (Table 4). Actually, a study analyzing 1,253
patients with DLBCL showed the same incidence of PDL1
expression (132/1,253, 11%) as ours and the study used 30%
of cutoff value [16]. Thus, the poor response to pembrolizu-
mab in DLBCL patients of our study could be explained the
low frequency of PDL1 expression. The main mechanism of
PDL1 overexpression was amplification of chromosome
9p24.1, and is commonly observed in patients with HL [17].
However, the rearrangement of 9p24.1 leading to PDL1 over-
expression was more frequently found in PMBCL and pri-
mary CNS DLBCL [18,19]. Our study also showed frequent
PDL1 expression in PMBCL comparable to that of previous
studies [14,15]. However, three cases of primary CNS DLBCL
showed no expression of PDL1 unlike a previous study 
reporting 38% in Western patients [20]. This might be related
with ethnic difference as well as a different cutoff value (50%
vs. 1%). Thus, it should be evaluated in the future study
using a larger study population. Our study showed high
PDL1 expression in more than 50% of patients with NKTCL,
and previous studies also reported high frequency of PDL1
expression [21,22]. This could be related with that tumor cells
of NKTCL are invariably infected with EBV because EBV 

Seok-Jin Kim, Pembrolizumab in Non-Hodgkin Lymphoma

Table 3.  Pembrolizumab in relapsed or refractory non-Hodgkin lymphoma

Study Author Disease No. Dose Response ORR 
Case series Kwong et al. [5] NKTCL 7 100 mg every 3 wk 5 CR, 2 PR 100%
Case report Lai et al. [9] NKTCL 1 2 mg/kg every 3 wk CR: alive -

without relapse
Case report Chan et al. [10] ALCL 1 2 mg/kg every 3 wk CR -
Case report Chan et al. [13] Double-hit 1 Pembrolizumab 100 mg CR -

lymphoma every 3 wk plus 
lenalidomide 15 mg daily 

Phase 1b trial Zinzani PMBCL 18 200 mg every 3 wk 2 CR, 5 PR 41% (7 of 17 
et al. [11] evaluable patients)

Phase II Ding et al. [23] CLL (16) or 25 200 mg every 3 wk CLL: no response CLL: 0% (0/16)
Richter Transformed Transformed 
transformation (9) CLL: 2 CR/2 PR CLL: 44% (4/9)

Phase II Nastoupil Follicular 30 200 mg every 3 wk CR 60% 80%
et al. [12] lymphoma plus rituximab 375 mg/m2

D1, 8, 15, 22

ORR, overall response rate; NKTCL, NK/T-cell lymphoma; CR, complete response; PR, partial response; ALCL, anaplastic
large cell lymphoma; PMBCL, primary mediastinal B-cell lymphoma; CLL, chronic lymphocytic leukemia.
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infection of tumor cells and activation of the inflammation-
related JAK/STAT pathway also could upregulate PDL1 
expression [24]. Other subtypes of NHL also had EBV-posi-
tive tumor cells although its frequency was lower than
NKTCL. The frequency of EBV-positivity was known as 
approximately 10% in DLBCL, thus, some cases of EBV-pos-
itive DLBCL might have PDL1 expression [16]. However,
considering poor response to pembrolizumab in DLBCL 
patients, even in case of high PDL1 expression, pembroli-
zumab should be very cautiously used in DLBCL patients
(Fig. 1). Thus, it should be determined whether PDL1 is 
expressed on lymphoma cells before pembrolizumab treat-
ment is initiated. Although only two patients with T-LBL 
received pembrolizumab, it cannot be recommended for this
disease entity because PDL1 expression is absent in T-LBL.
Overall, these results suggest that PDL1 expression on lym-
phoma cells might be useful as a biomarker predicting the
response to pembrolizumab. 

However, our study has several limitations as follows.
First, we defined high PDL1 expression based on the cutoff
value of 50% because there are no established criteria for high
PDL1 expression in lymphoma. Thus, the frequency of high
PDL1 expression in lymphoma patients might become dif-
ferent according to the cutoff values. However, a previous
study for the development of a companion diagnostic PDL1
IHC assay for pembrolizumab therapy in non-small-cell lung
cancer (NSCLC) showed the treatment effect of pembrolizu-
mab was substantial in patients with  50% of PDL1-postitive
tumor cells [25]. Furthermore, a phase III trial with pembro-
lizumab for NSCLC also reported a significant association of
longer survival outcome with PDL1 expression on at least
50% of tumor cells [26]. Therefore, our cutoff value could be
used to define high PDL1 expression in lymphoma although
further studies with a larger study population should be per-
formed to determine the correlation of response to pembro-
lizumab with PDL1 expression in lymphoma patients. Second,
we used two types of antibodies to assess PDL1 expression.
This might influence the results of PDL1 expression in our
study. However, our pathology confirmed no difference of
efficacy in analyzing the PDL1 expression between two types
of assay. Furthermore, given the range of low and high PDL1
expression was wide (1%-49% vs.  50%), the use of two
types of IHC assay might not complicate interpretation of
IHC results. Third, most tissues samples for PDL1 expression
were obtained from the time of diagnosis. Considering PDL1
expression might be different between diagnosis and relap-
se/progression, some patients showing the discrepancy of
response and PDL1 expression might be associated with this
limitation. Fourth, a substantial number of patients discon-
tinued to receive pembrolizumab due to disease progression
in our study (Fig. 1). Although it could be interpreted as a
lack of efficacy in those patients, the probability of atypical
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response patterns mimicking disease progression could exist
because immune-reaction inducing tumor-flare or pseudo-
progression could be found in the treatment with pembro-
lizumab in other solid tumors. Thus, response evaluation and
the assessment of disease status should be more careful in
lymphoma patients receiving pembrolizumab as the refine-
ment of the Lugano Classification Response Criteria for Lym-
phoma was proposed in the era of therapy with immune
checkpoint inhibitor [27]. Fifth, the number of each subtype
was small, especially T-LBL, and there is lack of data about
the outcome of other subtypes such as mantle cell lym-
phoma. Thus, future study with a larger study population
including more subtypes should be warranted. Lastly, the
dosage of pembrolizumab given to most patients (100 mg
every 3 weeks) was lower than that recommended (200 mg
every 3 weeks). However, in our study the efficacy of treat-
ment with pembrolizumab was comparable with those 
reported in previous studies (Table 2), and was consistent
with the results of a study suggesting that low-dose pem-
brolizumab (100 mg every 3 weeks) could be effective for 
relapsed or refractory HL, with minimal toxicity [28]. In fact,
when using this low dose of pembrolizumab we observed
six responders (2 CR, 4 PR) out of eight patients with 
relapsed or refractory HL who failed treatment with bren-
tuximab vedotin and autologous SCT (ORR, 75%) (S1 Table).
The outcome of our low-dose treatment was comparable to
that of previous phase II studies of relapsed or refractory HL
that reported an ORR of 65% (16% CR) using 10 mg/kg of
pembrolizumab every 2 weeks [29] and an ORR of 69%
(22.4% CR) using 200 mg of pembrolizumab every 3 weeks
[30].

None of the patients in our study showed any grade 3 or 4
hematologic or nonhematologic toxicities, and their causes
of death were related to disease progression. Although one
patient developed a bowel perforation, that patient had pre-
viously experienced bowel perforation during salvage che-

motherapy before initiation of pembrolizumab treatment.
Therefore, the toxicity of pembrolizumab was manageable,
which might be because we used a low dose of 100 mg of
pembrolizumab every 3 weeks, although a previous study
using 10 mg/kg of pembrolizumab every 2 weeks reported
five cases of grade 3 drug-related adverse events (16%). Fur-
thermore, five patients in our study had undergone unre-
lated or haploidentical allogeneic SCT before receiving
pembrolizumab, but only one patient developed grade II
acute GVHD (case 1 with NKTCL) (Fig. 1). This might be 
related to the lower dose of pembrolizumab and be consis-
tent with the safety of PD1 blockade after allogeneic SCT [10]. 

In conclusion, pembrolizumab could be useful as a salvage
treatment for relapsed or refractory EBV-positive NHL, 
especially NKTCL. However, its efficacy in EBV-negative
NHL with low or absent PDL1 expression is still not clear 
although pembrolizumab could be a potential treatment 
option for relapsed or refractory NHL. 
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Purpose
Epidermal growth factor receptor (EGFR) exon 20 insertion mutations account for approxi-
mately 4% of all EGFR mutations. Given the rarity of this mutation, its clinical outcomes are
not fully established. 

Materials and Methods
Between 2009 and 2017, non-small cell lung cancer (NSCLC) patients who showed an exon
20 insertion were retrospectively reviewed for clinical characteristics and outcomes, includ-
ing responses to chemotherapy (CTx) or targeted therapy.

Results
Of 3,539 NSCLC patients who harbored an activating EGFR mutation, 56 (1.6%) had an
exon 20 insertion. Of the advanced NSCLC patients, 27 of 1,479 (1.8%) had an exon 20 
insertion. The median overall survival was 29.4 months (95% confidence interval 9.3 to
49.6) for 27 advanced NSCLC patients. The 22 patients who received systemic CTx achieved
a 50.0% response rate and a 77.2% disease control rate, with 4.2 months of progression-
free survival. Six patients received EGFR tyrosine kinase inhibitors (TKIs). Three of the four
patients that had only an exon 20 insertion showed progressive disease, while one showed
stable disease. The other two patients had an exon 20 insertion and another EGFR mutation
and achieved a partial response.  

Conclusion
The incidence of an exon 20 insertion mutation is rare in Korea and occasionally accompa-
nied by other common EGFR mutations. Although the response to systemic CTx. in these
patients is comparable to that of patients with other mutations, the response rate to first-
or second-generation EGFR TKIs is quite low. Therefore, the development of a more efficient
agent is urgently needed.   

Key words
Non-small cell lung cancer, Exon 20 insertion, 
Epidermal growth factor receptor, Mutation, 
EGFR tyrosine kinase inhibitor

Seonggyu Byeon, MD1

Youjin Kim, MD1

Sung Won Lim, MD1

Jang Ho Cho, MD1

Sehoon Park, MD1

Jiyun Lee, MD1

Jong-Mu Sun, MD, PhD1

Yoon-La Choi, MD, PhD2

Se-Hoon Lee, MD, PhD1

Jin Seok Ahn, MD, PhD1

Keunchil Park, MD, PhD1

Myung-Ju Ahn, MD, PhD1

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

Correspondence: Myung-Ju Ahn, MD, PhD
Division of Hematology-Oncology, Department
of Medicine, Samsung Medical Center,
Sungkyunkwan University School of Medicine,
81 Irwon-ro, Gangnam-gu, Seoul 06351, Korea 
Tel: 82-2-3410-3452   
Fax: 82-2-3410-1754
E-mail: silk.ahn@samsung.com

Received  March 12, 2018
Accepted  July 19, 2018
Published Online  July 23, 2018

1Division of Hematology-Oncology, 
Department of Medicine, 2Department of
Pathology, Samsung Medical Center,
Sungkyunkwan University School of 
Medicine, Seoul, Korea

Introduction

Lung cancer is a leading cause of cancer death worldwide
[1,2]. In Korea, 24,000 cases are newly diagnosed, and 17,440
patients die of lung cancer each year [2]. Approximately 
80-85% of lung cancers are classified as non-small cell lung
cancer (NSCLC) [3]. The discovery of relevant genomic 
abnormalities in NSCLC has led to the development of novel,

targeted chemotherapeutic agents. It has also caused a para-
digm shift in the treatment of NSCLC, particularly for those
with non-squamous cell carcinoma. Epidermal growth factor
receptor (EGFR) mutations represent the most prevalent
drug-treatable targets and are detected in approximately 40%
of NSCLC cases in Asian patients, and in 10%-20% of cases
in Caucasian patients [4,5]. EGFR mutations are commonly
found in never-smokers, females, and patients with adeno-
carcinoma. The most common activating EGFR mutations 



include an in-frame deletion in exon 19 and the L858R 
mutation in exon 21. Together, these account for 90% of
EGFRmutations [6].

EGFR tyrosine kinase inhibitors (TKIs) are associated with
a highly effective and durable response in NSCLC patients
with these common EGFR mutations, often yielding 9-13
months of progression-free survival (PFS) and more than 24
months of overall survival (OS) [7-9]. Other, less commonly 
observed EGFRmutations (such as G719X or L861Q) account
for 2%-3% of EGFR mutations and are also considered 
responsive to EGFR TKIs [10].
EGFR exon 20 insertion mutations are typically located just

after the C-helix of the tyrosine kinase domain of EGFR, and
their incidence varies between 1% to 9% of all EGFR muta-
tions [11-15]. Given the rarity of these mutations and the fact
they are mostly studied in surgically resected patients, the
clinical characteristics and outcomes of advanced NSCLC 
patients with EGFR exon 20 insertion mutations have not
been fully established. 

Materials and Methods

1. Patients

Between January 2009 and December 2017, histologically
confirmed Samsung Medical Center NSCLC patients with
activating EGFR mutations were selected from an institu-
tional database. Among them, patients with an EGFR exon
20 insertion mutation were retrospectively analyzed for clin-
icopathological characteristics, responses to systemic chemo-
therapy or targeted agents, PFS, and OS. 

2. EGFR mutation tests

Mutational analyses of EGFR (exons 18-21) were perfor-
med as previously described by directional sequencing, by
the peptide nucleic acid clamp method, or by next-generation
sequencing [16].

3. Statistical analysis

All available data were retrospectively collected using a
standardized case report form. OS and PFS were calculated
using the Kaplan-Meier method. The Cox proportional haz-
ards regression model was used to evaluate the impact of col-
lected variables on PFS and OS. Two-sided p-values were set
at a 0.05 significance level. All analyses were performed
using SPSS ver. 23.0 software (IBM Corp., Armonk, NY).

4. Ethical statement

Institutional Review Board (IRB) approval was obtained
from Samsung Medical Center (SMC, Seoul, Korea, SMC
2018-02-019). The IRB approved waiver of informed consent.

Results

1. Prevalence of EGFR mutations

From January 2009 to December 2017, 3,539 patients
showed positive results in the EGFR mutation test. Among
them, 1,712 (48.3%) had an exon 19 deletion, 1,451 (41.0%)
had L858R, 132 (3.7%) had G719X, 92 (2.6%) had L861Q, 56
(1.6%) had an exon 20 insertion, and 34 (1.0%) had S768I (S1
Fig.). Among the 56 patients with an exon 20 insertion, eight
had an additional mutation: four had an exon 19 deletion,
two had L858R, one had G719S, and one had S768I.

Of the 3,539 total patients, 1,479 had advanced NSCLC.
These patients included 752 (50.8%) with an exon 19 deletion,
557 (37.7%) with L858R, 49 (3.3%) with G719X, 49 (3.3%) with
L861Q, 27 (1.8%) with an exon 20 insertion, and 17 (1.1%)
with S768I (Fig. 1). 

Cancer Res Treat. 2019;51(2):623-631

Fig. 1.  Distribution of epidermal growth factor receptor
(EGFR) mutations in advanced non-small cell lung cancer
patients (n=1,479).

EGFR mutations 

Others 1.5%
S798I 1.1%

G179X 3.3%
L861Q 3.3%

Exon 20 insertion 1.8%

L858R 37.8%

Del 19 51.0%
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Table 1.  Clinical characteristics of total 3,539 patients with NSCLC

Common (n=3,163) Uncommon (n=376) p-value
Age at diagnosis (yr) 61 (19-92) 62 (27-87) NS
Sex

Female 2,008 (63.5) 217 (57.7) 0.032
Male 1,155 (36.5) 159 (42.3)

Histology
ADC 3,077 (97.3) 335 (89.1) < 0.001
SqCC 47 (1.5) 20 (5.3)
Others 39 (1.2) 21 (5.6)

Stage
I-IIIA 1,866 (59.0) 194 (51.6) 0.007
IIIB-IV 1,297 (41.0) 182 (48.4)

Values are presented as median (range) or number (%). NSCLC, non-small cell lung cancer; NS, non-significant; ADC, ade-
nocarcinoma; SqCC, squamous cell carcinoma.

Table 2.  Baseline characteristics of patients with an exon 20 insertion mutation 
Early-stage Refractory NSCLC Total

(n=29) (n=27) (n=56)
Age at diagnosis (yr) 60 (36-78) 60 (43-75) 60 (36-78)
Sex

Female 14 (48.2) 11 (40.7) 25 (44.6)
Male 15 (51.8) 16 (59.3) 33 (55.4)

Histology
ADC 29 (100) 26 (96.3) 55 (98.2)
SqCC 0 ( 1 (3.7) 1 (1.8)

ECOG
0 8 (27.6) 1 (3.8) 9 (16.1)
1 21 (72.4) 19 (70.3) 40 (71.4)
2 0 ( 7 (25.9) 7 (12.5)

Smoking history
Never 19 (65.5) 21 (77.8) 40 (71.4)
Current 6 (20.7) 3 (11.1) 9 (16)
Ex 4 (13.8) 3 (11.1) 7 (12.6)

Metastasis
CNS - 11 ( -
Bone - 9 ( -
Liver - 5 ( -
Lung - 9 ( -

Exon 20 mutation
Insertion only 25 (8-6.2) 23 (85.2) -

Double mutation
Insertion+S768I - 1 (3.7) -
Insertion+G719S - 1 (3.7) -
Insertion+Deletion 19 4 (13.8) - -
Insertion+L858R - 2 (7.4) -

Values are presented as median (range) or number (%). NSCLC, non-small cell lung cancer; ADC, adenocarcinoma; SqCC,
squamous cell carcinoma; ECOG, Eastern Cooperative Oncology Group; CNS, central nervous system. 
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2. Characteristics of patients with exon 20 insertion muta-
tion 

Among total 3,539 patients, 3,163 patients were identified
that having common EGFR mutations, meanwhile 376 
patients were uncommon EGFR mutations. Demographic
characteristics of total 3,539 patients were summarized in
Table 1. Women, adenocarcinoma, and early staged NSCLC
patients were more common in NSCLC patients with com-
mon EGFRmutations.

Baseline characteristics of 27 advanced NSCLC patients
harboring an exon 20 insertion mutation are summarized in
Table 2. The median follow-up duration was 12.1 months
(range, 0.9 to 62.4 months). The median age at diagnosis was
60 years (range, 43 to 75 years), and 41% of patients were 
female. A majority of patients (78%) were never-smokers,
and most (96%) had adenocarcinoma. The most common
metastatic sites were the central nervous system (40.7%),
lung (33.3%), bone (33.3%), and liver (18.5%). Of note, 23 
patients had only an exon 20 insertion mutation, while four
patients had an additional activating mutation: two had
L858R, one had S768I, and one had G719S (Table 2).

3. Types of exon 20 insertion mutations

Among 27 patients with exon 20 insertions, only 17 had
available data for amino acid position changes.  All exon 20
insertions were clustered between Val769 and Val775. His-
773_Val774insHis was the most common insertion mutation
(n=7, 41.2%), followed by Val774_Cys775insHisVal (n=3,
17.7%) and His773_Val774insProHis (n=2, 11.7%). Each of
the following mutations was found one time: His773_Val-
774insAsnProHis, Pro772_His773insThrThrPro, Pro772_ His-
773insGlyAsnPro, Val769_Asn771insValGlyVal, and Asp-
770_Asn771insGly (Table 3).

4. Treatment responses and clinical outcomes

Of the 27 patients with exon 20 insertions, 22 received plat-
inum-based systemic chemotherapy. The overall response
rate (ORR) was 50.0%, and the disease control rate was
77.2%. The median PFS was 4.2 months (95% confidence 
interval [CI], 1.7 to 6.6), and the median OS was 29.4 months
(95% CI, 9.3 to 49.6) (Fig. 2). In contrast, all patients with a
double mutation were still alive at the time of last follow-up
(November 15, 2017; OS range, 2.2 to 15.0 months). A Cox
proportional regression analysis revealed that central nerv-
ous system metastasis was associated with poor OS (p=0.043,
data not shown).

Six patients were treated with an EGFR TKI. Three patients
received a reversible EGFR TKI (erlotinib), and the other
three received an irreversible EGFR TKI (two received afa-
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Fig. 2.  Kaplan-Meier survival curves. (A) Progression-free survival of patients with an exon 20 insertion receiving systemic
chemotherapy. (B) Overall survival of patients with an exon 20 insertion. NSCLC, non-small cell lung cancer.
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Table 4.  Clinical information and treatment outcomes of six patients who received EGFR TKIs

Sex Age Exon 20 type ECOG Smoking history Initial TKI type EGFR TKI PFS(yr) stage response
F 44 Insertion 1 Never-smoker IV Erlotinib PD 0.7
M 65 Insertion 2 Never-smoker IV Afatinib PD 0.9
M 60 Insertion 1 Current smoker 30PY IV Erlotinib PD 2.6
M 48 Insertion 0 Ex-smoker 20PY IV Erlotinib SD 11.4
M 62 Insertion+L858R 1 Ex-smoker 10PY IIB Afatinib PR 1.9
F 43 Insertion+G719S 1 Never-smoker IV Osimertinib PR 2.8

EGFR TKI, epidermal growth factor receptor tyrosine kinase inhibitor; ECOG, Eastern Cooperative Oncology Group; PFS,
progression-free survival; F, female; M, male; PD, progressive disease; SD, stable disease; PR, partial response.

Table 5.  Published studies evaluating clinical response to EGFR TKIs in NSCLC patients with exon 20 insertion

Study Type of EGFR Exon Patients treated ORR to PFS to OS20 mutation with EGFR TKIs TKI (%) TKI
Tu et al. [18] Insertion 20 12 0 3.0 (1.3-4.7) 12.5 (0-25.5)
Lund-Iversen et al. [13] Insertion 20 3 0 - -
Arcila et al. [15] Insertion 20 5 40 2.5 ( > 48 mo
Naidoo et al. [12] Insertion 20 11 27 - -
Yasuda et al. [17] Insertion 20 19 11 - -
Kuiper et al. [19] Insertion 20 16 0 2.9 (2.3-3.6) 9.7 (
Current study Insertion 20 4 25 2.6 (0.7-11.4) 29.4 (9.3-49.6)

EGFR TKI, epidermal growth factor receptor tyrosine kinase inhibitor; NSCLC, non-small cell lung cancer; ORR, objective
response rate; PFS, progression free survival; OS, overall survival.
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tinib, and one received osimertinib). Among the four patients
with only an exon 20 insertion, three had progressive disease
and one had stable disease. In contrast, the two double-
mutation patients achieved a partial response to treatment
(Table 4).

Discussion

We found that exon 20 insertion mutations represented
1.6% of all EGFR mutations, regardless of the cancer stage.
Exon 20 insertions represented 1.8% of the EGFR mutations
found in cases of advanced NSCLC, consistent with previous
reports [6,11,12,14]. These patients shared similar character-
istics with patients harboring other common EGFR muta-
tions in that the majority had adenocarcinoma (96%) and
were never-smokers (78%). 

Amino acid sequencing data from the exon 20 insertion
mutations indicated that the majority (88.2%) showed
changes after His773. The most frequent amino acid change
was His773_Val774insHis (41.1%), followed by Val774_Cys-
775insHisVal (17.6%) and His773_Val774insProHis (11.7%).
All amino acid changes occurred between Val769 and Val-
775, in a region located just after the C-helix of the EGFR
tyrosine kinase domain. These findings are consistent with
the results of Yasuda et al. [17]. We observed three novel
amino acid sequence variants: Pro772_His773insGlyAsnPro,
Val769_Asn771insValGlyVal, and Pro772_His773insThrThr-
Pro. This suggests that exon 20 insertion mutations are highly
variable and heterogeneous. Although the clinical signifi-
cance of these novel sequences has not been established, 
efforts to find new amino acid sequences in exon 20 muta-
tions are warranted.

It has been suggested that exon 20 insertions and other
types of EGFR mutations are mutually exclusive [11-14,16].
Among the 56 patients with exon 20 insertions in our study,
eight had an additional EGFR mutation to the exon 20 inser-
tion, such as L858R, an exon 19 deletion, S768I, or G719S. 
Patients with a double mutation comprising an exon 20 
insertion and L858R or G719S initially achieved a partial 
response to EGFR TKIs. However, the PFS was short (1.9-2.9
months), suggesting that exon 20 insertion might be domi-
nant over the other more common mutation. Further valida-
tion of these results is needed. As expected, patients with an
exon 20 insertion only who received EGFR TKIs had a low
response rate and short PFS (~2.6 months; range, 0.7 to 11.4),
consistent with previous reports [12,14,15,20].

One patient showed a long duration of stable disease fol-
lowing treatment with an EGFR TKI. Some exon 20 insertions
(such as A763_Y764insFQEA) are relatively sensitive to

EGFR TKIs, and this patient may have had such a variant
[12,21].

In general, exon 20 insertion mutation in NSCLC is associ-
ated with lack of sensitivity to first-generation EGFR TKIs,
such as erlotinib or gefitinib [12-14,18,19], and so does our
study (Table 5). The exact mechanism underlying this lack of
sensitivity has not been fully established. It is possible that
exon 20 insertions occurring after the C-helix might induce
conformational changes that affect the binding affinity to
EGFR inhibitors, promoting resistance to EGFR TKIs [17].
Kosaka et al. showed that replacing Asp770 with Gly770 
restored sensitivity to EGFR TKIs by allowing Arg776 access.
This facilitated a C-helix conformational change and sub-
strate binding in Ba/F3 cells transduced with an EGFR exon
20 insertion mutation [22].

In one pre-clinical study, patient derived xenografts cells
harboring an EGFR exon 20 insertion showed a partial 
response to second-generation (afatinib) and third-genera-
tion (osimertinib and rociletinib) TKIs [23]. Another pre-clin-
ical study showed that a novel, mutant-selective inhibitor of
EGFR (nazartinib) showed promising results in vitro in can-
cer-derived cell lines expressing exon 20 insertions. Nazar-
tinib was effective for the duration of the therapeutic win-
dow, at only half the maximal inhibitory concentration (IC50)
[24]. But in clinical trials to date, promising results have not
been observed with currently available agents designed to
target EGFR [25,26]. Therefore, further studies are needed to
enhance our understanding of the EGFR structure and to
clarify the mechanisms by which exon 20 insertions affect 
patient responses to EGFR TKIs. As part of these efforts, one
phase II study of poziotinib in patients with advanced
NSCLC and EGFR exon 20 mutations had been conducted.
In this study, seven of 11 patients achieved a partial response
to poziotinib, suggesting its promising efficacy [27].

In this study, the advanced NSCLC patients with exon 20
insertion had median OS of 29.4 months (95% CI, 9.3 to 49.6),
which is consistent with median OS of advanced NSCLC
with common EGFR mutations [8,9]. The ORR and PFS to
platinum-based chemotherapy were 50% and 4.2 months, 
respectively. Considering the poor outcomes with EGFR
TKIs, platinum-based systemic chemotherapy is considered
standard treatment for advanced NSCLC with an exon 20 
insertion mutation [12,20].

The present study has certain limitations. Given the small
number of patients and retrospective nature of the analysis,
patients analyzed in this cohort might not be representative
of all types of advanced NSCLC with EGFR exon 20 insertion
mutations. Furthermore, the various techniques used in this
study to detect EGFR mutations have inherently different
levels of specificity and sensitivity. Nevertheless, we ana-
lyzed one of the largest cohorts of its kind, with more than
3,000 patients with activating EGFR mutations. 
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In conclusion, exon 20 insertion mutations are rare in
Korea, and are occasionally accompanied by common EGFR
mutations. Although the response to systemic chemotherapy
in these patients is comparable to that in patients with more
common EGFR mutations, the response rate to first- or sec-
ond-generation EGFR TKIs is quite low. For this reason, the
development of a more efficient chemotherapeutic agent is
urgently needed. 
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Effect of Estradiol in an Azoxymethane/Dextran Sulfate Sodium-Treated
Mouse Model of Colorectal Cancer: Implication for Sex Difference in 
Colorectal Cancer Development

Original Article

Purpose
This study demonstrates that estradiol downregulates inflammation and inhibits colorectal
cancer (CRC) development in azoxymethane/dextran sulfate sodium (AOM/DSS) mouse
model.

Materials and Methods
AOM/DSS-treated male and female mice were sacrificed at weeks 2, 10, and 16, to assess
estrogen effects on colitis and carcinogenesis. Macroscopic and histologic severity of colitis
and Western blot and quantitative real-time polymerase chain reaction were evaluated, to
measure inflammatory mediators and cytokines.

Results
Compared with AOM/DSS-treated male mice (M-AOM/DSS group), AOM/DSS-treated male
mice with estradiol administration (M-AOM/DSS+estr group) displayed at week 2 signifi-
cantly decreased severity of colitis. At weeks 10 and 16, AOM/DSS-treated female mice 
(F-AOM/DSS group) and the M-AOM/DSS+estr group showed significantly lower tumor mul-
tiplicity compared with the M-AOM/DSS group. At week 2, F-AOM/DSS group had a lower
level of nuclear factor-B (NF-B) expression and higher level of nuclear factor erythroid 
2-related factor 2 (Nrf2) expression, compared to the M-AOM/DSS group. At week 2, 
expression levels of NF-B and its related mediators decreased in the M-AOM/DSS+estr
group, while levels of Nrf2 and Nrf2-related anti-oxidant enzymes increased. In addition,
estradiol significantly increased Nod-like receptor protein 3 (NLRP3) inflammasome expres-
sions in AOM/DSS-treated male mice. In contrast, at weeks 10 and 16, Nrf2 and its-related
anti-oxidant enzymes and NLRP3 inflammasome were highly expressed in M-AOM/DSS
group and in F-AOM/DSS group, who developed cancer.

Conclusion
The data suggest that estradiol inhibits the initiation of CRC by regulating Nrf2-related path-
ways. Moreover, these imply the dual role of Nrf2 and NLRP3 inflammasome, including pro-
motion of tumor progression upon tumor initiation.  

Key words
Colorectal neoplasms, AOM/DSS mouse model, Estradiol, 
NF-kappa B, NF-E2-related factor 2, 
Nod-like receptor protein 3 inflammasome, Mouse
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Introduction

The incidence rate of colorectal cancer (CRC) is high in
males compared with females, regardless of age, ethnicity,
and geographic regions [1]. Epidemiologic studies have
shown an obvious decrement of CRC incidence with oral
contraceptive use [2], and lowered risk of CRC with estradiol
plus progestin therapy [3]. Some preclinical research has
yielded conflicting results on the influence of female sex hor-
mones on CRC. That is, in ovariectomized female C57BL/6J
mice with a germ-line APC gene mutation, intestinal adeno-
mas were reportedly increased by 77 % (p < 0.05) compared
to non-ovariectomized females, while supplementation of
17-estradiol to ovariectomized female C57BL/6J mice 
reduced the number of adenomas to the same level as non-
ovariectomized mice [4]. However, in an APCPirc/+ rat model,
ovariectomized rats did not develop a higher prevalence of
adenomas, while orchidectomy protected against colonic 
tumorigenesis [5]. In our previous study, we suggested the
protective roles of estradiol in colorectal tumorigenesis by
showing more tumor multiplicities in azoxymethane and
dextran sulphate sodium (AOM/DSS)-treated male mice
compared to AOM/DSS-treated female mice [6]. 

Estradiol increased nuclear factor erythroid 2-related factor
2 (Nrf2) activity in breast cancer cell line [7]. Yet in CRC,
there is no comprehensive knowledge about estradiol as an
upstream regulator of Nrf2. Protein kinase C (PKC), an 
important mediator in the G13 signaling pathway, promotes
Nrf2 activity [8]. In addition, PKC has been closely related to
the protective effect of estradiol on vascular reactivity after
shock in female rats [9]. Furthermore, estradiol-induced pro-
tein synthesis in mouse uterine epithelial cells was also 
mediated through the PKC signaling pathway [10]. Estradiol
increased the mRNA level of PKC in the colonic epithelium
of rats [11]. Thus, the G13-PKC signaling pathway could be
an upstream regulator of Nrf2 in CRC, and estradiol might
play a role in this cascade. 

The enhancement of colitis-associated CRC development
in Nrf2-deficient mice treated with AOM/DSS [12] supports
the protective influence of Nrf2 against colonic inflamma-
tion. There are several suggested mechanisms of the Nrf2-
mediated prevention of inflammation and tumorigenesis.
First, the activation of Nrf2 and cross-talk between Nrf2 and
nuclear factor-B (NF-B) downregulate pro-inflammatory
signaling by suppressing NF-B directly [13]. Second, Nrf2
is one of the most essential transcription factors that regulate
the expression of anti-oxidant enzymes [14]. Lastly, the close
relationship of Nrf2 with the activating mechanism of the
Nod-like receptor protein 3 (NLRP3) inflammasome was 
recently reported [15]. Caspase-1 activated by NLRP3 inflam-
masome triggers pyroptosis [16], and pyroptosis might elicit

an anti-cancer immune reaction [17]. 
Inflammation is an important factor in the pathophysiol-

ogy of colitis-associated and sporadic CRC. For example,
Saleiro et al. [18] demonstrated the higher levels of inflam-
matory cytokines and polyp development at weeks 9 and 16
in AOM/DSS-treated estrogen receptor  (ER) knockout
mice, compared to wild-type mice. However, almost no stud-
ies have thoroughly evaluated the early inflammation stage
of tumorigenesis, since in most of the studies, the animals
were sacrificed after adenoma formation. 

From this background, we hypothesized that the observed
sex difference in CRC incidence may be due to estradiol-
mediated down-regulation of inflammation, which might
somehow affect the CRC cascade. To explore this hypothesis,
we assessed the temporal role of Nrf2 in modulating inflam-
mation and carcinogenesis through the regulation of the 
NF-B–mediated pro-inflammatory pathway, anti-oxidant
enzymes, and the NLRP3 inflammasome. 

Materials and Methods

1. Animals 

Four-week-old male and female ICR mice (Orient Co., Ltd.,
Seoul, Korea) were housed in cages, and maintained at 23°C
with a 12/12-hour light/dark cycle under specific pathogen-
free conditions. 

2. Experimental design

Fig. 1A shows the experimental design. After 1 week of 
acclimatization, male and female mice were randomized into
five groups (n=20-36/group). Group 1 male control (M-con)
mice were sacrificed at week 2 (n=4), and weeks 10 and 16
(n=6 each). Group 2 comprised male mice treated with AOM/
DSS (M-AOM/DSS). The mice were sacrificed at week 2
(n=6), and at weeks 10 and 16 (n=12 each). Group 3 com-
prised AOM/DSS-treated male mice administered estradiol
(M-AOM/DSS+estr). The mice were sacrificed at week 2
(n=6), and weeks 10 and 16 (n=12 each). Group 4 comprised
female control mice (F-con). They were sacrificed at week 2
(n=4), and weeks 10 and 16 (n=6 each). Group 5 comprised
AOM/DSS-treated female mice (F-AOM/DSS). They were
sacrificed at week 2 (n=6), and weeks 10 and 16 (n=12 each).
AOM/DSS-treated male and female mice were intraperi-
toneally injected with AOM (10 mg/kg; Sigma-Aldrich, St.
Louis, MO) on day 0 in the experimental schedule. For 
induction of colitis, 2.5 % (w/v) DSS (MP Biomedicals, 
Aurora, OH) was supplied in drinking water for 7 days, 1
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Fig. 1.  Estradiol prevents wasting disease progression in azoxymethane/dextran sulfate sodium (AOM/DSS)–induced 
colitis. (A) Scheme for the experimental course of AOM/DSS promoted colitis-associated tumorigenesis. The mice were 
injected AOM on day 0. DSS in drinking water (2.5%) and estradiol supply was provided from day 7 to 13. Mice were sacrificed
at week 2, 10, and 16. (B) Disease Activity Index (DAI) was decreased by estradiol. (C) Colon length at week 2. (D) Macroscopic
damage score at week 2. (E) Myeloperoxidase (MPO) activity in colonic tissues at week 2. (Continued to the next page)
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week following the injection of AOM [6]. The quantity of DSS
consumed in the drinking water was checked on days 7, 9,
and 11. M-AOM/DSS+estr mice were intraperitoneally 
injected each day for 7 days with 17-estradiol (10 mg/kg;
Sigma-Aldrich) dissolved in olive oil. The injections were
done during the same period of DSS consumption. Animals
were euthanized by CO2 asphyxiation at 2, 10, and 16 weeks
after AOM injection (Fig. 1A).

3. Evaluation of clinical symptoms

Clinical symptoms were evaluated using the Disease 
Activity Index (DAI), which includes body weight loss, stool
characterization, and hematochezia [6]. DAI was scored by
two technicians (L.H.N. and D.C.) in a blinded manner.

4. Lesion enumeration

Colons extracted from cecum to the rectum were opened
longitudinally, and stool was washed out with phosphate-
buffered saline. Colon length was measured from cecum to
rectum using a ruler. Polypoid lesions with a diameter < 2
mm or > 2 mm were independently counted by three gastro-
enterologists in a blinded manner. Tumor multiplicity was
defined as the number of gross polyps approved by the three
gastroenterologists.

5. Tissue processing, histopathology, and immunohisto-
chemical analysis

After extraction from the peritoneum, the colon was divi-
ded into proximal and distal portions. The proximal colon
was half of the colon to 1.5 cm distal from the ileocecal valve.
The distal colon was the other half up to the rectum 1.5 cm
from the anal verge. One or two representative polyps of

each sample were prepared for histological analysis. These
samples were fixed with phosphate-buffered formalin, and
stained with hematoxylin and eosin. Other portions were
frozen in lipid nitrogen, and kept at –70°C, until use in the
biochemical assays. The tumor incidence (%) was determi-
ned as the percentage of rats having more than one tumor.
The classification of adenoma and adenocarcinoma was per-
formed as previously described [6]. The depth of invasion by
adenocarcinoma in the colonic tissues was specified as muco-
sa or submucosa [6,19]. Their incidence was also measured. 

Immunohistochemical (IHC) analysis of Nrf2 was per-
formed. Tissue sections were treated with 3% hydrogen per-
oxide, and nonspecific binding sites were blocked. The
sections were incubated with anti-Nrf2 antibodies (ab31163,
Abcam, Cambridge, MA). An automatic immunostainer
(BenchMark XT, Ventana Medical Systems, Tucson, AZ) and
UltraView Universial DAB detection kit (Ventana Medical
Systems) were used for immunostaining. The proportion of
the number of immune-stained in total cells of all crypts were
calculated.

6. Scoring of microscopic damage 

Histological severity was assessed using microscopic dam-
age score reflecting colonic epithelial damage and depth of
infiltration with inflammatory cells as previously described
[6]. This was evaluated by a pathologist (E.S.) in a blinded
manner. 

7. Measurement of inflammatory cytokines

The levels of myeloperoxidase (MPO) in the colonic tissues
were examined by ELISA (R&D Systems, Minneapolis, MN).
Every assay was performed in triplicate.

Fig. 1.  (Continued from the previous page) (F) Histopathologic findings of the colonic mucosa (H&E staining, 200) at week 2.
In control mice, the mucosa is normal in males and females. However, near-total crypt loss and infiltration of severe inflam-
matory cell of colonic mucosa (white arrow) are seen in both males and females. Estradiol treatment significantly decreased
histologic damage, with only mild erosion (yellow arrow). *p < 0.05 compared to control, †p < 0.05 compared to AOM/DSS
group, p < 0.05 between estradiol-treated group and female AOM/DSS group, #p < 0.05 between the male AOM/DSS group
and the female AOM/DSS group. M, male; F, female; estr, estradiol.

F
2W M-con 2W F-con2W M-AOM/DSS 2W F-AOM/DSS2W M-AOM/DSS+estr
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8. Western blot analysis

Protein extracts were isolated using RIPA buffer (Cell Sig-
naling Technology, Beverly, MA). Cytoplasmic and nuclear
lysates were separated using a NE-PER Nuclear Cytoplasmic
Extraction Reagent kit (Pierce, Rockford, IL), according to the
manufacturer’s instructions. Protein concentration was deter-
mined using the BCA protein assay reagent (Pierce). Protein
samples were separated by 8 to 15% sodium dodecyl sulfate
polyacrylamide gel electrophoresis. After blocking, mem-
branes were incubated overnight at 4°C with specific anti-
bodies. S1 Table of the Supporting Information (SI) lists the
primary antibodies in detail. Horseradish peroxidase–conju-
gated anti-rabbit, anti-goat, or anti-mouse immunoglobulin
(Santa Cruz Biotechnology, Dallas, TX) was used as second-
ary antibodies. 

9. Quantitative real-time PCR analysis 

RNA was isolated from colon tissue using Trizol reagent
(Invitrogen, Carlsbad, CA) according to the manufacturer’s
instruments, and quantified using a NanoDrop ND-1000 
device (Thermo Scientific, Wilmington, DE). cDNA was syn-
thesized using the High Capacity cDNA reverse Transcrip-
tion Kit (Applied Biosystems, Foster City, CA). Quantitative
real-time PCR was performed using Power SYBR Green PCR
Master mix and a Viia7 instrument (Applied Biosystems).
The transcript levels of glyceraldehydes-3-phosphate dehy-
drogenase were used for sample normalization. S2 Table of
the SI lists the primer sequences.

10. Statistical analyses

Data are expressed as mean±standard error of mean. Sta-
tistical significance was examined by Mann-Whitney test or
Fisher exact test. A p-value of < 0.05 was considered to indi-
cate statistical significance. All statistical analyses were con-
ducted using SPSS ver. 18.0 (SPSS Inc., Chicago, IL) and
GraphPad Prism software (GraphPad, La Jolla, CA).

11. Ethical statement

All animal experimental procedures were approved by the
Institutional Animal Care and Use Committee (IACUC) of
Seoul National University Bundang Hospital (BA1310-139/
091-01). The procedures were in accordance with the Ani-
mals in Research: Reporting In Vivo Experiments (ARRIVE)
statement.

Results

1. Estradiol ameliorates histologic evidence of colonic 
inflammation by week 2

We first analyzed DAI score, colon shortening, and sever-
ity of colitis, to evaluate the early impacts of estradiol. The
M-AOM/DSS and F-AOM/DSS groups displayed higher
DAI scores compared to the control mice (M-con and F-con
groups), suggesting the induction of severe colitis (p=0.007
at week 2 for M-AOM/DSS group vs. M-con group) (Fig. 1B).
The M-AOM/DSS+estr group had lower DAI scores than the
M-AOM/DSS group on day 13 (p=0.049), and at week 2 
(Fig. 1B). Colon length of the M-AOM/DSS group was short-
ened by inflammation at week 2 (Fig. 1C). Representative his-
tologic images (Fig. 1F) and microscopic damage score
revealed significantly less infiltration of inflammatory cells
and mild cryptic damage for the M-AOM/DSS+estr group
compared to the M-AOM/DSS group at week 2 (p=0.004 for 
microscopic damage score) (Fig. 1D). The M-AOM/DSS+estr
group displayed a lower level of MPO, a mediator associated
with intestinal inflammation, compared to the M-AOM/DSS
group (p=0.020) (Fig. 1E). The collective data indicate that
estradiol reduced the severity of DSS-induced colitis. 

2. Estradiol attenuates colitis-associated, histology-evident
tumorigenesis at weeks 10 and 16

Prominent polyps developed at weeks 10 and 16, mostly
in the distal part of the colon (Table 1, Fig. 2A and B), consis-
tent with a previous report [20]. The development of polyps
was obvious in the M-AOM/DSS group, while only a few
polyps developed in the F-AOM/DSS group at week 10
(p=0.014 for tumor number) (Fig. 2A and C). The findings
provided evidence of a significant sex difference in colitis-
associated tumor development. An astonishing result was
the absence of visible polyps in the M-AOM/DSS+estr group
at week 10 (Fig. 2A). The sex difference was also present at
week 16; the F-AOM/DSS group displayed fewer tumors
and lower incidence of colonic neoplasms compared to the
M-AOM/DSS group (p=0.001 for tumor incidence) (Table 1,
Fig. 2B and D). In the F-AOM/DSS group, CRC had devel-
oped in four of 12 (25%) of the mice at week 16, which was
significantly lower than the M-AOM/DSS group (Table 1).
Polyps were observed in the M-AOM/DSS+estr group at
week 16, but at markedly fewer numbers than the M-AOM/
DSS group (p=0.020) (Fig. 2B). These data were evidence of
the protection conferred by both endogenous and exogenous
estradiol against colitis-associated tumorigenesis. Data pro-
vided in Table 1 summarizes the microscopic incidence of
colonic neoplasms. Adenocarcinoma that developed in the
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M-AOM/DSS group tended to have invasive growth, while
that in the M-AOM/DSS+estr group displayed an intact
muscularis mucosa lining at week 10 (Fig. 2C). The M-AOM/
DSS group presented the most severe histological invasive-
ness at week 16 (Fig. 2D). 

3. Effect of estradiol during colitis and cancer progression
in terms of NF-B

To further evaluate the estradiol effects on inflammatory
factors at the molecular level, we measured NF-B and its 
related pro-inflammatory enzymes, cytokines, and genes.
First of all, we determined the expression levels of NF-B by
Western blot analysis at week 2. The M-AOM/DSS group
had higher levels of NF-B, compared to both the F-AOM/

Table 1.  Incidence and multiplicity of adenoma and cancer in colon 
Low grade High grade Cancer with Cancer with Adenoma/ Adenoma/ 

Group adenoma adenoma mucosa submucosa cancer cancer 
incidence incidence invasion invasion incidence multiplicity

4-Week male
Control (n=4) 0/4 (0) 1/6 (16.7) 0/4 (0) 0/4 (0) 0/4 (0) 0.0
AOM/DSS (n=6) 1/6 (16.7) 0/4 (0) 0/6 (0) 0/6 (0) 1/6 (16.7) 0.17±0.17
AOM/DSS+E2 (n=6) 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0) 0.17±0.17
p-valuea) 1.000 1.000 1.000 1.000 1.000 0.762
p-valueb) 1.000 1.000 1.000 1.000 0.455 1.000
p-valuec) 1.000 1.000 1.000 1.000 1.000 0.523

4-Week female
Control (n=4) 0/4 (0) 0/4 (0) 0/4 (0) 0/4 (0) 0/4 (0) 0.0
AOM/DSS (n=6) 0/6 (0) 1/6 (16.7) 0/6 (0) 0/6 (0) 1/6 (16.7) 0.33±0.21
p-valuea) 1.000 1.000 1.000 1.000 1.000 0.221

10-Week male
Control (n=6) 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0.0) 0.0 
AOM/DSS (n=12) 0/12 (0) 1/12 (8.3) 10/12 (83.3) 0/12 (0) 11/12 (91.6) 2.33±0.19
AOM/DSS+E2 (n=12) 1/12 (8.3) 0/12 (0) 0/12 (0) 0/12 (0) 1/12 (8.3) 0.0
p-valuea) 1.000 1.000 0.002* 1.000 < 0.001* < 0.001*
p-valueb) 1.000 1.000 < 0.001* 1.000 < 0.001* < 0.001*
p-valuec) 1.000 1.000 0.012* 1.000 0.155 0.014*

10-Week female
Control (n=6) 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0) 0.0
AOM/DSS (n=12) 1/12 (8.3) 2/12 (16.6) 3/12 (25) 1/12 (8.3) 7/12 (58.3) 1.17±0.39
p-valuea) 1.000 0.529 0.515 1.000 0.038* 0.025*

16-Week male
Control (n=6) 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0) 0.0
AOM/DSS (n=12) 0/12 (0) 1/12 (8.3) 8/12 (66.6) 3/12 (25) 12/12 (100) 3.42±0.50
AOM/DSS+E2 (n=12) 0/12 (0) 0/12 (0) 4/12 (33.3) 0/12 (0) 4/12 (33.3) 1.83±0.34
p-valuea) 1.000 1.000 0.013* 0.515 < 0.001* 0.001*
p-valueb) 1.000 1.000 0.220 0.217 0.001* 0.020*
p-valuec) 1.000 1.000 0.100 0.590 0.001* 0.243

16-Week female
Control (n=6) 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0) 0/6 (0) 0.0
AOM/DSS (n=12) 0/12 (0) 0/12 (0) 3/12 (25.0) 1/12 (8.3) 4/12 (33.3) 2.42±0.71
p-valuea) 1.000 1.000 0.526 1.000 0.245 0.035*

Values are expressed as number/subtotal (%) or mean±SEM. AOM, azoxymethane; DSS, dextran sulphate sodium; E2, 17-
estradiol; SEM, standard error of mean. a)Between control and AOM/DSS group, b)Between AOM/DSS and estradiol group,
c)Between male and female. Fisher exact test, *p < 0.05.
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Fig. 2.  Effect of estradiol and sex-associated differences in the multiplicity of colorectal cancer at weeks 10 and 16. Macro-
scopic view (left panel) and multiplicity of the colons (right panel) in each group sacrificed at weeks 10 (A) and 16 (B). 
Arrowheads indicate the macroscopic polyps. Representative histological images at weeks 10 (C) and 16 (D). (Continued to
the next page)
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DSS and M-AOM/DSS+estr groups (Fig. 3A). Consistent
with the NF-B results, the levels of two major pro-inflam-
matory enzymes (cyclooxygenase-2 [COX-2] and inducible
nitric oxide synthase [iNOS]), which are mainly regulated by
NF-B, were higher in the M-AOM/DSS group, compared
to the F-AOM/DSS group (p < 0.05 for iNOS) (Fig. 3A). The
protein and mRNA levels of NF-B–related pro-inflamma-
tory enzymes were decreased in the M-AOM/DSS+estr
group compared to the M-AOM/DSS group at week 2, to
similar levels of control mice (p < 0.05 for COX-2) (Fig. 3A
and B). Next, we measured NF-B–related pro-inflammatory
cytokines (i.e. interleukin 6 [IL-6] and tumor necrosis factor
 [TNF-]) in the colonic mucosa at week 2 by real-time quan-
titative reverse transcription PCR (qRT-PCR). The F-AOM/
DSS group displayed reduced levels of the pro-inflammatory
cytokines compared to the M-AOM/DSS group at week 2
(Fig. 3B). Moreover, decreased levels of IL-6 and TNF-were
observed in the M-AOM/DSS+estr group compared to the
M-AOM/DSS group (both p < 0.05) (Fig. 3B). The pro-
inflammatory enzyme levels and cytokine gene expression
at week 2 were consistent with the results of DAI and micro-
scopic damage index at week 2. These data suggest that 
NF-B and NF-B–related pro-inflammatory mediators are
the molecular basis of the sex difference in colitis. These 
observations also suggest that estradiol exerts anti-inflam-
matory effects by suppressing NF-B–related pro-inflamma-

tory mediators. NF-B–related pro-inflammatory mediators
were consistently expressed at high levels in the M-AOM/
DSS-group (Fig. 3C-F).

4. Effect of estradiol during colitis and cancer progression
in terms of Nrf2

Since Nrf2 directly downregulates NF-B expression and
activity [13], we next investigated Nrf2 and its related anti-
oxidant enzyme activation. 

The IHC analysis of Nrf2 showed significant increase of
Nrf2 by estradiol at week 2 (p < 0.05) (Fig. 4A and B), and by
AOM/DSS at weeks 10 and 16 (p < 0.05 at week 10, p < 0.01
at week 16) (Fig. 4E, F, I, and J). The proportion of Nrf2-
immunostained cells in crypts was significantly higher in 
females than in males on weeks 10 and 16 (all p < 0.05) 
(Fig. 4E, F, I, and J). At week 16, the Nrf2-immunostained
cells were decreased by estradiol (p < 0.05).

The F-AOM/DSS group showed higher expression of Nrf2
compared to the M-AOM/DSS group in terms of the levels
of protein (Fig. 4C) and mRNA (Fig. 4D) at week 2. Nuclear
translocation and mRNA expression of Nrf2 were increased
in the M-AOM/DSS+estr group compared to the M-con and
M-AOM/DSS groups at week 2 (p < 0.001) (Fig. 4C and D).
The protein and mRNA levels of PKC, which positively reg-
ulate Nrf2 [8,21], also increased in the M-AOM/DSS+estr

Fig. 2.  (Continued from the previous page) Adenoma is indicated with dashed line circle, adenocarcinoma with full line circle
and a bar, and submucosal invasion with arrowheads. Quantification of invasion and incidence of cancer in each group at
10 and 16 weeks obtained by microscopic evaluation of the colonic tissues (H&E staining, 100). *p < 0.05 compared to
control, †p < 0.05 compared to the in azoxymethane/dextran sulfate sodium (AOM/DSS) group, p < 0.05 between the estra-
diol-treated group and the female AOM/DSS group, #p < 0.05 between the male AOM/DSS group and the female AOM/DSS
group. M, male; F, female; estr, estradiol.
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Fig. 3.  Protein and mRNA expression levels of nuclear factor B (NF-B) and its related pro-inflammatory factors in colonic
tissues at weeks 2 (A, B), 10 (C, D), and 16 (E, F). Western blot analysis of NF-B, inducible nitric oxide synthase (iNOS), and
cyclooxygenase 2 (COX2) at weeks 2 (A), 10 (C), and 16 (E). mRNA expression levels of iNOS, COX2, interleukin 6 (IL-6),
and TNFA, determined with real-time polymerase chain reaction, at weeks 2 (B), 10 (D), and 16 (F). *p < 0.05, **p < 0.01, and
***p < 0.001. M, male; F, female; AOM, azoxymethane; DSS, dextran sulfate sodium; estra, estradiol.
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Fig. 4.  Expression levels of nuclear factor erythroid 2-related factor 2 (NRF2) and its related anti-oxidant enzymes in colonic
tissues at weeks 2 (A-D), 10 (E-H), and 16 (I-L). Photomicrography of NRF2 immunostain of distal mouse colon at weeks 2
(A), 10 (E), and 16 (I). Arrows indicate the NRF2-immunoreactive cells (400). Analysis of NRF2 immunohistochemistry in
distal colonic tissues at week 2 (B), 10 (F), and 16 (J). Western blot analysis of NRF2 and glutamate-cysteine ligase catalytic
subunit (GCLC) at weeks 2 (C), 10 (G), and 16 (K). mRNA expression levels of PKCD, NRF2, HO-1, GCLC, GCLM, and
NQO-1, determined with real-time polymerase chain reaction, at weeks 2 (D), 10 (H), and 16 (L). *p < 0.05, **p < 0.01 and
***p < 0.001. M, male; F, female; AOM, azoxymethane; DSS, dextran sulfate sodium; ADS, AOM/DSS; estra, estradiol; MW,
molecular weight; GAPDH, glyceraldehyde 3-phosphate dehydrogenase. (Continued to the next page)
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group compared to the M-AOM/DSS group (all p < 0.05)
(Fig. 4D and S3 Fig. of the SI). The F-AOM/DSS and F-con
groups also showed higher mRNA levels of PKC compared
to the M-AOM/DSS and M-con groups (all p < 0.05) 
(Fig. 4D). In addition, G13 strengthens ER activity [22], and
estradiol is closely related to the activities of PKC [11] and
Nrf2 [7]. Another G protein, G12, regulates NF-B in an
estradiol-independent pathway [23]. When we measured the
G13 and G12 by Western blot analysis, only G13 was signif-

icantly increased in the M-AOM/DSS+estr group compared
to the M-AOM/DSS group (p < 0.001) (S3 Fig.). G13 expres-
sion of the F-AOM/DSS group was significantly higher than
the M-AOM/DSS (p < 0.001) (S3 Fig.). Taken together, these
data strongly suggest that activation of Nrf2 by exogenous
and endogenous estradiol is closely correlated to the activa-
tion of G13-PKC signaling pathway during DSS-induced
inflammation stage at week 2. 

Nrf2 activation also resulted in up-regulation of anti-oxi-

Fig. 4.  (Continued from the previous page) (Continued to the next page)
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dant gene expression at week 2. Glutamate-cysteine ligase
catalytic subunit (GCLC) is an antioxidant enzyme regulated
by Nrf2. GCLC was increased in the F-AOM/DSS and 
M-AOM/DSS+estr groups compared to control mice and the
M-AOM/DSS group at week 2 (Fig. 4C). This observation is
consistent with the increased mRNA expression of other anti-
oxidant enzymes (i.e., HO-1, GCLM, and NQO-1) in the 
F-AOM/DSS and M-AOM/DSS+estr groups compared to
control mice and the M-AOM/DSS group at week 2 (all 

p < 0.05 for M-AOM/DSS+estr group vs. M-AOM/DSS
group, p < 0.001 for NQO-1 between F-AOM/DSS group and
M-AOM/DSS group) (Fig. 4D). These data suggest that both
endogenous and exogenous estradiol relieve DSS-induced
colitis by promoting anti-oxidant gene expression through
Nrf2 activation.

We investigated Nrf2 expression levels by Western blot
analysis at weeks 10 and 16. At these times, CRC had devel-
oped in the AOM/DSS model. In contrast to week 2, both

Fig. 4.  (Continued from the previous page) 

I
16W M-con 16W F-con16W M-AOM/DSS 16W F-AOM/DSS16W M-AOM/DSS+estr

Week 16

M_
con

M_
AD
S

M_
est
ra

F_
con

F_
AD
S

N(
NR

F2
+ )/t

ot
al

 c
el

ls 
in

 c
ry

pt
s

0

0.1

0.3

0.2

0.4

J K
Week 16

Male Female

Lamin B

NRF2

17!-estradiol
AOM/DSS

GCLC

GAPDH

–
–

–
+

–
–

–
+

+
+

Week 16

M
_c
on

PKCD NRF2 HO-1 GCLC

M
_A

DS
M
_e
st
ra

F_
co
n

F_
AD

S

M
_c
on

M
_A

DS
M
_e
st
ra

F_
co
n

F_
AD

S

M
_c
on

M
_A

DS
M
_e
st
ra

F_
co
n

F_
AD

S

M
_c
on

M
_A

DS
M
_e
st
ra

F_
co
n

F_
AD

S

Ge
ne

s (
fo

ld
 c

ha
ng

e)

0

10

4
6
8

2

30
20

100
50

GCLM

M
_c
on

M
_A

DS
M
_e
st
ra

F_
co
n

F_
AD

S

NQO1

M
_c
on

M
_A

DS
M
_e
st
ra

F_
co
n

F_
AD

S

L

Hee Jin Son, Estradiol in AOM/DSS-Treated Model of Colon Cancer

VOLUME 51 NUMBER 2 APRIL 2019  643



Fig. 5.  Protein and mRNA level analyses of Nod-like receptor protein 3 (NLRP3) inflammasome activation in colonic tissues
at weeks 2 (A, B), 10 (C, D), and 16 (E, F). Western blot analysis of NLRP3, caspase-1 p10, and interleukin (IL)-1 at weeks 2
(A), 10 (C), and 16 (E). mRNA expression levels of NLRP3, CASP1, IL1B, and IL18, determined with real-time polymerase
chain reaction, at weeks 2 (B), 10 (D), and 16 (F). *p < 0.05, **p < 0.01, and ***p < 0.001. M, male; F, female; AOM,
azoxymethane; DSS, dextran sulfate sodium; MW, molecular weight; ADS, AOM/DSS; estra, estradiol.
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protein and mRNA levels of Nrf2 were higher in the 
M-AOM/DSS group compared to the M-AOM/DSS+estr
group at weeks 10 and 16 (p < 0.01 at week 10) (Fig. 4E-L).
Consistent with Nrf2, GCLC and other anti-oxidant enzymes
were highly expressed in the M-AOM/DSS-group at weeks
10 and 16 (Fig. 4H and L). These findings suggest that, after
tumor initiation, Nrf2 expression might overly induce anti-
oxidant enzymes that could somehow result in a tumor 
microenvironment that was favorable to tumor progression.
This explanation was supported by the cancer developmen-
tal factor analysis at the F-AOM/DSS group. That is, 25% of
weeks 10 and 16 (both n=12) showed CRC development; they
were divided into the cancer group (both n=4) and non-can-
cer group (both n=8) (S4 Fig.). The F-AOM/DSS cancer

group showed significantly higher levels of HO-1 and PKC
than the F-AOM/DSS non-cancer group at week 16 (p < 0.05
for PKC) (S4 Fig.). Other factors, such as NQO1, GCLM,
iNOS, and Nrf2, were elevated in the F-AOM/DSS cancer
group compared to the F-AOM/DSS non-cancer group, but
did not reach statistical significance (S4 Fig.).

5. Effect of estradiol during colitis and cancer progression
in terms of NLRP3

The close relationship of Nrf2 with the activating mecha-
nism of NLRP3 inflammasome, which finally activates IL-1
and IL-18 [16], inspired the present measurement of protein
and mRNA levels of the NLRP3 inflammasome and its 

Fig. 6.  Proposed regulatory mechanism of estrogen in colitis-associated colorectal cancer at week 2 (A) and at weeks 10 and
16 (B). (A) Estrogen induces inflammasome activation through G13 protein subunits. G12 and G13 have potentiated estro-
gen-bound estrogen receptor  activity. However, despite the functional overlap between G12 and G13, only G13 regulates
nuclear factor erythroid 2-related factor 2 (Nrf2) via protein kinase C (PKC). Nrf2 mediates inflammasome activation
through the transcription of as-yet unknown genes. Nod-like receptor protein 3 (NLRP3) inflammasome activation induces
pyroptosis to eliminate precancerous cells. After eliminating precancerous cells, Nrf2 inhibits nuclear factor B (NF-B) and
reactive oxygen species through the anti-oxidant enzymes. Ultimately, estrogen prevents carcinogenesis (left panel). In con-
trast, in the absence of estrogen, inflammation provides a cancer microenvironment through activation of the NF-B pathway
(right panel). (B) After unsuccessful elimination of precancerous cells, inflammation progresses to cancer at weeks 10 and
16. G12 and G13 regulate NF-B and Nrf2 via PKC-mediated signaling pathway, respectively. Nrf2 promotes tumor pro-
gression by activation of anti-oxidant enzymes and NLRP3 inflammasome. Ultimately, NF-B and Nrf2 signaling pathway
accelerate carcinogenesis. COX-2, cyclooxygenase 2; DAMP, damage-associated molecular pattern; GPCR, G protein coupled
receptor; IL, interleukin; iNOS inducible nitric oxide synthase; ROS, reactive oxygen species; TLR, Toll-like receptor; TNF,
tumor necrosis factor.
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related mediators by Western blot (Fig. 5A) and qRT-PCR
analyses (Fig. 5B), to investigate its relationship with Nrf2 in
AOM/DSS mice. Consistent with the Nrf2-mediated activa-
tion and up-regulation of anti-oxidant gene expression at
week 2, the Western blot analysis clearly showed an increase
of the NLRP3 inflammasome and its related phosphorylated
caspase-1 and IL-1 in the F-AOM/DSS and M-AOM/DSS+
estr groups compared to the M-AOM/DSS group at week 2
(p < 0.05 for NLRP3 and IL-1 between the M-AOM/DSS+
estr and M-AOM/DSS groups) (Fig. 5A, S3 Fig.). The data
for mRNA expression definitely supported the significant 
increase of IL-1 in the M-AOM/DSS+estr group compared
to the M-AOM/DSS group, (p < 0.001) (Fig. 5B).

Next, we examined the expression of NLRP3 inflamma-
some-related enzymes and mediators (NLRP3, caspase 1, 
IL-1, and IL-18) at weeks 10 and 16 by Western blot analysis.
Notably, the expressions of caspase-1 and IL-1 were ele-
vated in the M-AOM/DSS group compared to the M-AOM/
DSS+estr group at weeks 10 and 16 in both protein (Fig. 5C
and E) and mRNA analyses (Fig. 5D and F). Similarly, the 
F-AOM/DSS cancer group also showed higher mRNA levels
of NLRP3 inflammasome-related enzymes and mediators
compared to the F-AOM/DSS non-cancer group (p < 0.05 for
NLRP3 and caspase-1 at week 10, p < 0.05 for NLRP3 at week
16) (S4 Fig.). These data suggest that once a tumor is initiated,
the NLRP3 inflammasome might promote tumor develop-
ment, which is consistent with the Nrf2 data. 

Discussion

After confirming the sex difference in CRC development
by showing that the F-AOM/DSS group has significantly
lower tumor multiplicity and incidence compared with the
M-AOM/DSS group, we further investigated the underlying
anti-cancer mechanism of estradiol. Our findings demon-
strate a dual role of Nrf2 in modulating inflammation and
carcinogenesis through the regulation of the NF-B–medi-
ated pro-inflammatory pathway, anti-oxidant enzymes, and
NLRP3 inflammasome. In this research, we focused on week
2, which is the active DSS-induced inflammation stage [20],
just after the completion of estradiol administration, and sev-
eral weeks before the AOM/DSS-induced tumorigenesis.
The severity of inflammation at week 2 was associated with
tumor formation at weeks 10 and 16. Our study clearly
demonstrates the importance of early inflammatory control
by the administration of estradiol to AOM/DSS-treated male
mice, to confirm the role of estradiol for CRC prevention. In
addition, the M-AOM/DSS+estr group was compared with
the F-AOM/DSS group to check any differences between 

exogenous and endogenous estradiol. This approach stro-
ngly supports the inhibitory effect of estradiol on inflamma-
tion and inflammation-induced tumorigenesis, and also
notably uncovers its underlying mechanism of estradiol in
three aspects: (1) NF-B–related pro-inflammatory media-
tors, (2) Nrf2-related anti-oxidant enzymes, and (3) NLRP3 
inflammasome.

The NF-B signaling pathway is highly involved in inflam-
mation and cancer development, especially in colitis-associ-
ated CRC [24]. In the present study, estradiol inhibited the
NF-B signaling pathway involving iNOS, COX-2, IL-6, and
TNF- during the DSS-induced inflammation stage of AOM/
DSS-induced colon tumorigenesis. Furthermore, the con-
comitant increased expression of G13, PKC, and Nrf2 by
estradiol administration in AOM/DSS-treated male mice
during the DSS-induced inflammation stage supports the
correlation between the suppression of NF-B signaling and
the estradiol-induced activation of G13/PKC/Nrf2 path-
way. ERs inhibit the NF-B pathway by the modulation of
upstream signaling or the transcriptional activation of 
NF-B in various cell lines [25]. Nrf2 inhibition of NF-B 
activity is well known. G13 strengthens ER activity [22],
and estradiol regulates the activity of PKC [11], and Nrf2
[7]. To further support the estradiol-induced activation of
Nrf2 pathway, we are performing experiments using Nrf2
Knockout mice.

It has been reported that anti-oxidant enzymes activated
by Nrf2 have cancer preventive effects by eliminating reac-
tive oxygen species, and facilitating the resolution of inflam-
mation [26]. In the present study, the levels of Nrf2 and
NQO-1 expression were different between the M-AOM/DSS
and F-AOM/DSS groups, implicating the Nrf2-related anti-
oxidant reaction as an underlying mechanism of the protec-
tive effect of estradiol. The high expression levels of Nrf2 and
its related anti-oxidant enzyme in the M-AOM/DSS+estr
group further strengthen this suggestion. 

There was an increase of the NLRP3 inflammasome and
its effector cytokines (IL-1 and IL-18) simultaneously with
increased Nrf2 on the DSS-induced inflammation stage. Con-
sidering the importance of Nrf2 in NLRP3 inflammasome 
activation [15], Nrf2 activation might lead to immune mod-
ulation through caspase-1 related activities, such as pyrop-
tosis [16]. Based on the knowledge that NLRP3 inflamma-
some activation induces pyroptosis [16], we hypothesize that
Nrf2/NLRP3 inflammasome/IL-1–mediated pyroptosis
triggers the elimination of precancerous cells during inflam-
mation, and further prevents carcinogenesis in the presence
of estradiol (Fig. 5A). To prove this hypothesis, further inve-
stigations are required. 

Since estradiol administration completely inhibited inflam-
mation in AOM/DSS-treated male mice resulting in the near-
complete prevention of CRC, we expected that AOM/DSS-
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induced inflammation at week 2 would be mild in female
mice. There was a significant difference of DAI at week 2 
between male and female mice, but not such significant dif-
ferences in the severity of inflammation reflected in COX-2.
The inflammation represented by DAI cannot be fully expla-
ined by a few inflammatory mediators, such as COX-2. The
strong effect of administered estradiol on preventing AOM/
DSS-induced inflammation and colon tumorigenesis might
be due to the higher concentration of intraperitoneal-admin-
istered estradiol; the injection concentration was 10 mg/kg,
compared to the concentration of endogenous estradiol of 4
pg/mL in female mice [27]. Furthermore, the endogenous
estradiol level in mice sacrificed at week 2 might be lower
than that of fully developed female mice. Also, sex difference
in stress susceptibility may affect levels of some pro-inflam-
matory cytokines (e.g., IL-1) [28], implying that endogenous
estradiol has more complex action than exogenously injected
estradiol. However, in terms of cancer prevention, as shown
in S4 Fig. that compares the F-AOM/DSS non-cancer group
with the F-AOM/DSS cancer group, endogenous estradiol
seems to have a similar effect and mechanism, including
PKC and inflammasome with exogenous estradiol. Differ-
ent methods of estradiol treatment, various estradiol concen-
trations, and blood estradiol level monitoring can be con-
sidered to provide more physiologic conditions. To further
investigate the effect of endogenous estradiol and its under-
lying mechanism, experiments using the ovariectomized 
female mice are underway.

After tumors developed (weeks 10 and 16), we observed
the interesting finding that Nrf2 signaling was significantly
up-regulated in the M-AOM/DSS group, suggesting that
Nrf2 and anti-oxidant enzymes might play a role in promot-
ing tumor progression (Fig. 5B). Several studies reported the
possibility of the dual role of Nrf2 in tumor prevention and
progression [29]. Satoh et al. [29] showed that Nrf2 activation
in cancer cells enhances tumor malignancy, while Keap1-
knockdown mice having high expression of Nrf2 are more
resistant to urethane-induced carcinogenesis. Similar to Nrf2,
we found two facets of NLRP3 inflammasome. Although
NLRP3 inflammasome is a well-established target of NF-B,
its expression is inversely related to NF-B expression at
week 2. This indicates that it might have different roles from
NF-B, such as inducing pyroptosis in the DSS-induced 
inflammation stage. In contrast, it has been reported that
once tumor formation is initiated, NLRP3 inflammasome-
induced IL-1 and IL-18 modulate immunity in the tumor
microenvironment, and promote cancer progression [30]. A
significant increment of NLRP3 and caspase-1 expression in
the F-AOM/DSS cancer group compared to the F-AOM/DSS
non-cancer group in the present study also supports tumor
promotion by the NLRP3 inflammasome. 

The collective present and prior [8,16,22] data support the

proposal that the regulatory mechanism of estradiol in coli-
tis-associated CRC depends on sex, and the timing of DSS-
induced inflammation and carcinogenesis (Fig. 6). At the
peak of inflammation at week 2, estradiol appears to induce
inflammasome activation through G13 protein subunits. G12

and G13 have potentiated estradiol-bound ER activity [22].
However, despite the functional overlap between G12 and
G13, only G13 regulates NRF2 via PKC [8]. NRF2 mediates
inflammasome activation through the transcription of as-yet
unknown genes. NLRP3 inflammasome activation induces
pyroptosis to eliminate precancerous cells [16]. NRF2 inhibits
NF-B, which is activated by inflammatory activators throu-
gh Toll-like receptor signaling and reactive oxygen species.
Ultimately, estradiol prevents carcinogenesis, whereas in the
absence of estradiol, a cancer inducing microenvironment is
created through NF-B activation. When precancerous cells
are not completely eliminated, cancer progresses through
both the G12 and G13 protein subunits. G12 regulates the
NF-B mediated signaling pathway [8,23]. G13 regulates
NRF2 via PKC [8]. NRF2 promotes tumor progression by
the activation of anti-oxidant enzymes and NLRP3 inflam-
masome [15]. Ultimately, NF-B and NRF2 signaling path-
ways accelerate carcinogenesis.

In conclusion, our study shows estradiol administration in
AOM/DSS-treated male mice attenuates inflammation, and
increases Nrf2 in the DSS-induced inflammation stage. More-
over, inhibition of the NF-B-related pathway and activation
of Nrf2-related anti-oxidant enzymes and the NLRP3 inflam-
masome pathway indicate possible underlying mechanisms.
This study finally suggests that Nrf2 and the NLRP3 inflam-
masome play a dual role, with a preventive effect on tumor
development, but promotion of tumor progression, once a
tumor is initiated.
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Prognostic Role and Clinical Association of Tumor-Infiltrating 
Lymphocyte, Programmed Death Ligand-1 Expression with Neutrophil-
Lymphocyte Ratio in Locally Advanced Triple-Negative Breast Cancer

Original Article

Purpose
Tumor-infiltrating lymphocyte (TIL), programmed death-ligand 1 (PD-L1) expression and neu-
trophil-to-lymphocyte ratio (NLR) is associated to immunogenicity and prognosis of breast
cancer. We analyzed baseline NLR, changes of NLR, TIL, and PD-L1 during neoadjuvant
chemotherapy (NAC) and their clinical implication in triple-negative breast cancer (TNBC). 

Materials and Methods
Between January 2008 to December 2015, 358 TNBC patients were analyzed. Baseline
NLR, 50 paired NLR (initial diagnosis, after completion of NAC) and 34 paired tissues (initial
diagnosis, surgical specimen after completion of NAC) were collected. Changes of TIL, CD4,
CD8, forkhead box P3 (FOXP3), and PD-L1 expression were assessed with immunohisto-
chemical stain.  

Results
Low NLR ( 3.16) was associated to superior survival (overall survival: 41.83 months vs.
36.5 months, p=0.002; disease-free survival [DFS]: 37.85 months vs. 32.14 months,
p=0.032). Modest NLR change after NAC (–30% < NLR change < 100%) showed prolonged
DFS (38.37 months vs. 22.37 months, p=0.015). During NAC, negative or negative conver-
sion of tumor PD-L1 expression was associated to poor DFS (34.77 months vs. 16.03
months, p=0.037), and same or increased TIL showed trends for superior DFS, but without
statistical significance. Positive tumor PD-L1 expression (H-score  5) in baseline or post-
NAC tissue was associated to superior DFS (57.6 months vs. 12.5 months, p=0.001 and
53.3 months vs. 18.9 months, p=0.040). Positive stromal PD-L1 expression in baseline
was also associated to superior DFS (50.2 months vs. 20.4 months, p=0.002).    

Conclusion
In locally advanced TNBC, baseline NLR, changes of NLR during NAC was associated to sur-
vival. Baseline PD-L1 expression and changes of PD-L1 expression in tumor tissue during
NAC also showed association to prognosis. 

Key words
Triple-negative breast neoplasms, Neutrophil-lymphocyteratio, 
Tumor-infiltrating lymphocytes, PD-L1
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Introduction

Triple-negative breast cancer (TNBC) accounts for 10 to
20% of total breast cancer and is defined as absence of estro-
gen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor-2 (HER-2) expression by immuno-
histochemical stain. Compared to other subtypes, TNBC

shows relatively poorer outcome due to its aggressive clinical
behavior and lack of optimal molecular target for effective
treatment [1]. Molecular profiling may more accurately pre-
dict the prognosis and response to chemotherapy of TNBC
[2], but genomic profiling is not routinely feasible in clinical
setting [3]. Other than genomic analysis, various clinical, lab-
oratory and pathologic parameters are assessed for conven-
ient prediction of chemotherapy response and overall prog-



nosis of TNBC. 
Inflammation is traditionally known to be associated with

oncogenesis and progression in various malignancies. Sys-
temic inflammation and local immune response both reflect
prognosis of many solid cancers, and cross-talk between two
immune response is suspected in progression of malignan-
cies [4]. Neutrophil-lymphocyte ratio (NLR) represents sys-
temic inflammation, and there are various reports suppor-
ting NLR reflects prognosis in solid cancers [4], including
breast cancer [3,5,6]. In locally advanced breast cancer, pre-
treatment NLR is reported to be associated with superior 
response to neoadjuvant chemotherapy (NAC) and disease-
free survival (DFS) [3,7]. Tumor-infiltrating lymphocyte (TIL)
is suggested to represent anti-tumor immune response in
tumor environment and associated with prognosis in various
cancers including breast cancer [8-10]. In breast cancer 
patients who receive NAC, the presence of TIL and the
changes of T cell marker is reported to be associated to 
patients’ prognosis [11]. Programmed cell death receptor 1
(PD-1), programmed cell death receptor ligand-1 (PD-L1) is
one of a major molecule regulating T-cell activation and 
immune surveillance [12]. PD-L1 is expressed in both tumor
cell and stroma, with heterogeneous distribution between
cancers, including breast cancer [13]. PD-L1 expression is 
reported to be correlated to TIL and response to NAC in
breast cancer [14] and other literatures report that expression
of PD-L1 may be associated to prognosis in breast cancer, but
with conflicting results [15,16]. 

The association of NLR, TIL, or PD-L1 with clinicopatho-
logic parameters or survival outcomes were previously stud-
ied in various cancers [5-7,9,10,17]. NLR, TIL, and PD-L1
expression in breast cancer each has been studied as predic-
tive or prognostic marker for estimating the response of
NAC, DFS, or overall survival (OS) in various literatures
[3,7,14,17]. Among NLR, TIL, and PD-L1, the role or NLR
was most extensively studied in breast cancer, but the patient
population was heterogeneous with mixture of subtypes or
commonly studied in hormone receptor positive breast can-
cer [3,6,7]. The expression or changes of TIL during chemo-
therapy is traditionally known to be associated to tumor
response in breast cancer [18], and the association between
TIL and PD-L1 expression among tumor tissues are recently
updated, but with heterogeneous reports and analyses meth-
ods [14,17,19,20]. Additionally, the role of PD-L1 in predict-
ing prognosis and tumor response in breast canceris reported
with conflicting results [20,21]. The interaction between sys-
temic inflammatory marker such as NLR and local inflam-
matory marker such as TIL or PD-L1 has not been studied
in-depth previously. Immunogenicity and related tumor 
response and prognosis is becoming more important in
breast cancer, and administration of NAC may potentiate the
changes of immunogenicity in breast cancer population.

Therefore, we investigated the role of NLR, TIL, and PD-1 in
homogeneous TNBC patient population. 

In this study, we primarily analyzed the association of
NLR with survival outcomes in early or locally advanced
TNBC. Furthermore, the association between clinical out-
comes, TIL and PD-L1 was analyzed in subgroup of patients
who received NAC. Interrelationship between NLR, TIL,
CD4+ TIL, CD8+ TIL, forkhead box P3 (FOXP3)+ TIL, and PD-
L1 expression was also studied among NAC patients. 

Materials and Methods

1. Patients

From January 2007 to December 2015, the medical records
of 358 patients who were diagnosed as TNBC in Seoul St.
Mary’s Hospital were retrospectively reviewed. All patients
were pathologically diagnosed as stage I to III and received
adequate local, systemic treatment. Triple negative breast
cancer was defined as ER, PR, and HER2 all negative by
American Society of Clinical. Oncology–College of American
Pathologists guideline [22,23]; ER and PR negative defined
as < 1% tumor cells displaying nuclear staining. HER2 neg-
ativity defined as HER2 immunohistochemistry 0/1 (no
staining, faint/barely perceptible membrane staining, or
weak incomplete membrane staining in < 10% of invasive
tumor cells) or HER2 silver in situ hybridization negative
(Dual-probe HER2/Chr17 ratio < 2.0 with an average HER2
copy number < 4.0 signals/cell). Among 358 patients, 50 
patients received NAC. Baseline complete blood count (CBC)
was collected before surgical treatment. The other eligible
criteria were as follows: (1) adequate bone marrow function
without hematologic disease; (2) patients who regularly fol-
lowed up in Seoul St. Mary’s Hospital. In 50 patients who 
received NAC, baseline CBC was collected at initial patho-
logic diagnosis, and CBC was recollected before patient went
through surgical treatment after completion of NAC. Among
34 patients who received NAC, baseline CBC, pre-operative
CBC, biopsy specimen obtained during initial diagnosis and
surgical pathologic specimens were collected. 

2. Treatments

Initial pathologic diagnosis, laboratory evaluation and
staging were done within 2 weeks since initial patient visit.
In patient population who received primary breast conserv-
ing surgery or total mastectomy with axillary node staging,
they received adequate anthracycline or taxane based adju-
vant chemotherapy or standard CMF regimen and radiation
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therapy. Adjuvant chemotherapy regimens are as follows:
(1) adriamycin (60 mg/m2 intravenously, day 1) and cyclo-
phosphamide (600 mg/m2 intravenously, day 1) every 3
weeks for 4 cycles followed by docetaxel (75 mg/m2 intra-
venously, day 1) every 3 weeks for 4 cycles (AC-T); (2) adri-
amycin (60 mg/m2 intravenously, day 1) and cyclophospha-
mide (600 mg/m2 intravenously, day 1) (AC) every 3 weeks
for 4 cycles; (3) docetaxel (75 mg/m2 intravenously, day 1)
and adriamycin (50 mg/m2 intravenously, day 1) (DA) every
3 weeks for 2-4 cycles; (4) docetaxel (75 mg/m2 intrave-
nously, day 1) and cyclophosphamide (600 mg/m2 intrave-
nously, day 1) (TC) every 3 weeks for 4 cycles; (5) docetaxel
(75 mg/m2 intravenously, day 1), adriamycin (50 mg/m2

intravenously, day 1), and cyclophosphamide (500 mg/m2

intravenously, day 1) (TAC) every 3 weeks for 6 cycles; (6) 
5-fluorouracil (5-FU; 600 mg/m2 intravenously, day 1), epiru-
biclin (60 mg/m2 intravenously, day 1), and cyclophos-
phamide (600 mg/m2 intravenously, day 1) (FEC); (7) oral
cyclophosphamide (100 mg/m2 intravenously, day 1 to 14),
methotrexate (40 mg/m2 intravenously, day 1 and 8), and 
5-FU (600 mg/m2 IV, day 1 and 8) (CMF) every 4 weeks for
6 cycles. Among patients who were diagnosed as stage II or
III breast cancer, part of patients received anthracycline and
taxane based NAC followed by surgery and adjuvant radia-
tion. Anthracycline and taxane based NAC regimen is as fol-
lows: (1) docetaxel (75 mg/m2 intravenously, day 1) and
adriamycin (50 mg/m2 intravenously, day 1) (DA) every 3

weeks for 2-6 cycles; (2) adriamycin (60 mg/m2 intrave-
nously, day 1) and cyclophosphamide (600 mg/m2 intra-
venously, day 1) (AC) every 3 weeks for 4 cycles; (3)
epirubicin (75 mg/m2 intravenously, day 1) and cyclophos-
phamide (600 mg/m2 intravenously, day 1) (EC) for 4 cycles.
Patients were followed by every 3 months with history tak-
ing and physical examination. Laboratory evaluation includ-
ing serum cancer antigen 15-3 and carcinoembryonic antigen,
chest and abdominal computed tomography (CT) scan were
done if clinically warranted. Mammography and breast
sonography was done every six months for follow-up (S1 Fig.).

3. Definition of neutrophil-to-lymphocyte ratio

Neutrophil-to-lymphocyte (NLR) ratio was determined as
ratio of neutrophil count to lymphocyte in CBC. Among 
patients who received NAC, baseline NLR was collected dur-
ing initial diagnosis and post-NAC NLR was collected before
breast surgery. Patients who initially received breast surgery,
NLR was collected before surgical treatment. The cutoff
value of NLR was decided as 3.16, which was the maximum
(sensitivity+specificity) point according to receiver operating
characteristic (ROC) curve. ROC curve was analyzed with
OS data of total patient population. In patients who received
NAC, radical NLR change was defined as < –30% or > 100%
based on quartiles of NLR change distribution. 

Jieun Lee, TIL, PD-L1, NLR in Triple-Negative Breast Cancer

Fig. 1.  Representative staining of tumor infiltrating-lymphocytes (TILs) and programmed death ligand-1 (PD-L1) expression
in tumor specimens. (A) CD4+ TILs (400). (B) CD8+ TILs (400). (C) Forkhead box P3+ TILs (400). (D) PD-L1 (400, H-score
200). (E) PD-L1 (400, H-score 75).
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4. Immunohistochemical staining and pathologic analysis

All 34 pathologic tissue specimens including diagnostic
biopsy tissues and surgical specimens were formalin-fixed
and stored as paraffin blocks in the Department of Hospital
Pathology, Seoul St. Mary’s Hospital, The Catholic Univer-
sity of Korea. Paraffin blocks were cut into 4-µm sections. Pri-

mary antibodies were used for immunohistochemical stain-
ing: anti-CD4 rabbit monoclonal (clone SP35, Ventana Medi-
cal Systems, Tucson, AZ), anti-CD8 mouse monoclonal (clo-
ne C8/144B, DAKO, Glostrup, Denmark), anti-FOXP3 mouse
monoclonal (clone 236A/E7, 1:50 dilution, Abcam, Cam-
bridge, UK), and anti–PD-L1 rabbit monoclonal (clone SP263,
Ventana Medical Systems). The sections were deparaffinized

Cancer Res Treat. 2019;51(2):649-663

Table 1.  Baseline patient characteristics

Total NLR  3.16 NLR > 3.16 p-value
No. of patients 358 ( 313 (87.4) 45 (12.6)
NLR 1.76 (0.12-10.06) 1.64 (0.12-3.16) 3.95 (3.2-10.06)
Age (yr)

Median (range) 51 (14-86) 51 (14-86) 48 (32-83) 0.970
< 40 71 (19.8) 62 (17.3) 9 (2.5)
 40 287 (80.2) 251 (70.1) 36 (10.1)

Stage
I 127 (35.5) 113 (31.6) 14 (3.9) 0.340
II 164 (45.8) 145 (40.5) 19 (5.3)
III 67 (18.7) 55 (15.3) 12 (3.4)

Histology
Invasive ductal carcinoma 300 (83.8) 260 (72.6) 40 (11.2) 0.460
Invasive lobular carcinoma 6 (1.7) 6 (1.7) 0 (
Medullary carcinoma 17 (4.7) 14 (3.9) 3 (0.8)
Metaplastic carcinoma 17 (4.7) 16 (4.4) 1 (0.3)
Others 4 (1.1) 4 (1.1) 0 (

Histologic grade
Well-moderately differentiated 103 (28.8) 86 (24.0) 17 (4.8) 0.408
Poorly differentiated 252 (70.4) 224 (62.6) 28 (7.8)
Unknown 3 (0.8) 3 (0.8) 0 (

Ki-67
< 20% 48 (13.4) 43 (12.0) 5 (1.4) 0.677
 20% 303 (84.6) 265 (74.0) 38 (10.6)
Unknown 7 (2.0) 5 (1.4) 2 (0.6)

Adjuvant chemotherapy 310 (86.6) 271 (75.7) 39 (10.9) 0.540
AC followed by docetaxel 64 (17.9) 59 (16.4) 5 (1.5)
AC 171 (47.8) 149 (41.6) 22 (6.2)
DA 14 (3.9) 8 (2.2) 6 (1.7)
CMF 47 (13.1) 42 (11.7) 5 (1.4)
TC 11 (3.1) 10 (2.8) 1 (0.3)
TAC 2 (0.6) 2 (0.6) 0 (
FEC 1 (0.3) 1 (0.3) 0 (

Adjuvant radiation
Yes 267 (74.6) 234 (65.4) 33 (9.2) 0.900
No 91 (25.4) 79 (22.1) 12 (3.3)

Cancer recurrence 47 (13.1) 37 (10.3) 10 (2.8) 0.047
Death 36 (10.1) 26 (7.3) 10 (2.8) 0.004

Values are presented as median (range) or number (%). NLR, neutrophil-to-lymphocyte ratio; AC, adriamycin-cyclophos-
phamide; DA, docetaxel-adriamycin; CMF, cyclophosphamide–methotrexate–5-fluorouracil; TC, docetaxel-cyclophos-
phamide; TAC, docetaxel-adriamycin-cyclophosphamide; FEC, 5-fluorouracil–epirubicin–cyclophosphamide.
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in xylene for 15 minutes, subsequently rehydrated and rinsed
in distilled water. For CD3, CD4, and PD-L1, assays were
then performed using the Ventana NX automated immuno-
histochemistry system (Ventana Medical Systems). For FOXP3
immunohistochemical staining, antigen retrieval was carried
out in a pressure cooker (Electric Pressure Cooker CPC-600,
Cuisinart, East Windsor, NJ) for 20 minutes using 1 citrate
buffer (pH 6.0). The endogenous peroxide activity was
blocked by methanol-diluted 3% hydrogen peroxide for 15
minutes. Sections were incubated with primary antibodies
for 1 hour at room temperature in a humidified chamber. The
signal of immunoreaction was amplified and revealed using
Polink-2 plus HRP Rabbit DAB kit (GBI, Mukilteo, WA). Sub-
sequently, these slides were counterstained with Harris’s
hematoxylin. Histopathologic evaluations for CD4+, CD8+,
and FOXP3+ TILs were performed by senior pathologist who
was not aware of patient information. Each full-face tumor
section slide was evaluated for stromal TIL using micro-
scopic examination (400). Five independent sections with-

out massive inflammation or necrosis were selected and pho-
tographed by Olympus DP72 camera (Tokyo, Japan). The
mean absolute number of CD4+, CD8+, and FOXP3+ TILs per
square millimeter was reviewed by two individual investi-
gators. Positive PD-L1 expression was evaluated within the
boundary of invasive cancer. PD-L1 expression in tumor cells
and stroma were studied and graded by percentage of posi-
tive cells and the staining intensity (1-3). An H-score (per-
centage of positive cellsstaining intensity, ranging 0-300)
was used for PD-L1 expression analysis, and the cut-off value
was determined by H-score of 5, based on the reference [20].
The representative sections are described in Fig. 1.  

5. Statistical analysis

OS was determined as from the pathologic diagnostic date
to the last follow-up date or patient’s death. DFS was defined
as from the date of primary surgery to the date of cancer 
recurrence, proven by imaging study such as chest or abdo-

Jieun Lee, TIL, PD-L1, NLR in Triple-Negative Breast Cancer

Table 2.  Baseline characteristics of patients receiving neoadjuvant chemotherapy

Total NLR  3.16 NLR > 3.16 p-value
No. of patients 50 ( 42 (84) 8 (16) 0.430
Age (yr)

Median (range) 43.5 (25-66) 43.5 (36-51) 0.600
< 40 15 (30) 13 (26) 2 (4)
 40 35 (70) 29 (58) 6 (12)

Clinical stage
II 9 (18) 9 (18) 0 ( 0.150
III 41 (82) 33 (66) 8 (16)

Pathologic stage
0 3 (6) 3 (6) 0 ( 0.260
I 7 (14) 6 (12) 1 (2)
II 16 (32) 12 (24) 4 (8)
III 14 (28) 11 (22) 3 (6)

Downstaging
No 6 (12) 4 (8) 2 (4) 0.500
Yes 44 (88) 38 (76) 6 (12)

pCR 5 (10) 5 (10) 0 ( 0.300  
Neoadjuvant chemotherapy

AC 13 (26) 11 (22) 2 (4) 0.870
EC 5 (10) 5 (10) 0 (
DA 32 (64) 26 (52) 6 (12)

Adjuvant radiation
Yes 36 (72) 29 (58) 7 (14) 0.400
No 14 (28) 13 (26) 1 (2)

Cancer recurrence 9 (18) 6 (12) 3 (6) 0.500
Death 8 (16) 6 (12) 2 (4) 0.450

Values are presented as number (%) unless otherwise indicated. NLR, neutrophil-to-lymphocyte ratio; pCR, pathologic com-
pete response; AC, adriamycin-cyclophosphamide; EC, epirubicin-cyclophosphamide; DA, docetaxel-adriamycin.
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men CT scans. OS and DFS were analyzed using log-rank
test and Kaplan-Meier method. Cutoff value of NLR was 
decided according to maximum (sensitivity+specificity)
point of ROC curve. Comparison between changes among
baseline and post-neoadjuvant parameters were compared
using Mann-Whitney U test. NLR, TILs, and PD-L1 expres-
sions among patients were compared using spearman corre-
lation analysis. Statistical analyses were performed using
SPSS ver. 24.0 software (IBM Corp., Armonk, NY).

6. Ethical statement

This study was approved by the Institutional Review
Board (IRB) of Seoul St. Mary’s Hospital, The Catholic Uni-
versity of Korea (KC17EESI0084). The requirement for writ-
ten informed consent was waived according to the decision
of IRB. 

Cancer Res Treat. 2019;51(2):649-663

Fig. 2.  (A) Overall survival (OS) of patients according to neutrophil-lymphocyte ratio (NLR) level. (B) Disease-free survival
of patients according to NLR level. (C) Disease-free survival (DFS) of patients who received neoadjuvant chemotherapy 
according to changes of NLR. 
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Results

1. Patient characteristics

Between January 2007 to December 2015, total 358 patients
who were diagnosed as TNBC were enrolled for study. Base-
line patient characteristics are described in Table 1. The 
median age of total patient population was 51 years. More
than half of patients (231 patients, 64.5%) were diagnosed as
stage II or III TNBC at initial diagnosis. Eighty-seven percent
of total patients received adjuvant chemotherapy, and most
of them received anthracycline or taxane based chemother-
apy. Among total patient population, 13.1% of patients 
experienced cancer recurrence and 10.1% of total patients
died due to breast cancer. The median NLR of total patients
were 1.76. Forty-five patients showed high NLR (NLR >
3.16), and these patients showed higher cancer recurrence
and mortality compared to low NLR patient group (Table 1). 

Fifty patients (13.9%) received NAC before surgical treat-
ment. The baseline characteristics of patients who received
NAC is described in Table 2. Ten percent among 50 patients
showed pathologic complete response (pCR) after neoadju-
vant chemotherapy, and rest of patients received additional
adjuvant chemotherapy after surgery. Among 50 patients,
18% of patients showed cancer recurrence and 16% of 
patients showed cancer-related death. Patients with high
NLR (8 patients, 16%) were diagnosed as stage III TNBC, and

no patients showed pCR after NAC. The distribution pattern
of NLR in total population, and changes of NLR during NAC
is depicted as follows (S2 Fig.).

2. Association between NLR and survival outcomes

In total patient population, patients with low NLR ( 3.16)
showed longer OS and DFS compared to high NLR (> 3.16)
group. Low NLR patient group showed superior OS 
(median, 41.83 months; 95% confidence interval [CI], 6.13 to
not estimable) compared to high NLR group (median OS,
36.5 months; 95% CI, 2.37 to not estimable), with statistical
significance (p=0.002) (Fig. 2A). Similarly, patients with low
NLR showed longer DFS (median, 37.85 months; 95% CI,
3.93 to not estimable) compared to patients with high NLR
(median, 32.14 months; 95% CI, 3.37 to not estimable), with
statistical significance (p=0.032) (Fig. 2B). 

Among patients who received NAC, lower baseline NLR
patient group showed trends for superior OS and DFS com-
pared to higher baseline NLR patient group, but without sta-
tistical significance (data not shown). Comparing the change
between baseline NLR and post-NAC NLR in patients who
received NAC, patients who showed radical change of NLR
(NLR change < –30% or > 100%) showed inferior DFS com-
pared to patients who showed relatively small NLR changes
during NAC (median DFS, 38.37 months vs. 22.37 months;
p=0.015) (Fig. 2C). 

Jieun Lee, TIL, PD-L1, NLR in Triple-Negative Breast Cancer

Overall survival Disease-free survival                                                 
Characteristic Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Age (yr)
 40 vs. < 40 1.167 (0.6-2.67) 0.720 - - 0.83 (0.42-1.63) 0.580 - -

Stage
I 1 (reference) < 0.001 1 (reference) 0.114 1 (reference) < 0.001 1 (reference) < 0.001
II vs. I 2.13 (0.84-5.45) 0.110 3.15 (1.03-9.68) 0.045 1.41 (0.67-2.97) 0.361 1.33 (0.61-2.95) 0.470
III vs. I 5.97 (2.23-15.6) < 0.001 3.12 (0.96-10.01) 0.058 4.07 (1.91-8.72) < 0.001 4.0 (1.81-8.85) 0.001

NLR
> 3.16 vs.  3.16 2.97 (1.43-6.17) 0.003 3.15 (1.3-7.5) 0.009 2.11 (1.05-4.25) 0.036 1.73 (0.83-3.6) 0.140

Ki-67 (%)
 20 vs. < 20 3.11 (0.74-13.1) 0.120 3.68 (0.87-15.7) 0.070 1.003 (0.44-2.26) 0.994 - -

History of adjuvant 
chemotherapy
Yes vs. no 1.57 (0.48-5.14) 0.460 - - 2.18 (0.68-7.04) 0.190 - -

Cancer recurrence
Yes vs. no 55.9 (19.7-159.2) < 0.001 58.2 (19.76-171.4) < 0.001 - - - -

Table 3. Univariate and multivariate analysis of disease-free survival and overall survival

HR, hazard ratio; CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio. 
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3. Association between survival outcomes and clinico-
pathologic features

For further analysis of the relationship between clinico-
pathologic parameters and survival outcome, Cox analysis
was done. Other than clinical stage, high NLR group was 
associated with inferior OS and DFS (hazard ratio [HR] for
OS, 2.97; 95% CI, 1.43 to 6.17; p=0.003 and HR for DFS, 2.11;
95% CI, 1.05 to 4.25; p=0.036). Multivariate analysis was per-
formed, including clinical stage, Ki-67 index and cancer 
recurrence during follow-up. Patients with high NLR was
still associated with inferior OS (HR, 3.15; 95% CI, 1.3 to 7.5;
p=0.009). However, high baseline NLR showed borderline
association with inferior DFS (HR, 1.73; 95% CI, 0.83 to 3.6;
p=0.140) when considering clinical stage during analysis
(Table 3).   

Modest NLR change (–30% < NLR change < 100%) during
NAC was associated with superior DFS within patients who
received NAC (HR, 3.81; 95% CI, 1.19 to 12.15; p=0.024).
When adjusted with surgical staging, modest NLR change
during NAC was still associated with DFS (HR, 4.1; 95% CI,
1.27 to 13.16; p=0.018) (Table 4). 

4. TILs, PD-L1 expression in tumor tissues and their asso-
ciation with NLR

Total 34 patients had matched baseline tumor tissue and
surgical specimen after NAC. The distribution of TILs and
PD-L1 expression between baseline tissue and surgical tissue
is described in Table 5. Among 34 patients, four patients
showed pCR after neoadjuvant chemotherapy, and 30 surgi-
cal specimens were available for analysis. More than half of
patients (70%) showed same or increased TIL after neoadju-
vant chemotherapy. Median TIL fold change after NAC was
1.25. In evaluable 30 patients, 12 patients (35.3%) showed
negative tumor cell PD-L1 or negative conversion of PD-L1
expression after NAC. In case of stromal PD-L1 expression,
four patients (13.3%) showed negative PD-L1 or negative
conversion of PD-L1 after NAC.

During NAC, patients with radical NLR change showed
borderline association to patients who showed negative 
expression or negative conversion of tumor PD-L1 expres-
sion (Fisher exact test, p=0.051). The change of NLR after
NAC showed negative correlation with the TIL change dur-
ing NAC, with borderline statistical significance (Fig. 3A). In
both baseline tumor tissues and post-NAC tumor tissues,
TILs, positive PD-L1 tumor cells, and positive stromal 
PD-L1 cells showed positive statistical association (Fig. 3B

Cancer Res Treat. 2019;51(2):649-663

Characteristic
Univariate analysis Multivariate analysis                                                    

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value
Age (yr)

< 40 vs.  40 1.07 (0.33-3.42) 0.900 - -
Clinical stage

II vs. III 3.76 (0.49-28.85) 0.200 - -
Surgical stage 0.034 0.027

0 vs. I 0.51 (0.046-5.65) 0.590 0.37 (0.33-4.24) 0.430
0 vs. II 0.5 (0.052-4.83) 0.550 0.39 (0.4-3.84) 0.420
0 vs. III 2.74 (0.34-22.08) 0.340 2.22 (0.27-18.0) 0.450

Downstaging
No vs. yes 0.55 (0.19-1.59) 0.270 - -

pCR
No vs. yes 0.62 (0.08-4.7) 0.640 - -

Baseline NLR
 3.16 vs. > 3.16 1.8 (0.5-6.5) 0.360 - -

NLR change (%)
–30% < NLR change < 100% vs. 3.81 (1.19-12.15) 0.024 4.1 (1.27-13.16) 0.018
NLR < –30% or > 100%

Ki-67 (%)
< 20 vs.  20 1.29 (0.36-4.64) 0.690 - -

Table 4. Univariate and Multivariate analysis of disease-free survival in neoadjuvant patients

CI, confidence interval; pCR, pathologic complete response; NLR, neutrophil-to-lymphocyte ratio. 
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and C). 
Immunohistochemical stain for CD4+, CD8+, and FOXP3+

TIL was done with paired tissue specimens and the associa-
tion between each immune-marker stained TIL expression
during NAC was analyzed. CD4+ and CD8+ was increased in
about half of patients (48% and 55.2%, respectively), and
FOXP3+ was increased in less than half of patients (34.5%)
(S3 Fig.). There were statistical association between CD4+,
CD8+, and FOXP3+ expression between baseline and post-
NAC tumor tissues (S4 Fig.).

5. Survival outcomes according to TIL and PD-L1 expres-
sion

In our study, patients who showed increased TIL during
NAC showed trends for favorable DFS, but without statisti-
cal significance (Fig. 4A). Patients who showed negative
tumor PD-L1 expression, or negative PD-L1 conversion dur-
ing NAC showed significantly poor survival compared to
positive tumor PD-L1 expression during NAC (median DFS,
16.03 months vs. 34.77 months; p=0.037) (Fig. 4B). In case of

stromal PD-L1 expression, patients showing negative PD-L1
or negative PD-L1 conversion after NAC showed trends for
poor DFS, but without statistical significance (Fig. 4C). 

When analyzing baseline tumor tissue, positive tumor and
stromal PD-L1 expression (PD-L1 H-score  5) was associ-
ated to superior DFS (tumor PD-L1 median DFS, 57.6 months
vs. 12.5 months; p=0.001 and stromal PD-L1 median DFS,
50.17 months vs. 20.4 months; p=0.002) (Fig. 5A and B). After
NAC, patients with positive tumor PD-L1 expression 
(H-score  5) showed longer DFS (median DFS, 53.27 months
vs. 18.9 months; p=0.040) (Fig. 5C). In case of stromal PD-L1
expression after NAC, patients with H-score same or higher
than 5 showed borderline significance for superior DFS com-
pared to patient with H-score below 5 (median DFS, 38.37
months vs. 17.5 months; p=0.063) (Fig. 5D).

Jieun Lee, TIL, PD-L1, NLR in Triple-Negative Breast Cancer

Table 5.  Distribution of TILs and PD-L1 in tumor tissues

Baseline tumor tissue Tumor tissue after 
neoadjuvant chemotherapy

No. of patients 34 ( 30 (
Distribution of sTIL 10 (3-35) 11.5 (5-60)
CD4 74.6 (9.8-226) 67.8 (11.6-250.6)
CD8 61.2 (6-166.8) 85 (19.6-189)
FOXP3 12.4 (1.8-54.6) 10.2 (1-41)
CD8/FOXP3 ratio 4.21 (1.2-44.9) 7.66 (2.96-26.4)
PD-L1 (tumor cell)

Median (range) 1.5 (0-200) 2 (0-270)
 1 20 (58.8) 17 (56.7)
 5 15 (44.1) 14 (46.7)

PD-L1 (stromal cell)
Median (range) 8.5 (0-90) 17.5 (0-125)
 1 30 (88.2) 24 (80.0)
 5 21 (61.8) 21 (70.0)

TIL change during NAC
Same or increased 21 (70.0)
Decreased 9 (30.0)

TIL fold change during NAC
Median (range) 1.25 (0.5-8.33)

PD-L1 change during NAC
Negative or negative conversion in tumor 12 (35.3)
Negative or negative conversion in stroma 4 (13.3)

Value are presented as median (range) or number (%). TIL, tumor-infiltrating lymphocyte; PD-L1, programmed death-ligand
1; sTIL, stromal TIL; FOXP3, forkhead box P3; NAC, neoadjuvant chemotherapy.
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Discussion

In our study, high baseline NLR was associated to poor
survival outcomes in early and advanced TNBC, consistent
with previous literatures [3,5]. NLR is thought to reflect 
inflammatory changes during cancer development [3] and
has shown relationship with survival outcomes in various
solid cancer [24]. There were reports about the role of NLR
in TNBC in small population [3], and our study strengthened

prior reports with relatively large number of patient popu-
lation. 

Until now, there were scarce reports about the role of
changes of serum NLR connected to survival outcome in
TNBC during chemotherapy. Considering NLR reflects 
inflammatory changes and survival outcomes in cancer pro-
gression, we hypothesized that changes of NLR during NAC
might be associated to cancer response or survival during
follow-up. In 50 patients who received NAC, radical changes
of NLR (NLR change < –30% or > 100%) was associated with

Cancer Res Treat. 2019;51(2):649-663

Fig. 3.  (A) Correlation between neutrophil-lymphocyte ratio change and tumor infiltrating-lymphocyte (TIL) change during
neoadjuvant chemotherapy (NAC). (B) Correlation between TIL and programmed death ligand-1 (PD-L1) changes in primary
tumor tissue. (C) Correlation between TIL and PD-L1 changes in post-NAC tissue.
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inferior DFS. The radical change of NLR was still associated
to inferior DFS in multivariate analysis. Changes of NLR dur-
ing NAC might have reflected cancer-mediated inflamma-
tory changes during treatment [4] and connected to survival
and prognosis of breast cancer. We initially assumed that 
increased NLR after NAC may be associated to poor survival
or response, but subtle increase or decrease in serum NLR
did not reflect survival outcome during analysis. Radical
changes of serum NLR might be associated to definite
changes in inflammatory response or changes of cancer 

environment during treatment, but further analysis should
be warranted for confirmation of this hypothesis. 

For the first time, we reported the relationship between
serum NLR and tumor TIL during NAC. We presumed sys-
temic inflammatory change may be associated to tumor 
inflammatory change during NAC, and for confirmation of
this hypothesis, we analyzed the relationship between
changes of serum NLR with tumor TIL change during NAC.
Serum NLR and tumor TIL was selected to represent sys-
temic inflammatory changes and local tumor inflammatory

Jieun Lee, TIL, PD-L1, NLR in Triple-Negative Breast Cancer

Fig. 4.  (A) Disease-free survival (DFS) according to changes of tumor infiltrating lymphocyte during neoadjuvant chemother-
apy (NAC). (B) DFS according to change of tumor cell programmed death ligand-1 (PD-L1) expression change during NAC.
(C) DFS according to change of stromal cell PD-L1 expression during NAC.
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changes, each. There were trends for negative correlation 
between changes of TIL and serum NLR during NAC, but
there was no statistical significance. We assumed other sys-
temic and local inflammatory markers such as cytokines,
transcription factors, acute-phase proteins should be consid-
ered during interpretation [4], and these confounding factors
may have influenced borderline association between serum
NLR and tumor TIL. 

Previous literature reports the relationship of high pre-
treatment TIL associated with favorable survival in breast

cancer [18], and our result also showed trends for favorable
DFS in patients with higher baseline TIL with borderline sta-
tistical significance (data not shown). In our study, we inves-
tigated the changes between TIL during NAC and analyzed
the relationship with survival outcomes. Although the result
was not statistically significant, we did find out that there
were trends for increased survival in patients with increased
or same TIL compared to baseline TIL during NAC. This 
result is in concordance with previous report [19]. In other
retrospective analysis, decreasing TIL was detected after

Fig. 5.  Disease-free survival (DFS) according to tumor cell programmed death ligand-1 expression (PD-L1) (A) and stromal
cell PD-L1 expression (B) in baseline tumor tissue. DFS according to tumor cell PD-L1 expression (C) and stromal cell 
PD-L1 expression (D) in post-neoadjuvant chemotherapy (post-NAC) tumor tissues.
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NAC and this change was associated to increased pCR rate,
but there was no further analysis about accordance to sur-
vival outcome with change of TIL [25]. Previous study 
patient population was heterogeneous in hormonal status
and HER2 status, with small patient number. In our study,
although we recruited only TNBC patients, but the popula-
tion was small in number. The change of TIL during NAC
seems to influence the tumor response or survival in breast
cancer including TNBC, but further study is needed with
large number of patients with homogeneous characteristics,
and sufficient follow-up duration is needed. 

Subtyping of TIL with CD4+, CD8+, and FOXP3+ was done
and their association with PD-L1 expression in tumor and
stromal TIL was performed in this study. As reported previ-
ously, CD4+, CD8+, and FOXP3+ were mutually associated
with each other in baseline and post-NAC tissues in our
study [17,26]. PD-L1 expression in baseline tissue and post-
NAC tissue was statistically associated to TIL, and this result
is consistent with prior study [14]. When TIL was subtyped
with CD4+, CD8+, or FOXP3+, subtyped TIL was partially 
associated to PD-L1 expression in baseline and post-NAC tis-
sue. CD4+, CD8+, FOXP3+ TIL all showed trends for positive
correlation of PD-L1 expression in tumor tissue. The relation-
ship between TIL subtype and PD-L1 expression showed
heterogeneous association among previous reported litera-
tures, with conflicting results in breast cancer (BC) [17,27,28].
Persistent, or high level of PD-L1 expression may induced
CD8+ T cell exhaustion, and also may be related to CD4+ or
FOXP3+ T cells which maintain immune response and expre-
ssion of PD-L1 expression [29]. Considering there are nega-
tive relationship between regulatory T cell, effector T cell and
PD-L1 expression, negative correlation between TIL subtype,
especially CD8+ TIL and PD-L1 might be estimated, and
there are reports supporting this view [17,30]. However,
there are other reports supporting CD8+ T cell may recruit
CD4+ or FOXP3+ regulatory T cells with PD-L1 by intrinsic
immune mechanism [31], and this hypothesis is in consis-
tence to our result. When interpreting the relationship bet-
ween TIL, TIL subtype and PD-L1 expression, various tumor
induced environmental change and immune mechanism
may influence the expression of T cell and PD-L1 expression,
and this might have influenced the conflicting reports about
the TIL subtype and PD-L1 expression in BC. 

As one of an immune modulatory marker and represent-
ing tumor microenvironment [14], the change of PD-L1 
expression during NAC was analyzed in the study. Patients
who showed negative tumor PD-L1 or negative conversion
of tumor PD-L1 expression during NAC showed poor out-
come. Furthermore, low PD-L1 expression in tumor or stro-
mal tissue (H-score < 5) in baseline tumor or post-NAC tissue
also showed poor DFS. To date, the role of PD-L1 expression
and its association to clinical outcome is controversial. Part

or studies report increased PD-L1 expression is associated to
poor prognosis or aggressive clinical behavior in BC or other
cancers [15,17,21,30], and there are other studies reporting
PD-L1 expression associated to favorable outcome in solid
cancers, consistent with our analysis [14,20,32]. This discrep-
ancy may arise from the heterogeneous composition of var-
ious solid tumors in the study, and various definition of
PD-L1 status among each study may have influenced the
conflicting results of previous reports as well. Furthermore,
different molecular profile and oncogenic mechanism 
between BC subtypes or other types of cancer may have 
influenced the role of PD-L1, which might have relatively
different role between various cancers and different breast
cancer subtypes. The merit of our study lies on relatively 
homogenous patient population, consisted of locally advan-
ced TNBC treated with similar systemic chemotherapy. Con-
sidering TNBC is more immunogenic compared to other
subtypes, PD-L1 and its associated molecular pathway may
have different role compared to other BC subtypes. 

In present study, there are some limitations to mention.
First, we included TNBC patients diagnosed and treated
until Dec 2015. We included recently diagnosed TNBC 
patients with adequate archival tumor tissue, but the follow-
up duration was relatively short compared to other studies.
Long-term follow up of the results of our study is needed for
future study. Second, as we mentioned, although the subtype
was homogeneous, the patient population with adequate
tumor tissue was relatively small, requiring careful interpre-
tation of the analysis. However, this study has its clinical
value for selecting only TNBC patients with paired tumor
samples. Based on our analysis, we are planning to review
the change of NLR, TIL, and PD-L1 expression in large num-
ber of scale, comprising multicenter in Korea. Sufficient fol-
low-up duration with large number of patient population is
warranted for future study. 

In conclusion, this study showed high baseline NLR asso-
ciated to poor survival outcome in locally advanced TNBC
patients. Among patients receiving NAC, radical change of
serum NLR during chemotherapy was associated to poor
prognosis. Increased TIL in post-NAC tumor tissue showed
trends for superior DFS during follow-up, but it did not
reach statistical significance during analysis. Finally, nega-
tive conversion of PD-L1 expression or persistent negative
expression of PD-L1 in tumor tissue during NAC or low level
of PD-L1 expression in baseline or post-NAC tumor tissue
was associated to poor prognosis. For more confirmative 
results, larger sample size of patients with sufficient follow-
up duration is warranted. 
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Albumin-to-Fibrinogen Ratio as an Independent Prognostic Parameter 
in Untreated Chronic Lymphocytic Leukemia: A Retrospective Study of 
191 Cases

Original Article

Purpose
Chronic lymphocytic leukemia (CLL) is one of the most frequent type of B-cell chronic lym-
phoproliferative disorders and chronic inflammation takes part in the development of CLL.
However, there has been no valid immune biomarker to predict the prognosis of untreated
CLL patients. 

Materials and Methods
In this retrospective study, we analyzed the clinical correlations and prognostic value of 
albumin-to-fibrinogen ratio (AFR) detected at diagnosis in 191 CLL patients. 

Results
The cut-off value of AFR was 9.7 calculated by X-tile. Patients who were more than 65 years
old were often accompanied by low level of AFR (p < 0.001). Survival analysis showed that
patients with low level of AFR had shorter overall survival (OS) than patients with high level
of AFR (p < 0.001). Multivariate analysis illustrated that AFR had a negative impact on OS
(p=0.003) and was independent of parameters involved in CLL international prognostic
index and other prognostic markers such as CD38 and ZAP-70. 

Conclusion
These data provide a comprehensive view of AFR and shows that AFR at diagnosis is an
adverse prognostic factor in untreated CLL patients.
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Serum albumin, Fibrinogen, B-cell chronic lymphocytic leukemia,
Prognosis
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Introduction

Chronic lymphocytic leukemia (CLL), a common type of
chronic B-cell lymphoproliferative disorders (B-CLPD), seri-
ously harms human health. To date, the etiology of CLL 
remains unclear, and hereditary factors as well as physical
and chemical factors may contribute to the development and
progression of this disease. Previous studies demonstrated
that chronic inflammation was an enabling characteristic of
cancer, and unexceptionally, it played an important role dur-
ing the course of CLL [1-3].

Serum albumin, an important protein synthesized in liver,
is not only an indicator of nutrition supply, but also a marker
of inflammatory state. During the process of inflammation,
albumin decomposes rapidly and therefore, low content of
serum albumin is associated with poor prognosis in many
diseases, such as non-small cell lung cancer (NSCLC),
prostate cancer and CLL [4-7]. Like serum albumin, fibrino-
gen is also a marker of inflammation. Previous studies
demonstrated that elevated fibrinogen level represented an
inferior overall survival (OS) in esophageal carcinoma, NSC-
LC, prostate cancer, gallbladder cancer and so on [6,8-10]. 
Albumin-to-fibrinogen ratio (AFR) is a novel immune bio-
marker to predict prognosis. Previous research showed that
in NSCLC, low level of AFR represented an adverse OS, and
both time-dependent receiver operating characteristic curve
and multivariate Cox regression analysis indicated AFR was
a superior prognostic marker when comparing with serum
albumin and fibrinogen [11].

So far, there have been a lot of biomarkers related to 
molecular biology and cytogenetics, such as tumor protein
53 (TP53) and immunoglobulin heavy variable-region gene
(IGHV) mutation status, to predict survival of CLL patients.
However, immune indices which can effectively evaluate the
prognosis of CLL patients remain absent. The prognostic
value of AFR in CLL was not reported previously. Whether
AFR has the same value to predict survival in CLL as in
NSCLC needs further verification. We retrospectively inves-
tigated the correlations of AFR with other clinical factors, and
examined the impact of AFR level on survival in 191 
untreated CLL individuals in order to evaluate whether AFR
level could independently predict prognosis.

Materials and Methods

1. Patients

Totally 191 previously untreated CLL patients diagnosed
from June 1995 to November 2017 in our hospital were 
enrolled in this single-center retrospective study. Diagnosis
of CLL was based on the International Workshop on CLL-
National Cancer Institute criteria. 

2. Data collection

Laboratorial data such as absolute lymphocyte count, 
absolute platelet count, hemoglobin, 2-microglobulin (2-
MG), serum albumin and fibrinogen were accessible from the
hospital-based laboratory service within 24 hours after first
admission.

Detection of TP53 mutation and IGHV mutation status
were performed as previously described [12]. A germline 
homology of 98% as a cut-off value was used to differentiate
IGHV mutated from unmutated cases.

Fluorescence in situ hybridization was carried out to detect
TP53 deletion according to the procedures described previ-
ously [13]. CD38 and ZAP-70 were detected via flow cytom-
etry, and the cut-off value for positivity were 30% and 20%,
respectively.

3. Statistical analyses

Cut-off value was determined by use of X-tile [14], a soft-
ware that allows the user to move a cursor across the grid to
test multiple divisions and accept the best p-value. SPSS ver.
23 (IBM Corp., Armonk, NY) was used to analyze data. OS
was defined as time from diagnosis to death or last follow-
up and treatment-free survival (TFS) was calculated as time
between diagnosis and first-line treatment. Survival curves
were constructed by Kaplan-Meier method and log-rank test
was used for statistic associations. Comparisons of AFR as
continuous parameter in different groups were described
using unpaired t test for unpaired samples. The Cox propor-
tional hazards model was established to evaluate factors 
(including AFR level) at diagnosis on survival by univariate
and multivariate analyses. For the multivariate analysis, we
included variables whose p-value is less than 0.05 during the
univariate analysis. p < 0.05 was defined as statistical signif-
icance.

4. Ethical statement

The study was approved by the Ethics Committee of the
First Affiliated Hospital of Nanjing Medical University. Sub-
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jects provided written informed consent and carried out 
according to the Declaration of Helsinki.

Results

1. Patient characteristics

Totally 191 previously untreated CLL patients were 
involved in our study, and their baseline characteristics were
showed in Table 1. Median age was 61 years old (range, 23
to 86 years) and the ratio of male/female was 2.0. There were
76 patients in Binet A stage (39.8%), and 115 patients in Binet
B or C stage (60.2%). The number of patients with TP53 dis-
ruption and unmutated IGHVwere 43 (22.5%) and 77 (40.3%),
respectively. Median follow-up was 51 months (range, 1 to
270 months). Totally 124 patients (64.9%) received treatment
including immunochemotherapy (109/124, 87.9%), ibrutinib
(4/124, 3.2%), and data not available (11/124, 8.9%).

At diagnosis, median value of albumin was 42 g/L (range,
21.0 to 53.7 g/L), and median value of fibrinogen was 2.49
g/L (range, 0.56 to 12.05 g/L). Median value of AFR at diag-
nosis was 17.19 (range, 2.85 to 79.46 g/L), and the cut-off
point of AFR according to the analysis of X-tile yielded the
highest difference in OS was 9.70. The numbers of patients
whose AFR  9.70 (low level) and > 9.70 (high level) were 20
and 171, respectively.

2. Correlations between the AFR value and the other fac-
tors

Correlations between the AFR value and the other factors
were presented in Table 1. Patients who were more than 65
years old had lower AFR than young patients (p < 0.001). 

3. Prognostic impact of AFR and clinical outcome

The OS of patients with low AFR was inferior to that of 
patients with high AFR (p < 0.001) (Fig. 1B). The 3- and 
5-year OS was 56.1% and 56.1% in low AFR group vs. 92.8%

Table 1.  Baseline characteristics of 191 untreated chronic lymphocytic leukemia patients

Parameter No. of cases (%) AFR (mean±SD) p-value
Age (yr)

> 65 66 (34.6) 15.01±5.20 < 0.001
 65 125 (65.4) 18.86±7.82

Sex
Male 128 (67.0) 17.22±6.04 0.399
Female 63 (33.0) 18.16±9.25

Binet stage
A 76 (39.8) 17.46±5.55 0.913
B or C 115 (60.2) 17.58±8.21

CD38 (> 30%)
Positive 41 (21.5) 17.93±5.47 0.692
Negative 150 (78.5) 17.42±7.68

ZAP-70 (> 20%)
Positive 86 (45.0) 17.87±5.49 0.555
Negative 105 (55.0) 17.25±8.44

2-MG (mg/L)
> 3.5 82 (42.9) 16.40±6.17 0.061
 3.5 109 (57.1) 18.38±7.89

TP53 disruption
Yes 43 (22.5) 15.74±5.14 0.066
No 148 (77.5) 18.05±7.69

IGHVmutation
Yes 114 (59.7) 16.84±5.54 0.112
No 77 (40.3) 18.54±9.17

AFR, albumin-to-fibrinogen ratio; SD, standard deviation; 2-MG, 2-microglobulin; TP53, tumor protein 53; IGHV, immu-
noglobulin heavy variable-region. 
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Characteristic
Univariate analysis Multivariate analysis                                                    

HR (95% CI) p-value HR (95% CI) p-value
Age > 65 yr 1.089 (0.757-1.568) 0.645 ND ND
Binet  stage B 2.747 (1.836-4.110) < 0.001a) 2.012 (1.302-3.109) 0.002a)

2-MG > 3.5 mg/L 2.734 (1.904-3.927) < 0.001a) 2.023 (1.367-2.993) < 0.001a)

CD38 (> 30%) 1.507 (1.003-2.262) 0.048a) 1.274 (0.837-1.939) 0.259
ZAP-70 (> 20%) 1.168 (0.819-1.668) 0.391 ND ND
TP53 disruption 1.633 (1.079-2.471) 0.020a) 1.237 (0.799-1.916) 0.339
IGHV unmutated 1.439 (1.009-2.052) 0.045a) 1.038 (0.709-1.519) 0.848
AFR  9.7 1.237 (0.720-2.126) 0.440 ND ND

Table 2. Univariable and multivariate analysis of treatment-free survival in 191 patients with chronic lymphocytic leukemia

HR, hazard ratio; CI, confidence interval; ND, not done; 2-MG, 2-microglobulin; TP53, tumor protein 53; IGHV, immu-
noglobulin heavy variable-region; AFR, albumin-to-fibrinogen ratio. a)Statistically significant.

Characteristic
Univariate analysis Multivariate analysis                                                    

HR (95% CI) p-value HR (95% CI) p-value
Age > 65 yr 2.589 (1.296-5.174) 0.007a) 2.456 (1.206-5.000) 0.013a)

Binet  stage B 2.126 (0.981-4.607) 0.056 ND ND
2-MG > 3.5 mg/L 2.153 (1.070-4.332) 0.032a) 0.835 (0.386-1.805) 0.646
CD38 (> 30%) 1.003 (0.385-2.614) 0.995 ND ND
ZAP-70 (> 20%) 1.400 (0.702-2.792) 0.340 ND ND
TP53 disruption 4.049 (2.013-8.147) < 0.001a) 2.900 (1.327-6.338) 0.008a)

IGHV unmutated 3.514 (1.690-7.307) 0.001a) 2.835 (1.239-6.489) 0.014a)

AFR  9.7 3.648 (1.667-7.985) 0.001a) 3.467 (1.536-7.824) 0.003a)

Table 3. Univariable and multivariate analysis of overall survival in 191 patients with chronic lymphocytic leukemia

HR, hazard ratio; CI, confidence interval; ND, not done; 2-MG, 2-microglobulin; TP53, tumor protein 53; IGHV, immu-
noglobulin heavy variable-region; AFR, albumin-to-fibrinogen ratio. a)Statistically significant. 

Fig. 1.  Kaplan-Meier curves of treatment-free survival (A) and overall survival (B) for different levels of albumin-to-fibrino-
gen ratio (AFR). 
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Fig. 2.  Kaplan-Meier curves of overall survival for different levels of albumin-to-fibrinogen ratio (AFR) stratified by age
(A), immunoglobulin heavy variable-region (IGHV) mutation status (B), Binet stage (C), tumor protein 53 (TP53) status (D),
and 2-microglobulin (2-MG) level (E). (Continued to the next page)
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and 82.4% in high AFR group. However, there was no sig-
nificant difference of TFS between two groups (p=0.415) 
(Fig. 1A).

Univariate Cox regression analysis showed that Binet 
 stage B (p < 0.001), 2-MG > 3.5 mg/L (p < 0.001), CD38-
positive > 30% (p=0.048), TP53 disruption (p=0.020), and 
unmutated IGHV (p=0.045) had adverse effects on TFS 
(Table 2). In addition, age > 65 years old (p=0.007), 2-MG 
> 3.5 mg/L (p=0.032), TP53 disruption (p < 0.001), unmu-
tated IGHV (p=0.001), and AFR  9.7 (p=0.001) were associ-
ated with inferior OS (Table 3). Multivariate Cox regression
analysis demonstrated that Binet  stage B (p=0.002) and 
2-MG > 3.5 mg/L (p < 0.001) were independent risk factors
for TFS and age > 65 years (p=0.013), TP53 disruption (p=0.008),
unmutated IGHV (p=0.014), and AFR  9.7 (p=0.003) could
independently had negative impact on OS.

4. Subgroup analysis of AFR

Totally 191 CLL patients were divided into subgroups 
according to risk factors in CLL international prognostic
index (CLL-IPI). Worse OS was seen in individuals with low
AFR in subgroups such as age > 65 years old (p=0.001) 
(Fig. 2A), unmutated IGHV (p=0.001) (Fig. 2B), mutated
IGHV (p=0.034) (Fig. 2B), Binet B/C (p=0.003) (Fig. 2C), TP53
disruption (p < 0.001) (Fig. 2D), and 2-MG  3.5 mg/L (p <
0.001) (Fig. 2E).

Fig. 2.  (Continued from the previous page) 
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Discussion

CLL is one of the most frequent type of B-CLPD. It is well
known that microenvironment plays a significant role in the
development of CLL and chronic inflammation is mainly 
involved in this process. It is known to all that the amount
of circulating immune cells such as monocytes can affect sur-
vival of CLL patients [15]. Proteins such as albumin and fib-
rinogen are indictors of chronic inflammation and nutrition,
and may be a useful marker for prediction of CLL patients’
survival. Previous study revealed that AFR could effectively
predict prognosis in NSCLC individuals. However, whether
AFR has promising prognostic value in CLL patients remains
unclear. In this retrospective study, we analyzed the clinical
factors and prognosis of 191 untreated CLL patients with dif-
ferent levels of AFR. Patients who were more than 65 years
old had lower AFR than young patients. In addition, althou-
gh it had no statistic difference, it had a tendency that 
patients with high concentration of 2-MG or TP53 disrup-
tion frequently had low AFR because 2-MG was also a sen-
sitive biomarker for inflammation [16] and chronic inflam-
mation can be initiated when tumor suppressor gene TP53
disruption [17]. Besides, the high level of 2-MG and TP53
disruption were clinically related with the inferior prognosis
of patients with CLL, and patients with poor prognosis usu-
ally hardly survived due to various clinical factors, such as
nutrition, organ function, biosynthesis ability and etc., which
were strongly related with the content of albumin and fib-
rinogen. These might account for the relationship between
AFR level and 2-MG level or TP53 disruption.

We found that low AFR was an adverse prognostic bio-
marker for OS, no matter what other adverse prognostic fac-
tors they had, raising the possibility that severe inflammation
might accelerate and exacerbate the development of CLL.
Subgroup analyses showed significant differences of differ-
ent levels of AFR for OS in patients with age > 65 years old,
unmutated IGHV, mutated IGHV, Binet B/C, TP53 disrup-
tion, and 2-MG  3.5 mg/L, which demonstrated that AFR
level could optimize the prognostic stratification based on
CLL-IPI and should be included in the CLL-IPI prognosis
model. Other analyses through different validation sets in
different methods, such as prospective observation or inter-
ventional studies were strongly recommended in order to
validate feasibility of adding AFR level into CLL-IPI. In 
addition, Cox regression analysis also revealed that low AFR
level could predict an inferior OS and was independent of
factors involved in CLL-IPI and other prognostic markers
such as CD38 and ZAP-70. 

Why AFR decreased in CLL might be accounted for the fol-
lowing reasons. Serum interleukin 6 and tumor necrosis fac-
tor  were in high level in CLL patients, and these two

cytokines were adverse markers in CLL and would down-
regulate the synthesis of albumin [18-20]. In addition, circu-
lating fibroblast growth factor-2 and vascular endothelial
growth factor were elevated in CLL patients, and these two
proteins, whose serum concentrations were high in patients
with advanced diseases, could promote the synthesis of fib-
rinogen [21,22]. Additionally, when patients were under-
nourished, both levels of albumin and fibrinogen would
decline. However, when chronic inflammation disturbed 
patients, albumin was reduced while fibrinogen was ele-
vated. Based on this, AFR might be a better biomarker to pre-
dict prognosis than single albumin or fibrinogen because
ratio could effectively remove nutritional factors and amplify
the effects of inflammation.

In summary, we retrospectively explored clinical features
and prognostic value of AFR in 191 untreated CLL patients.
Low level of AFR was more common in CLL patients who
were more than 65 years old. In addition, low AFR level was
associated with poor prognosis regardless of other clinical
factors and AFR level was an independent prognostic factor
for OS. AFR level could also predict the survival of patients
stratified according to the biomarkers in CLL-IPI. Further 
researches containing a larger population and multicenter
data are needed to better understand the roles of AFR level
in CLL.

Conflicts of Interest

Conflict of interest relevant to this article was not reported.

Acknowledgments

This study was supported by National Natural Science Founda-
tion of China (81370657, 81470328, 81600130, 81770166, 81720108-
002), Jiangsu Province’s Medical Elite Programme (ZDRCA20160-
22), Project of National Key Clinical Specialty, Jiangsu Provincial
Special Program of Medical Science (BL2014086 and BE2017751) and
National Science and Technology Major Project (2018ZX09734007).

Cancer Res Treat. 2019;51(2):664-671

670 CANCER  RESEARCH  AND  TREATMENT



1. Hanahan D, Weinberg RA. Hallmarks of cancer: the next gen-
eration. Cell. 2011;144:646-74.

2. Caligaris-Cappio F. Inflammation, the microenvironment and
chronic lymphocytic leukemia. Haematologica. 2011;96:353-5.

3. Rozovski U, Keating MJ, Estrov Z. Targeting inflammatory
pathways in chronic lymphocytic leukemia. Crit Rev Oncol
Hematol. 2013;88:655-66.

4. Wierda WG, O'Brien S, Wang X, Faderl S, Ferrajoli A, Do KA,
et al. Prognostic nomogram and index for overall survival in
previously untreated patients with chronic lymphocytic leu-
kemia. Blood. 2007;109:4679-85.

5. Levis A, Ficara F, Marmont F, De Crescenzo A, Resegotti L.
Prognostic significance of serum albumin in chronic lympho-
cytic leukemia. Haematologica. 1991;76:113-9.

6. Wang Y, Chen W, Hu C, Wen X, Pan J, Xu F, et al. Albumin
and fibrinogen combined prognostic grade predicts prognosis
of patients with prostate cancer. J Cancer. 2017;8:3992-4001.

7. Miura K, Hamanaka K, Koizumi T, Kitaguchi Y, Terada Y,
Nakamura D, et al. Clinical significance of preoperative serum
albumin level for prognosis in surgically resected patients
with non-small cell lung cancer: comparative study of normal
lung, emphysema, and pulmonary fibrosis. Lung Cancer.
2017;111:88-95.

8. Wang H, Zhao J, Zhang M, Han L, Wang M, Xingde L. The
combination of plasma fibrinogen and neutrophil lymphocyte
ratio (F-NLR) is a predictive factor in patients with resectable
non small cell lung cancer. J Cell Physiol. 2018;233:4216-24.

9. Xu WY, Zhang HH, Yang XB, Bai Y, Lin JZ, Long JY, et al.
Prognostic significance of combined preoperative fibrinogen
and CA199 in gallbladder cancer patients. World J Gastroen-
terol. 2018;24:1451-63.

10. Lv GY, Yu Y, An L, Sun XD, Sun DW. Preoperative plasma
fibrinogen is associated with poor prognosis in esophageal
carcinoma: a meta-analysis. Clin Transl Oncol. 2018;20:853-61.

11. Li SQ, Jiang YH, Lin J, Zhang J, Sun F, Gao QF, et al. Albumin-
to-fibrinogen ratio as a promising biomarker to predict clinical
outcome of non-small cell lung cancer individuals. Cancer
Med. 2018;7:1221-31.

12. Wang WT, Zhu HY, Wu YJ, Xia Y, Wu JZ, Wu W, et al. Ele-
vated absolute NK cell counts in peripheral blood predict
good prognosis in chronic lymphocytic leukemia. J Cancer Res

Clin Oncol. 2018;144:449-57.
13. Xia Y, Fan L, Wang L, Gale RP, Wang M, Tian T, et al. Fre-

quencies of SF3B1, NOTCH1, MYD88, BIRC3 and IGHV 
mutations and TP53 disruptions in Chinese with chronic lym-
phocytic leukemia: disparities with Europeans. Oncotarget.
2015;6:5426-34.

14. Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-
informatics tool for biomarker assessment and outcome-based
cut-point optimization. Clin Cancer Res. 2004;10:7252-9.

15. Herishanu Y, Kay S, Sarid N, Kohan P, Braunstein R, Rotman
R, et al. Absolute monocyte count trichotomizes chronic lym-
phocytic leukemia into high risk patients with immune dys-
regulation, disease progression and poor survival. Leuk Res.
2013;37:1222-8.

16. Wu HC, Lee LC, Wang WJ. Associations among serum beta 2
microglobulin, malnutrition, inflammation, and advanced car-
diovascular event in patients with chronic kidney disease. J
Clin Lab Anal. 2017;31:e22056.

17. Pal S, Bhattacharjee A, Ali A, Mandal NC, Mandal SC, Pal M.
Chronic inflammation and cancer: potential chemoprevention
through nuclear factor kappa B and p53 mutual antagonism.
J Inflamm (Lond). 2014;11:23.

18. Rothschild MA, Oratz M, Schreiber SS. Serum albumin. 
Hepatology. 1988;8:385-401.

19. Emilie D, Leger-Ravet MB, Devergne O, Raphael M, Peuch-
maur M, Coumbaras J, et al. Intratumoral production of IL-6
in B cell chronic lymphocytic leukemia and B lymphomas.
Leuk Lymphoma. 1993;11:411-7.

20. Jablonska E, Kiersnowska-Rogowska B, Rogowski F, Parfien-
czyk A, Puzewska W, Bukin M. TNF family molecules in the
serum of patients with B-cell chronic lymphocytic leukemia
(B-CLL). Leuk Lymphoma. 2005;46:1307-12.

21. Krejci P, Dvorakova D, Krahulcova E, Pachernik J, Mayer J,
Hampl A, et al. FGF-2 abnormalities in B cell chronic lympho-
cytic and chronic myeloid leukemias. Leukemia. 2001;15:228-
37.

22. Gora-Tybor J, Blonski JZ, Robak T. Circulating vascular 
endothelial growth factor (VEGF) and its soluble receptors in
patients with chronic lymphocytic leukemia. Eur Cytokine
Netw. 2005;16:41-6.

References

Yi-Xin Zou, Albumin-to-Fibrinogen Ratio in CLL Patients

VOLUME 51 NUMBER 2 APRIL 2019  671



│ https://www.e-crt.org │672 Copyright ⓒ 2019 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. 2019;51(2):672-684

pISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt.2018.137 

Open Access

Prediction of Acquired Taxane Resistance Using a Personalized 
Pathway-Based Machine Learning Method

Original Article

Purpose
This study was conducted to develop and validate an individualized prediction model for
automated detection of acquired taxane resistance (ATR).   

Materials and Methods
Penalized regression, combined with an individualized pathway score algorithm, was applied
to construct a predictive model using publically available genomic cohorts of ATR and 
intrinsic taxane resistance (ITR). To develop a model with enhanced generalizability, we
merged multiple ATR studies then updated the learning parameter via robust cross-study
validation.  

Results
For internal cross-study validation, the ATR model produced a perfect performance with an
overall area under the receiver operating curve (AUROC) of 1.000 with an area under the
precision-recall curve (AUPRC) of 1.000, a Brier score of 0.007, a sensitivity and a specificity
of 100%. The model showed an excellent performance on two independent blind ATR 
cohorts (overall AUROC of 0.940, AUPRC of 0.940, a Brier score of 0.127). When we applied
our algorithm to two large-scale pharmacogenomic resources for ITR, the Cancer Genome
Project (CGP) and the Cancer Cell Line Encyclopedia (CCLE), an overall ITR cross-study
AUROC was 0.70, which is a far better accuracy than an almost random level reported by
previous studies. Furthermore, this model had a high transferability on blind ATR cohorts
with an AUROC of 0.69, suggesting that general predictive features may be at work across
both ITR and ATR.   

Conclusion
We successfully constructed a multi-study–derived personalized prediction model for ATR
with excellent accuracy, generalizability, and transferability.
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Taxoids, Paclitaxel, Docetaxel, Drug resistance, 
Molecular diagnosis, Machine learning
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Introduction

Taxanes, notably paclitaxel (PTX) and docetaxel (DTX), are
cytotoxic microtubule-stabilizing agents used in various
types of cancers, including gynaecological cancers (ovarian,
cervical, and endometrial cancer) and breast cancers, with
proven survival benefits [1]. Intrinsic or acquired resistance
(AR) to chemotherapy are major clinical obstacles, resulting
in poor response and lower overall survival rates. Yet, there

is no efficient predictive model for resistance due to its com-
plexities. Drug resistance is a result of complex biochemical
and molecular processes. Moreover, crosstalks between dif-
ferent signaling pathways adds an additional layer of intri-
cacy. Identifying the genetic and pathway alterations for
resistant tumor cells and predicting resistance using genomic
data will be valuable in cancer research and clinical manage-
ment. 

To predict anti-cancer drug responses, recent large-scale
pharmacogenomic projects, notably Cancer Cell Line Ency-
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clopedia (CCLE) and Cancer Genome Project (CGP), pub-
lished genomic data and dose responses for drugs across can-
cer cell lines. CCLE and CGP analyzed responses of over
1,000 cell lines to 24 anti-cancer drugs and over 700 cell lines
to 138 drugs, respectively. Two studies tested over 400 cell
lines and 15 drugs in common. One of the common drugs is
PTX and CGP has additional DTX response data. Despite the
pharmacogenomic significance in medical research, incon-
sistency between two studies has been controversial recently.
A past study reported a discordance in measured pharma-
cologic drug response between CCLE and CGP and incon-
sistent correlation between genomic profile and drug res-
ponse, potentially undermining researches based on the
database [2]. Another study obtained fair statistical consis-
tency by revised metrics but attributed PTX to the majority
of inconsistent drug/cell line pairs [3]. Besides, drug resist-
ance of cell lines in CCLE and CGP is known as intrinsic, pos-
ing a difficulty in modeling AR. Past studies on acquired
taxane resistance (ATR) often individually investigated sin-
gle cell lines and drug treatments, and the generalizability
and transferability of their findings remain undetermined.

High-throughput technologies such as array and sequenc-
ing have drastically altered biological research. Since the
high dimensionality of genomic features renders the conven-
tional regression limited, analyzing large-scale bioinformatic
data became particularly challenging. Standard statistical

models require independent assumption, which is violated
by the highly correlated nature of genomic features. Regu-
larized machine learning such as penalized regression has
been developed for high dimension data structures. Penal-
ized regression with its versatility in data mining and machi-
ne learning quickly became one of the most widely used
ensemble learning methods. The regression is highly data
adaptive, suitable for high dimension low sample size data,
and sensitive for interactions and correlations among fea-
tures. In addition, penalized regression is more interpretable
and hence advantageous than “black-box machine learning
models,” especially in the field of medicine.

In this study, we developed and validated a highly accu-
rate multi-study–derived, multivariable predictive model for
ATR using personalized pathways and sophisticated machi-
ne learning algorithms.

Materials and Methods

1. Study selection 

We searched for relevant articles on the PubMed and 
EMBASE using the following search term combinations:

Records identified through
GEO/AE/PM searching (n=186)

Full text article acesseced for eligibility (n=12)

Studies included in further analysis (n=6)

Records after duplicates removed (n=164)

Records screened (n=164)

Studies excluded after screening (n=152):
  Restricted to only acquired taxane resistance,
  excluded non-human/non-mRNA expression arrays

Studies excluded after screening (n=6):
  Ruled out due to limited sample size,
  non-widely used platforms
  (i.g., Affymetrix/lllumina/Agilent) and
  insufficient information for analysis

Fig. 1. Flow diagram describing the selection process of genomic studies for acquired taxane resistance. GEO, Gene Expres-
sion Omnibus; AE, ArrayExpress; PM, PubMed.
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“(taxane OR taxoids OR paclitaxel OR docetaxel OR cabazi-
taxel) AND (drug resistance OR chemoresistance).” The gene
expression datasets were screened and retrieved from NCBI's
Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.
gov/geo/) or ArrayExpress (http://www.ebi.ac.uk/array-
express) at the European Bioinformatics Institute by the fol-
lowing query: “('taxane' [All Fields] OR 'taxoids' [MeSH
Terms] OR AND 'drug resistance' [MeSH Terms]) AND 
expression profiling by array.” Studies with insufficient sam-
ple sizes, animal data and inadequate control groups were
excluded. We only included samples that acquired taxane 
resistance via stepwise selection and the datasets from 
microarray platforms from Affymetrix GeneChip, Agilent
one-color microarrays and Illumina BeadArray. These plat-
forms are widely used with publicly available annotation 

information and more consistent in quality. The flow chart
of study selection is in Fig. 1 and the selected study cohorts
are summarized in Table 1. 

2. Data processing 

All data sets (GSE36135 [4], GSE28784 [5], GSE23779 [6],
GSE12791 [7], GSE33455 [8], CCLE, and CGP) used in this
study are publicly accessible from the GEO via National Cen-
ter for Biotechnology Information (http://www.ncbi.nih.
gov/geo) and ArrayExpress (http://www.ebi.ac.uk/array-
express) at the European Bioinformatics Institute, CCLE
(http://www.broadinstitute.org/ccle/), and CGP (http://
www.cancerrxgene.org/). Raw gene expression profiles for
CCLE and CGP cell lines were publicly accessible from both

Drug 
Cohort sensitivity Cancer cell lines Centre Platform                                             

S R
Intrinsic drug CCLE–PTXa) 239a) 240 240 Human cancer Broad Affymetrix HG U133 
resistance cell lines Institute Plus 2.0 Array

CGP–PTX, 143 143 388 Human cancer Wellcome Affymetrix HG U133A
DTXa) 244 244 cell lines Sanger 
(E-MTAB-783) Institute

Aqucired drug GSE36135 6 6 Parental docetaxel-sensitive Mount Sinai Affymetrix HG U133 
resistance (Domingo- prostate cancer cell lines School of Plus 2.0 Array

Domenech (DU145 and 22Rv1) and Medicine
et al. [4]) selected docetaxel-resistant cells

(DU145-DR and 22Rv1-DR)
GSE28784 3 6 Docetaxel and paclitaxel Georgetown Affymetrix HG 
(Zwart and resistant MDA-MB-231 University U133A Array
Rechache [5]) (breast cancer) cells

GSE12791 8 8 Parental paclitaxel-sensitive Denovo Affymetrix HG
(Luo et al. [7]) breast cancer cell lines Biopharma U133A Array

(MDA-MB-231) and paclitaxel
resistant cells (MDA-PR)

GSE33455 6 6 Parental docetaxel-sensitive Fundació Affymetrix HG U133 
(Marin-Aguilera prostate cancer cell lines Clínic per a Plus 2.0 Array
et al. [8]) (DU145 and PC3) and la Recerca 

selected docetaxel-resistant cells Biomèdica
(DU145-DR and PC3-DR)

GSE23779 3 3 Parental ovarian cancer University of Illumina Human 
(Landen cell lines (SKOV3ip1) and Alabama at Ref-8 v2.0
et al. [6]) paclitaxel-resistant SKOV3TRip2 Birmingham

Table 1. Characteristics of individual studies

S, sensitive; R, resistant; CCLE, Cancer Cell Line Encyclopedia; PTX, paclitaxel; CGP, Cancer Genome Project; DTX, docetaxel.
a)The resistant/sensitive phenotypes to taxane were classified as follows: cell lines in the below median IC50 or area under
curve (referred to as ActArea in CCLE) values were classified as sensitive and those above median IC50 or area under curve
values were classified as resistance.
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the CCLE website and ArrayExpress under the accession
number E-MTAB-783, respectively. For CCLE and CGP data-
sets, the resistant/sensitive phenotype to taxane were clas-
sified as follows: cell lines in the below median IC50 or area
under curve (referred to as ActArea in CCLE) values were
classified as sensitive and those above median IC50 or area
under curve values were classified as resistance. Detailed
step-by-step normalization methods and procedures have
been documented previously [9]. Expression values from
each data set were normalized and log-transformed. Raw
data from Affymetrix platforms, if available, were pre-
processed using Robust Multi-array Average (RMA) [10].
Otherwise, we used pre-processed data as provided by the
original authors. To generate gene level summarization, we
utilized an interquartile range (IQR) method. This allowed
us to designate the probe set ID with the largest IQR of 
expression values out of all multiple probe set IDs as the rep-
resentative of the gene. Missing expression values are desig-
nated using nearest neighbor imputation (R package impute)
[11]. To achieve correct batch effect and cross-study normal-
ization, ComBat, an empirical Bayes method, was applied
[12]. 

3. Development of the algorithm

The pathway dysregulation scores (PDS) for each individ-
ual sample point were calculated using Pathifier algorithm
which is designed to quantify the degree of pathway abnor-
mality [13]. This method uses the algorithm by Hastie and
Stuetzle to find a principal curve which is nonparametric,
nonlinear generalization of the first principal component for
dimension reduction [14]. 

Consider one-dimensional curve f which is a vector f(s) of
n functions of a single parameter variable s in ndimensional
space. Given a finite ndimensional random vector X=(X1,
X2, ..., Xn), the projection index is defined as:  

Vf (x)=sups{v:||xf(s)||=infµ||xf(µ)||}

and the condition for self-consistency is simply f(v)=E(X|
vf (X)=s). The PDS of sample i is defined as the distance along
the curve between principal curve fi and a reference end
point, defined as the centroid of control set of samples (i.e.,
sensitive cells). Every sample is analyzed in relation to this
principal curve and PDSs are assigned using the normalized
projection distance for each sample’s pathway. Pathway 
information used to design the PDS matrix was obtained
from three curated pathway databases (the Kyoto Encyclo-
pedia of Genes and Genomes, the BioCarta and the National
Cancer Institute–Nature Pathway Interaction Database).
Then we used regularized regression on these PDS matrices
to fit the model. Regularization techniques have been descri-

bed in detail in previous reviews [15,16]. The elastic net is a
regularized regression method that linearly combines the
penalties of the lasso and ridge regression methods and is
defined as p,(j)=(||j||1+(1) 2||j||2) [15,16]. It combines
L2 norm (ridge) and L1 norm (lasso) penalty with a tuning
parameter , where ∈[0, 1] that can control the proportion
of ridge/lasso penalty.

Elastic net is optimal for high dimension, low sample size
(HDLSS) genomic data with highly correlated predictors 
because L1 reduces model complexity and L2 prevents over-
simplifying. To make the multi-study–derived classifier, the
leave-one-out cross validation (LOOCV) procedure, which
is repeated N times (the total number of samples), is used to
estimate the average standard error and identify an optimal
value of the regularization parameter with minimum 
deviance. The efficient parameter selection via global opti-
mization (EPSGO) algorithm was then used to further opti-
mize the parameters [17]. EPSGO, based on learning an
online Gaussian process, is a meta-heuristic algorithm which
selects its parameters according to maximum likelihood. This
algorithm, robust against local minima, is far more compu-
tationally efficient than the commonly used grid search
method. For variable selection, the optimal parameter values
were then utilized. We used R package pathifier to calculate
PDS and glmnet package to construct the model and modi-
fied the methods of Hughey and Butte [9] and the functions
from R package C060 [17]. We utilized the caret R package
which implements e1071 and randomForest packages for
support vector machines (SVM) and random forest (RF), 
respectively, using its default optimization by grid search on
set parameter ranges [18].

4. Evaluation strategies  

The performance evaluation metrics used in this study
were the area under the receiver operating curve (AUROC),
the precision-recall curve (AUPRC), Brier score (BS), preci-
sion, recall, accuracy (ACC), Matthews correlation coefficient
(MCC), and F1 score. Receiver operating curve is a plot of
test sensitivity (true positive [TP]/(TP+false negative [FN])
along the y axis versus 1-specificity (1true negative [TN]/
(false positive [FP]+TN)) along the x axis. Area under the
curve (AUC) value ranges from 0.5 (random prediction) to 1
(perfect prediction). Precision-recall curve is a plot charac-
terized by different set of precision (TP/(TP+FP)) and recall
(sensitivity) of the model evaluated with selected thresholds.
BS is calculated as:

where pi is the predicted probability and oi is the actual out-
come of the event and n is the sample size. BS is essentially

BS=n–1!(oi–pi)2
n

i=1
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Eligibility

Cohort
partitioning

Learning

Evaluation

Internal/External
validation

Systemic search for study selection
  -Identification, screening, eligibility (Fig. 1)
Pre-processing
  -Cleaning, normalization, transformation QC

Acquired taxane resistance (ATR)
  -Marin-Aguilera et al. [8] (n=12)
  -Domingo-Domenech et al. [4] (n=8)
  -Zwart and Rechache [5] (n=9)
  -Luo et al. [7] (n=8)
  -Landen et al. [6] (n=6)

Evaluation of blind set performance
AUROC, AUPRC, Brier, ACC, Precision, Recall, F1

Model evaluation and interpretation
Discover insights

Intrinsic taxane resistance (ITR) 
  -CGP-PTX (n=286)
  -CGP-DTX (n=488)
  -CCLE-PTX (n=479)

Split for training,
validation, test cohort

Build PDS matrix using
individualized PC analysis
(KEGG, PID, BioCarta)

Regularized regression
(ridge, lasso and elastic net coupled with
LOOCV and parameter optimization [EPSGO])

Evaluation of LOOCV 
(Deviance, AUROC, AUPRC, Brier, 
ACC, Precision, Recall, F1)

Personalized
pathway analysis Machine learning module

EM merge

EM merge

Final prediction model
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–2
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Fig. 2. Workflow for the development and validation of machine learning model for predicting acquired taxane resistance
(ATR). The pipeline consists of three main parts: cross-study normalization, transformation into pathway information and
model construction. The study cohort was preprocessed and splited into an internal development and validation cohort and
an external blind validation cohort. An empirical Bayes approach (Combat) method was used for cross-study normalization.
Transforming gene expression level information into pathway-level score for each individual sample was conducted using
three curated pathway databases (Kyoto Encyclopedia of Genes and Genomes [KEGG], Pathway Interaction Database [PID],
and BioCarta). Using these pathway-level score matrix, penalized regression model was constructed. Parameter optimization
of the prediction model was conducted using leave-one-out cross validation (LOOCV) with Efficient Parameter Selection
via Global Optimization (EPSGO) algorithm. QC, quality control; CGP, Cancer Genome Project; PTX, paclitaxel; DTX, doc-
etaxel; CCLE, Cancer Cell Line Encyclopedia; EM, Empirical Bayes Method; PDS, pathway dysregulation scores; PC, principal
component; AUROC, area under the receiver operating curve; AUPRC, area under the precision-recall curve; ACC, accu-
racy.
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the mean squared error of the probability forecast of a 
dichotomous event. Hence, a small BS corresponds to a good
calibration of predictions. F1 score is a weighted mean of pre-
cision and recall, ranging from 0 (worst value) to 1 (best
value). ACC is defined as (TP+TN)/(TP+TN+FP+FN). MCC,
considered as a balanced measure, is a geometric mean cor-

rected for chance agreement ((TPTN)–(FPFN)/square root
((TP+FP)(TP+FN)(TN+FP)(TN+FN))). Prediction per-
formances of all parameters except BS are directly propor-
tional, ranging from 0 to 1. Higher BS denotes worse per-
formance. MCC ranges from –1 (completely incorrect) to 1
(completely correct). All statistical analyses were performed

Fig. 3.  Multi-study–derived, individualized pathway learning model for predicting acquired taxane resistance (ATR). (A)
Pathway deregulation score (PDS) matrix for the three development cohorts (GSE36135, GSE28784, GSE23779). Each row
(744 pathway features from 11,520 input gene features) represents the zscore-normalized PDS for each individual sample
in each cohort. The color bars in the bottom indicate drug sunsitivity status, type of taxane and study cohort. (B) An example
of principal curve of the pathway. The principal curve is individually learned with each pathways of the development 
cohorts. The data points and the principal curve are projected onto the three principal components (PCs). The principal curve
goes through the cloud of samples and is directed so that control samples (sensitive to taxane) are near the beginning of the
curve. (Continued to the next page)
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using R ver. 3.2.3 (R Foundation for Statistical Computing
Platform, Vienna, Austria).

Results

To develop a robust and generalized ATR prediction
model based on personalized pathway information, we 
devised a workflow that integrates multi-study, and multi-
platform penalized machine learning method with individ-
ual pathway deregulations in taxane treatments (PTX, DTX)
in various cancer cell lines (Fig. 2). Three microarray studies
(GSE36135-DTX-prostate, GSE28784-DTX and PTX-breast,
GSE23779-PTX-ovarian) were used as a development study
set for model construction. For external blind validation, two
independent cohorts (GSE12791-PTX-breast and GSE33455-
DTX-prostate) were used to test the algorithm’s generaliz-
ability and transferability. To explore possible transferability
between intrinsic taxane resistance (ITR) and ATR, we used
CCLE and CGP cohorts as a development set and tested ATR
cohorts as an external blind. Detailed descriptions of cohorts
and the technical variables used in the studies are in Table 1.

We merged the three discovery study cohort using the
ComBat method [12]. These merged gene expression level
data were then transformed into pathway-level information
using the Pathifier algorithm which generated a one-dimen-

sional principal curve from a cloud of data points in a high-
dimensional space (Fig. 3B) and yields a PDS for each indi-
vidual sample in a context-specific manner (Fig. 3A, see
Materials and Methods section) [13]. Using pathway infor-
mation extracted from the Kyoto Encyclopedia of Genes and
Genomes (KEGG) [19], Pathway Interaction Database (PID)
[20] and the BioCarta [21], we calculated a principal curve
for each pathway and obtained 744PDS from 11520 merged
genes (Fig. 3A and B). We then applied regularized regres-
sion to PDS matrix to build a prediction model for ATR. Elas-
tic-net regularization linearly combines the ridge and lasso
regression [16]. Hyperparameter  adjusts ridge (L2-norm)
and lasso penalties (L1-norm), whereas and  controls the
total level of penalization. The hyperparameters are fine-
tuned for an optimal elastic-net penalty function. We used
an EPSGO algorithm to optimize  and  with minimum 
binomial deviance (Fig. 3C) [17]. At the value that regular-
ization parameter gave the lowest binomial deviance, EPSGO-
tuned elastic-net selected a parsimonious set of 39 predictors
with non-zero pathway dysregulation coefficients (Fig. 3D).
Detailed descriptions of 39 non-zero pathways and their gene
components are in S1 Table and S2A Fig. Out of 39 non-zero
pathways, five most informative pathways with coefficients
greater than 1 were Biocarta’s “HYPOXIA AND P53 IN THE
CARDIOVASCULAR SYSTEM,” BioCarta’s “MULTI-DRUG
RESISTANCE FACTORS,” KEGG’s “BILE SECRETION,”
PID’s “ALPHAE BETA 7 INTEGRIN CELL SURFACE 
INTERACTIONS,” and KEGG’s “ABC TRANSPORTERS”

Fig. 3.  (Continued from the previous page)  (C) Hyperparameter optimization for elastic-net with Efficient Parameter Selection
via Global Optimization (EPSGO). Cross-study validation deviance as a function of both tuning hyperparameters  and  is
shown.  controls the tradeoff between the ridge and lasso penalties, whereas  controls the overall amount of penalization.
The red arrow highlights the final EPSGO solution where the deviance is within 1SE of the minimum (=0.682 and =0.004).
(D) Heatmap of the pathways with non-zero coefficient. From 744 input pathways, 39 pathways with non-zero coefficients
were selected. The names of the final pathways are labelled on the right side of PDS matrix shown in panel A. S, sensitive;
DTX, docetaxel; PTX, paclitaxel.  
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(S2B Fig.). The final elastic-net model produced a perfect per-
formance on leave-one-out cross-study validation. The over-
all AUROC for the three development cohorts were 1.000
with a AUPRC of 1.000, a BS of 0.007 and a sensitivity, speci-
ficity of 100% (Tables 2, 3, Fig. 4A). We further validated the
generalizability of our model using two external validation
cohorts. Our algorithm showed excellent performances on
both independent test sets. The overall AUROC for the two
external blind cohorts were 0.940 (95% confidence interval
[CI], 0.841 to 1.000) with an AUPRC of 0.940 and a BS of 0.127
(Fig. 4B). The sensitivity and specificity of the algorithm were
90.0% and 80.0%, respectively (Table 3). The algorithm
showed excellent performance on leave-one-out cross-vali-
dation compared to RF or SVM (S3 Fig.).

Next, we explored whether a transferability exists between
ITR to and ATR. We classified the CCLE and CGP data as
sensitive (below the median IC50 or area under curve values)
or resistant (above the median IC50 or area under curve val-
ues). After classification, the total of 239, 143, 244 samples
were obtained in the drug-sensitive (S) group and 240, 143,

244 in the resistant (R) groups of CCLE-PTX, CGP-PTX, CGP-
DTX, respectively. In leave-one-out cross-study validation
for CCLE and CGP, our algorithm showed a high discrimi-
nation ability with an overall AUROC of 0.703 (95% CI, 0.674
to 0.731), an AUPRC of 0.712, a BS of 0.218, a sensitivity of
61.7% and a specificity of 67.1% (Tables 4, 5, Fig. 5A). Con-
sidering the accuracies previously reported on consistency
between CGP and CCLE were close to random level at 0.5,
our model’s performance was remarkable. Next, we tested
whether this ITR-based model could predict ATR. Surpris-
ingly, our ITR-based model had a good prediction perform-
ance on ATR (overall AUROC, 0.688 [95% CI, 0.539 to 0.837];
AUPRC, 0.735; BS, 0.226; sensitivity, 68.0%; and specificity,
64.0%), suggesting high transferability between ITR and ATR
(Table 5, Fig. 5B).

Table 2.  Performance measures in ATR cross-study validation
GSE36135 GSE28784 GSE23779

(Domingo-Domenech et al. [4]) (Zwart and Rechache [5]) (Landen et al. [6])
AUROC 1.000 1.000 1.000
AUPRC 1.000 1.000 1.000
Brier 0.022 0 0.001

AUROC, area under the receiver operating curve; AUPRC, area under the precision-recall curve.

Table 3.  Performance measures in overall cross-study validation and external validation for ATR

Cross study validation Blind study validation
AUROC 1.000 (1.000-1.000) 0.940 (0.841-1.000)
AUPRC 1.000 0.940
Brier score 0.007 0.127
Confusion matrix metrics

Sensitivity (Recall/TPR) 1.000 0.900
Specificity 1.000 0.800
Precision (PPV) 1.000 0.818
Likelihood ratio positive (LR+) Inf 4.500
Likelihood ratio negative (LR–) 0.000 0.125
F1 1.000 0.857

Cohort GSE3613 (Domingo-Domenech et al. [4]), GSE33455 (Marin-Aguilera et al. [8]),
GSE28784 (Zwart and Rechache [5]), GSE12791 (Luo et al. [7])
GSE23779 (Landen et al. [6])

Values in parentheses are 95% confidence intervals. ATR, acquired taxane resistance; AUROC, area under the receiver 
operating curve; AUPRC, area under the precision-recall curve; TPR, true positive rate; PPV, positive predictive value.
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Discussion

The transferability and generalizability of our model may
be attributed to using multi-study–derived and pathway-
based regularized regression. Our model showed high gen-
eralizability for ATR by producing near-perfect performance
in both internal cross-study validation and external valida-

tion. We associate the model’s robustness with our two-step
approach of multi-study–derived pathway mapping and 
penalized regression to maximize generalizability. The first
step was to convert genomic information into pathway infor-
mation because pathways represent multifactorial nature of
cancer and drug resistance better than individual genes. The
second step was to use penalized regression to avoid over-
fitting and secure interpretability.

Fig. 4.  Acquired taxane resistance (ATR)–trained model performances on internal and external validation ATR cohorts. 
Receiver operating characteristic (ROC) and precision-recall curve are used to show ability to predict. (A) Model perform-
ances on internal cross-validation ATR cohorts. (B) Model performances on external blind ATR cohorts. DTX, docetaxel;
PTX, paclitaxel; AUC, area under the curve.
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CCLE and CGP have provided, since their publications,
pharmacogenomic information for prediction of drug sensi-
tivity. Yet, recent studies documented that the inconsistency
of two studies, largely on pharmacologic response to anti-
tumor drugs, may be problematic for studies based on these
datasets. A past study observed very poor correlation of IC50

between CCLE and CGP (Pearson rho of 0.18 in IC50 for PTX
with SVM classifier) [2]. Another study reported a similar
finding, citing PTX among the major cause for drug/cell line
inconsistency (Spearman’s rank correlation coefficient 0.1-
0.2) [3]. Recently, Dong et al. [22] applied linear (SVM) and
non-linear (random forest) modeling and addressed that, 
although SVM achieves better performance (0.55) for PTX
than RF predicting model (0.482), the values were not much
higher than random prediction. Our internal cross-study val-
idation using CCLE and CGP cohorts shows the model with

pathway mapping approach is highly consistent between
CCLE and CGP (overall cross-study AUC, 0.703), compared
to the almost random levels reported in previous studies.
Applying this model on ATR cohorts, we further tested
whether a model built from intrinsic resistance dataset can
predict AR. Surprisingly, prediction parameters were as
high, suggesting the model’s generalizability over intrinsic
and acquired resistant cell lines (overall AUC, 0.688). 

By using pathifier and penalized regression, we achieved
parsimony, narrowing 11,520 input gene features down into
39 non-zero pathways. Interestingly, compared to ATR, the
number of coefficients (features) for ITR are much greater
than for ATR (S4A and S4B Fig.). This is suggesting ITR had
a broader feature selection. Although intrinsic and acquired
resistances are explained by different mechanisms, the algo-
rithm may have captured the common pathways shared by

Table 4.  Performance measures in ITR cross-study validation

CCLE-PTX CGP-PTX CGP-DTX
AUROC 0.739 (0.695-0.783) 0.660 (0.597-0.722) 0.692 (0.645-0.738)
AUPRC 0.735 0.679 0.708
BRIER 0.208 0.23 0.221

Values in parentheses are 95% confidence intervals. ITR, intrinsic taxane resistance; CCLE, Cancer Cell Line Encyclopedia;
PTX, paclitaxel; CGP, Cancer Genome Project; DTX, docetaxel; AUROC, area under the receiver operating curve; AUPRC,
area under the precision-recall curve.

Table 5.  Performance measures in overall cross-study validation for ITR and external validation with ATR cohorts

Cross study validation Blind study validation
AUROC 0.703 (0.674, 0.731) 0.688 (0.539, 0.837)
AUPRC 0.712 0.735
Brier score 0.218 0.226
Confusion matrix metrics

Sensitivity (Recall/TPR) 0.617 0.680
Specificity 0.671 0.640
Precision (PPV) 0.653 0.654
Likelihood ratio positive (LR+) 1.876 1.889
Likelihood ratio negative (LR–) 0.571 0.500
F1 0.634 0.667

Cohort CCLE-PTX GSE3613 (Domingo-Domenech et al. [4]),
CGP-PTX GSE28784 (Zwart and Rechache [5]),
CGP-DTX GSE23779 (Landen et al. [6]),

GSE33455 (Marin-Aguilera et al. [8]), 
GSE12791 (Luo et al. [7])

Values in parentheses are 95% confidence intervals. ITR, intrinsic taxane resistance; ATR, acquired taxane resistance; AUROC,
area under the receiver operating curve; AUPRC, area under the precision-recall curve; TPR, true positive rate; PPV, positive
predictive value; CCLE, Cancer Cell Line Encyclopedia; PTX, paclitaxel; CGP, Cancer Genome Project; DTX, docetaxel.
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both ATR and ITR. This may be one of the reasons that our
model developed from ITR data (CCLE, CGP) was transfer-
able to predict ATR with good accuracy. We additionally 
examined whether ATR-based model predicted ITR and 
observed near-random performance (data not shown). This
implies the smaller number of feature selection for ATR
might be due to the presence of AR-specific pathways. Fur-

ther knowledge of resistant mechanisms is needed to fully
understand this outcome.

One advantage of using regression-based models in med-
ical sciences is results are highly interpretable, compared to
“black-box” models such as deep learning, SVM and random
forest. It is interesting to note that KEGG’s “BILE SECRE-
TION” and PID’s “ALPHAE BETA 7 INTEGRIN CELL SUR-

Fig. 5.  Intrinsic taxane resistance (ITR)trained model performances on internal (ITR) and external validation (acquired tax-
ane resistance [ATR]) cohorts. Receiver operating characteristic (ROC) and precision-recall curve are used to show ability to
predict. (A) Model performances on internal validation of ITR cohorts (CCLE-PTX, CGP-DTX, and CGP-PTX). (B) Model
performances on external ATR cohorts. AUC, area under the curve; CCLE, Cancer Cell Line Encyclopedia; PTX, paclitaxel;
CGP, Cancer Genome Project; DTX, docetaxel.
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FACE INTERACTIONS” were among the top 5 most infor-
mative pathways with coefficient greater than 1 (S2B Fig.).
While the other top pathways (Biocarta’s “HYPOXIA AND
P53 IN THE CARDIOVASCULAR SYSTEM,” BioCarta’s
“MULTI-DRUG RESISTANCE FACTORS,” and KEGG’s
“ABC TRANSPORTERS”) have been consistently associated
with chemoresistance with previous studies to suggest 
robustness of the model [23], no direct physiological relation-
ship between bile secretion, integrin 7 and taxane resistance
has been reported in previous studies [24,25]. Integrins are
reported to be implicated in cell adhesion-mediated drug 
resistance and the examples include integrin 1, which was
among 39 non-zero features, for erlotinib resistance in lung
cancer and lapatinib/trastuzumab in breast cancer [26]. Yet,
the role of integrin 7, one of the most informative feature
according to our algorithm, in drug resistance has not been
thoroughly studied. Further investigations into bile secretion
and integrin 7 pathway may provide novel molecular target
candidates for ATR.

An accurate model will be valuable for clinical decision
making, providing most effective and least toxic drug cho-
ices. In this study, we developed a multi-study–derived per-
sonalized prediction model for ATR with excellent accuracy,
generalizability and transferability.
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Reduction of Target Volume and the Corresponding Dose for 
the Tumor Regression Field after Induction Chemotherapy in 
Locoregionally Advanced Nasopharyngeal Carcinoma

Original Article

Purpose
This study aims to investigate the feasibility of contouring target volume according to residual
tumor and decreasing the dose to the tumor regression field after induction chemotherapy
(IC) in locoregionally advanced nasopharyngeal carcinoma (NPC).    

Materials and Methods
From August 2009 to August 2013, patients with stage III–IVB NPC were treated with IC
and concurrent chemoradiotherapy. Gross tumor volume of nasopharynx (GTVnx)–residual
and gross tumor volume of cervical lymph node (GTVnd)–residual were contoured according
to post-IC residual primary tumor and any N+ disease, respectively. The tumor regression
field was included in CTVnx1/CTVnd1 and prescribed a dose of 60 Gy. Outcomes and toxi-
cities of all patients were evaluated.  

Results
A total of 57 patients were enrolled. At a median follow-up of 68 months, three cases dis-
played locoregional recurrence and one case showed both distant metastasis and locore-
gional recurrence. All locoregional recurrences were in the GTVnx-residual/GTVnd-residual
and in-field. The 5-year overall, locoregional relapse-free, distant metastasis-free, and pro-
gression-free survival rates were 82.2%, 87.7%, 85.8% and 80.3%, respectively.    

Conclusion
After IC, contouring of GTVnx-residual/GTVnd-residual as residual tumor volume and distri-
bution 60 Gy of radiation dose to the tumor regression field may be feasible and need further
investigation.

Key words
Nasopharyngeal carcinoma, Induction chemotherapy, 
Intensity-modulated radiotherapy, Target volume, Dose distribution
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Introduction

The incidence of nasopharyngeal carcinoma (NPC) is high
in south China and Southeast Asia [1]. Radiotherapy is the
standard treatment modality, and a combination of radio-
therapy and chemotherapy employed as the mainstay strat-
egy [2]. Currently, induction chemotherapy (IC) combined
with concurrent chemoradiotherapy is one of the most pop-
ular treatments for locoregionally advanced NPC, with con-
firmed therapeutic value. A phase III clinical trial [3] com-
paring the efficacy of IC plus concurrent chemoradiotherapy
to that of chemoradiotherapy alone for treatment of locore-
gionally advanced NPC conducted by Sun et al. [3] showed
that inclusion of IC significantly improves progression-free
survival (PFS; 3-year PFS, 80% vs. 72%). The addition of IC
effectively reduced distant metastasis, which could be trans-
formed into overall survival (OS) benefit. In addition, multi-
ple studies have reported a response rate of 73%-89% with
significant tumor volume decreasing in NPC after IC [4-6],
leading to challenge of target delineation for following 
radiotherapy. 

Currently, accurate definition of the target volume of NPC
after IC presents a major clinical challenge and remains a
subject of extensive debate. According to Perez & Brady's
Principles and Practice of Radiation Oncology, 6th edition
[7], target volumes should be defined based on the extent of
the tumor before IC. In 2009, the consensus [8] was that gross
tumor volume (GTV) should be outlined based on the pre-
IC tumor volume (cavity partially retracted) in locoregionally
advanced head-and-neck cancer after IC and the irradiation
dose should remain constant, regardless of whether or not
the lesions achieve complete remission. However, evidence-
based reports are lacking in the literature. According to the
basic principles of radiobiology [7], the tumor control prob-
ability curve suggests that therapeutic radiation dose should
be increased with a higher tumor burden to achieve radical
treatment for clinically detectable tumors. Conversely, once
gross tumor lesions transform into subclinical lesions that are
undetectable with imaging methods after IC, the tumor bur-
den decreases and the radiation dose may need to be altered
accordingly. For other malignancies, such as lymphoma [9],
small cell and non-small cell lung cancer [10,11], earlier stud-
ies have shown that reducing the dose of radiation therapy
in the tumor regression areas after IC does not adversely 
affect efficacy. Furthermore, reduction of the radiation dose
led to decreased toxicity, which improved the quality of life
in patients.

In summary, for treatment of locoregionally advanced
NPC, it is unreasonable to define the target volume after IC
as the pre-IC volume, especially for cases showing significant
tumor regression after IC. In the current study, methods for

outlining the accurate target volume of NPC after IC and fea-
sibility of appropriate reduction of the radiation dose in the
tumor regression area were assessed, and follow-up analysis
of patients conducted to determine long-term treatment 
efficacy and toxicity outcomes.

Materials and Methods

Patients were eligible if they had (1) biopsy-proven previ-
ously untreated World Health Organization type II or III
NPC; (2) stage III–IVB according to the American Joint Com-
mittee on Staging of Cancer classification (AJCC 2009); (3)
ages between 18 and 65 years; (4) absence of a second malig-
nancy; (5) Karnofsky performance score  70; (6) adequate
bone marrow reserve, liver function and renal function; and
(7) adequate mental status to follow instructions. 

1. Treatment

1) Patient evaluation

Before treatment, all patients underwent bone scan, chest
X-ray, abdominal ultrasound and electrocardiography asse-
ssments. Clinical examination of the head and neck, magnetic
resonance imaging (MRI) scan of the nasopharynx and neck
and electronic nasopharyngoscopy were performed before
IC and after two and four cycles of IC.

2) Chemotherapy

The regimen of IC is a combination of taxanes, cisplatin
and fluorouracil (TPF), comprising intravenous infusion of
docetaxel 50 mg/m2 on day 1, intravenous infusion of cis-
platin 60 mg/m2 on day 1 and continuous intravenous infu-
sion of 5-fluorouracil 500 mg/m2/day through days 1-5 for
120 hours, three-weekly, for four cycles. If tumor shrinkage
achieved partial remission or above after two cycles of IC,
patients continued IC to four cycles and were administered
concurrent chemoradiation (CCRT); otherwise, patients 
received CCRT after two cycles of IC. Concurrent chemother-
apy (CCT) consisted of cisplatin 30 mg/m2 intravenous infu-
sion on day 1, weekly, for 4-6 cycles. 

3) Radiotherapy and treatment planning

Prior to radiotherapy, all patients were immobilized with
head-and-neck thermoplastic masks in a supine position, fol-
lowed by computed tomography simulation using 3-mm
slices including the head and neck within 1 to 2 weeks after
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IC. All patients received definitive intensity-modulated 
radiation therapy (IMRT) in 3 weeks after IC. 

Target volumes and organs at risk (OAR) were determined
according to the International Commission on Radiation
Units and Measurements reports (ICRU) 50 and 62 as well as
our institutional treatment protocol [12-14]. The gross tumor
volume of nasopharynx (GTVnx)–pre and the gross tumor
volume of cervical lymph node (GTVnd)–pre referred to the
primary tumor (including retropharyngeal lymph node
metastasis) and the neck lymph node metastasis before IC,
respectively. The GTVnx-residual was defined as the resid-
ual primary tumor (including retropharyngeal lymph node
metastasis) after IC, and the GTVnd-residual was defined as
the residual GTVnd-pre after IC. The CTVnx1 and CTVnd1
were defined as GTVnx-residual and GTVnd-residual plus 1
cm margin and 0.5-1 cm margin, respectively. When the
tumor debulked so much that the CTVnx1 and CTVnd1 were
not able to encompass the region of GTVnx-pre and GTVnd-
pre, respectively, the CTVnx1 and CTVnd1 should be modi-
fied to cover the region of GTVnx-pre and GTVnd-pre,
respectively. CTV2 was defined as CTVnx1 and CTVnd1
plus a 5-mm margin together with the bilateral cervical 
selective lymph drainage areas. In cases where the primary
tumor achieved complete remission after IC, the final site of
tumor regression was contoured as GTVnx-residual. If the
lymph node achieved complete remission after IC, the regre-
ssed lymph node and invaded structures were outlined as
CTVnd1. Planning target volume (PTV) would encompass
the corresponding GTVs and clinical target volumes (CTVs)
with a 3-mm margin in all directions including anterior, pos-
terior, superior, inferior, left and right. The GTVnx-pre and
GTVnd-pre were the pre-IC target volumes with no pre-

scribed dose, thus, the PTVs of GTVnx-residual, GTVnd-
residual, CTVnx1, CTVnd1, and CTV2 were designated
PGTVnx-residual, PGTVnd-residual, PCTVnx1, PCTVnd1,
and PCTV2, respectively, and prescribed radiation doses of
68 Gy, 62-66 Gy, 60 Gy, 60 Gy, and 50 Gy, respectively, in 30
fractions. All treatments were delivered once daily for 5 days
per week. The names, definitions and prescribed doses of the
target volumes are listed in the Table 1, and examples of tar-
get delineation are presented in Figs. 1 and 2. A standard
constraint set conforming to the Radiation Therapy Oncol-
ogy Group (RTOG) 0225 protocol [15] was applied for opti-
mization and evaluation. The aim was to achieve 95% of any
PTV at or above the prescription dose, at least 95% of any
PTV at 95% of the prescription dose, and no more than 10%
of PGTVnx-residual/PGTVnd-residual at or above 110% of
the prescription dose.

2. Assessment and follow-up

Tumor response after two and four cycles of IC was eval-
uated according to the Response Evaluation Criteria in Solid
Tumors (RECIST), and classified as complete response (CR),
partial response (PR), stable disease (SD), or progressive dis-
ease (PD). We characterized chemotherapy-related and 
radiotherapy-related toxic effects according to the Common
Terminology Criteria for Adverse Events ver. 3.0. All patients
were assessed weekly during treatment and followed up
every 3 months during the first 2 years, every 6 months dur-
ing the subsequent 3 years, and yearly thereafter until death.

Lei Wang, Reduction of Target Volume after IC in NPC

Table 1.  Definitions and prescribed dose of target volumes 

Target volume Definition PTV Prescribed dose (Gy)
GTVnx-pre The primary tumor before IC (including retropharyngeal - -

lymph node metastasis)
GTVnd-pre The neck lymph node metastasis before IC - -
GTVnx-residual The residual primary tumor after IC PGTVnx-residual 68

(including retropharyngeal lymph node metastasis)
GTVnd-residual The residual GTVnd-pre after IC PGTVnd-residual 62-66
CTVnx1 GTVnx-residual plus 1 cm margin, PCTVnx1 60

covering the region of GTVnx-pre
CTVnd1 GTVnd-residual plus 0.5-1 cm margin, PCTVnd1 60

covering the region of GTVnd-pre
CTV2 CTVnx1 and CTVnd1 plus a 5 mm margin together with PCTV2 50

the bilateral cervical selective lymph drainage areas

Illustrations: the GTVnx-pre and GTVnd-pre were the tumor volumes before induction chemotherapy (IC) with no prescribed
dose for planning.
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3. Endpoints

Our primary endpoints were locoregional relapse-free sur-
vival (LRFS) and patterns of locoregional failure, classified
as “in-field” if 95% recurrent tumor volume was within the
95% isodose, “marginal” if 20%-95% recurrent tumor volume
was within the 95% isodose or “out-of-field” if < 20% recur-
rent tumor volume was within the 95% isodose [16]. Our sec-
ondary endpoints were OS, distant metastasis-free survival
(DMFS) and PFS. 

4. Statistical analysis

The Statistical Package for Social Sciences, ver. 25.0 (SPSS,
IBM Corp., Armonk, NY) was employed for statistical analy-
sis. Patient characteristics were summarized using the 
descriptive statistics. The paired t test (two-sided test, =0.05)
was applied to compare tumor volumes before and after IC.
Survival rates were computed using the Kaplan-Meier
method.

Cancer Res Treat. 2019;51(2):685-695

Fig. 1.  (A) In MRI before IC, the primary tumor located in the bilateral roof and left wall of nasopharynx, spread to bilateral
middle nasal turbinate and bilateral pterygopalatine fossa anteriorly (green arrow), laterally extended to left petrous apex,
left carotid canal and posteriorly to left clivus (white arrow). (B) In MRI after IC, the tumor obviously regressed. Tumor 
enhancement signal could only be seen in anterior roof of nasopharynx, bilateral choanae and bilateral pterygopalatine fossa
(green arrow in B), delineated as GTVnx-residual. Signal of skull base bone destruction became unapparent (white arrow in
B). Left petrous apex, left carotid canal and left clivus partially recovered in the bone window of computed tomography
scan (white arrow in C), delineated as CTVnx1 and prescribed 60 Gy. (D) Red line, purple line, and blue line indicate GTVnx-
residual, CTVnx1, and CTV2, respectively. (E) Dose color wash (60 Gy). Yellow line, pink line, green line, light yellow line,
blue line, and light blue line (arrow) indicate PGTVnx-residual, GTVnx-pre, PCTVnx1, PCTV2, brain stem, and optic chiasm,
respectively. (F) DVH. Orange line, green line, blue line, and red line indicate PGTVnx-residual, PCTVnx1, brain stem, and
optic chiasm, respectively. MRI, magnetic resonance imaging; IC, induction chemotherapy; GTVnx, gross tumor volume of
nasopharynx; CTV, clinical target volume; PGTV, planning target volume of GTV; PCTV, planning target volume of CTV;
DVH, dose volume histogram.
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5. Ethical statement 

The study was approved by the Institutional Review Board
of Sun Yan-Sen University Cancer Center and performed in
accordance with the principles of the Declaration of Helsinki.
Written informed consents were obtained.

Results

From August 2009 to August 2013, 57 patients were 
reviewed. Patient and tumor characteristics are presented in
Table 2.

1. Completion of treatment

Chemotherapy was administered to all patients. In total,
51/57 patients (89.5%) completed four cycles of IC, two of 57 
patients (3.5%) underwent CCRT after two cycles of IC due
to the incidence of herpes zoster and grade 3 thrombocytope-
nia, and four of 57 (7%) were evaluated as SD after two cycles
of IC and underwent a third course while waiting for CCRT.
Overall, 46 of 57 patients (80.7%) received more than four 
cycles of CCT. Reasons for CCT discontinuation included
mucositis, grade 3 leukopenia and grade 4 thrombocytope-
nia. All patients completed definitive IMRT.

Lei Wang, Reduction of Target Volume after IC in NPC

Fig. 2.  (A) In MRI before IC, the tumor invaded ethmoidal cellules and orbital apex, with the right optic nerve suspiciously
invaded (white arrow). The patient suffered with inflammation after wadding for nasopharynx bleeding (red arrow in A).
(B, C) The tumor volume was reduced and no tumor signal was founded in MRI after IC (white arrow in B) and computed
tomography after IC (white arrow in C) in the same slice as A. (D) Therefore, the tumor regressed region was outlined as
CTVnx1, prescribed 60 Gy (pink line, CTVnx1; blue line, CTV2 in D). (E) Dose color wash (60 Gy). Orange line and red line
indicate PCTVnx1 and optic chiasm, respectively. (F) DVH. Green line, red line, and blue line, indicated PCTVnx1, right
optic nerve, and optic chiasm, respectively. MRI, magnetic resonance imaging; IC, induction chemotherapy; CTV, clinical
target volume; PCTV, planning target volume of CTV; DVH, dose volume histogram.
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2. Acute toxicity

During IC, four of 57 patients (6.0%) developed grade 3
leukopenia, one of 57 (1.8%) developed grade 3 thrombocy-
topenia and one of 57 (1.8%) developed herpes zoster. CCRT
induced several severe toxic effects, such as grade 3 mucosi-
tis (10.5%), grade 3 xerostomia (1.8%), grade 3 leukopenia
(17.5%), grade 3 thrombocytopenia (1.8%), and grade 4
thrombocytopenia (1.8%).

3. Efficacy

The post-IC tumor volume was significantly decreased 
(p < 0.01), compared with the pre-IC tumor volume (Table 3).
After completion of IC, CR was observed in 10.5% patients,
PR in 82.5% patients, and SD in 7% patients. 

Follow-up was updated in October 2017 at a median fol-
low-up time of 68 months (range, 9 to 93 months). Overall,

nine patients showed progression, including three with 
locoregional relapse alone, five with distant metastasis alone,
and one with both locoregional relapse and distant metasta-
sis. All locoregional recurrences occurred in the GTVnx-
residual/GTVnd-residual region and were in-field, with no
development of marginal or out-of-field recurrence (Table 4).
Ten patients died during follow-up, specifically, three with
locoregional relapse alone, four with distant metastasis
alone, one with locoregional relapse and distant metastasis,
one with pancreatic cancer, and one of unknown reason. The
5-year LRFS, DMFS, PFS, and OS rates were determined as
87.7%, 85.8%, 80.3%, and 82.2%, respectively. The Kaplan-
Meier estimates of LRFS, DMFS, PFS and OS are shown in
Fig. 3.

4. Late toxicity 

Grade 4 late toxicity was not observed during follow-up.
Overall, four of 57 patients (7.0%) developed temporal lobe
injury (TLI) according to MRI findings, and two of these four 
patients presented clinical symptoms.

Discussion

Previous focus on the role of chemotherapy in treatment
of NPC has been to reduce distant metastasis and increase
the OS rate. However, limited information is available on
outlining of the radiotherapy target volume for optimizing
the post-IC response in NPC. Conclusions are yet to be made
on how to define the target tumor volume and the appropri-
ate irradiation dose after IC. The conventional view [8] is that
the tumor regression field after IC is still defined as GTV and
treated with the radical irradiation dose used for gross
tumor. However, according to the basic principles of radio-
biology [7,17], only a high tumor burden requires the higher
dose of radiation therapy.

To achieve good treatment effects, subclinical lesions in
NPC are usually recommended 60 Gy of radiation [6,18].

Cancer Res Treat. 2019;51(2):685-695

Table 2. Characteristics of the 57 NPC patients 

NPC, nasopharyngeal carcinoma.

Characteristic No. of patients (%)
Age, median (range, yr) 44 (26-65) 
Sex

Male 47 (82.5)
Female 10 (17.5)

Clinical stage
III 26 (45.6)
IV 31 (54.4)

T category
T1 0 (
T2 8 (14.0)
T3 23 (40.4)
T4 26 (45.6)

N category
N0 0 (
N1 15 (26.3)
N2 36 (63.2)
N3 6 (10.5)

Table 3.  Comparison of tumor volume before and after IC

Target volume Pre-IC (cm3) Post-IC (cm3) p-value Tumor shrinkage (%)
GTVnx 63.7±45.6 21.8±23.7 < 0.01 66.5
GTVnd 21.7±21.8 7.5±9.4 < 0.01 68.0
GTV 85.4±51.0 29.3±26.6 < 0.01 67.2

IC, induction chemotherapy; GTV, gross tumor volume of nasopharynx (GTVnx)+gross tumor volume of cervical lymph
node (GTVnd).
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However, for gross tumors that have shrunk to subclinical
lesions after chemotherapy, administration of the same irra-
diation dose as that for the gross tumor appears unreason-
able. Therefore, determination of the tumor regression area
after chemotherapy as a CTV and provision of an equivalent
corresponding radiation dose is important. This modification
should provide two main benefits to patients: (1) the high-
dose irradiation area is reduced, potentially resulting in a sig-
nificant decrease in toxicity to patients, and (2) in tumors
adjacent to the OAR, such as brain stem or optic chiasm, the
tumor size is reduced by IC and the distance between the
GTV and critical tissues increased, so that radical treatment
is possible for patients who have only been able to undergo
palliative care in the past.

For other malignant tumors, outlining target volumes after
IC to reduce treatment-related toxicity has been discussed
and a consensus reached. In lymphoma radiotherapy, invol-
ved node radiation therapy and involved site radiation ther-
apy are the newest irradiation concepts with smaller radia-
tion volumes and lower toxicity than the original larger-field
radiation therapy and the classical involved-field radiation
therapy [9]. The concept of involved node radiation therapy
developed by the European Organization for Research on
Treatment of Cancer [19] is that GTV is the lymph node rem-
nant alone and CTV only includes the tumors that achieve
CR after chemotherapy without preventive irradiation to
other regions. Both retrospective and prospective studies
have demonstrated achievement of equivalent or enhanced
survival rates compared with involved-field radiation ther-
apy, suggesting that the target volume after IC can be effec-
tively decreased in accordance with tumor debulking [20-22].
There were similar explorations of reducing target volumes
and prescribed doses in the treatment of non-small cell lung
cancer [23] and small cell lung cancer [10].

A few researchers have explored methods for outlining the
target tumor volume after IC for NPC. Yu et al. [24] defined
clinically detectable lesions after IC as GTV and prescribed
a dose of 68 Gy, while 63 Gy was administered to the tumor
shrinkage area after IC. The local control rate was 100% at
the median follow-up time of 9 months. Among 24 patients,
only one showed distant metastasis 15 months after the com-
pletion of treatment. Xue et al. [25] outlined GTV according
to the clinically detectable tumor area after IC and prescribed
a dose of 60 Gy in the tumor shrinkage and upper neck
drainage areas. The local control rate at three years in 103 
patients was 91.9%. These results collectively support the fea-
sibility of reducing the radiation dose for the tumor regres-
sion area after IC without compromising the therapeutic
effect. In a prospective randomized controlled trial by Yang
et al. [26], a prescribed dose of 64 Gy was administered in the
tumor regression area after IC. No significant differences in
3-year OS, PFS, LRFS, and DMFS were evident between the
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experimental and control groups (87% vs. 82.3%, 83.4% vs.
74.7%, 93.9% vs. 91.8%, and 88.6% vs. 81.3%, respectively).
In addition, treatment toxicity was significantly reduced. 

In our study, a dose of 60 Gy was prescribed for the tumor
regression area. Long-term follow-up revealed 5-year OS,
DMFS, LRFS, and PFS rates of 82.2%, 85.8%, 87.7%, and
80.3%, respectively, analogous to reports in the past. It
should be noted that patients enrolled in the study had stage
III-IVB disease, most with large primary tumors and exten-

sive nodal involvement (stage N2-3). Only four cases showed
locoregional relapse in 5 years. All local recurrences were 
determined as GTVnx-residual or GTVnd-residual and 
recurrences located in-field. No recurrence within CTVnx1,
CTVnd1, or CTV2 was observed, either marginal or out-
of-field. These results confirmed the feasibility of outlining
the target volume and altering the prescription dose accord-
ingly for optimizing the effects of radiation therapy.

For NPC adjacent to brain stem, optic chiasm, optic nerve

Cancer Res Treat. 2019;51(2):685-695

Fig. 3.  (A) Kaplan-Meier estimates of locoregional-free survival (5-year LRFS, 87.7%; 95% confidence interval [CI], 82.6 to
92.7). (B) Kaplan-Meier estimates of distant metastasis-free survival (5-year DMFS, 85.8%; 95% CI, 80.3 to 91.4). (C) Kaplan-
Meier estimates of progression-free survival (5-year PFS, 80.3%; 95% CI, 73.0 to 87.6). (D) Kaplan-Meier estimates of overall
survival (5-year OS, 82.2%; 95% CI, 75.9 to 88.5).
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and other important OARs, IC could aid in increasing the
distance between the tumor and organ, allowing the use of
radiotherapy as radical treatment instead of palliative care.
For the example of Fig. 2, the tumor invaded ethmoidal cel-
lules and orbital apex, with the right optic nerve suspiciously
invaded. If the target area was outlined according to the pre-
IC tumor, the choice would be to either sacrifice the dose cov-
erage of the tumor or optic nerve function. A radical treat-
ment would be compromised, and visual impairment may
occur after treatment. However, after four IC cycles, the
tumor area had diminished and the GTV area decreased. The
shrinkage area altered from GTVnx-pre to CTVnx1. Accord-
ingly, the prescribed dose was decreased, which not only
achieved the purpose of radicalizing the tumor but also pro-
tected the right optic nerve and optic chiasma. Notably, even
at 70 months after treatment, no locoregional recurrences
were observed, along with no right eye vision impairment
or other long-term toxicities. 

Thus, with the reduced irradiation volume and correspon-
ding dose, side-effects are also significantly reduced. Previ-
ous reports demonstrated a high brain damage rate in T3/4
NPC patients after radiotherapy, which had a significant 
impact on their quality of life. Zhou et al. [27] retrospectively
analyzed radiation-related temporal lobe damage in NPC 
patients caused by IMRT and two-dimensional radiotherapy.
Among 305 patients with NPC receiving IMRT, 16% showed
radiation-induced TLI after 5 years, of which 15.5% T3 and
52.6% T4 patients had TLI. Su et al. [28] additionally con-
ducted a retrospective analysis of patients with NPC under-
going IMRT. Five-year median follow-up studies revealed a
TLI incidence in 14/83 T3 patients (16.9%) and 26/49 T4 
patients (53.1%). However, analysis of long-term outcomes
in our study showed that only 4/57 patients (7.0%) devel-
oped temporal lobe injury, all of which were in the T4 cate-
gory. In addition, only two out of four displayed clinical
symptoms. The current study included 40.4% T3 and 45.6%
T4 patients. Our data showed a significantly decreased inci-
dence of temporal lobe injury, compared to previous find-
ings.

While patients with NPC clearly achieved a lower inci-
dence of toxicity and better outcomes in our study, a number
of issues still require attention in clinical practice. (1) We
need to establish the optimal number of IC cycles required
to effectively reduce the irradiation dose of the tumor regres-
sion area in NPC. Currently, no relevant recommended stan-
dards are available. In our analysis, if CR/PR was observed
after two cycles of chemotherapy, treatment with IC was con-
tinued in terms of better tumor debulking and normal tissue
repair, which contributed to better target delineation, as this
would aid in determining the existence of residual tumor
cells in the retracted area. Even after exposure to a higher
number of IC cycles, toxicities were tolerable in patients and

the distant metastasis rate would decrease. (2) Accurate eval-
uation of the tumor shrinkage area after chemotherapy is the
key in radiotherapy target outlining. A multidisciplinary 
approach was used in which an imaging physician with 
extensive experience in reading head and neck tumor images
was consulted to determine the extent of tumor. In cases
where it was difficult to determine tumor volume, suspicious
residual tumor was treated with the radical radiation dose.
(3) For patients who achieved CR after chemotherapy, not all
regression fields were treated as subclinical lesions. Instead,
the center of primary tumor that regressed at the last cycle
of IC was treated with high-dose radiation (68 Gy). The effi-
cacy of 60 Gy irradiation treatment for the whole regression
field including the primary tumor site in CR patients after
chemotherapy remains to be established. (4) The number of
enrolled patients was small because the main treatment
modality for locoregionally advanced NPC was CCRT at the
beginning of our study, and the exploration of IC was rare
with only a few patients underwent IC combined with CCRT
rather than CCRT alone. Besides, the target delineation after
IC was debated, thus, this contouring method was only 
applied in our team with strict inclusion criteria considering
the intensity of the treatment.

Except for these limitations, this investigation is a novel 
attempt to reduce the irradiation dose in the tumor shrinkage
area after IC in NPC therapy. The long-term follow-up 
results showed a good therapeutic effect and low incidence
of toxicity, supporting the theory that defining clinically and
radiologically detectable tumors after IC as GTV while defin-
ing regression regions as subclinical lesions, presenting a fea-
sible method for outlining the target region for radiotherapy.
However, the sample size in our study was relatively small.
Prospective randomized controlled clinical studies are thus
further warranted to confirm our findings.
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Disulfiram, a Re-positioned Aldehyde Dehydrogenase Inhibitor, 
Enhances Radiosensitivity of Human Glioblastoma Cells In Vitro 

Original Article

Purpose
Glioblastoma, the most common brain tumor in adults, has poor prognosis. The purpose of
this study was to determine the effect of disulfiram (DSF), an aldehyde dehydrogenase 
inhibitor, on in vitro radiosensitivity of glioblastoma cells with different methylation status
of O6-methylguanine-DNA methyltransferase (MGMT) promoter and the underlying mecha-
nism of such effect.    

Materials and Methods
Five human glioblastoma cells (U138MG, T98G, U251MG, U87MG, and U373MG) and one
normal human astrocyte (NHA) cell were cultured and treated with DSF or 6MV X-rays (0, 2,
4, 6, and 8 Gy). For combined treatment, cells were treated with DSF before irradiation. Sur-
viving fractions fit from cell survival based on colony forming ability. Apoptosis, DNA damage
repair, and cell cycle distribution were assayed by western blot for cleaved caspase-3, H2AX
staining, and flow cytometry, respectively. 

Results
DSF induced radiosensitization in most of the glioblastoma cells, especially, in the cells with
radioresistance as wildtype unmethylated promoter (MGMT-wt), but did not in normal NHA
cell. DSF augmented or induced cleavage of caspase-3 in all cells after irradiation. DSF 
inhibited repair of radiation-induced DNA damage in MGMT-wt cells, but not in cells with
methylated MGMT promoter. DSF abrogated radiation-induced G2/M arrest in T98G and
U251MG cells.    

Conclusion
Radiosensitivity of glioblastoma cells were preferentially enhanced by pre-irradiation DSF
treatment compared to normal cell, especially radioresistant cells such as MGMT-wt cells.
Induction of apoptosis or inhibition of DNA damage repair may underlie DSF-induced 
radiosensitization. Clinical benefit of combining DSF with radiotherapy should be investi-
gated in the future.  

Key words
Disulfiram, Glioblastoma, MGMT, Radiosensitivity, 
DNA damage repair, Apoptosis
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Introduction

Glioblastoma (GBL), the most common brain tumor in
adults, has very poor prognosis. Even with the current stan-
dard therapy of maximal resection followed by radiotherapy
concurrently with temozolomide (TMZ) and TMZ mainte-
nance, the median survival (MS) was 14.6 months in overall

patients and less than 24 months in patients with favorable
parameters [1,2].  

As an anti-mutagenic DNA repair protein, O6-methylgua-
nine-DNA methyltransferase (MGMT) interferes with the
anti-cancer effect of TMZ by removing methyl group atta-
ched to DNA [3]. Survival of GBL patients depends on the
status of MGMT promotor methylation. Those with methy-
lated MGMT promoter (MGMT-meth) have better survival
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than those with wildtype unmethylated MGMT promoter
(MGMT-wt) [3,4]. A novel recursive partitioning analysis cat-
egory has been formulated using MGMT promotor methy-
lation and isocitrate dehydrogenase 1 (IDH1) mutation in
addition to traditional demographic parameters for newly
diagnosed GBL in TMZ era, emphasizing the status of MGMT
promotor methylation as the first partitioning generator [5].
MS was 32.8 months for MGMT-meth and 18.7 months
MGMT-wt GBL, respectively (p < 0.001). 

Since the establishment of standard radiochemotherapy
with TMZ around 2006, several attempts have been made to
further improve treatment outcomes of GBL, especially GBL
with MGMT-wt. Bevacizumab, a monoclonal antibody that
binds vascular endothelial growth factor, has failed to pro-
vide survival benefit in large phase III studies of AVAglio
and RTOG 0825 [6,7]. Although addition of tumor-treating
field (TTF) to maintenance TMZ has improved MS from 16.6
months to 19.4 months, the relationship between methylation
status of MGMT and treatment outcome remains unclear [8].   

Disulfiram (DSF), an aldehyde dehydrogenase (ALDH) 
inhibitor, has been used for alcoholics since its approval by
the United States Food and Drug Administration in 1948 [9].
It produces severe hangover due to accumulation of acetal-
dehyde after consuming alcohol, and was tolerable without
severe toxicities if a person refrains from alcohol consump-
tion [9]. DSF has recently been proposed as a potential repo-
sitioned anti-cancer drug [10] or an ALDH targeting agent
for cancer stem cells [11]. It induces diverse biological effects
such as inactivation of nuclear factor B, accumulation of
ubiquitination protein, amplification of reactive oxygen
species, inhibition of proteosomes, and suppression of DNA
methyltransferases [12]. DSF causes MGMT degradation
[13,14]. It has synergistic effects with TMZ on GBL cells [15].
DSF can also potentiate radiation cytotoxicity in atypical ter-
atoid/rhabdoid tumor (AT/RT) cells [11,16], neuroblastoma
cells [17], and pancreatic cancer cells [18]. However, the com-
bined effect of DSF and ionizing radiation on GBL cells has
never been reported yet.

Therefore, the objective of the present study was to inves-
tigate the in vitro radiosensitizing effect of DSF on GBL cells
with different status of MGMT promoter methylation and
the underlying mechanism of such effect. 

Materials and Methods

1. Cell culture and drug preparation  

Five human GBL cells were used in this study. T98G and
U251MG cells were obtained from the American Type Cul-

ture Collection. U87MG and U373MG cells were from the
Korean Cell Line Bank. U138MG cells and a normal human
astrocyte (NHA) cells were provided by colleagues. U138-
MG, U251MG, U87MG, and NHA cells were expanded in
Dulbecco's modified Eagle's medium while T98G and U37-
3MG were cultured in RPMI 1640 medium supplemented
with 10% fetal bovine serum and 1% antibiotics. 

DSF was purchased from Sigma-Aldrich Chemical Co. (St.
Louis, MO). It was dissolved in dimethyl sulfoxide (Sigma-
Aldrich) to create concentrated stock solutions that were
stored at –20°C. A stock solution was diluted in culture
medium at the time of use. The 50% inhibitory concentration
(IC50) of each cell line was determined using clonogenic assay
after exposing cells to increasing concentrations of DSF for
24 hours. 

2. Clonogenic assay

Cell survival was measured using clonogenic assay in trip-
licates as previously reported [19]. Briefly, cells were irradi-
ated with graded doses of 0, 2, 4, 6, and 8 Gy of 6 MV X-ray
(Clinac 6EX, Varian Medical Systems, Palo Alto, CA). Cell
survival data were fitted to a linear-quadratic (LQ) model
[20]. Clonogenic assay was repeated three to four times for
each cell line.

3. Western blot for cleaved caspase-3 and MGMT  

Western blotting was undertaken as previously reported
[21]. Antibodies for cleaved caspase-3 and MGMT were 
obtained from Cell Signaling Technology (Beverly, MA).
Western blot for MGMT expression was repeated three times
for all GBL cell lines treated or not treated with DSF for 24
hours. After DSF treatment for 24 hours followed by irradi-
ation with X-ray dose of 6 Gy, cells were subjected to western
blot for cleaved capase-3 at 0, 2, 6, and 24 hours after irradi-
ation. These processes were repeated twice. 

4. H2AX immunocytochemistry   

Immunocytochemistry of H2AX as a marker for detecting
DNA damage was assayed as previously reported [19]. After
exposure to DSF for 24 hours followed by irradiation with 
X-ray dose of 6 Gy, cells were subjected to H2AX immuno-
cytochemistry analysis at 0, 2, 6, and 24 hours after irradia-
tion. For each treatment condition, numbers of H2AX foci
in 50 cells were counted. Cells with more than five foci of
H2AX per nucleus were considered as positive (i.e., contain-
ing radiation-induced H2AX foci). The process was repea-
ted twice for all cell lines. 
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5. Flow cytometry   

Flow cytometry was performed as previously reported
[22]. After exposure to DSF for 24 hours followed by irradi-
ation with X-ray dose of 6 Gy, cells were subjected to flow
cytometry analysis at 0, 2, 6, and 24 hours after irradiation
using a FACScan (Becton Dickinson, Franklin Lakes, NJ). At
least 5105 events were counted. Each procedure was per-
formed twice for all cell lines.

6. Statistical analysis  

Kaleidagraph ver. 3.51 (Synergy Software, Reading, PA)
was applied to fit survival data of irradiated cells into LQ
model. Mean values between two groups was compared
using Student’s t test. All statistical analyses were under-
taken using SPSS ver. 18.0 (SPSS Inc., Chicago, IL).

Cancer Res Treat. 2019;51(2):696-705

Fig. 1.  Expression of O6-methylguanine-DNA methyl-
transferase (MGMT) protein in glioblastoma cells. U138-
MG and T98G cells expressed MGMT whereas U251MG,
U87MG, or U373MG cells did not express MGMT based
on western blots. After disulfiram (DSF) treatment for 24
hours, U138MG and T98G cells maintained expression of
MGMT. 

MGMT

DSF 24 hr

Actin

– + – + – + – + – +

U138MG T98G U251MG U87MG U373MG

Fig. 2.  (A-F) Cell survival curves fitting to a linear-quadratic model after irradiation or pre-irradiation disulfiram (DSF)
treatment. Radiosensitivity of glioblastoma cells was enhanced by pre-irradiation DSF treatment except for U373MG (E) or
normal human astrocyte (NHA) (F). Enhancement was especially pronounced in U138MG (A) and T98G (B) cells with wild-
type unmethylated O6-methylguanine-DNA methyltransferase promoter. Each experiment was repeated at least three times
with similar results. IR, irradiation.
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Results

1. MGMT expression in GBL cell lines 

Western blot results showed that U138MG and T98G cells,
but not U251MG, U87MG, or U373MG cells, expressed
MGMT (Fig. 1). Thus, U138MG and T98G are MGMT-wt
cells while U251MG, U87MG, and U373MG are MGMT-meth
cells based on these results, confirming that MGMT methy-
lation is correlated with MGMT protein expression [4]. After
treatment of DSF for 24 hours in a concentration of 75 nM for
U138MG and 100 nM for others, U138MG and T98G kept the
expression of MGMT. 

2. IC50 of DSF

The mean IC50 value±standard deviation (SD) was 71.85±
0.86 nM for U138MG, 101.91±7.63 nM for T98G, 90.78±2.22
nM for U251MG, 117.65±45.76 nM for U87MG, 80.69±64.40
nM for U373MG, and 99.45±29.43 nM for NHA. From these
results, the value for subsequent experiment was determined
as 75 nM for U138MG and 100 nM for others.

3. Enhancement of radiosensitivity with DSF

Radiosensitivity of GBL cells was enhanced by pre-irradi-
ation treatment with DSF except for U373MG. The enhance-
ment was remarkable in MGMT-wt cells (Fig. 2). However,
DSF did not affect radiosensitivity of NHA.

Taking the radiation dose that resulted in surviving frac-
tions (SF) of 0.5 and 0.2 as references in cell survival curve
fitting after irradiation alone or irradiation plus DSF, sensi-
tizer enhancement ratios (SERs) were calculated (Fig. 2). The
mean SER0.5 value±SD was 1.503±0.251 for U138MG, 1.104±
0.065 for T98G, 1.257±0.235 for U251MG, 1.121±0.072 for
U87MG, 0.945±0.034 for U373MG, and 0.998±0.070 for NHA.
The mean SER0.2 value±SD was 1.30±0.084 for U138MG,
1.091±0.070 for T98G, 1.119±0.076 for U251MG, 1.10±0.035 for
U87MG, 0.992±0.019 for U373MG, and 0.995±0.029 for NHA.
The mean SER0.5 and SER0.2 were 1.192±0.236 and 1.121±0.114
for all cells, 1.303±0.273 and 1.196±0.134 for MGMT-wt cells,
and 1.148±0.190 and 1.087±0.070 for MGMT-meth cells, 
respectively (Fig. 3A). 

For comparison of its own radiosensitivity of each GBL cell
line, surviving fractions at 2 Gy (SF2) for radiation alone were
calculated from cell survival curves. The mean SF2 value±SD
was 0.884±0.099 for U138MG, 0.787±0.103 for T98G, 0.826±
0.024 for U251MG, 0.719±0.041 for U87MG, and 0.710±0.057
for U373MG. Among these five GBL cell lines, U138MG had

Fig. 3.  Sensitizer enhancement ratio at 0.5 (SER0.5). (A) Mean SER0.5 value±standard deviation (SD) in all cells. Wildtype 
unmethylated O6-methylguanine-DNA methyltransferase (MGMT) promoter (MGMT-wt) cells and methylated MGMT pro-
moter (MGMT-meth) cells are indicated. (B) The relationship between survival fraction at 2 Gy (SF2) and SER0.5 was illustrated
in log scale. Error bars indicated SD. There was an inverse relationship between radiosensitivity and the degree of disulfi-
ram-induced enhancement of radiosensitivity in glioblastoma cells. 
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the highest SF2 (i.e., the most radioresistant) while U373MG
was the most radiosensitive. When SER0.5 was plotted to SF2,
there was an inverse relationship between radiosensitivity
and the degree of DSF-induced enhancement of radiosensi-
tivity in GBL cells (Fig. 3B).  

4. Expression of cleaved caspase-3 

In T98G and U251MG cells, cleaved caspase-3 was expre-
ssed after DSF treatment alone or at 2 or 6 to 24 hours after
irradiation alone. Pre-irradiation DSF strongly augmented
its expression after irradiation (Fig. 4). 

In U138MG, U87MG, or U373MG cells, cleaved caspase-3
was not expressed after DSF treatment alone or up to 24
hours after irradiation alone. However, it was induced to 
express by pre-irradiation DSF treatment at 6 and 24 hours
after irradiation. 

5. H2AX assay

In MGMT-wt cells (U138MG and T98G), H2AX foci 
existed significantly longer by pre-irradiation DSF treatment
(Fig. 5A). The proportion of H2AX positive cells after irra-
diation alone was rapidly and continuously decreased up to
24 hours in U138MG and T98G cells. However, it was not 
decreased till 24 hours in U138MG cells or rather gradually
decreased in T98G cells with pre-irradiation DSF. The pro-
portion of H2AX positive cells at 24 hours was also signifi-
cantly higher in both U138MG and T98G cells with pre-
irradiation DSF in compared with irradiation alone (Fig. 5B).

In MGMT-meth cells, the proportion of H2AX positive
cells after irradiation alone was gradually repaired from 6
hours in U251MG and U87MG cells or sustained till 24 hours
in U373MG cells. These patterns were not changed by pre-
irradiation DSF treatment (Fig. 5C).

Fig. 4.  Western blot analysis of cleaved caspase-3 after 0, 2, 6, and 24 hours of irradiation (IR). Pre-irradiation disulfiram
(DSF) either induced expression of cleaved caspase-3 in U138MG, U87MG, and U373MG cells or augmented it in T98G and
U251MG cells. 
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Fig. 5.  H2AX assay. Anti-H2AX antibody was applied and then fluorescein isothiocyanate–labeled secondary antibody
was added (arrowheads). Nuclei were counterstained with 4,6-diamidino-2-phenylindole (DAPI, arrows). (A, B) H2AX
foci after irradiation (IR) were more prevalent in pre-irradiation disulfiram (DSF) treatment group than those in IR (6 Gy)
alone group until 24 hours in U138MG and T98G cells with wildtype unmethylated O6-methylguanine-DNA methyltrans-
ferase promoter (1,000). Scale bars=10 µm. (C) The decrease in proportion of H2AX positive cells by the time after IR was
significantly blocked by pre-irradiation DSF in U138MG and T98G cells, but was not in U251MG, U87MG, or U373MG cells.
*p < 0.05. 
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6. Cell cycle distribution 

The proportion of cells at G2/M phase was increased at 6
hours after irradiation alone in U138MG cells, but decreased
to control level at 24 hours. This kinetic pattern was not 
influenced by pre-irradiation DSF treatment (Fig. 6A). How-
ever, in T98G cells treated with pre-irradiation DSF, the pro-
portion of cells at G2/M phase at 24 hours after irradiation
was lower in compared with irradiation alone. 

In MGMT-meth cells, kinetic patterns of U251MG cells
were very similar to those of T98G cells. However, propor-
tions at each time points were approximately twice of those
measured in T98G cells (Fig. 6A). In U87MG and U373MG
cells, the proportion of cells at G2/M phase was increased
from 6 hours after irradiation alone. This pattern was not 
influenced by pre-irradiation DSF treatment. 

The proportion of sub-G1 fraction at 24 hours after irradi-
ation was increased in compared with that at 0 hour in all
cell lines except U373MG (Fig. 6B). These patterns were not
affected by pre-irradiation DSF treatment.      

Discussion

This is the first report demonstrating that DSF can induce
preferential enhancement of radiosensitivity of GBL cells in
compared with normal astrocyte and that DSF-induced 
radiosensitization is more prominent in cells with radiore-
sistance. These results might have clinical relevance to GBL
in general, especially for more resistant GBL with MGMT-
wt.

GBLs with MGMT-wt have poor prognosis after standard
radiochemotherapy. They have little benefit from TMZ [3].
Therefore, there have been two approaches to improve sur-
vival of MGMT-wt GBL. One approach is by developing new
treatment strategies and the other is by targeting MGMT 
itself. Enzastaurin, an orally active protein kinase C and
phosphoinositide-3 kinase/Akt inhibitor, has been combined
with RT in phase II trial. However, it failed to reach the goal
of the study [23]. A phase II study that added cilengitide, an
integrin inhibitor, to standard radiochemotherapy with TMZ

Fig. 6.  Proportion of cells at G2/M phase and sub-G1 fraction by flowcytometry. (A) Disulfiram (DSF) abrogated irradiation
(IR)-induced G2/M arrest in T98G and U251MG cells. (Continued to the next page)
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has reported inconclusive outcomes [24]. There has been no
dramatic new treatment for MGMT-wt GBL. On the other
hand, MGMT itself has emerged as a treatment target [25].
While inhibitors of MGMT as O6-benzylguanine or O6-[4-bro-
mothenyl] guanine have shown positive results in vitro and
in animal studies, severe bone marrow toxicities are devel-
oped in patients [26]. 

Synergistic effect of DSF and radiation has been reported
in patient-derived AT/RT cells using cell viability assay [11].
It has been further shown that DSF can enhance radiosensi-
tivity of an AT/RT cell line by increasing DNA damage,
apoptosis, and autophagy [16]. In a study examining the 
effect of DSF on sensitivity of neuroblastoma cells to both
ionizing radiation and radioisotope, radiosensitization of
DSF has been revealed both in vitro and in vivo [17]. How-
ever, the mechanism is not reported [17]. Recently, it has
been demonstrated that DSF enhances chemoradiation effect
in pancreatic cells by especially targeting cancer stem cells
both in vitro and in vivo [18]. 

The current study is the first exploration of possible mech-
anisms of a radiosensitizing effect of DSF in GBL cells. The

current study elucidated that pre-irradiation treatment of
DSF increased apoptosis in all GBL cell lines. The effect of
DSF on cell cycle distribution was inconclusive. It also 
delayed DNA damage repair, especially in GBL cells with
MGMT-wt. Although there have been previous studies that
reported DSF alone acts as a direct and potent inhibitor of
MGMT or increases DNA damage possibly by posttransla-
tional regulation [13,14], these effect were not observed in
the concentration about IC50 of each cell line in the current
study. 

DSF has been available for a long time. Its pharmacody-
namics and side effects have been well-known. Thus, a phase
II trial of DSF as an anti-cancer drug could be accelerated.
Costs and time for development of DSF as an anti-cancer
drug could be reduced by over 40% [27]. In addition, DSF is
inexpensive because the estimated cost of one year for daily
treatment with DSF 500 mg is approximately $550 [27]. 
Although the economy of cancer treatment should be con-
sidered many factors such as expected survival and compli-
cations, simply calculated expected cost of other alternative
treatments such as bevacizumab or TTF are much more 

Fig. 6.  (Continued from the previous page)  (B) DSF failed to affect IR-induced change in sub-G1 fraction. Con, control.
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expensive than DFS [28,29]. DSF could be very cost effective
from development to dissemination as a cancer drug. 
Recently, in a phase I study, DSF was used for 12 patients
during TMZ maintenance after concurrent chemoradiother-
apy. Tolerance dose of DSF was 500 mg daily and the median
progression-free survival was 8.8 months, which was favor-
able compared to historical data [30]. 

Limitation of the current study was that this was just the
first step to generalize the effect of DSF to patients with GBL.
Further study is required to confirm the role of DSF as a 
radiosensitizer in GBL in vivo and varied effects according to
the methylation status of MGMT promoter of GBL cells. 

In summary, DSF has radiosensitizing effect on GBL cells,
especially for resistant GBL cells with wildtype unmethy-
lated MGMT promotor, possibly due to increased apoptosis
and delayed DNA damage repair. Future studies are needed
to confirm these findings in vivo and/or in clinical studies.

Radiotherapy combined with DSF could be a promising
strategy for GBL patients, especially for those with wildtype
unmethylated MGMT promotor with more resistance to 
radiotherapy alone or radiochemotherapy with TMZ. 
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The Clinical Value of PELP1 for Breast Cancer: A Comparison with 
Multiple Cancers and Analysis in Breast Cancer Subtypes
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Purpose
Proline, glutamic acid, and leucine-rich protein 1 (PELP1), a novel nuclear receptor (NR) 
co-regulator, is highly expressed in breast cancer. We investigated its expression in breast
cancer subtypes, in comparison with other breast markers as well as cancers from different
sites. Its prognostic relevance with different subtypes and other NR expression was also 
examined in breast cancers.  

Materials and Methods
Immunohistochemical analysis was performed on totally 1,944 cancers from six different
organs.   

Results
PELP1 expression rate was the highest in breast cancers (70.5%) among different cancers.
Compared to GATA3, mammaglobin and gross cystic disease fluid protein 15, PELP1 was
less sensitive than GATA3 for luminal cancers, but was the most sensitive for non-luminal
cancers. PELP1 has low expression rate (< 20%) in colorectal cancers, gastric cancers and
renal cell carcinomas, but higher in lung cancers (49.1%) and ovarian cancers (42.3%). In
breast cancer, PELP1 expression was an independent adverse prognostic factor for non-
luminal cancers (disease-free survival [DFS]: hazard ratio [HR], 1.403; p=0.012 and breast
cancer specific survival: HR, 1.443; p=0.015). Interestingly, its expression affected the prog-
nostication of androgen receptor (AR). ARposPELP1lo luminal cancer showed the best DFS
(log-rank=8.563, p=0.036) while ARnegPELP1hi non-luminal cancers showed the worst DFS
(log-rank=9.536, p=0.023).    

Conclusion
PELP1 is a sensitive marker for breast cancer, particularly non-luminal cases. However, its
considerable expression in lung and ovarian cancers may limit its utility in differential diag-
nosis in some scenarios. PELP1 expression was associated with poor outcome in non-lumi-
nal cancers and modified the prognostic effects of AR, suggesting the potential significance
of NR co-regulator in prognostication.

Key words
PELP1, Breast neoplasms, Differential diagnosis, Prognosis, 
Immunohistochemistry
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Introduction

Proline, glutamic acid and leucine rich protein 1 (PELP1)
also known as modulator of the non-genomic actions of 
estrogen receptor (ER), is a co-regulator of multiple nuclear
receptors (NR), including ER, progesterone receptor (PR), 

androgen receptor (AR), and glucocorticoid receptors. It con-
tains NR-interacting boxes, histone binding regions and sev-
eral conserved protein-protein interaction motifs. PELP1 can
act as a scaffold to stabilize the NR-coactivator complexes
and modulate their genomic functions [1]. Apart from NR,
its protein-protein interaction motifs enable interactions with
many transcription factors, including E2F and STAT3, in reg-
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ulating gene transcription [2]. It also directly interacts with
phosphoinositide 3-kinase p85 subunit and epidermal
growth factor receptor (EGFR), participating in growth factor
mediated enhancement of ER transactivation [3]. It possesses
oncogenic potential as several of its regulated genes are 
involved in cancer progression and estrogen signaling [4]. 

A higher expression of PELP1 was found in invasive breast
cancer compared to normal breast tissue or ductal carcinoma
in situ [5]. Its over-expression in mouse mammary gland tis-
sue led to early occurrence of duct hyperplasia and precan-
cerous lesions, and promoted the development of breast
cancer [6]. As an ER coregulator, PELP1 regulates estradiol-
mediated effects in breast cancer cells [7]. All these attested
to the potential clinical utility of PELP1 in prognostication of
breast cancer. Few studies examined the clinicopathologic
aspects of PELP1 in breast cancers [8-10]. Cytoplasmic PELP1
expression, using a non-commercial laboratory developed
antibody, was associated with higher tumor grade, Ki67
index and resistance to tamoxifen treatment [8]. Other 
reports using commercially available antibodies showed 
nuclear staining [9-11]. One study demonstrated an inde-
pendent poor prognostic role of PELP1 expression [9] while
a combined analysis of Ki67 and PELP1 was found to be
prognostic in triple negative breast cancers (TNBC) [10]. 

Given its high expression in breast cancers [9], PELP1 pro-
tein may have a diagnostic potential. In TNBC, over 90% 
expression was observed and the immunoreactivity was con-
sistently maintained in paired primary and metastatic TNBC
cases [11]. It also showed a better performance than GATA3
in TNBCs [11]. However, currently little is known about
PELP1 expression in other breast cancer subtypes and its
comparison with other breast cancer markers. Additionally,
aberrant expression of PELP1 in clinical cancers was exam-
ined mainly in hormonal cancers, including endometrial can-
cers [12], ovarian cancers [13], and prostate cancers [14].
PELP1 oncogenic signaling has been implicated in the pro-
gression of some other cancers, such as lung [15] and colon
[16] cancers. To date, only few studies have evaluated the 
expression of PELP1 in these cancers [15].   

To clarify the prognostic and diagnostic roles of PELP1 in
breast cancer, a comprehensive analysis of PELP1 expression
in primary tumor from breast, lung, colorectal, kidney,
ovary, and stomach using tissue microarrays (TMA) and 
immunohistochemistry was performed. In addition, PELP1
was compared to other breast cancer biomarkers in different
breast cancer subtypes. The prognostic impact of PELP1 in
different breast cancer subtypes and interactions with other
NR were also examined. 

Materials and Methods

1. Patients data

Consecutive paraffin embedded samples from breast can-
cer patients over a period of 4 (2002-2005), 7 (2003-2009), and
4 (2003-2006) years were obtained from the three involved
institutions for TMA construction. Archival cohorts of lung
carcinoma, ovary carcinoma, colorectal carcinoma, gastric
carcinoma, and renal cell carcinoma (RCC) were also inclu-
ded. All the specimens were routinely processed and stained
with hematoxylin and eosin (H&E). For breast cancer, the 
diagnosis was confirmed according to World Health Organ-
ization criteria and graded [17,18]. Lymphovascular invasion
(LVI) and fibrotic focus (FF) were evaluated as previously
described [19]. Patients’ age, pN category, pT category, and
outcome data were retrieved from the medical records.
Breast cancer specific survival (BCSS) was defined as the time
interval from the date of initial diagnosis to the date of breast
cancer related death. Disease-free survival (DFS) was defined
as the time interval from the date of initial diagnosis to the
first detection of breast cancer specific relapse or death. For
pulmonary cancers, EGFR mutation and smoking status
were retrieved from previous database. For other cancers,
patients’ information, including age, sex, histologic diagno-
sis, TNM stage, and tumor size were retrieved from medical
records.

2. TMA construction and immunohistochemistry

TMA containing representative tumor areas were con-
structed with duplicated 0.6-mm cores as previously descri-
bed [20]. One section from each TMA was stained with H&E
and reviewed to confirm the presence of representative 
tumors. Immunohistochemical (IHC) staining of PELP1 (1:500,
polyclonal antibody, Bethyl Laboratories Inc., Montgomery,
TX) was performed using Ultraview Universal DAB Detec-
tion Kit (Ventana, Tucson, AZ) after deparaffinization, rehy-
dration, and antigen retrieval of the slides. All slides were
counterstained with hematoxylin. The tumor cells in the
TMA slides were assessed for the staining intensity, and the
actual percentage of stained cells in the nucleus by two of the
authors blinded to the clinical information and the staining
results of other markers. The percentage of cells with mod-
erate/strong nuclear staining was recorded. For its diagnos-
tic role, PELP1 staining was classified into low (< 5%), focal
(5%-49%), and diffuse ( 50%). A cutoff of 5% was used to
define PELP1 positive expression in a case (i.e., focal/diffuse
PELP1 expression). The expression rate of PELP1 was deter-
mined as the percentage of cases with PELP1 positivity. For
survival analysis, the median value of proportion of PELP1
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stained cells in a case (i.e., 70%) was used to classify the cases
into two groups, i.e., PELP1lo (< 70% PELPL1 stained cells)
and PELP1hi ( 70% PELP1 stained cells) groups. Data on
other biomarkers for the breast cancer cohort including NR
(ER, PR, and AR), Ki67, growth factor receptors (human epi-
dermal growth factor receptor 2 [HER2], EGFR), basal cytok-
eratins (CK5/6 and CK14), and other breast diagnostic
markers (GATA3, gross cystic disease fluid protein 15
[GCDFP15], and mammaglobin [MGB]) expression were 
retrieved from our database (details on IHC staining were
shown in S1 Table). IHC surrogate was used for molecular
subtyping, defined as luminal A (ER/and PR+, HER2–, Ki67
< 20%, PR  20%), luminal B (ER/and PR+, HER2+/and Ki67

> 20%/and PR < 20%), HER2-overexpressed (HER2-OE)
(ER–, PR–, HER2+), basal-like breast cancers (BLBC) (ER–,
PR–, HER2–, CK5/6+/ and EGFR+), and unclassified (quin-
tuple negative [5NP]) (ER–, PR–, HER2–, CK5/6–, EGFR–)
[21,22].

3. Statistical analysis

The findings were analyzed using the statistical software
SPSS for Windows ver. 23 (IBM Corp., Armonk, NY). Chi-
square analysis or Fisher exact test was used to test for the
association of PELP1 expression with tumor grade and bio-
markers. Survival data were evaluated with Kaplan-Meier

Fig. 1.  Representative staining of proline, glutamic acid, and leucine-rich protein 1 expression on breast cancers (A, low; B,
focal; C, diffuse staining), lung cancers (D, low; E, focal; F, diffuse staining), and ovarian cancers (G, low; H, focal; I, diffuse
staining) (200).
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analysis with a log rank test. Multivariate Cox hazard regres-
sion analysis was used to evaluate any independent prog-
nostic effect of the variables. Statistical significance was
established at p < 0.05.

4. Ethical statement   

The study was approved by Joint Chinese University of
Hong Kong—New Territories East Cluster clinical research
ethics committee with a waiver of informed consent (IRB No.
2011.199) and performed in accordance with the principles
of the Declaration of Helsinki.

Results

1. The expression of PELP1 in different tumors

Totally 1,073 invasive breast cancers, 325 lung cancers, 111
ovarian cancers, 207 colorectal cancers, 131 gastric cancers,
and 98 RCC were included for assessment (details on the
clinicopathological characteristics of the cohort were shown
in S2 Table; no clinical data were available for RCC). 

PELP1 staining was nuclear, with no cytoplasmic staining
in all tumor types. Among the different cancers, PELP1
showed the highest expression rate in breast cancers (70.5%
of cases with focal/diffuse staining). Most cases (68.5%) with
PELP1 expression showed diffuse staining and 21 cases
(2.0%) showed focal staining. The second highest expression
rate was found in lung cancers (46.3% and 2.9% of cases with
diffuse and focal staining respectively), followed by ovarian
cancers (41.1% and 0.9% of cases with diffuse and focal
stainin, respectively). There was a statistical significance in
the expression rate among these three cancer types (p < 0.001)

(representative staining was shown in Fig. 1). Less than 15%
of colorectal cancer, RCC and gastric cancers showed focal/
diffuse PELP1 expression (Table 1).  

In lung and ovarian cancers, PELP1 expression rate corre-
lated with clinicopathological features. High PELP1 expres-
sion rate was associated with non-adenocarcinoma, EGFR
wild type (WT) cancers and smoking history (both current
and ex-smokers) in lung cancers (p < 0.001 for all). Its asso-
ciation with EGFR WT status was also observed in lung ade-
nocarcinomas (p < 0.001) (S3 Table). In ovarian cancers,
PELP1 expression correlated with small tumor size (p=0.023).
However, there were no correlation with histological types,
International Federation of Gynecology and Obstetrics stag-
ing, laterality and age (S4 Table). 

2. The expression of PELP1 in subgroups of breast cancers  

In breast cancer, increased PELP1 expression rate was 
associated with the absence of FF (p=0.001) and younger 
patients’ age (p=0.007). Among the 1,063 breast cancers with
complete IHC data for molecular classification, a significant
differential distribution of PELP1 expression was found, with
diffuse staining mostly in luminal B (76.4%, 246/322), fol-
lowed by BLBC (72.7%, 48/66), HER2-OE (68.9%, 73/106),
luminal A (63.7%, 310/487), and 5NP (58.5%, 48/82) sub-
types (Table 2) (p=0.012). Given the relationship of PELP1
with NR, growth factor receptor signaling and epithelial-
mesenchymal transition (EMT) processes, correlation analy-
sis of PELP1 were performed with biomarkers relating to
these pathways. Its associations with other breast markers
were also examined. PELP1 expression rate was found to be
positively associated with AR, Ki-67, HER2, EGFR, p-cad-
herin, and GATA-3 (p  0.045) (Table 2). 

Proportion of             No. of casesPELPL1+ve cells
Mean Median Low Focal Diffuse Total

Breasta) 51.9 70 317 (29.5) 21 (2.0) 735 (68.5) 1,073
Lunga) 34.8 0 160 (50.8) 9 (2.9) 146 (46.3) 315
Ovarya) 32.4 0 64 (57.7) 1 (0.9) 46 (41.4) 111
Colorectal 8.7 0 179 (86.5) 3 (1.4) 25 (12.1) 207
Gastric 2.3 0 124 (94.7) 5 (3.8) 2 (1.5) 131
RCC 7.9 0 84 (85.7) 6 (6.1) 8 (8.1) 98

Table 1. Expression of PELP1 in different tumors

Values are presented as number (%). PELP1, proline, glutamic acid, and leucine-rich protein 1; RCC, renal cell carcinoma.
a)A statistical significant difference (p < 0.001) was found in the expression rate between breast, lung, and ovarian cancers.
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Clincopathological PELP1                                                
feature Low Focal Diffuse

Total p-value

Grade
1 46 (28.4) 6 (3.7) 110 (67.9) 162 0.903
2 127 (30.1) 8 (18.9) 287 (68.0) 422
3 144 (29.5) 7 (1.4) 338 (69.1) 489

LVI
Absent 216 (29.4) 15 (2.0) 504 (68.6) 735 0.723
Present 88 (30.7) 5 (1.7) 194 (67.6) 287

FF
Absent 216 (27.3) 14 (17.7) 561 (70.9) 791 0.001
Present 98 (37.4) 7 (26.7) 157 (29.9) 262

pT
1 116 (27.0) 11 (2.6) 303 (70.4) 430 0.125
2 174 (31.1) 9 (1.6) 376 (67.3) 559
3 19 (34.5) 0 ( 36 (65.5) 55
4 6 (37.5) 0 ( 10 (62.5) 16

pN
0 149 (28.4) 11 (2.1) 364 (69.5) 524 0.309
1 94 (30.9) 5 (1.7) 205 (67.4) 304
2 36 (27.9) 1 (0.8) 92 (71.3) 129
3 31 (36.1) 2 (2.3) 53 (61.6) 86

Molecular subtype
Luminal A 166 (34.1) 11 (2.3) 310 (63.6) 487 0.012
Luminal B 72 (22.4) 4 (1.2) 246 (76.4) 322
HER2-OE 31 (29.2) 2 (1.9) 73 (68.9) 106
BLBC 16 (24.3) 2 (3.0) 48 (72.7) 66
5NP 32 (39.0) 2 (2.5) 48 (58.5) 82

Age (yr)
Mean±SD 56.4±13.1 57.0±14.5 53.8±12.4 54.7±12.7 0.007
Range 28-97 35-94 22-91

Size (cm)
Mean±SD 2.75±1.43 2.27±1.10 2.66±1.48 2.68±4.46 0.204
Range 0.2-10.1 0.8-4.2 0.2-13.0

ER
Negative 95 (30.1) 9 (2.8) 212 (67.1) 316 0.702
Positive 222 (29.5) 12 (1.6) 518 (68.9) 752

PR
Negative 114 (31.7) 7 (1.9) 239 (66.4) 360 0.318
Positive 202 (28.7) 14 (2.0) 488 (69.3) 704

AR
Negative 221 (39.9) 12 (2.2) 321 (57.9) 554 < 0.001
Positive 93 (18.5) 9 (1.8) 400 (79.7) 502

Ki67
Low 266 (34.1) 16 (2.1) 497 (63.8) 779 < 0.001
High 48 (17.1) 5 (1.8) 228 (81.1) 281

HER2
Negative 267 (31.1) 17 (2.0) 575 (66.9) 859 0.045
Positive 50 (24.0) 4 (1.9) 154 (74.1) 208

Table 2. Clinicopathological association of PELP1 expression in breast cancers

(Continued to the next page)
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3. Comparison of PELP1 to other breast markers (GCDF-
P15, MGB, and GATA3) in breast cancers

In breast cancers, PELP1, GCDFP15, and GATA3 showed
differential expression rates among different molecular sub-
types (p  0.012), but MGB did not. GCDFP15 and MGB
showed relatively low expression rate (< 50%) overall and in
different subtypes. GATA3 (82.4%) showed the highest over-
all expression rate, followed by PELP1 (70.5%) overall. Com-
paring GATA3 and PELP1 in luminal cancers, GATA3
(95.1% and 91.6% in luminal A and B subtypes, respectively)
showed a higher expression rate than PELP1 (66.0% and
77.63% in luminal A and B subtypes, respectively). In con-
trast, in the non-luminal subtypes, PELP1 showed a higher
expression than GATA3. In HER2-OE and TNBC, PELP1 
expression rate was 70.8% and 67.4%, respectively, whereas
GATA3 expression rate was 60.4% and 37.5%, respectively.

Moreover, a higher percentage of cases with diffuse staining
was found in PELP1 positive than GATA3 positive non-
luminal cases (Table 3). In addition, a significantly higher
number of cases with PELP1 diffuse staining was found in
different breast cancer subtypes compared to lung/ovarian
cancers (S5 Table). PELP1 and GATA3 expression was also
examined on whole sections of 15 randomly selected cases
with low/diffuse staining. All diffuse cases retained PELP-1
positivity in whole section. For PELP1 low cases, 70% remai-
ned low expression and 30% showed focal staining. A com-
bined expression rate of GATA3 and PELP1 to detect luminal
subtypes showed less than 6% improvement compared to
GATA3 alone. However, for non-luminal subtypes, their
combined expression was found in 87.4% and 77.8% of
HER2-OE and TNBC, respectively. Using GATA3 only the
expression rates were 60.4% and 37.5% in HER2-OE and
TNBC respectively; using PELP1 only, the expression rates

Clincopathological PELP1                                                
feature Low Focal Diffuse

Total p-value

EGFR
Negative 306 (30.6) 21 (2.1) 674 (67.3) 1,001 0.001
Positive 6 (11.1) 0 ( 48 (88.9) 54

CK5/6
Negative 295 (30.9) 18 (1.9) 641 (67.2) 954 0.015
Positive 21 (19.3) 3 (2.7) 85 (78.0) 109

CK14
Negative 305 (30.6) 19 (1.9) 673 (67.5) 997 0.017
Positive 10 (15.9) 2 (3.2) 51 (80.9) 63

Vimentin
Negative 281 (30.8) 17 (1.9) 615 (67.3) 913 0.070
Positive 33 (22.9) 4 (2.8) 107 (74.3) 144

P-cadherin
Negative 265 (32.9) 12 (1.5) 528 (65.6) 805 0.001
Positive 50 (20.7) 8 (3.3) 184 (76.0) 242

GATA3
Low 70 (38.0) 4 (2.2) 110 (59.8) 184 0.012
Focal/Diffuse 243 (28.8) 16 (1.9) 586 (69.3) 845

MGB
Low 96 (24.1) 7 (1.8) 295 (74.1) 398 0.302
Focal/Diffuse 75 (24.5) 6 (2.0) 225 (73.5) 306

GCDFP-15
Low 226 (30.1) 12 (1.6) 514 (68.3) 752 0.763
Focal/Diffuse 84 (28.5) 8 (2.7) 203 (68.8) 295

Table 2. Continued

Values are presented as number (%). PELP1, proline, glutamic acid, and leucine-rich protein 1; LVI, lymphovascular invasion;
FF, fibrotic focus; HER2-OE, human epidermal growth factor receptor 2 overexpression; BLBC, basal like breast cancer; 5NP,
quintuple negative; SD, standard deviation; ER, estrogen receptor; PR, progesterone receptor; AR, androgen receptor; EGFR,
epidermal growth factor receptor; CK, cytokeratin; MGB, mammaglobin; GCDFP-15, gross cystic disease fluid protein 15.
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were 70.8% and 70.6% for HER2-OE and TNBC respectively.
Of note, in the non-luminal subtypes, the combined expres-
sion rate of MGB and GATA3 (77.0% and 63.3% for HER2-
OE and TNBC respectively) was similar to PELP1 alone 
(S6 Table). 

4. Relationship of PELP1 with breast cancer patient`s out-
come  

Follow-up data was available in 940 patients, with mean
follow-up time of 62.7 months (range, 1 to 210 months). 
Relapse or death occurred in 146 patients (15.5%). Among
them, 106 patients died of breast cancer. For survival analy-
sis, the median proportion of PELP1 positively stained cells
(i.e., 70% of moderate and/or intensely stained cells) was
used to classify PELP1 high (PELP1hi, with  70% PELP1 pos-
itively stained cells) and PELP1 low (PELP1lo, with < 70%
PELP1 positively stained cells) subgroups. In all cases and
the luminal cancers, PELP1 subgroup was not associated
with patients’ survival (Fig. 1). However, in the non-luminal
group, PELP1hi cases showed shorter DFS (log-rank=3.894,
p=0.048) (Fig. 2). PELP1hi cases also showed a trend towards
worse BCSS (log-rank=3.446, p=0.063). Multivariate cox haz-
ard analysis including age, grade, pT, pN category, LVI,
HER2, ER, PR, AR, and PELP1 expression demonstrated that
PELP1hi was an independent adverse factor of DFS (hazard
ratio [HR], 1.403; p=0.012; 95% confidence interval [CI], 1.079
to 1.851) and BCSS (HR, 1.443; p=0.015; 95% CI, 1.075 to
1.937) in the non-luminal group (Table 4).

We previously demonstrated AR to be a favorable prog-
nostic factor in luminal cancers [20]. Considering the biolog-
ical important interaction of PELP1 with NR and the corre-
lation between the two markers in this study, we further 
examined the prognostic interaction of PELP1 and AR. We
found that AR was associated with better DFS only in lumi-
nal cases that were PELP1lo (DFS: chi-square=9.383, p=0.002).
In contrast, in the non-luminal cases, AR demonstrated a
trend of better survival in the PELP1hi cases (DFS: chi-square=
3.311, p=0.069). Combined analysis of AR and PEL-P1 status
showed that, in luminal cancers, ARposPELP1lo (but not 
ARposPELP1hi) cases demonstrated better DFS than ARneg-
PELP1lo cases (ARposPELP1lo: log-rank=9.383, p=0.002; 
ARposPELP1hi: log-rank=1.955, p=0.162) (Fig. 3). Interestingly,
among the non-luminal cancers, ARnegPELP1hi cases, but not
ARposPELP1hi cases, showed the worst DFS (compared to 
ARposPELP1lo: log-rank=4.310, p=0.038; ARposPELP1hi: log-
rank= 3.311, p=0.069; ARnegPELP1lo: log-rank=7.087, p=0.008) 
(Fig. 3). Multivariate analysis demonstrated that ARneg-
PELP1hi group remained to have independent prognostic
value for both DFS and BCSS in non-luminal cancers (DFS:
HR, 2.581; p=0.002; BCSS: HR, 2.949; p=0.002) (S7 Table).
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Fig. 2.  Kaplan-Meier analysis of proline, glutamic acid, and leucine-rich protein 1 (PELP1) expression for disease-free survival
(DFS) (A, C, E) and breast cancer specific survival (BCSS) (B, D, F) in all cases (A, B), non-luminal (C, D), and luminal (E, F)
breast cancer subgroups. PELP1lo, PELP1 low; PELPhi, PELP1 high.
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Discussion

Recent studies showed a high expression rate of PELP1 in
breast cancers [9] and its superiority over GATA3 in identi-
fying TNBC [11]. These findings have prompted us to further
evaluate PELP1 expression in different breast cancer sub-
types with a large series of breast cancers and perform a thor-
ough comparison with other breast markers and in other
cancer types. PELP1 showed an overall expression rate of
70.5% in breast cancer. Although there was a significant dif-
ferential expression in different subtypes (being most abun-
dant in luminal B cases, 77.6%), the expression rate in other
subtype was comparable (range, 61% to 75.8%). It was not as
good as GATA3 for luminal cancers, but was better than
GATA3 for non-luminal cancers. Overall, PELP1 was better
than GCDFP15 and MGB. In TNBC, similar to other reported
findings [11], PELP1 showed a higher sensitivity than
GATA3 (68.4% vs. 38.4%), and this was equaled by using
GATA3 and MGB together (63.3%). Moreover, the majority
of the PELP1 positive TNBC showed diffuse staining, mak-
ing observation of the staining easy. The data suggests a 
potential use of PELP1 for metastatic TNBC in appropriate
settings, such as history of primary TNBC, particularly those
not expressing other breast markers (GATA3, MGB, and
GCDFP15). 

For its application in differential diagnosis, it is important
to understand its expression pattern in cancers of diverse ori-
gins. PELP1 expression rate was mostly demonstrated in hor-
mone-related cancers [9,12-14,23]; and for other cancers, such

as RCC, colorectal cancers and lung cancers, investigators
have evaluated mostly its cellular functions but not on its
clinical expression [15,16,24,25]. Here, PELP1 expression was
also evaluated in five other primary cancers. Similar to 
reported findings [13,23], we found a high PELP1 expression
rate in ovarian cancers (41.4%), and lower expression rates
in gastric cancers (1.5%), colorectal cancers (13.5%), and RCC
(7.9%). PELP1 was also highly expressed in lung cancers
(68.5%), particularly non-adenocarcinoma lung cancers
(70.2%) (including squamous cell carcinoma and miscella-
neous subtypes) and lung cancers with EGFR WT (57.6%).
As one of the most common metastatic sites for breast cancer
is lung; and as both breast and lung cancers preferentially
metastasize to the bone, liver, brain, and adrenal glands,
PELP1 may not be able to reliably distinguish a primary lung
from metastatic breast cancer in the lung. A panel of markers,
including thyroid transcription factor 1 and other breast
markers (such as a combination of GATA3 and MGB which
demonstrated similar sensitivity as PELP1 also in non-lumi-
nal cancers), and detailed clinical history is crucial when dif-
ferentiating these cancers.

As a prognostic marker, PELP1 was associated with poor
outcome in luminal cancers [9] and in TNBC when combined
with Ki67 [10]. We found an adverse prognostic significance
of PELP1 in non-luminal cancers, but not in luminal cancers.
In a previous study, outcome based cutoff point optimization
was applied with a longer follow up time [9]. As the recur-
rence in luminal cancers may occur beyond 10 years [26], the
mean follow-up of 62.7 months in the current cohort might
not fully capture all recurrences. Nevertheless, we demon-

Table 4.  Multivariate cox regression analysis for DFS and BCSS in non-luminal subgroup

HR 95% CI for HR p-value
DFS

Age 0.974 0.952-0.997 0.025
pT 1.923 1.322-2.796 0.001
pN 1.984 1.544-2.550 < 0.001
PELP1 status 1.403 1.079-1.851 0.012

BCSS
Age 0.970 0.946-0.996 0.023
pT 2.669 1.713-4.159 < 0.001
pN 1.717 1.305-2.259 < 0.001
PELP1 status 1.443 1.075-1.937 0.015

Backwald method was used for the analysis. Factors included in the initial steps included age, grade, LVI, pT, pN, Ki67,
HER2, AR, and PELP1 status. LVI, Ki67, HER2, AR and PELP1 were analyzed as categorical variables. The absence of LVI,
Ki67 low, HER2 negativity, AR negativity, and PELP1 low status were used as references in their categories. DFS, disease
free survival; BCSS, breast cancer specific survival; HR, hazard ratio; CI, confidence interval; PELP1, proline, glutamic acid,
and leucine-rich protein 1; LVI, lymphovascular invasion; HER2, human epidermal growth factor receptor 2; AR, androgen
receptor.
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strated PELP1 was associated with luminal B cancers, the 
luminal subtype with poor prognosis. Furthermore, we 
observed an association of AR and PELP1 in prognostication
and potentially, the underlying mechanism in different
breast cancer groups. AR has been described as a favorable
marker in luminal breast cancers [20]. However, reports on
AR expression in non-luminal cancers were less consistent
[27]. NR interacting co-regulators may play important roles.
Interestingly, we found the best DFS in ARposPELP1lo luminal
cancer while the worst was in ARnegPELP1hi non-luminal can-

cers. In luminal cancers, AR could compete for ER binding
sites, thereby blocking E2-mediated transcription of prolif-
erative genes [28]. The presence of PELP1 may alter such 
interactions. A similar phenomenon was seen in prostatic
cancers, where AR and ER form a protein complex in the
presence of PELP1 to mediate E2-mediated transcription of
AR-target gene [29]. Interactions between PELP1, AR and
FHL2 enhanced AR transactivation in prostate cancer [14].
In non-luminal AR breast cancers, PELP1 may possibly pro-
mote AR transactivation. Independent of NR, PELP1 can pro-

Fig. 3.  Kaplan-Meier analysis for disease-free survival (DFS) (A, C) and breast cancer specific survival (BCSS) (B, D) according
to proline, glutamic acid, and leucine-rich protein 1 (PELP1) and androgen receptor (AR) expression level in non-luminal
(A, B) and luminal (C, D) subsets. PELP1lo, PELP1 low; PELPhi, PELP1 high.
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mote cancer progression by chromatin remodeling [30]. This
could occur particularly in the ARneg non-luminal cases. In
fact, PELP1 knockdown in ERnegARneg breast cancer cell lines
promoted inhibitory histone mark H3K9me2 [31]. Nonethe-
less, the precise molecular interaction between AR, ER, and
PELP1 in breast cancer remains to be determined and war-
rants further analysis. 

Apart from its interaction with AR, PELP1 was associated
positively with a number of biomarkers, including Ki-67,
HER2, EGFR, and basal markers.  These associations reflec-
ted the critical functions of PELP1 in several pathways 
related to these markers. PELP1 may enhance breast cancer
proliferation by increasing local estrogen synthesis [32].
Moreover, by acting as a scaffolding protein for NR and sev-
eral key players of cell cycle progression and kinases, includ-
ing EGFR/HER2 [33], PELP1 can mediate hormonal signa-
ling crosstalk with cell cycle machinery [34]. Also, PELP1 
interacts with STAT3 to promote its transactivation; thus 
potentiating the growth factor signaling axis [35]. Interest-
ingly, PELP1 was shown to modulate expression of several
genes involved in the EMT process [31]. More recently, it has
demonstrated to interact with AIB1 (amplified in breast can-
cer 1) to enhance cancer stem cell properties [36]. Both
processes were linked to basal like phenotype in breast can-
cer.

In summary, we demonstrated that PELP1 could be a sen-

sitive marker for breast cancers, regardless of breast cancer
subtypes and compared with other breast markers. How-
ever, its substantial expression level in lung/ovarian cancers
could hamper its utility in differentiating cancers of these ori-
gins. PELP1 expression is an independent adverse prognostic
factor for non-luminal cancers and was associated with 
luminal B cancers. Interestingly, PELP1 refines the prognos-
tic value of AR in both luminal and non-luminal cancers. The
results may suggest the significance of co-regulator in prog-
nostication of NR. These findings merit further investigation
so the potential mechanistic actions and clinical value of
PELP1 could be fully explored.
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A Randomized, Open-Label, Phase II Study Comparing Pemetrexed Plus Cisplatin
Followed by Maintenance Pemetrexed versus Pemetrexed Alone in Patients with 
Epidermal Growth Factor Receptor (EGFR)-Mutant Non-small Cell Lung Cancer after
Failure of First-Line EGFR Tyrosine Kinase Inhibitor: KCSG-LU12-13

Original Article

Purpose
The optimal cytotoxic regimens have not been established for patients with non-small cell
lung cancer (NSCLC) who develop disease progression on first-line epidermal growth factor
receptor tyrosine kinase inhibitor (EGFR-TKI).    

Materials and Methods
We conducted a multi-center randomized phase II trial to compare the clinical outcomes
between pemetrexed plus cisplatin combination therapy followed by maintenance peme-
trexed (PC) and pemetrexed monotherapy (P) after failure of first-line EGFR-TKI. The primary
objective was progression-free survival (PFS), and secondary objectives included overall 
response rate (ORR), overall survival (OS), health-related quality of life (HRQOL), and safety
and toxicity profiles. 

Results
A total of 96 patients were randomized, and 91 patients were treated at 14 centers in Korea.
The ORR was 34.8% (16/46) for the PC arm and 17.8% (8/45) for the P arm (p=0.066).
With 23.4 months of follow-up, the median PFS was 5.4 months in the PC arm and 6.4
months in the P arm (p=0.114). The median OS was 17.9 months and 15.7 months in PC
and P arms, respectively (p=0.787). Adverse events  grade 3 were reported in 12 patients
(26.1%) in the PC arm and nine patients (20.0%) in the P arm (p=0.491). The overall time
trends of HRQOL were not significantly different between the two arms.   

Conclusion
The outcomes of pemetrexed therapy in NSCLC patients with disease progression after first-
line EGFR-TKI might not be improved by adding cisplatin.

Key words
Non-small cell lung carcinoma, Epidermal growth factor receptor, 
Mutation, Pemetrexed, Cisplatin, Quality of life
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Introduction

Somatic mutations in the epidermal growth factor receptor
(EGFR) gene account for about 30%-40% of non-small cell
lung cancers (NSCLCs) in Asian patients and 10%-15% of
NSCLCs in Caucasian patients [1,2]. The introduction of first-
generation EGFR tyrosine kinase inhibitors (TKIs; gefitinib,
erlotinib) and second-generation TKIs (afatinib) for the treat-
ment of NSCLC patients with a sensitizing EGFR mutation
has demonstrated a high response rate and prolonged pro-
gression-free survival (PFS) compared with platinum dou-
blet as first-line therapy [3-5].  

However, almost all patients eventually develop acquired
resistance to EGFR-TKIs, with a median PFS of 9-14 months
[6-8]. A randomized phase III trial comparing pemetrexed/
cisplatin/gefitinib with pemetrexed/cisplatin/placebo did
not show improvement of clinical outcome in patients who
showed disease progression on EGFR-TKI; therefore, plat-
inum doublet chemotherapy is considered the standard
treatment for this patient population [9]. Recently, a third-
generation EGFR-TKI (osimertinib) demonstrated significant
improvement in response rate and PFS compared with plat-
inum doublet chemotherapy in patients harboring the T79-
0M mutation, which is the most common resistance mecha-
nism to first- or second-generation EGFR-TKIs [10]. How-
ever, approximately 40%-60% of patients who develop resist-
ance to EGFR-TKIs still need chemotherapy. Although pla-
tinum doublet chemotherapy is recommended as the treat-
ment of choice in those patients, few data exist regarding the
use of conventional chemotherapy for second-line treatment
after failure of first-line EGFR-TKIs. D'Addario et al. [11] 
reported a 34.1% response rate and PFS of 6.8 months for a
gemcitabine plus cisplatin regimen in NSCLC patients after
failure of gefitinib. Wu et al. [12] performed retrospective
analysis of second-line treatments after first-line gefitinib
therapy and showed that platinum-based combination
chemotherapy was associated with better PFS and overall
survival (OS) than non-platinum regimens containing taxane
or erlotinib. 

Pemetrexed, a multi-target anti-folate agent, has been 
approved as second-line therapy regardless of first-line ther-
apy (chemotherapy or targeted agents) in Korea, and only
single-agent pemetrexed is available for patients who fail
EGFR-TKIs. Our recent retrospective analysis showed that a
combination of pemetrexed plus platinum had a better dis-
ease control rate than pemetrexed alone, suggesting the ben-
efit of platinum doublets after failure of first-line EGFR-TKIs
[13]. Moreover, the role of single-agent pemetrexed in this
patient population has not been fully evaluated.

Based on these data, we conducted a prospective random-
ized phase II trial to compare the clinical outcomes between

pemetrexed plus cisplatin combination therapy followed by
maintenance pemetrexed and pemetrexed monotherapy in
patients with EGFR-mutant NSCLC that progressed after
first-line treatment with EGFR-TKIs.

Materials and Methods

1. Patient eligibility

We recruited patients who were at least 20 years old and
had Eastern Cooperative Oncology Group (ECOG) perform-
ance status of 0 or 1, histologically confirmed non-squamous
NSCLC harboring activating EGFR mutation (exon 19 dele-
tion or L858R mutation on exon 21), and stage IIIb, IV, or 
recurrent disease that progressed after first-line treatment
with EGFR-TKIs. Other detailed inclusion criteria were as
follows: at least one measurable lesion by Response Evalua-
tion Criteria in Solid Tumors (RECIST) 1.1; asymptomatic
brain metastasis or symptomatic brain metastasis treated
with local treatment such as operation, whole brain radio-
therapy (WBRT), or stereotactic radiosurgery (SRS); at least
2 weeks after WBRT or palliative radiotherapy (in the case
of SRS, treatment delay was not required); adequate organ
function; no other previous systemic cytotoxic chemotherapy
(adjuvant or neoadjuvant chemotherapy was allowed); and
provision of written informed consent. Exclusion criteria 
included uncontrolled systemic illness such as diabetes, heart
failure, unstable angina, hypertension, or arrhythmia; post-
obstructive pneumonia or uncontrolled serious infection;
pregnant or nursing women (women of reproductive poten-
tial had to agree to use an effective contraceptive method);
uncontrolled symptomatic brain metastasis or presence of a
third space that could not be controlled by drainage; prior
history of malignancy within 5 years from study entry except
for adequately treated basal cell or squamous cell skin can-
cer, in situ cervical cancer, or well-treated thyroid cancer.

2. Study design, endpoints, and treatments

In this multicenter, randomized, open-label, phase II trial,
the primary endpoint was to compare PFS of pemetrexed
plus cisplatin combination chemotherapy and pemetrexed
as a single agent. Secondary endpoints included overall 
response rate (ORR), OS, safety and toxicity profiles, and
health-related quality of life (HRQOL).

Eligible patients were randomly assigned in a 1:1 ratio to
a pemetrexed plus cisplatin combination followed by main-
tenance pemetrexed (PC) arm and a pemetrexed only (P)
arm. Block randomization and a non-stratified method were
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used. Patients in the PC arm were treated with four cycles of
pemetrexed 500 mg/m2 and cisplatin 70 mg/m2 intrave-
nously, followed by maintenance pemetrexed as a single
agent for every 3 weeks until progression of disease (PD). 
Patients in the P arm were treated with pemetrexed 500
mg/m2 monotherapy every 3 weeks until PD. Patients 
received vitamin B12, folate, and dexamethasone treatment
as premedications for pemetrexed. Dose reductions, delays,
and discontinuations due to toxicity were specified by the
protocol. 

3. Response and toxicity assessments

RECIST 1.1 criteria were used to assess the response to
treatment by determining PFS and ORR. Tumor assessment
by computed tomography was performed at baseline and 
repeated every other cycle until progression. Other follow-
up assessments including laboratory tests and chest X-ray
were repeated every cycle. After progression, patients con-
tinued to be followed up for survival every 8-12 weeks until
death. Analyses for efficacy and safety were performed with
patients receiving at least one dose of any study drug. Toxi-
city was assessed in accordance with the National Cancer 
Institute’s Common Terminology Criteria for Adverse Events
ver. 4.0. The HRQOL was assessed every two cycles using a
validated Korean version of EORTC QLQ-C30 ver. 3.0 and

EORTC QLQ-LC13. The QLQ-C30 is composed of five func-
tional scales, three symptom scales, and global health status,
and analyses were performed separately according to these
domains.

4. Statistical analysis

This study was designed as a phase 2 trial, and we calcu-
lated the sample size based on the results of previous phase
3 trials [14,15]. We assumed that the control arm (P arm)
would have a median PFS of 3 months, and we were inter-
ested in the experimental arm (PC arm) for further investi-
gation if its median PFS is 6 months or longer. To this end,
we needed 85 eligible patients for this study (42-43 patients
per arm). And assuming 10% dropout or ineligibility, appro-
ximately 96 randomly assigned patients (48 per arm) were
needed for PFS analysis based on (1) exponential PFS mod-
els, (2) one-sided alpha=5% and power=90%, (3) a monthly
accrual rate of 5-6 patients, and (4) an additional follow-up
period of 1 year. The final data analysis was conducted when
70 events of progression were observed. For each arm, PFS
and OS were summarized using the Kaplan-Meier method
and compared to those of the other arm using the log-rank
test. The response and toxicity were summarized using con-
tingency tables. The ORR and incidence rate of toxicity were
compared between the two arms using Pearson’s chi-square

From April 2013 to August 2015

Randomization 1:1 (n=96)

Analyzed for efficacy (n=46)
Analyzed for safety (n=46)
Analyzed for HRQOL (n=39)

Analyzed for efficacy (n=45)
Analyzed for safety (n=45)
Analyzed for HRQOL (n=32)

PC arm (n=48)
  Received chemotherapy (n=46)
  Treatment not started (n=2)
    Withdrawal of consent (n=2) 

Discontinued study treatment (n=46)
  Disease progression (n=37)
  Adverse events (n=2)
  Withdrawal of consent (n=4)
  Lost to follow-up (n=1)
  Violation of protocol (n=2)
Continuing study treatment (n=0)

Discontinued study treatment (n=40)
  Disease progression (n=33)
  Withdrawal of consent (n=5)
  Judgement by investigators (n=2)
Continuing study treatment (n=5)

P arm (n=48)
  Received chemotherapy (n=45)
  Treatment not started (n=3)
    Withdrawal of consent (n=2)
    Lost of follow-up (n=1) 

Fig. 1. Patient flow of this study. PC, pemetrexed plus cisplatin combination followed by maintenance pemetrexed; P, peme-
trexed only; HRQOL, health-related quality of life.
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test or Fisher exact test. The HRQOL data were analyzed
using Student’s t test or Wilcoxon exact test individually or
by treatment arm. All tests of treatment effects were con-
ducted at a two-sided alpha level of 0.05, and all confidence
intervals (CIs) were given at a two-sided 95% level, unless
otherwise specified. Analyses were conducted using STATA
ver. 14.2 and R 3.2.2 (College Station, TX).

5. Ethical statement

All the patients provided written informed consent, and
the study was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines. And the
protocol was approved by each participating center’s insti-
tutional review board. 

Results

1. Patient characteristics

From April 2013 to August 2015, a total of 96 patients were
recruited from 14 centers in Korea and randomly allocated
to PC or P arms. Among 96 randomized patients, 46 in the
PC arm and 45 in the P arm were actually treated and formed
the target population of analyses for efficacy and safety. Five
patients who were not treated with investigational drugs due
to withdrawal of consent or loss to follow-up were excluded

from the analysis of efficacy and safety (Fig. 1). The clinical
data cutoff was October 13, 2016. Patients allocated to the
two arms were well balanced for baseline characteristics 
including age, sex, ECOG performance status, type of EGFR
mutation, and stage (Table 1). The median age of all patients
was 62 years, and 73% of patients were female. Patients in
the P arm showed a higher rate of smoking than those in the
PC arm, but without significance (p=0.104). Most of the 
patients were ECOG performance status 1 (85%). In both
arms, two-thirds of the patients had exon 19 deletions, and
one-third had L858R mutation. All patients were enrolled at
stage IV. Fifteen patients (16%) underwent curative surgery,
and 12 patients (13%) had received radiotherapy.

2. Treatment outcomes and survival

For the target population of efficacy analyses (n=91), the
median number of cycles administered for both PC and P
arms was 6 (range, 1 to 20 cycles for PC and 1 to 43 for P), 
although the mean number of cycles received was greater for
P than for PC (9.6 vs. 7.1, p=0.047). The ORR was 34.8%
(16/46) in the PC arm and 17.8% (8/45) in the P arm, without
statistical significance (p=0.066). The disease control rate was
78.3% (36/46) in the PC arm and 66.7% (30/45) in the P arm.
During chemotherapy, most patients maintained their initial
performance status, although 10 patients (11%) experienced
temporary worsening.

In a median follow-up of 23.4 months (range, 6.2 to 42.9
months), 70 patients showed disease progression, and 58
deaths occurred. The median PFS was 5.4 months (95% CI,

Table 1.  Patient characteristics

PC (n=48) P (n=48) Total (n=96) p-value
Age (yr) 60 (32-82) 64 (31-84) 62 (31-84) 0.133
Male sex 11 (23) 15 (31) 26 (27) 0.358
Smoking, yes 9 (19) 16 (33) 25 (26) 0.014
ECOG

0 9 (19) 5 (10) 14 (15) 0.247
1 39 (81) 43 (90) 82 (85)

EGFR mutation
Deletion exon 19 32 (67) 32 (67) 64 (67) > 0.999
L858R 16 (33) 16 (33) 32 (33)

Stage IV 48 (100) 48 (100) 96 (100) > 0.999
Recurrence 1 (2) 7 (15) 8 (8) 0.029
Metastatic 47 (98) 41 (85) 88 (92)

Surgery 6 (13) 9 (19) 15 (16) 0.399
Radiotherapy 4 (8) 8 (17) 12 (13) 0.178

Values are presented as median (range) or number (%). PC, pemetrexed plus cisplatin combination followed by maintenance
pemetrexed; P, pemetrexed only; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor.
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4.5 to 6.3) in the PC arm and 6.4 months (95% CI, 3.3 to 5.5)
in the P arm, and there was no significant difference between
the two arms (p=0.114) (Fig. 2A). The median OS was 17.9
months (95% CI, 14.8 to 21.0) and 15.7 months (95% CI, 13.3
to 18.0) in the PC and P arms, respectively (p=0.787) (Fig. 2B).

3. Safety and toxicity profiles

For the target population of efficacy analyses (n=91), 75 
patients (82%) experienced one or more adverse events. The
most common adverse event was gastrointestinal toxicities
(n=44, 48.4%) including nausea, vomiting, diarrhea, and con-

stipation. Fatigue was the second most common adverse
event (n=25, 27.5%), followed by skin change and/or alope-
cia (n=13, 14.3%), neuropathy (n=10, 11.0%), and neutropenia
(n=6, 6.6%). Adverse events  grade 3 were observed in 12
patients (26.1%) in the PC arm and nine patients (20.0%) in
the P arm (p=0.491) (Table 2). Dose reduction (6 vs. 2 
patients) and treatment delay (10 vs. 4 patients) were requi-
red more often in the PC arm; however, the difference was
not significant (p=0.267 for dose reduction, p=0.145 for treat-
ment delay).

Fig. 2.  Kaplan-Meier survival curves of progression-free survival (PFS) (A) and overall survival (OS) (B). PC, pemetrexed
plus cisplatin combination followed by maintenance pemetrexed; P, pemetrexed only; CI, confidence interval.
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PC (n=46) P (n=45) PC+P (n=91)                                               
Gr 1-2 Gr  3 Total Gr 1-2 Gr  3 Total Gr 1-2 Gr  3 Total

Fatigue 14 0 14 10 1 11 24 1 25
GI toxicity 22 4 26 18 0 18 40 4 44
Bleeding or thrombocytopenia 1 0 1 1 0 1 2 0 2
Neutropenia 1 2 3 0 3 3 1 5 6
Neurotoxicity 8 0 8 2 0 2 10 0 10
Skin and alopecia 5 0 5 8 0 8 13 0 13
Myalgia and arthralgia 2 0 2 4 0 4 6 0 6
Othersa) 25 8 33 27 5 32 52 13 65

Table 2. Safety and toxicity profiles

PC, pemetrexed plus cisplatin combination followed by maintenance pemetrexed; P, pemetrexed only; Gr, grade; GI, gas-
trointestinal. a)Others include headache, insomnia, dyspnea and pain on other sites than muscles and joints.
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4. HRQOL 

HRQOL data were obtained from 71 patients (39 in the PC
arm and 32 in the P arm) with 385 pairs of EORTC QLQ-C30
and QLO-LC13 questionnaires (185 pairs in the PC arm and
200 in the P arm). For functional scales, patients in the PC
arm showed a higher score than patients in the P arm at base-
line (p < 0.05); however, no significant differences were 
observed during follow-up. Likewise, patients in the P arm
recorded higher scores for symptom scales than patients in

the PC arm at baseline (p < 0.05), and there was no trend of
a difference in statistical significance during chemotherapy.
No significant difference was noted in global health status
between the two arms (Fig. 3). In assessment of lung cancer-
associated symptoms, treatment-related side effects, and
pain medication according to questions from the QLQ-LC13,
there were no trends of differences between the two arms
from baseline through the period of receiving chemotherapy.

Fig. 3.  Health-related quality of life (HRQOL) assessed by EORTC QLQ-C30. PC, pemetrexed plus cisplatin combination
followed by maintenance pemetrexed; P, pemetrexed only; CI, confidence interval.
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Discussion

This is the first prospective randomized study to compare
pemetrexed plus cisplatin combination therapy with single-
agent pemetrexed in patients who have failed first-line
EGFR-TKIs. We found that PFS as a primary endpoint was
not significantly different between the PC arm and the P arm
(5.4 months vs. 6.4 months, p=0.114). And ORR also did not
make statistically significant difference between two arms
(34.8 vs. 17.8%, p=0.066). Furthermore, the PC arm did not
show improved OS. Intriguingly, quality of life measured by
HRQ-OL was similar between the two arms. Our results sug-
gest that single-agent pemetrexed might be another treat-
ment option for patients with failure of first-line EGFR-TKI.

In general, platinum doublet chemotherapy, especially the
cisplatin/pemetrexed combination, has been considered
standard treatment in patients with failure of targeted agents
such as EGFR-TKIs or anaplastic lymphoma kinase inhibitors
as first-line therapy because these patients were not exposed
to cytotoxic chemotherapy. Single-agent pemetrexed is con-
sidered only for patients with poor performance or old age.
Accordingly, in the IMPRESS study, a randomized phase III
trial comparing gefitinib/chemotherapy and chemotherapy
in EGFR mutation-positive NSCLC resistant to first-line gefi-
tinib, the cisplatin plus pemetrexed combination was used
as the control arm [9]. A small-sized retrospective study 
reported prolonged PFS of pemetrexed singlet therapy com-
paring with nonpemetrexed-based platinum doublet after
failure of first-line EGFR-TKIs [16]. Most recently, however,
two studies published data indicating the efficacy of peme-
trexed-based combination chemotherapy as second-line
treatment after development of acquired resistance to first-
line EGFR-TKIs [17,18]. These studies mutually emphasized
the superiority of pemetrexed-containing regimens and com-
bination regimens with platinum in a retrospective analysis.
Our previous retrospective study also showed a trend favor-
ing platinum/pemetrexed compared with single-agent
pemetrexed in terms of ORR and PFS, which is inconsistent
with the results of the current study.

Pemetrexed is a multi-target anti-folate agent and exerts
its antitumoral effect mainly by inhibiting the thymidylate
synthase (TS) enzyme. Several retrospective and prospective
studies have reported an association between lower TS levels
and better clinical outcomes for pemetrexed-based chemo-
therapy [15,19,20]. We did not analyze TS level in this study;
however, considering that 5.4 months and 6.4 months of PFS
in the PC and P arms, respectively, the TS level might be dif-
ferent between two arms. Therefore, additional analysis for
the impact of TS expression on the efficacy of pemetrexed
after EGFR-TKIs should be performed. Actually, three pati-
ents in the P arm experienced long-term PFS around 30

months (from 28 to 35 months) and are still ongoing. Further
molecular analysis for these long-term responders to peme-
trexed monotherapy are warranted. Considering the results
of pemetrexed plus platinum therapy for NSCLC patients
with failure of EGFR-TKIs in both unselected and T790M-
positive populations [9,10], the PFS of 5.4 months and 6.4
months in the PC and P arms in this study would be quite
acceptable. Even though no significant differences were 
observed in PFS and OS between the two arms, PC combi-
nation therapy showed a relatively higher response rate and
might be a reasonable option for patients who require rapid
reduction of tumor burden.

Overall, the incidence of serious adverse events was simi-
lar between PC and P arms. Dose reduction and treatment
delay were required more often in the PC arm, although the
difference was not significant. Furthermore, quality of life 
assessed by EORTC QLQ-C30 and LC-13 did not show any
difference between the two arms. These results might imply
that both regimens are equally applicable and tolerable to 
patients whose disease progresses after EGFR-TKIs.

This study has several limitations. Repeat biopsy to evalu-
ate the resistance mechanism, including T790M, was not per-
formed. It has been reported that patients with the T790M
resistance mutation experience an indolent clinical course
[21-23]. Even though the two arms were well balanced in
terms of patient characteristics, genetic heterogeneity might
affect the clinical outcomes. Recently, a third-generation
EGFR-TKI, osimertinib, has been approved in patients with
T790M resistance mutation [24,25]. And another third-gen-
eration EGFR-TKI, olmutinib, received approval only in
South Korea for the treatment of patients with T790M muta-
tion-positive NSCLC [26]. Given that systemic chemotherapy
is considered standard treatment in T790M-negative pati-
ents, it remains undetermined whether the cisplatin plus
pemetrexed combination is better than single-agent peme-
trexed. Further studies are warranted for this subgroup of
the patient population.

In conclusion, pemetrexed plus cisplatin combination
treatment and pemetrexed monotherapy might be both 
effective and well tolerated in EGFR mutation–positive 
patients who show disease progression on first-line EGFR-
TKIs. These conventional regimens might be considered as
treatment options. 
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Early Decline in Left Ventricular Ejection Fraction Can Predict
Trastuzumab-Related Cardiotoxicity in Patients with Breast Cancer: 
A Study Using 13 Years of Registry Data 

Original Article

Purpose
While concerns regarding trastuzumab-related cardiac dysfunction (TRCD) in patients with
breast cancer are increasing, there is a lack of evidence supporting the current recommen-
dations for TRCD monitoring. We aimed to investigate the clinical predictors of TRCD in the
adjuvant setting of human epidermal growth factor receptor 2–positive breast cancer 
patients.   

Materials and Methods
From August 2003 to April 2016, consecutive 998 patients who were treated with adjuvant
trastuzumab for breast cancer were retrospectively evaluated. TRCD was defined as a 
decrease  10% in left ventricular ejection fraction (LVEF), with a decline below the normal
limit or symptomatic heart failure. 

Results
Among 787 eligible patients who had complete data sets consisting of both baseline and
follow-up assessment of left ventricular systolic function by echocardiography (mean age,
49.9±9.5 years), 58 (7.4%) developed TRCD. TRCD patients had lower baseline LVEF (63%
[59-66] vs. 65% [61-68], p=0.016) and more frequently administered Adriamycin (98% vs.
89%, p=0.022) than those without TRCD. On follow-up echocardiography, a drop in LVEF 
 5% within the first 3 months was more frequent in TRCD patients (78.3% vs. 38.4%, p <
0.001). Regardless of baseline LVEF and adriamycin treatment, a drop in LVEF  5% within
the first 3 months of trastuzumab administration was strongly associated with the develop-
ment of TRCD (adjusted hazard ratio, 45.1 [17.0-127.6]; p < 0.001).     

Conclusion
The overall incidence of TRCD was 7.4% in Asian breast cancer patients treated with adju-
vant trastuzumab. A decline in LVEF  5% within the first 3 months of trastuzumab initiation
was strongly associated with TRCD development in patients with breast cancer.
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Left ventricular ejection fraction 
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Introduction

Trastuzumab (Herceptin, Genentech Inc.), a humanized
monoclonal antibody against the extracellular domain of the
human epidermal growth factor receptor 2 (HER2), is part of
the standard adjuvant therapy for HER2-positive breast can-
cer [1]. While trastuzumab has yielded considerable impro-
vement in cancer outcomes in these patients, its potential
cardiotoxicity is a major concern. The reported incidence of
trastuzumab-related cardiac dysfunction (TRCD) varies 
according to the definition and its severity, which ranges
from 7%-34% for asymptomatic left ventricular (LV) systolic
dysfunction to 0%-4.1% for overt congestive heart failure
[2,3]. Since there is currently no preventive medication for
TRCD, and discontinuation of trastuzumab frequently resto-
res cardiac function, early detection of cardiotoxicity through
close monitoring during the use of trastuzumab has been the
only therapeutic option in HER2-positive breast cancer 
patients [4,5]. 

Some researchers have reported the presence of hyperten-
sion, smoking history, advanced age and coronary artery dis-
ease as risk factors for the development of TRCD and have
emphasized that patients with those preexisting cardiac risk
factors should be monitored more intensively during tras-
tuzumab administration [1,6,7]. However, the risk stratifica-
tion of patients who warrant close cardiac surveillance or the
institution of a cardioprotective strategy is inconsistent and
differs between studies or between races. In Asian patients
with breast cancer, in particular, little is known about clinical
manifestations and predictors of TRCD.

Although some guidelines have proposed a monitoring
strategy for TRCD using left ventricular ejection fraction
(LVEF), which focuses mainly on baseline LV function, they

are largely based on expert opinion and lack evidence to sup-
port their effectiveness [8,9]. While lower baseline LVEF is
an objective parameter for the prediction of cardiotoxicity in
patients who are treated with trastuzumab, it has limited
negative predictive value [10]. Moreover, the development
of TRCD in patients with normal LVEF was reported in pre-
vious clinical trials [11,12]. Therefore, serial changes in LVEF
may be more important as a parameter for detecting cardiac
dysfunction. Overall, there is a growing need for data to sup-
port current guidelines regarding the interval and threshold
value of examinations for the early detection of TRCD. In the
present study, we aimed to investigate the incidence and
clinical manifestations of TRCD and to identify its predictors
in the setting of adjuvant chemotherapy for HER2-positive
breast cancer.

Materials and Methods

1. Study population and design

The study cohort consisted of consecutive patients who
were treated with trastuzumab in the adjuvant setting of
HER2-positive breast cancer between August 2003 and April
2016 and who had echocardiography data before the admin-
istration of trastuzumab and during follow-up within the
medication schedule. All patients were diagnosed with his-
tologically confirmed, completely excised invasive breast
cancer with HER2-positive, fulfilling the institutional criteria
for adjuvant therapy with trastuzumab. Among 998 eligible
patients, we excluded patients who discontinued trastu-
zumab in the early period (n=38) and did not undergo fol-
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Consecutive patients who treated 
with trastuzumab (n=1,371)

Patients with baseline and follow-up 
echocardiography (n=787)

Adjuvant chemotherapy with trastuzumab (n=998) 

Patients with stage IV breast cancer (n=373)

Administration of trastuzumab < 3 times (n=38)
Follow-up loss (n=27)
Patients without follow-up echocardiography (n=146)

Fig. 1. Study design and population.
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low-up echocardiography (n=146). After the exemption of 27
patients who were lost to follow-up, a total of 787 patients
were included in final analysis (Fig. 1). Trastuzumab was 
administered as a single loading dose of 8 mg/kg of body
weight intravenously, followed by maintenance doses of 6
mg/kg every 3 weeks for 1 year. Patients were routinely fol-
lowed after every cycle of trastuzumab and annually there-
after. Clinical characteristics and adverse cardiac event data
were collected from our breast cancer registry by research
coordinators. Further information was collected by extensive
review of medical records. The median follow-up duration
was 54.3 months (range, 37.3 to 75.1 months). 

Comprehensive transthoracic echocardiography (Vivid 7,
GE Medical Systems, Milwaukee, WI; Acuson 512, Siemens
Medical Solution, Mountain View, CA; or Sonos 5500, Philips
Medical System, Andover, MA) was performed in all 
enrolled patients using established guidelines for the evalu-
ation of LV systolic function [13]. LVEF was assessed via 
biplane Simpson’s rule using manual tracing of digital 
images from the apical view. The same echocardiographic
vendor was used to monitor change of LVEF in each patient.
During trastuzumab treatment, all patients underwent
echocardiography at baseline (before administration of tra-
stuzumab) and every 3 months to monitor cardiac function.

Trastuzumab-mediated cardiotoxicity was defined accord-
ing to the criteria established by clinical trials and current
guidelines: (1) a decline in LVEF of at least 10% below 50%
without accompanying signs or symptoms of heart failure;
or (2) symptomatic heart failure, necessitating discontinua-
tion of the drug [1,8,9,14,15]. Trastuzumab treatment was
stopped and referral to a cardiologist was made when pati-
ents developed heart failure or when LVEF dropped below
45% regardless of heart failure symptoms. The cardiologist’s
intervention was performed within 1 week after the LV dys-
function was detected. Cardioprotective medications includ-
ing carvedilol and angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker were titrated according to the
patient’s blood pressure and heart rate. In patients who deve-
loped TRCD, New York Heart Association (NYHA) func-
tional class, cardioprotective medication, whether the dys-
function was reversible, and whether trastuzumab was con-
tinued were assessed. The reversible TRCD was defined as
if the LVEF was recovered to the baseline. 

2. Statistical analysis 

Baseline characteristics were summarized with continuous
variables and expressed as mean±standard deviation or 
median with interquartile range. Categorical data are pre-
sented as a percentage and the number of events. Continuous
variables were analyzed using an independent t test or
Wilcoxon rank sum test as appropriate, and categorical vari-

ables were analyzed using a chi-square test or Fisher exact
test. Univariate and multivariate time dependent Cox regres-
sion analysis were performed to identify baseline character-
istics that were independently associated with TRCD. We
included in multivariate models those covariates that were
significant on univariate analysis (p < 0.2) and those that
were clinically relevant. We additionally performed receiver
operating characteristic curve analysis to identify the LVEF
cut-off value for discriminating patients at high risk of TRCD
from the low-risk group. All analysis was conducted with
SPSS software ver. 17.0 (SPSS Inc., Chicago, IL). Statistical
significance was concluded at a 2-sided significance level of
0.05 for all analyses.

3. Ethical statement

The local institutional review board approved this study
(Samsung Medical Center IRB No. 2017-12-078) and waived
the requirement for written informed consent for access to
institutional breast cancer registry data.

Results

1. Baseline characteristics

A total of 787 patients with breast cancer who were treated
with trastuzumab in an adjuvant setting and had complete
data sets consisting of both baseline and follow-up assess-
ment of LV systolic function by echocardiography were 
analyzed (age, 49.9±9.5 years). During the follow-up period,
TRCD developed in 58 patients (7.4%) who presented with
asymptomatic LV systolic dysfunction (n=40, 5.1%) or symp-
tomatic heart failure (n=18, 2.3%). Table 1 summarizes the
baseline clinical characteristics of the patients. All patients
were NYHA functional class I at baseline. Preexisting histo-
ries of known cardiovascular risk factors such as hyperten-
sion, diabetes, dyslipidemia, smoking and coronary artery
disease did not differ between patients with and without
TRCD (all p > 0.05). Cardiac medication profiles at the pres-
entation of TRCD did not differ between the two groups. 
Patients in whom TRCD developed had higher initial blood
pressure compared to those without TRCD (systolic blood
pressure, 125 [107-136] mmHg vs. 114 [104-126] mmHg;
p=0.005 and diastolic blood pressure, 72 [65-81] mmHg vs.
68 [61-76] mmHg; p=0.004). On electrocardiography, most
enrolled patients had normal sinus rhythm, except a few 
patients with atrial fibrillation or frequent ventricular pre-
mature beat, which were not significantly different between
the two groups. Baseline LVEF was lower in patients with
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TRCD (62.5% [59.0-66.0] vs. 65.0% [61.0-68.0], p=0.016), but
it was still within normal range. There were no significant
differences in cancer treatment between the two groups 
including excision type and radiotherapy, excepting the use
of anthracycline (Table 2). Patients with TRCD were more
likely to receive anthracycline before administration of tra-
stuzumab (98.3% vs. 88.6%, p=0.022). Anthracycline dose
was significantly higher in patients who experienced TRCD
than those without TRCD (261.4 [237.7-294.4] mg/m2 vs.
236.9 [218.1-245.9] mg/m2, p < 0.001). 

2. Detection of TRCD

In patients who experienced TRCD, the median time to 
development of TRCD was 6.0±2.9 months, which is at the
10.2±5.1 times of trastuzumab administration. Baseline LVEF
of 54.5% showed a significant predictive value for TRCD in
receiver operating character curve analysis (area under the
curve, 0.60 [0.52-0.67]; p=0.016) with 98.3% sensitivity and
98.9% specificity. Fig. 2 shows serial changes of LVEF in 
patients with and without TRCD. On follow-up echocardio-
graphy, a drop in LVEF at 6 months was more prominent in
TRCD patients than those without TRCD (11.0% [5.0-19.0]
vs. 3.0% [0-6.0], p < 0.001). Notably, there was also a progres-

Cancer Res Treat. 2019;51(2):727-736

Table 1.  Comparison between patients with and without TRCD

Variable No TRCD TRCD p-value(n=729) (n=58)
Ethnicity, Asian  729 (100) 58 (100) -
Age (yr) 50 (43-57) 49 (45-54) 0.348 
Weight (kg) 58 (52.6-64.0) 57.0 (52.8-60.3) 0.371
BMI (kg/m2) 23.2 (21.2-25.7) 23.0 (21.8-24.7) 0.768
Obesity 226 (31.0) 11 (19.0) 0.054
Hypertension 124 (17.0) 6 (10.3) 0.188
Diabetes 35 (4.8) 3 (5.2) 0.754
Dyslipidemia 43 (5.9) 2 (3.4) 0.766
Previous CAD 4 (0.5) 1 (1.7) 0.319
Smoking

Current 6 (0.8) 1 (1.7) 0.537
Ex-smoker 3 (0.4) -

Cerebrovascular disease 14 (1.9) - 0.615
Current medication

ARB/ACEi 52 (7.1) 3 (5.2) 0.790
Beta-blocker 14 (1.9) 1 (1.7) 1.000
Statin 36 (4.9) 2 (3.4) 1.000
Diuretics 31 (4.3) 2 (3.4) 1.000 

Systolic blood pressure (mmHg) 114 (104-126) 125 (107-136) 0.005
Diastolic blood pressure (mmHg) 68 (61-76) 72 (65-81) 0.004
Heart rate (beats/min) 72 (66-80) 73 (67-86) 0.207
Laboratory findings 

GFR (mL/min) 43.2 (35.9-56.3) 41.1 (35.5-50.4) 0.227
Hemoglobin (g/dL) 11.9 (11.1-12.6) 11.7 (11.2-12.7) 0.695 
Total cholesterol (mg/dL) 202 (178-227) 207.5 (187.8-229.3) 0.141

Electrocardiographic finding 
Atrial fibrillation 4 (0.5) - 1.000
Frequent VPCs 12 (1.6) 2 (3.4) 0.276

Echocardiographic findings 
Pre-trasutzumab LVEF 65.0 (61.0-68.0) 62.5 (59.0-66.0) 0.016 

Values are presented as number (%) or median (range). TRCD, trastuzumab-related cardiac dysfunction; BMI, body mass
index; CAD, coronary artery disease; ARB, angiotensin receptor blocker; ACEi, angiotensin-converting enzyme inhibitor;
GFR, glomerular filtration rate; VPC, ventricular premature beat; LVEF, left ventricular ejection fraction.
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Table 2.  Cancer presentation and treatment 
No TRCD TRCD p-value(n=729) (n=58)

Cancer status 
Location 

Right 348 (47.7) 28 (48.3) 0.944
Left 372 (51.0) 29 (50.0)
Bilateral 9 (1.2) 1 (1.7)

Stage 
1 19 (26.2) 21 (36.2) 0.249 
2 360 (49.4) 25 (43.1)
3 157 (21.5) 12 (20.7)

Treatment
Surgery 

Total 284 (39.0) 26 (44.8) 0.379
Partial 445 (61.0) 32 (55.2)

Radiotherapy 559 (76.7) 40 (69.0) 0.185
Dose (cGy) 5,900 (5,900-6,050) 5,900 (5,900-6,050) 0.940
Fraction 28 (28-28) 28 (28-28) 0.085

Adriamycin 646 (88.6) 57 (98.3) 0.022
Adriamycin dose (mg/m2) 236.9 (218.1-245.9) 261.4 (237.7-294.4) < 0.001
Epirubicin 12 (1.6) 1 (1.7) > 0.999

Values are presented as number (%) or median (range). TRCD, trastuzumab-related cardiac dysfunction.
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Fig. 2.  Serial changes in patients with and without trastu-
zumab-related cardiac dysfunction (TRCD). Patients with
TRCD experienced significant left ventricular ejection frac-
tion (LVEF) decrement compared to those without TRCD
within the first 3 months of trastuzumab administration
(p < 0.001).
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sive decline in LVEF during the first 3 months of trastuzu-
mab treatment in patients who presented with TRCD com-
pared with those without TRCD (10.0% [5.0-16.0] vs. 2.0%
[0-6.0], p < 0.001). Within 3 months of treatment with
trastuzumab, an LVEF drop of 5% or more was more fre-
quently observed in patients with TRCD than those without
TRCD (78.3% vs. 38.4%, p < 0.001) (Fig. 3). In multivariate
analysis, low baseline LVEF, high baseline blood pressure,
the use of high-dose Adriamycin and a drop in LVEF  5%
within the first 3 months, were associated with the develop-
ment of TRCD (Table 3). 

3. Treatment of TRCD

Among 58 patients with TRCD, 60.3% initiated cardiopro-
tective medication and 46.6% discontinued trastuzumab

treatment. TRCD patients who discontinued trastuzumab
and started cardioprotective medication improved LV sys-
tolic function after 4.5 months (range, 2.3 to 12.8 months).
TRCD patients who continued the use of trastuzumab (31 
patients, 53.4%) had a higher LVEF at the time of TRCD 
diagnosis than those who discontinued trastuzumab (50.0%
[49.0-50.0] vs. 40.0% [35.0-45.0], p < 0.001). LV dysfunction
was completely improved in 75.9% of TRCD patients (Table 4).
There was a higher rate of trastuzumab discontinuation in
patients with improved TRCD compared with those whose
TRCD did not improve, but it was not statistically significant
(50.0% vs. 35.7%, p=0.351). Patients with TRCD who had 
improved LVEF more frequently received cardioprotective
medication regardless of the extent of LVEF decrement than
those who did not have improved LVEF (68.2% vs. 35.7%,
p=0.031). The median duration of cardioprotective medica-
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Table 4.  Clinical manifestations and treatment of TRCD

Variable Reversible TRCD No reversible TRCD p-value(n=44) (n=14)
Age, mean±SD (yr) 49.4±8.6 49.7±7.3 0.822
Symptoms at presentation

Asymptomatic 30 (68.2) 10 (71.4) 0.600
Dyspnea 11 (25) 4 (28.6)
Palpitation 3 (6.8) -

NYHA functional class II/III 10 (12.7) 4 (28.6) 0.020
LVEF at diagnosis of TRCD, median (range) 47.5 (40.0-50.0) 50.0 (43.2-50.0) 0.246
Discontinuation of trastuzumab 22 (50.0) 5 (35.7) 0.351
Cardioprotective medications 30 (68.2) 5 (35.7) 0.031

Values are presented as number (%) unless otherwise indicated. TRCD, trastuzumab-related cardiac dysfunction; NYHA,
New York Heart Association; LVEF, left ventricular ejection fraction.

Table 3.  Univariate and multivariate time dependent Cox regression analysis for development of TRCD 

Variable Univariate HR p-value Multivariate HR p-value(95% CI) (95% CI)
Hypertension 0.62 (0.27-1.45) 0.274 0.69 (0.27-1.77) 0.440
Diabetes 0.88 (0.28-2.82) 0.832 1.13 (0.32-3.98) 0.852
CAD 2.98 (0.41-21.58) 0.279 3.60 (0.45-28.58) 0.225
Dyslipidemia 0.73 (0.18-2.98) 0.657 1.36 (0.29-6.36) 0.699
Smoking 2.64 (0.36-19.25) 0.339 3.83 (0.50-29.11) 0.195
Baseline LVEF 0.94 (0.89-0.99) 0.019 0.80 (0.75-0.85) < 0.001
Baseline DBP 1.03 (1.00-1.05) 0.052 1.05 (1.02-1.08) 0.002
Obesity 0.58 (0.30-1.12) 0.104 0.43 (0.21-0.86) 0.018
Adriamycin dose 1.01 (1.00-1.01) < 0.001 1.01 (1.00-1.01) 0.009
LVEF drop  5% within the first 3 mo 9.29 (4.21-20.49) < 0.001 28.91 (12.06-69.33) < 0.001

TRCD, trastuzumab-related cardiac dysfunction; HR, hazard ratio; CI, confidence interval; CAD, coronary artery disease;
LVEF, left ventricular ejection fraction, DBP, diastolic blood pressure.
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tion was 19.0 (range, 11.0 to 26.0 months). During the median
follow-up period (54.3 months), no trastuzumab-related car-
diac deaths or heart transplantations occurred.

Discussion

In this observational study, we investigated clinical mani-
festations and predictors of TRCD in Asian patients who
were treated with trastuzumab in the adjuvant setting for
breast cancer. The overall incidence of TRCD was 7.4%, 
including 2.3% of symptomatic heart failure. Our cohort
showed a low prevalence of cardiac predisposing factors
such as hypertension, diabetes, dyslipidemia, or coronary 
artery disease, and this was not different between the pati-
ents with or without TRCD. Before initiation of trastuzumab,
low baseline LVEF and previous exposure to adriamycin
were closely associated with the development of TRCD. Dur-
ing trastuzumab administration, LVEF dropped to  5%
within 3 months regardless of baseline LV systolic function
or whether adriamycin dose was an independent predictor
of TRCD occurrence.

The incidence of TRCD is variable according to the age of
the population and the presence of risk factors [2]. Previous
clinical trials reported that the incidence of cardiac dysfunc-
tion after trastuzumab was much higher, ranging from 20%
to 27%, in subjects who were pre-treated with anthracycline
[16,17]. In contrast, our data showed a relatively low inci-
dence of TRCD despite the majority of patients previously
receiving anthracycline. There are several possible explana-
tions for our findings. First, the mean age of our cohort was
49.9 years, corresponding to previous data that showed an
increment of young women with breast cancer in Asia [18].
Advanced age (> 50 years) is closely associated with the 
development of TRCD [17,19,20]; therefore, our results might
be influenced by exposure to trastuzumab at a young age.
The second explanation is that predisposing cardiac risk fac-
tors, including hypertension, diabetes, cerebrovascular acci-
dent, and coronary artery disease, were infrequent in our
cohort. Therefore, a Western population might be predis-
posed to the baseline risk status before treatment with tra-
stuzumab. Recently, Suter et al. [21] reported the incidence
of congestive heart failure in patients who received anthra-
cycline and/or trastuzumab in a large cohort. They also sug-
gested that active monitoring for cardiac function during
trastuzumab is critically important. However, they did not
show specific data regarding the change in LVEF after trastu-
zumab, the exact number of patients who used trastuzumab
and recovery of cardiac function. We thought that our data
might be an evidence for suggesting a specific strategy for

cardiac surveillance in breast cancer patients receiving
trastuzumab by showing a precedent reduction in LVEF. 

LV dysfunction during the use of trastuzumab has been
defined as a decline in LVEF of at least 10% below normal or
symptomatic heart failure according to protocols in previous
clinical trials [8,22]. Regarding the interval of monitoring LV
systolic function, current cardiology and oncology guidelines
recommend serial examination of LVEF every 3 months dur-
ing and once after completion of trastuzumab treatment in
the adjuvant setting for patients with breast cancer. How-
ever, because these recommendations are based on expert
opinion without additional supporting evidence, screening
during trastuzumab treatment depends on local protocols
and modality selection depends upon the local physicians
and availability. Notably, in our analysis, we identified that
a decline in LVEF of at least 5% during the first 3 months 
regardless of baseline LVEF and anthracycline administra-
tion was strongly associated with TRCD. Furthermore, about
50% of TRCD patients had ‘normal range of LVEF’ at the first
3 months despite EF decreased more than 5% than the base-
line. Therefore, they continued administration of trastuzu-
mab without any intervention. Considering the early detec-
tion of patients at risk of developing cardiac dysfunction dur-
ing and after trastuzumab treatment is the most important
parameter in reducing and reversing TRCD, recommenda-
tions regarding a strict threshold of LVEF decrement are
needed. In this respect, outweighing number of patients with
homogeneous baseline characteristics strengthens our results
that emphasize the role of early serial changes of LVEF.

There is still debate about whether radiotherapy-induced
cardiotoxicity and chemotherapy-induced cardiotoxicity are
synergistic [23]. In contrast to the previous studies that report
a high risk of cardiac mortality in patients who underwent
breast radiotherapy in addition to trastuzumab [24,25], our
data demonstrated no significant increases in adverse cardiac
events in those who underwent radiotherapy during a 
median follow-up of 54.2 months. Our results might support
those of recent clinical trials which showed an association 
between trastuzumab treatment, radiotherapy, and cardio-
toxicity [26,27]. 

Interestingly, there was less TRCD in obese patients in our
data. The obesity paradox is phenomenon that has been
proven in various studies related to cardiac disease. There
have been several possible explanations for this phenome-
non. First, many authors suggested clinical or neurohormo-
nal aspects [28,29]. Production of adiponectin and anti-infla-
mmatory cytokines such as tumor necrosis factor  (TNF-) 
receptor, and the ability to store glucose in obese patients are
increased in medical or surgical critical illness [30,31]. We
infer that in chemotherapy-related cardiotoxicity, a severely
stressful situation, similar responses by adipose tissue or
pericardial fat may function as cardio-protectors that decrease
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myocardial injury. It is possible that patients with over-
weight, but not with morbidly obesity, have relatively lower
levels of harmful adipokines compared to lean patients 
because most participants had a body mass index < 30 kg/m2

in this study. Although these have not been demonstrated in
patients with chemotherapy-related cardiotoxicity, a study
on blood levels of TNF- receptor, adiponectin, and leptin in
patients with myocardial damage due to other cause such as
myocardial infarction might help clarify this presumption.
Second explanation is that epicardial adipose tissue might
contribute beneficially to coronary artery by fulfilling anti-
inflammatory, anti-oxidant, vasodilatory, and neuroprotec-
tive functions and may serve as a reservoir of free fatty acids
for the energy needs of injured myocardium [32]. 

Our data showed that the patients with TRCD had less 
hypertensive, although it was not statistically significant.
This might have affected the use of cardioprotective agents
during anti-hypertensive medication. Patients with TRCD
who initiated cardioprotective medications such as angioten-
sin-converting enzyme inhibitors, angiotensin receptor blo-
ckers, or -blockers also showed a higher rate of LVEF
recovery than those without cardioprotective medication.
Yet, there have been no randomized trials supporting the
finding that heart failure drugs prevent TRCD and improve
cardiac function in patients with TRCD. Considering that the
use of trastuzumab is indispensable for treatment of HER 2-
positive breast cancer, our data may provide evidence to 
establish monitoring protocols for the development of TRCD.
Future prospective trials to evaluate the role of cardiac med-
ication in reducing and restoring TRCD are warranted.

There were several limitations to the present study. First,
this was a single-center observational study; thus, our results
might be subject to unrecognized confounding factors. 
Although we performed multivariate analysis and adjusted
for several potential confounding factors, we could not cor-
rect for unmeasured or unobserved variables. Second, we did
not routinely perform myocardial strain, 3-dimensional
echocardiography, or cardiac magnetic resonance imaging,

which seem to better predict decreases in conventional LVEF,
although the detection of subclinical changes in cardiac per-
formance was more sensitive than standard echocardiogra-
phy. Even though the above tools can detect cardiac dysfunc-
tion more accurately with high reproducibility, real-world
clinical application of the tools was limited because of the
high cost and time restrictions [33-35]. We believe that the
use of two-dimensional echocardiography at an appropriate
time interval remains a useful tool for the evaluation of che-
motherapy-related cardiotoxicity [36]. Third, because most
patients in this study were pre-treated with anthracycline,
potential influence on the cardiac dysfunction after admin-
istration of trastuzumab cannot be excluded. However, we
adjusted the influence of LV systolic function before trastu-
zumab and the use of anthracycline in multivariate analysis,
therefore we believe that such confounders have little effect
on the results. Lastly, we did not measure serum troponin
levels, which can effectively indicate drug-induced cardiac
injury in the early phase, long before any reduction in LVEF
has occurred. However, we are now in the process of con-
firming the clinical relevance of such promising data with a
prospective design. 

In conclusion, the overall incidence of TRCD was 7.4% in
Asian patients who were treated with adjuvant trastuzumab
for breast cancer. Regardless of baseline LV systolic function
and pre-treatment with Adriamycin, the drop in LVEF of 
 5% within the first 3 months after trastuzumab initiation
strongly associated with TRCD development. Physicians
should be particularly aware of small changes in LV systolic
function in the early period of adjuvant trastuzumab treat-
ment in breast cancer patients. Such monitoring could enable
early detection of patients who are at risk of developing car-
diac disease and in whom a cardioprotective approach to
therapy is needed.
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Purpose
We aimed to analyze the discordance between immunohistochemistry (IHC)-based surro-
gate subtyping and PAM50 intrinsic subtypes and to assess overall survival (OS) according
to discordance.   

Materials and Methods
A total of 607 patients were analyzed. Hormone receptor (HR) expression was evaluated
by IHC, and human epidermal growth factor receptor 2 (HER2) expression was analyzed by
IHC and/or fluorescence in situ hybridization. PAM50 intrinsic subtypes were determined
according to 50 cancer genes using the NanoString nCounter Analysis System. We matched
concordant tumor as luminal A and HR+/HER2–, luminal B and HR+/HER2+, HR–/HER2+
and HER2–enriched, and triple-negative breast cancer (TNBC) and normal- or basal-like.
We used Ion Ampliseq Cancer Panel v2 was used to identify the genomic alteration related
with discordance. The Kaplan-Meier method was used to estimate OS. 

Results
In total, 233 patients (38.4%) were discordant between IHC-based subtype and PAM50 
intrinsic subtype. Using targeted sequencing, we detected somatic mutation–related dis-
cordant breast cancer including the VHL gene in the HR+/HER2– group (31% in concordant
group, 0% in discordant group, p=0.03) and the IDH and RET genes (7% vs. 12%, p=0.02
and 0% vs. 25%, p=0.02, respectively) in the TNBC group. Among the luminal A/B patients
with a discordant result had significantly worse OS (median OS, 73.6 months vs. not
reached; p < 0.001), and among the patients with HR positivity, the basal-like group as 
determined by PAM50 showed significantly inferior OS compared to other intrinsic subtypes
(5-year OS rate, 92.2% vs. 75.6%; p=0.01).      

Conclusion
A substantial portion of patients showed discrepancy between IHC subtype and PAM50 
intrinsic subtype in our study. The survival analysis demonstrated that current IHC-based
classification could mislead the treatment and result in poor outcome. Current guidelines
for IHC might be updated accordingly.
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Introduction

Despite advances in cancer treatment, breast cancer is the
leading cause of cancer death in women [1]. In recent decades,
intrinsic molecular subtypes have been established to under-
stand the biological complexity of breast cancer. The intrinsic
subtypes of breast cancer are defined into five groups of 
luminal A, luminal B, human epidermal growth factor recep-
tor 2 (HER2)–enriched, basal-like, and normal-like [2-4].
Gene-expression profiling and tissue microarray have defi-
ned the intrinsic subtypes, and several studies with varying
numbers of genes have been performed to develop a geno-
mic test [5,6]. Prior studies have shown significant improve-
ment in terms of risk factors, incidence, prognosis, and res-
ponses to systemic therapies [7,8]. 

Among the prior genomic tests, Parker et al. [7] reported a
PAM50 assay using GEP, which is widely used in a clinical
setting [9,10]. The PAM50 assay can be used to assess the 
expression levels of 50 genes in surgically resected breast
cancer tissue including formalin-fixed paraffin-embedded
(FFPE) tissue in hormone receptor (HR) positive patients
[4,11]. The PAM50 assay (Prosigna Breast Cancer Gene Sig-
nature Assay, NanoString Technologies) was approved by
the U.S. Food and Drug Administration (FDA) in September
2013. However, there is currently no practical molecular
assay for intrinsic subtypes in real-world practice that 
addresses the problems of cost and run-time. In routine
pathological works, breast cancer subtypes are classified by
immunohistochemistry (IHC) to design treatments, predict
prognosis of patients, and enroll in clinical trials.

Breast cancer patients in Asian populations, including
Korea, have different demographic features compared to
Caucasian patients. The majority of breast cancer patients are
premenopausal, and the peak incidence age is in the 40s
[12,13]. Also, premenopausal breast cancer patients are
known to have poor prognosis and aggressive clinical behav-
ior [14]. However, most of the approved commercial assays
for intrinsic subtypes have not been evaluated in an Asian
population [15]. The discordance of IHC-based subtype with
intrinsic subtype has not been investigated in Asian popula-
tions, and survival considering discordance has not been
evaluated. Hence, we aimed to assess the discordance 
between IHC-based subtype and PAM50 intrinsic subtype
and to evaluate overall survival (OS) according to discor-
dance. We additionally aimed to investigate the genetic 
mutations that are associated with discordance in Korean
breast cancer patients. 

Materials and Methods

1. Patients

We collected data from the electronic medical records and
all tumor samples from patients who underwent curative
surgery or tumor biopsy at Samsung Medical Center (n=605).
The patients were enrolled in five retrospective studies and
one clinical trial. The information from the six clinical studies
is shown in S1 Table. Data comprised sex, age, TNM staging,
HR status (expression of estrogen receptor and progesterone
receptor), HER2 expression (confirmed by fluorescence in
situ hybridization or silver in situ hybridization), menopau-
sal status, date of diagnosis (curative surgery or first tumor
biopsy), date of death, and date of last follow-up. 

2. DNA/RNA extraction

A total of 605 tissue samples with a tumor cell percentage
greater than 75% (from 4-mm unstained sections) were dis-
sected under a microscope based on comparison to a hema-
toxylin and eosin–stained slide. Genomic DNA was extracted
using the Qiagen DNA FFPE Tissue Kit (Qiagen, Hilden,
Germany), and total RNA was extracted using the High Pure
RNA Paraffin kit (Roche Diagnostics, Mannheim, Germany),
according to the manufacturer’s instructions. After extrac-
tion, we measured DNA and RNA concentration using a
spectrophotometer (ND1000, NanoDrop Technologies, The-
rmo Fisher Scientific, Waltham, MA). Each sample was then
quantified using a Qubit fluorometer (Life Technologies,
Carlsbad, CA). Samples with less than 10 ng/µL of genomic
DNA and less than 50 ng/µL of total RNA, even after con-
centration using a SpeedVac concentrator (Thermo Scientific,
Waltham, MA) were excluded from downstream analysis.

3. Next-generation sequencing using Ion Ampliseq Cancer
Panel v2

Using the Ion Torrent Personal Genome Machine (Ion
PGM, Life Technologies, Carlsbad, CA) Cancer Panel v2 
(S2 Table) after DNA isolation from FFPE samples, we 
sequenced 2,855 loci from 50 cancer-related genes to identify
genetic mutations in 118 samples from breast cancer patients.
Libraries were constructed using the Ion AmpliSeq Panels
pool (Life Technologies) with a 10-ng DNA sample per pool.
The amplicons were then ligated to Ion Xpress Barcode
Adapters and purified. Next, multiplexed barcoded libraries
were enriched by clonal amplification using emulsion poly-
merase chain reaction on Ion Sphere particles (Ion PGM Tem-
plate OT2 200 Kit, Life Technologies) and loaded onto an Ion
316 Chip. Massively parallel sequencing was carried out on
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the Ion PGM using the Ion PGM Sequencing 200 Kit v2. The
Ion AmpliSeq Cancer Hotspot Panel v2 (http://www.life-
technologies.com) covered hot-spot regions of 50 oncogenes
and tumor suppressor genes. The primary filtering process
was carried out using the Torrent Suite v3.6.0 and the Ion
Torrent Variant Caller v3.6 software. The pipeline included
signaling processing, base calling, quality score assignment,
adapter trimming, read alignment to human genome 19 ref-
erences, mapping QC, coverage analysis, and variant calling.
For variant detection, a minimum coverage of 100 reads must
be achieved, and at least 5% of mutant reads were selected
as variants. Variant calls were further analyzed using the
ANNOVAR, which included variant filtering and annotation
using the COSMIC database, dbSNP build 137, and amino
acid change information. 

4. PAM50 intrinsic subtype prediction

PAM50 gene expression was measured on the NanoString
nCounter Analysis System (NanoString Technologies, Seat-
tle, WA). The system measures the relative abundance of
each mRNA transcript of interest using a multiplexed 
hybridization assay, and digital readouts of fluorescent bar-
coded probes that are hybridized to each transcript are cre-
ated [16]. Intrinsic subtype classification was performed
using the PAM50 predictor and was applied to the nearest
PAM50 centroid algorithm Bioclassifier to predict the PAM-
50 subtypes, as described in Parker et al. [7]. To obtain more
consistent results, we merged microarray expression data of
The Cancer Genome Atlas (TCGA) breast cancers with our
NanoString data after adjusting for batch effects using the
ComBat algorithm [17] and applied the nearest PAM50 cen-
troid algorithm Bioclassifier to predict PAM50 subtypes [7].
For all statistical tests, PAM50 subtype prediction was con-
ducted using R ver. 3.5.1 (http://www.R-project.org/).

5. Statistical analysis

For analysis of the difference according to discordance,
SPSS statistical software ver. 23 (IBM Corp., Armonk, NY)
was used. All comparisons were examined by Fisher exact
test. False discovery rate was applied for multiple testing cor-
rection. OS was measured from the date of curative surgery
or first tumor biopsy to the date of death or last follow-up.
The Kaplan-Meier method was used to estimate OS, and sur-
vival curves were compared by the log-rank test. A Cox pro-
portional hazard regression model was used to assess the
impact of the prognostic variable on OS. All tests were two-
tailed, and p-values < 0.05 were considered significant.

6. Ethical statement

This study was approved by the institutional review board
of Samsung Medical Center, Seoul, Korea (IRB No. 2018-02-
004) with an informed consent waiver due to the use of archi-
val tissues with retrospective clinical data.

Results

1. Patient characteristics 

The patient characteristics are demonstrated in Table 1,
and a total of 607 patients with breast cancer were analyzed.
The median age of all patients was 47 years (range, 21 to 78
years), and approximately 70% of patients were premeno-
pausal. Most patients had early breast cancer, and stage IV
metastatic breast cancer was found in 2.6% of patients (16 of
605). The types of sample were 53% (321/605) fresh frozen
tissue and 47% (286/605) FFPE. The proportion of patients

Hee Kyung Kim, Discordance between PAM50 and IHC in Breast Cancer

Table 1. Patient characteristics

IHC, immunohistochemistry; HR, hormone receptor; HER2,
human epidermal growth factor receptor 2; TNBC, triple-
negative breast cancer. 

Characteristic No. (%) (n=607)
Age, median (range, yr) 47 (21-78)
Overall survival, median (range, yr) 18.3 (0-20.3)
Menopausal status (n=605)

Premenopausal 432 (71.2)
Postmenopausal 173 (28.5)

Stage (n=605)
I 132 (21.7)
II 307 (50.6)
III 150 (24.7)
IV 16 (2.6)

IHC
HR+/HER2– 279 (46.0)
HR+/HER2+ 65 (10.7)
HR–/HER2+ 113 (18.6)
TNBC 150 (24.7)

PAM50
Luminal A 181 (29.8)
Luminal B 102 (16.8)
HER2-enriched 144 (23.7)
Basal-like 149 (24.5)
Normal-like 31 (5.1)
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within each study is depicted in S3 Fig. The proportions of
HR+/HER2–, HR+/ HER2+, HR–/HER2+, and triple-nega-
tive breast cancer (TNBC) in the study population were
46.0%. 10.7%, 18.6%, and 24.7%, respectively. According to
PAM50 intrinsic subtypes, 46.6% were luminal A/B, 23.7%
were HER2-enriched, 24.5% were basal-like, and 5.1% were
normal-like type (Table 1). 

2. Pattern of discordance between IHC subtype and PAM50
intrinsic subtype was distinct among the IHC-based group 

In total, 233 patients (38.4%) were discordant between
IHC-based subtype and PAM50 intrinsic subtype. The dis-

tribution of PAM50 intrinsic subtypes within each IHC sub-
type is depicted in Fig. 1. Among the 278 patients with HR+/
HER2–, non-luminal A/B type was found in 4% with HER2-
enriched, 6% with basal-like, and 6% with normal-like type,
respectively. Twenty-six percent of HR–/HER2+ patients
were not HER2-enriched type. Of 151 TNBC patients, 2%
were luminal A type, and 13% were HER2-enriched type.
The majority of discordant patients were HR+ (176 of 234,
75.2%), and 12.4% (29 of 234) were HER2+. Among the 23
TNBC patients with discordance, 86.7% (20 of 23) were clas-
sified as HER2-enriched type.

Cancer Res Treat. 2019;51(2):737-747

Fig. 1.  Distribution of the PAM50 intrinsic subtypes within each immunohistochemistry-based group. HR, hormone receptor;
HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.
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3. DNA sequencing of concordant/discordant breast cancer
shows heterogeneous mutation patterns

To identify the patterns of gene expression associated with
discordancy, we performed next-generation sequencing
using the Ion Ampliseq cancer panel (minor allele frequency
> 0.01). Somatic single nucleotide variants and small inser-
tion-deletions (indels) were most frequently observed as the
types of genetic alterations (S4 Fig.). TP53 was the most com-
mon mutation (67%), and the majority were missense muta-
tions. Other frequent mutations in our cohort were RB1
(28.8%), SMAD4 (28%), APC (25.4%), and PIK3CA (21.2%).
Fig. 2 demonstrates the frequency of mutations in 50 genes
among 118 patients. The frequency of mutations was not sig-
nificantly different between the concordant and discordant

groups (p=0.26). 

4. Significant difference in mutation patterns detected 
according to discordance 

Next, we compared the mutation profiles of concordant 
tumors (n=83) and discordant tumors (n=35) in order to iden-
tify gene expression signatures associated with discordance
using the 50-cancer gene panel. Among HR+/HER2– pati-
ents, mutation in the VHL gene was significantly higher in
concordant patients (31% in concordant group, 0% in discor-
dant group, p=0.03) (Fig. 3A). Among TNBC patients, the
IDH1 and RET genes were more frequently observed in the
discordant group (7% vs. 12%, p=0.02; 0% vs. 25%, respec-
tively; p=0.02) (Fig. 3D). There was no significant difference

Fig. 2.  Mutation pattern according to the frequency of 50 cancer-related genes: mutation map of concordant group (A) and
mutation map of discordant group (B). HR, hormone receptor; HER2, human epidermal growth factor receptor 2; TNBC,
triple-negative breast cancer. (Continued to the next page)
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between concordant and discordant groups in all IHC-sub-
types or HR+/HER2+ and HR–/HER2+ groups (Fig. 3B and
C).

Fig. 4 shows the re-clustering of groups according to inci-
dence of mutations. We defined eight groups as classified by
IHC-based subtype and PAM50 concordance/discordance.
According to hierarchical re-clustering with 44 mutations,
concordant TNBC, concordant HR+/HER2+, and concor-
dant HR–/HER2+ were grouped as a significantly similar 
entity cluster (p=0.03). 

5. Discordant results between IHC-based subtype and
PAM50 intrinsic subtype is associated with significantly
shorter OS

To evaluate the impact of discordance on survival, we 
analyzed the OS according to discordance. The median dura-
tion of follow-up was 125 months (95% confidence interval
[CI], 121.4 to 129.9). The patients with discordant results had

shorter OS than patients with concordant results, but the dif-
ference was not statistically significant (5-year OS rate, 83.6%
vs. 87.7%; p=0.26) (Fig. 5A). Among HR+ patients (n=343),
the patients with basal-like subtype by PAM50 (n=17) showed
significantly shorter median OS compared to non-basal–like
subtypes (5-year OS rate, 75.6% vs. 92.2%; p=0.01) (Fig. 5B).
In patients with luminal A or B by PAM50, concordance with
IHC demonstrated a better OS (median OS, not reached vs.
73.6 months; p < 0.001) (Fig. 5C). 

Discussion

Currently commercial assays for intrinsic molecular sub-
types are available for patients with early HR+/HER2– and
node-negative breast cancer, and adjuvant systemic therapy
is recommended in accordance with the result [18,19]. How-
ever, only a small portion of breast cancer patients benefit
from the multi-gene assay, and the majority of patients still
rely on IHC-based subtypes in the clinic. In the current study,
we found that discordance of IHC-based subtype with intrin-
sic subtype is considerable and is correlated with survival. 

We found an overall discordance rate of 39% between
IHC-based subtype and intrinsic molecular subtype. Our
study showed that discordance could be a reason for the
under-treatment or over-treatment of breast cancer. For 
example, 29% of the patients with HER2-enriched subtype
were HER2+ disease according to IHC (S5 Fig.). Patients with
HER2-enriched/HER2-negative by IHC could experience
under-treatment with hormone therapy or omission of anti-
HER2 antibody. Such an oversight would not guarantee 
adequate treatment for breast cancer. The 2011 St. Gallen
guideline recommended the treatment of breast cancer 
according to pathologic determination of estrogen receptor
(ER), progesterone receptor, HER2, and Ki67 [20]. Our results
suggest that the guideline of St. Gallen should consider pati-
ents with discordance. 

The discrepancy between IHC-based subtype and intrinsic
molecular subtype has recently been analyzed in several
studies. The study of Parker-PAM50 [7] were evaluated in
accordance with IHC-based subtype, and the discordance
rate of HR+ was 45.1%, while that of HER2+ was 28.6% in
analysis by Paquet and Hallet [21]. The HR+/HER2– subco-
hort demonstrated that 58.3% of Lumina A and 80.0% of HR–
/HER2+ subcohorts were HER2-enriched type [7,21]. In 
recent studies of patients with HER2+ by IHC, about 51%
had HER2-enriched intrinsic subtype [22]. In our study, 55%
of HR+/HER2– patients were luminal A, and 74% of HR–
/HER2+ patients were HER2-enriched. These results are con-
sistent with previous studies. 
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Marked heterogeneity was shown in mutational profile
based on DNA sequencing in the current study. The genetic
alterations that we found were mostly known driver muta-
tions of breast cancer including TP53, PIK3CA, MLH1, and
RB1 [23,24]. Mutations of the IDH1 and RET genes were most
frequently observed in discordant TNBC patients. IDH1
mutations are commonly observed in brain tumors including
glioblastoma multiforme and are known to be related with

prognosis [25,26]. The IDH1 mutation in breast cancer has
been reported, but the role of the mutation is unclear. RET
oncogenic mutations are also well known genomic alter-
ations in human cancer and multiple endocrine neoplasia
type 2A, 2B [27,28]. Cabozantinib and vandetanib, oral tyro-
sine kinase inhibitors with multi-target including RET, are
approved for the treatment RET-mutated metastatic medu-
llary thyroid carcinoma by the U.S. FDA. RET mutations in
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breast cancer have been reported, and some studies have
suggested that RETmutations are correlated with ER expres-
sion [29,30]. Three patients were discordant TNBC as luminal
A intrinsic type in our study, but we could not check if they
had the RETmutation. 

In addition, we tried to regroup the patients based on the
incidence of mutated genes in concordant and discordant 
tumors. The results showed significant clusters that consisted
of concordant TNBC, concordant HR+/HER2+, and concor-
dant HR–/HER2+ (p=0.003) (Fig. 5A). The phylogenetic tree
depicted a greater genetic distance between discordant HR–
/HER2+ patients and the other subgroups. Concordant

HR+/HER2– patients were genetically far from discordant
HR+/HER2– patients, demonstrating the significance of dis-
cordance between IHC and intrinsic subtypes. 

We evaluated the OS of patients according to discordance
with a median follow-up 10 years, and the results showed
that discordance could influence survival of breast cancer.
Notably, we found that the discordant results had signifi-
cantly worse OS in two populations. First discordant group
(HR by IHC but luminal A or B intrinsic subtype) showed
73.6 months of median OS (95% CI, 52.6 to 94.6 months) but
concordant group (HR+ and luminal A or B) not reached 
median OS (p < 0.001) (Fig. 5B). Second discordant group

Cancer Res Treat. 2019;51(2):737-747
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(HR+ but basal-like intrinsic subtype) had significantly
worse OS (5-year OS rate, 92.2% vs. 75.6%; p=0.010) (Fig. 5C).
The potential explanation for this result is under-treatment
of patients with discordant results and better survival of HR+
patients with endocrine therapy. Similarly, the 5-year OS rate
was 87.2% in concordant HER2-enriched patients (IHC was
HER2+ and PAM50 was HER2-enriched), while the patients
with discordant result (IHC was not HER2+ but PAM50 was
HER2-enriched) had a 75.4% 5-year OS rate (p=0.807) 
(S6 Fig.). This result could be attributed to whether anti-

HER2 treatment was given. Because HER2-enriched patients
with a discordant result might not receive anti-HER2 treat-
ment, they showed lower survival at 5 years. 

Our study is retrospective and the tumor tissues were 
acquired from six clinical cohorts rather than from a single 
cohort, so interpretation of the results should be judicious.
Although we tried to reduce the batch effect and to exclude
normal samples for insurance of comparability between 
expression levels of genes across patients, the difference of
sample quality among six cohorts could be a limitation. The

Hee Kyung Kim, Discordance between PAM50 and IHC in Breast Cancer

Fig. 5.  Kaplan-Meier curve of overall survival (OS) according to discordance. (A) All patients (n=607). (B) OS in basal-like
and non-basal-like types in hormone receptor (HR)+ patients (n=343). (C) OS in HR+ and HR– by immunohistochemistry in
luminal A or B patients (n=283). CI, confidence interval.
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drawback of the method of Parker et al. [7] was that PAM50
prediction might be not robust according to the cohort con-
figuration, particularly in cohorts with specific IHC alone. In
order to overcome the problems of the Parker’s method and
the disadvantage of not performing the commercial PAM50
test, we applied the TCGA adjustment to the PAM50 predic-
tion. Most Samsung Medical Center study cohorts showed
similar concordance regardless of TCGA adjustment, and we
could get better concordance in patients with only specific
IHCs by applying TCGA adjustment (S7 Fig.). However, the
predictability of PAM50 could be decreased in a specific sub-
cohort (e.g., a specific subtype) [21], our multi-cohort might
overcome the shortcoming of PAM50 prediction. The small
sample size for mutation profile analysis (a total of 118 sam-
ples) unlike PAM50 prediction (n=607) was also a limitation
of our study. Hence, caution is necessary when drawing a
conclusion about correlation between discordance and muta-
tion pattern.

In conclusion, we analyzed the distribution of intrinsic 
molecular subtypes within IHC-based subtype and survival
outcomes in accordance with discordance. We also found
several gene alterations related to discordance through ana-
lysis of mutational profiling, and the result demonstrated the
patients with the same IHC subtype had genetically different
features. To the best of our knowledge, this is the first study
to investigate analyze the impact of discordance between
IHC-based subtypes and PAM50 prediction. Our result sug-
gests that discordance between intrinsic subtype and IHC-
based subtype could result in inadequate treatment and poor

survival of breast cancer, so the treatment guidelines might
be need to be revised to ensure proper intrinsic subtype char-
acterization. 
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Purpose
Half of the world’s gastric cancer cases and the highest gastric cancer mortality rates are
observed in Eastern Asia. Although several genome-wide association studies (GWASs) have
revealed susceptibility genes associated with gastric cancer, no GWASs have been con-
ducted in the Korean population, which has the highest incidence of gastric cancer.   

Materials and Methods
We performed genome scanning of 450 gastric cancer cases and 1,134 controls via
Affymetrix Axiom Exome 319 arrays, followed by replication of 803 gastric cancer cases and
3,693 healthy controls.  

Results
We showed that the rs2976394 in the prostate stem cell antigen (PSCA) gene is a gastric-
cancer-susceptibility gene in a Korean population, with genome-wide significance and an
odds ratio (OR) of 0.70 (95% confidence interval [CI], 0.64 to 0.77). A strong linkage dise-
quilibrium with rs2294008 was also found, indicating an association with susceptibility. 
Individuals with the CC genotype of the PSCA gene showed an approximately 2-fold lower
risk of gastric cancer compared to those with the TT genotype (OR, 0.47; 95% CI, 0.39 to
0.57). The effect of the PSCA gene on gastric cancer was more prominent in the female
population and for diffuse type gastric cancer.      

Conclusion
Our result confirmed that the PSCA gene may be the most important susceptibility gene for
gastric cancer risk in a Korean population. 
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Introduction

Gastric cancer is the fifth most common type of cancer and
the second most common cause of cancer death worldwide
[1]. Although the incidence rate has decreased, the absolute
number of gastric cancer cases has increased due to popula-

tion growth and aging [1]. Half of the world’s gastric cancer
cases are in Eastern Asia, and the highest mortality rates are
also found in this region [2]. 

Many previous studies have investigated the risk factors
for gastric cancer and indicated that Helicobacter pylori infec-
tion is one of the most important factors in its etiology [3,4].
However, countries in Eastern Asia, such as Japan and China,
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have a high gastric cancer incidence rate despite low H. pylori
infection rates. In contrast, other countries, such as India,
Bangladesh, Pakistan, and Thailand, have a high prevalence
of H. pylori infection but low gastric cancer incidence rates,
suggesting that individual genetic characteristics may influ-
ence the risk of gastric carcinogenesis [5]. 

In this context, the effects of genetic susceptibility factors
for gastric cancer have been explored in several candidate
variation approaches, and several recent genome-wide asso-
ciation studies (GWASs) have yielded suggestive variations.
Most of the GWASs were conducted in Asian countries, 
including China and Japan, and the variants associated with
gastric cancer were located at the PSCA [6], PLCE1 [7], PTG-
ER4-PKKAA1, ZBTB20 [8], LRFN2, DNAH11 [9], PRKAA1,
MUC1, and UNC5CL genes [10]. In addition, a study in a 
European population showed that loss-of-function variants
in the ATM gene increased gastric cancer risk [11]. Although
the incidence of gastric cancer is high in Korea [12], GWASs
targeting the Korean population are limited, and replication
phases with a Korean population have been conducted in
only a few studies [6,10]. 

Therefore, we investigated genetic polymorphisms associ-
ated with gastric cancer development in a Korean population
using a genome-wide scanning approach based on gastric
cancer patients and healthy controls and large replication
sets from a Korean population cohort. 

Materials and Methods

1. Study population

For GWAS analysis, subjects were recruited from the 
National Cancer Center (NCC) in Korea. A total of 450 pati-
ents with histologically confirmed gastric cancer at the Cen-
ter for Gastric Cancer between April 2011 and December
2014 and 1,135 controls who participated in a cancer screen-
ing program between April 2011 and December 2014 were
enrolled in this study. The genomic DNA samples of the par-
ticipants were extracted from peripheral blood leukocytes. 

2. Genome-wide scanning and quality controls

Genome-wide scanning was performed using Axiom
Exome 319 (Affymetrix Inc., Santa Clara, CA) containing
318,983 polymorphisms to 450 gastric cancer cases and 1,135
controls. None of the subjects had a call rate < 90%. Geno-
typing revealed that 68.1% of the single-nucleotide polymor-
phisms (SNPs) in the array plate were monomorphic in the
Korean population. After excluding monomorphic variants,

86,949 SNPs remained, and SNPs showing (1) call rates < 0.95
in cases or controls (n=0), (2) deviation from the Hardy-
Weinberg equilibrium (HWE) (p < 110–6) in controls (n=36),
or (3) minor allele frequencies < 0.01 (n=36,781) in cases and
controls were excluded. There were 40,659 markers remain-
ing, the mean success rate of individuals was 0.998 after fil-
tering, and 450 cases and 1,134 controls were included in the
discovery stage. 

For replication, 803 gastric cancer cases and 3,693 healthy
controls who were recruited as part of the Korean Genome
Epidemiology Study (KoGES) from an urban community
were used. The genotyping was performed using an Affy-
metrix Genome-wide Human SNP Array 6.0 (Affymetrix
Inc.), and 569,930 variants were available for further analysis
after the same quality control criteria were applied.

3. Imputation of genotypes

Genotypes were phased using SHAPEIT (v2. r837), and
genotype imputation was performed using IMPUTE2 (2.3.2).
The 1000 Genome Project phase 3 East Asian Ancestry sam-
ple (n=504) was used for a reference panel. The variants with
INFO scores above 0.6 were retained for an NCC sample
(n=2,073,558), and for KoGES, variants with INFO  0.9
(n=6,699,176) were selected. After controlling for the miss-
ingness rate, HWE, and minor allele frequency, 713,348 SNPs
for NCC and 4,470,730 SNPs for KoGES were available for
further analysis. 

4. Statistical analysis 

For the discovery stage, logistic regression analysis based
on an additive genetic model was performed to identify the
association between each SNP and gastric cancer status with
adjustments for age and sex. In addition, we performed strat-
ified analysis by sex. The SNPs with a p-value of < 5105 in
the total population or either the male or female subgroup
were selected for replication in the KoGES samples. A total
of 51 SNPs for the total population, 36 SNPs for males, and
52 SNPs for females were replicated in the KoGES samples.
In the replication stage, logistic regression analysis based on
an additive genetic model was also applied with adjustment
for age and sex. For the replicated SNPs showing statistical
significance (p < 0.05 in the replication phase), a codominant
model with the homozygote of the major allele as a reference
was applied to calculate frequencies and odds ratios (ORs). 

In addition, the effect of the PSCA gene was adjusted, and
the SNPs with p-value of < 5105 for the total population
and males and SNPs with p-value of < 1105 for females in
the discovery stage were selected for replication. 

To combine the association results for the discovery and
replication stages, a meta-analysis with a fixed-effect model
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was applied. For replicated SNPs showing statistical signifi-
cance (p < 0.05), regional plots and linkage disequilibrium
(LD) are presented. In addition, to compare our results with
those of SNPs confirmed to be associated in previous
GWASs, ORs of the SNPs that were successfully genotyped
or imputed in the GWAS phase in the NCC study population
were calculated. These analyses were performed with PLINK
v.1.07 [13], R statistical software, METAL [14], and Haplo-
View.

5. Ethical statement 

All participants provided written informed consent. The
study protocol was approved by the Institutional Review
Board of the NCC (IRB No. 11-438).

Results

A summary of the subjects included in the discovery and
replication phase is presented in Table 1. In the GWAS phase,
450 gastric cancer cases including 191 diffuse types, 167 
intestinal types, and 92 indeterminate or mixed types, along
with 1,134 controls, were included; 803 gastric cancer cases
with 394 diffuse types and 409 intestinal types, along with
3,693 controls, were included in replication phase. 

In the discovery association analysis adjusted for age and
sex, SNPs with p-value of < 5105 were considered for repli-
cation. The Manhattan plot and QQ plots of the total, male,
and female subjects are presented in S1-S3 Figs. S4-S6 Tables
provide the complete results of the discovery and replication

phases for the total study subjects, males, and females for the
respective 51, 36, and 52 SNPs that showed p-values of 
< 5105 in the discovery stage, and the corresponding results
for these SNPs are also presented for the replication stage
and the meta-analysis results. The selected SNPs with p-val-
ues of < 5105 in all study subjects and females fell into two
large LD blocks. The SNPs in chromosome 8 were located in
the PSCA gene, including rs2294008 and 2296392, which
were identified in a previous GWAS [6] and were all in the
LD block with r2 > 0.9 (Fig. 1). 

Table 2 presents up to three SNPs with p-values of < 5105

after LD consideration (if SNPs showed an r2 > 0.7, the most
significant SNP was presented). In the case of SNPs located
in a large LD block in the PSCA gene, the results of the most
significant SNP (rs2976394) and rs2294008, the latter of which
is the most commonly reported SNP in the PSCA gene accor-
ding to previous studies, are presented in the table. In the
total population, rs2976394 and rs2294008 in the PSCA gene
were associated with gastric cancer with genome-wide sig-
nificance and showed significant association in the replica-
tion phase in the additive model (per increment of C; OR,
0.62; 95% confidence interval [CI], 0.52 to 0.73) in the discov-
ery phase and OR, 0.75; 95% CI, 0.67 to 0.84 in the replication
phase). In the NCC population, the rs2976394 TC and CC
genotypes were associated with a 0.69- and 0.37-fold decrea-
sed cancer risk, respectively, in the codominant model (95%
CI, 0.53 to 0.89 and 0.26 to 0.52). In the replication phase, the
corresponding ORs were 0.92 (95% CI, 0.77 to 1.10) and 0.53
(95% CI, 0.42 to 0.67). The meta-analysis ORs of the rs2976394
TC and CC genotypes were 0.84 (95% CI, 0.72 to 0.97) and
0.47 (95% CI, 0.39 to 0.57), respectively. The per increment of
C in rs2294008 and the TC and CC genotypes also showed
decreased gastric cancer risk in the NCC population, the

NCC KoGES                                                   
Gastric cancer cases Controls Gastric cancer cases Controls

Total 450 ( 1,134 ( 803 ( 3,693 (
Sex

Male 297 (66.0) 539 (47.5) 533 (66.4) 1,648 (44.6)
Female 153 (34.0) 595 (52.5) 270 (33.6) 2,045 (55.4)

Age (yr)
Mean±SD 55.4±10.7 52.1±8.5 56.1±11.6 53.1±8.6

Gastric cancer type
Diffuse 191 (42.4) - 394 (49.1) -
Intestinal 167 (37.1) - 409 (50.9) -
Mixed, indeterminate 92 (20.4) - 0 ( -

Table 1. Summary demographic description of the study subjects

Values are presented as number (%). NCC, National Cancer Center; KoGES, Korean Genome Epidemiology Study; SD, stan-
dard deviation.
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replication phase, and in the meta-analysis results, with 
association strengths similar to that for rs2976394, reflecting
the high LD between these two SNPs. 

However, another variant, rs12025565 in chromosome 1,
showed an increased risk of 1.45-fold (95% CI, 1.21 to 1.73)
per increment of A, 1.72-fold (95% CI, 1.35 to 2.19) for the GA
genotype and 1.64-fold (95% CI, 1.06 to 2.55) for the AA
genotype in the NCC population but was not replicated in
the KoGES population. 

In the sex-stratified analysis, rs2976394 and rs2294008
showed similar associations in females, with a significantly
replicated association in KoGES females. rs12233126 in chro-
mosome 2 (EIF5B) showed an increased risk (1.77-fold; 95%
CI, 1.35 to 2.34, p=4.67E-05) for the AA genotype in the NCC
female population but failed to replicate the association. In
males, the PSCA gene variants did not show a significant 
association in the discovery and replication phases, and
rs6926644, rs7215433, and rs74396937 were selected but failed
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to show significance in the replication phase. 
We conducted an association analysis after adjusting for

known associated SNPs in the PSCA gene (rs2294008 [6]).
After considering LD, rs371061408 in chromosome 1 for all
subjects; rs6936644, rs7669841, and rs7215433 for male sub-
jects; and rs12233126, rs111673703, and rs10463885 in female
subjects were selected with a marginal association (Table 3).
However, none of the associations were replicable. The com-
plete results of the discovery and replication phases after 
adjusting for the PSCA gene for total study subjects, males,
and females for 8, 31, and 8 SNPs are shown in S7-S9 Tables.

In Table 4, our discovery stage results are presented for
seven SNPs that were investigated in previous gastric cancer
GWASs. Five SNPs were not genotyped or imputed in the
NCC population. We confirmed a previous GWAS result of
an association between SNPs in downstream (rs140081212)
or missense variants (rs760077) of the MTX1 gene and the
risk of gastric cancer. Another SNP (rs6676150) reported by
Helgason et al. [11] was also confirmed. However, we did
not observe evidence that other SNPs reported in the GWAS
study were also associated in our data. 

Discussion

To the best of the authors’ knowledge, this study is the first
GWAS of gastric cancer in a Korean population with a repli-
cation population of the same ethnicity [12]. Based on this
GWAS analysis, we confirmed that the PSCA gene is a sus-
ceptibility gene for gastric cancer in a Korean population. 

The PSCA gene encodes a 123-amino acid glycosylphos-
phatidylinositol-anchored cell membrane glycoprotein rela-
ted to signal transduction and cell-growth regulation [15,16].
Expression of the PSCA protein is highly expressed and 
up-regulated in not only prostate but also pancreatic cancers
[16,17]. However, PSCA expression was reduced in the blad-
der, esophagus, and gastric cancer [6,18], and the downreg-
ulation was more prominent in diffuse types of gastric cancer
[6]. The association between the PSCA gene and gastric can-
cer susceptibility was first identified in a GWAS in a Japanese
population with a more prominent effect in diffuse-type gas-
tric cancer, and these results were also well replicated in a
Korean population. In functional assays, PSCA inhibited cell
proliferation and induced cell death, and the rs2294008 C>T
transition reduced the transcriptional activity of PSCA; how-
ever, other risk alleles in PSCA did not change transcriptional
activity, suggesting that there was a modulator effect for the
rs2294008 SNP on PSCA promoter activity [6]. Following the
GWAS, the association of rs2294008 with gastric cancer has
been investigated extensively, and recent meta-analyses
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showed that the T allele of rs2294008 in the PSCA gene 
increased gastric cancer risk, especially for non-cardiac or
diffuse gastric cancer, in an Asian population [19,20]. A 
recent study in a Caucasian population showed similar 
results in gastric cancer development and determined that
rs2294008C>T was associated with worse prognosis in dif-
fuse-type gastric cancer patients [21]. 

In this study, we confirmed the association of the PSCA
gene and gastric cancer risk with genome-wide significance.
When the minor allele (C) was considered as a risk allele, it
decreased gastric cancer risk, while the T allele increased the
gastric cancer risk. The most significant SNP in this study
was rs2976394, with strong LD in rs2294008 (r2 > 0.95). A pre-
vious candidate SNP approach in Korean gastric cancer cases
and controls also showed an increased association of the T
allele of rs2294008 with gastric cancer risk [22]. The selected
and replicated SNPs with statistical significance in this study
were all included in the LD block of the PSCA gene. How-
ever, when we stratified the analysis according to sex, the 
association of SNPs in the PSCA gene, including rs2294008
and 2976394, was more prominent in females. In males,
rs2976394 showed a p-value of 3104, and rs2294008 had a
p-value of 6104 (data not shown). However, the association
of rs2294008 between males and females did not differ in a
previous Korean study [22]. In Korea, the behavioral risk fac-
tors for gastric cancer differ by sex. Although the H. pylori
infection rates were similar between males and females [23],
the smoking rate was much higher in males (42.1% vs. 6.2%),
and sodium and processed meat intake were higher in the
male population [24]. These differences in behavioral pat-
terns between males and females might affect the signifi-
cance of the PSCA gene on gastric cancer. Further studies to
identify sex differences may be needed. When gastric cancer
was divided by histological type, i.e., diffuse and intestinal
type, the association of polymorphisms in the PSCA gene
was more prominent in the diffuse type. For rs2294008, the
ORs per increment of the C allele were 0.50 (95% CI, 0.39 to
0.63; p=1.98108) in the discovery phase and 0.66 (95% CI,
0.57 to 0.77; p=1.43107) in the replication phase for diffuse
type cancer, similar to the results of a previous GWAS [6]
and other studies [19,20]. Otherwise, in intestinal type cancer,
the ORs per increment of the C allele were 1.23 (95% CI, 0.97
to 1.57; p=0.08) in the discovery phase result and 0.85 (95%
CI, 0.73 to 0.99, p=0.03) in the replication phase.

Compared to previous GWASs, this study showed a sig-
nificant association between variants in the MTX1 gene and
gastric cancer (rs760077 and rs140081212), as also reported
by Helgason et al. [11]. The MTX gene encodes a mitochon-
drial protein [25], and in terms of gastric cancer risk-related
functions, the MTX1 gene is classified as an apoptosis and
proliferation gene [26]. The MTX1 gene showed strong LD
with the MUC1 gene [11,26]. Helgason et al. [11] also found

that rs760077 was perfectly correlated with rs4072037, which
has an effect on alternative splicing of MUC1. Although we
did not find an association for rs4072037 (MUC1) in our
study subjects (Table 4), we identified the association bet-
ween rs2070803, another polymorphism downstream of both
MUC1 and the ITRIM46 gene [26], and gastric cancer. ITRIM-
46 also showed association with gastric cancer (p=0.02, data
not shown), suggesting plausible associations of rs760077
and rs140081212 polymorphisms in this population. Among
the SNPs studied in prior GWASs, a previous candidate SNP
approach in a Korean population demonstrated significant
associations of rs10074991, 13361707 (PRKAA1) [27], rs407-
2037 (MUC1), and rs2274223 (PLCE) [28], but we did not find
associations of these polymorphisms with gastric cancer. In
addition, another replication study of six SNPs from previ-
ous GWASs also identified that only two genes—PRKAA1
and PSCA—showed significant associations in the Korean
population [29].

Several limitations of this study need to be mentioned.
First, in this study, information about environmental factors,
such as smoking, H. pylori infection, diet, and family history,
were not considered, although these are significant risk fac-
tors for gastric cancer [3,4]. However, considering the defi-
nition of confounder, variations in genes as explanatory
variables are unaffected by environmental factors. Therefore,
the environmental factors that were not considered may not
be confounders, although they could act as intermediate vari-
ables between SNPs and gastric cancer [6]. Second, the num-
ber of subjects in this study was relatively smaller than the
number in previous GWASs, and the statistical power was
limited. Despite these limitations, this is the first GWAS with
genetically homogeneous replication subjects from a Korean
population. In addition, conditional analysis of the PSCA
gene may confirm that PSCA is the most important genetic
variation associated with gastric cancer in a Korean popula-
tion. 

In summary, we confirmed that variants in the PSCA gene
showed significant GWAS associations in a Korean popula-
tion for gastric cancer, especially for females and diffuse type
gastric cancer. In addition, polymorphisms in the MTX1 gene
showed associations with gastric cancer, possibly due to cor-
relation with the MUC1 gene.  
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Application of the International Metastatic Renal Cell Carcinoma Database 
Consortium and Memorial Sloan Kettering Cancer Center Risk Models in Patients 
with Metastatic Non-clear Cell Renal Cell Carcinoma: A Multi-institutional 
Retrospective Study Using the Korean Metastatic Renal Cell Carcinoma Registry
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Purpose
The International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) and the
Memorial Sloan Kettering Cancer Center (MSKCC) risk models were developed predomi-
nantly with clear cell renal cell carcinoma (RCC). Accordingly, whether these two models
could be applied to metastatic non-clear cell RCC (mNCCRCC) as well has not been well-
known and was investigated herein. 

Materials and Methods
From the Korean metastatic RCC registry, a total of 156 patients (8.1%) with mNCCRCC
among the entire cohort of 1,922 patients were analyzed. Both models were applied to pre-
dict first-line progression-free survival (PFS), total PFS, and cancer-specific survival (CSS). 

Results
The median first-line PFS, total PFS, and CSS were 5, 6, and 24 months, respectively. The
IMDC risk model reliably discriminated three risk groups to predict survival: the median first-
line PFS, total PFS, and CSS for the favorable, intermediate, and poor risk groups were 9,
5, and, 2 months (p=0.001); 14, 7, and 2 months (p < 0.001); and 41, 21, and 8 months
(p < 0.001), all respectively. The MSKCC risk model also reliably differentiated three risk
groups: 9, 5, and, 2 months (p=0.005); 10, 7, and 3 months (p=0.002); and 50, 21, and 8
months (p < 0.001), also all respectively. The concordance indices were 0.632 with the
IMDC model and  0.643 with the MSKCC model for first-line PFS: 0.748 and 0.655 for CSS.       

Conclusion
The current IMDC and MSKCC risk models reliably predict first-line PFS, total PFS, and CSS
in mNCCRCC.

Key words
Non-clear cell, Metastatic renal cell carcinoma, Prognosis, 
Criteria, Validation, Korean
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Introduction

Renal cell carcinoma (RCC) is a common malignancy in
urologic cancer; in the United States, over 65,000 cases of
newly diagnosed RCC were reported in 2012, with 13,500 
associated mortalities [1]. According to the World Health 
Organization (WHO) classification system [2], clear cell RCC
(CCRCC) is the most common type; accounting for up to 80%
of cases. The remaining subtypes, papillary, chromophobe,
collecting duct, unclassified, and Xp11.2 transposition, are
often classified as non-clear cell RCC (NCCRCC). Among
these patients, metastatic disease was observed in 20%-30%
of newly diagnosed RCC, even in those with localized RCC
after curative treatment during follow-up [3].

Systemic therapies for metastatic RCC have consisted pri-
marily of conventional immunotherapies such as with inter-
feron alpha or interleukin 2 [3,4]; however, the outcomes of
these drugs were often not satisfactory. Subsequently, novel
agents that targeted the members of vascular endothelial
growth factor (VEGF) and the mammalian target of rapa-
mycin (mTOR) pathways were introduced as targeted ther-
apy (TT) and recommended as the standard of care in meta-
static RCC [5]. More recently, novel immunotherapies target-
ing the immune checkpoint pathway mediated by the pro-
grammed cell death protein 1 receptor and its ligands (PD-L1
and PD-L2) have been adopted, and several randomized tri-
als are underway [6,7].

The International Metastatic Renal Cell Carcinoma Data-
base Consortium (IMDC) model (also known as the Heng cri-
teria) [8,9] was developed and validated for patients diag-
nosed with metastatic RCC receiving first-line TT and com-
prises six independent predictors: Karnofsky performance
status (KPS) < 80%, time from diagnosis to treatment interval
< 1 year, anemia, hypercalcemia, neutrophilia, and thrombo-
cytosis. Another well-known prognostic model, the Memo-
rial Sloan Kettering Cancer Center (MSKCC) risk model [10],
had already been introduced in the era of conventional 
immunotherapy and had five predictors: KPS < 80%, time
from diagnosis to treatment interval < 1 year, high serum lac-
tate dehydrogenase, anemia, and hypercalcemia. In both
models, patients were classified into favorable (0 factors), 
intermediate (1-2 factors), and poor ( 3 factors) risk groups
according to the number of poor prognostic factors. Impor-
tantly, both risk models were developed without considera-
tion of the histologic subtypes. Subsequently, the results
were presumed to have been strongly affected by CCRCC,
the predominant histologic subtype in the study cohorts. 
Accordingly, whether these two models could be applied to
NCCRCC as well has not been well-known [11]. In addition,
it is unclear whether both risk models are also relevant to
Asian patients. With this regard, we aimed to investigate the

applicability of both the IMDC and MSKCC risk models in
Korean patients with metastatic NCCRCC (mNCCRCC)
treated with conventional immunotherapy and/or TT.

Materials and Methods

1. Study cohort

The Korean Renal Cancer Study group was organized in
2013 and comprises 11 academic institutions nationwide.
Data from each institution were collected from March to 
October 2013; the web-based Korean Kidney Cancer data-
base system for RCC was founded in March 2014. Subse-
quently, the Korean RCC registry was finally established,
and it was divided into metastatic and localized RCC in 2017.
This study was based on the Korean metastatic RCC registry.
At the time of analysis, the registry covered data on 1,922 
patients who have received TT (vascular endothelial growth
factor–tyrosine kinase inhibitors [VEGF-TKIs], mammalian
target of rapamycin inhibitor [mTORi]) or cytokines as first-
line treatments between 2001 and 2016.

All institutions obtained institutional review board appro-
vals before inputting data into the registry. Unified data tem-
plates were used for consistent data collection at each insti-
tution. Survival data were retrospectively reviewed from
medical records or identified from death certificate data.  

2. Data acquisition and definition

Progression was defined according to radiographic criteria
using the Response Evaluation Criteria in Solid Tumors 
ver. 1.1 [12]. Treatment was continued until disease progres-
sion was detected or intolerable adverse events were 
reported. We defined first-line progression-free survival
(PFS) as the period between the date of the first treatment
session and progressive disease and cancer-specific survival
(CSS) as the period between the date of the first treatment
session and RCC-related death or the last follow-up visit. We
defined total PFS as the sum of the first-line PFS and subse-
quent treatment PFS.

3. Statistical analyses

We used Kaplan-Meier curve analysis to calculate survival
estimates for first-line PFS, total PFS, and CSS. Also, we used
the log-rank test to compare the different groups: CCRCC vs.
NCCRCC and favorable vs. intermediate vs. poor risk gro-
ups according to both models. We applied both the IMDC
and MSKCC risk models in mNCCRCC patients using Cox
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regression. We calculated the concordance index (c-index) to
evaluate the predictive accuracy of both models; a c-index of
0.5 represents no predictive accuracy and an index of 1 indi-
cates perfect accuracy [13]. In addition, we performed sub-
group analyses in the patients who were treated with VEGF-
TKIs or mTORi as first-line therapy. We considered a two
sided p-value less than 0.05 statistically significant, and we
performed all statistical analyses using SAS statistical soft-
ware ver. 9.4 (SAS Institute Inc., Cary, NC) and R-project
software ver. 3.3.3 (R Foundation, Vienna, Austria).

4. Ethical statement

The Institutional Review Board of the National Cancer
Center approved this study (approval number: 2018-0103-
0001). As the present study was carried out retrospectively,
written informed consent from patients was waived. Per-
sonal identifiers were completely removed and the data were
analyzed anonymously. Our study was conducted according
to the ethical standards recommended by the 1964 Declara-
tion of Helsinki and its later amendments.

Results

The Korean metastatic RCC registry comprised 1,922 pati-
ents at the time of our analyses. Overall, 156 patients (8.1%)
had mNCCRCC: 93 papillary RCC (59.6%), 20 chromophobe
RCC (12.8%), 18 collecting duct (11.5%), 16 unclassified
(10.3%), and nine RCC with Xp11.2 translocation (5.8%)
(Table 1). The mNCCRCC cohort had significantly inferior
survival outcomes to those for metastatic CCRCC in terms
of first-line PFS (median, 5.0 months vs. 8.0 months; p=0.001),
total PFS (median, 6.0 months vs. 12.0 months; p < 0.001), and
CSS (median, 24.0 months vs. 31.0 months, p=0.027) (Fig. 1).

Table 1. Baseline characteristics of patients with metasta-
tic non-clear cell renal cell carcinoma 

(Continued)

Characteristic No. (%) (n=156)
Age, median (IQR, yr) 57 (46-67)
Male sex 108 (69.2)
KPS
 90 135 (86.5)
80 11 (7.1)
 70 1 (0.6)
Unknown 9 (5.8)

ECOG
0 56 (35.9)
1 79 (50.6)
 2 12 (7.7)
Unknown 9 (5.8)

Histology
Papillary 93 (59.6)
Chromophobe 20 (12.8)
Collecting duct 18 (11.5)
Unclassified 16 (10.3)
Xp11.2 translocation 9 (5.8)

Type of first-line therapy
Cytokines 14 (9.0)
VEGF-TKIs 79 (50.6)

Sunitinib 53 (67.1)
Sorafenib 10 (12.7)
Pazopanib 15 (19.0)
Axitinib 1 (1.2)

mTORi 63 (40.4)
Everolimus 16 (25.4)
Temsirolimus 47 (74.6)

IMDC risk group at start of first-line therapy
Favorable 36 (23.2)
Intermediate 91 (58.7)
Poor 28 (18.1)

MSKCC risk group at start of first-line therapy
Favorable 37 (23.9)
Intermediate 96 (61.9)
Poor 22 (14.2)

Type of metastasis
Synchronous 76 (48.7)
Metachronous 80 (51.3)

Site of metastasis
Lung 71 (46.1)
Liver 41 (26.6)
Lymph nodes 82 (53.3)
Bone 66 (42.9)
Brain 5 (3.3)

Table 1. Continued

IQR, interquartile range; KPS, Karnofsky performance sta-
tus; ECOG, Eastern Cooperative Oncology Group; VEGF,
vascular endothelial growth factor; TKI, tyrosine kinase
inhibitor; mTORi, mammalian target of rapamycin inhi-
bitor; IMDC, International Metastatic Renal Cell Carci-
noma Database Consortium; MSKCC, Memorial Sloan
Kettering Cancer Center.

Characteristic No. (%) (n=156)
Cytoreductive nephrectomy, yes 93 (59.6)
Metastasectomy, yes 30 (19.5)
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The baseline characteristics including clinicopathological
and laboratory data as described in the development studies
of both risk models [8-10] are summarized in Table 1 and 
S1 Table. The majority of patients were treated with TT
(91.0%); only 14 patients (9.0%) were treated with cytokine
immunotherapy as the first-line therapy. The lymph nodes
were the most common (53.3%) site of metastasis, followed
by the lung (46.1%), bone (42.9%), liver (26.6%), and brain
(3.3%).

1. IMDC risk model for mNCCRCC

The IMDC risk model reliably discriminated three risk
groups to predict first-line PFS, total PFS, and CSS; the 
median first-line PFS, total PFS, and CSS for the favorable,

intermediate, and poor risk groups were 9, 5, and, 2 months
(p=0.001); 14, 7, and 2 months (p < 0.001); and 41, 21, and 8
months (p < 0.001), all respectively (Fig. 2).

Multivariable Cox regression analysis with variables that
were included in the IMDC risk model revealed that higher
neutrophil count (hazard ratio [HR], 3.798; 95% confidence
interval [CI], 1.527 to 9.448) was a significant prognostic fac-
tor for first-line PFS, and shorter time interval between diag-
nosis and systemic therapy (HR, 2.386; 95% CI, 1.076 to
5.293), higher calcium level (HR, 7.219; 95% CI, 2.238 to
23.289), and higher neutrophil count (HR, 5.981; 95% CI,
2.315 to 15.450) were significant prognostic factors for CSS
(p < 0.05) (Table 2). The c-indices were 0.632 (standard error
[SE], 0.059) for first-line PFS and 0.748 (SE, 0.052) for CSS. 

Log-rank test: p=0.001
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Fig. 1.  Kaplan-Meier survival curves for first-line progression-free survival (PFS) (A), total PFS (B), and cancer-specific sur-
vival (CSS) (C) for patients with clear cell and non-clear cell metastatic renal cell carcinoma.
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2. IMDC risk model for subgroup analyses of patients
treated with VEGF-TKIs and mTORi as first-line treatment

In subgroup analyses for patients treated with VEGF-TKIs
as first-line treatment, the IMDC risk model also reliably dis-
criminated three risk groups to predict first-line PFS, total

PFS, and CSS: The medians for the favorable, intermediate,
and poor risk groups were 10, 5, and, 2 months (p=0.256);
15.5, 9, and 2 months (p=0.123); and 37, 26, and 6 months 
(p < 0.001), respectively (S2 Fig.).

In concordance with the results for the VEGF-TKIs sub-
group, subgroup analyses for patients treated with mTORi
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Fig. 2.  Kaplan-Meier survival curves for first-line progression-free survival (PFS) (A), total PFS (B), and cancer-specific sur-
vival (CSS) (C) according to the International Metastatic Renal Cell Carcinoma Database Consortium risk model in patients
with non-clear cell metastatic renal cell carcinoma (total cohort). CI, confidence interval.
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also showed the reliable discriminative ability of the IMDC
risk model: the medians for the favorable, intermediate, and
poor risk groups for first-line PFS, total PFS, and CSS were
5, 4, and 2 months (p=0.002); 10, 6, and 2 months (p=0.004);
and 36, 14, and 11 months (p=0.075), respectively (S3 Fig.).

3. MSKCC risk model for mNCCRCC

The MSKCC risk model also reliably differentiated three
risk groups: the median first-line PFS, total PFS, and CSS for
the favorable, intermediate, and poor risk groups were 9, 5,
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Fig. 3.  Kaplan-Meier survival curves for first-line progression-free survival (PFS) (A), total PFS (B), and cancer-specific sur-
vival (CSS) (C) according to the Memorial Sloan Kettering Cancer Center risk model in patients with non-clear cell metastatic
renal cell carcinoma (total cohort). CI, confidence interval.
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and, 2 months (p=0.005); 10, 7, and 3 months (p=0.002); and
50, 21, and 8 months (p < 0.001), respectively (Fig. 3). 

Multivariable Cox regression analysis with variables that
were included in the MSKCC risk model revealed that 
hypercalcemia (HR, 6.367; 95% CI, 1.051 to 38.592) was a sig-
nificant prognostic factor for CSS (p=0.044) (Table 3). The 
c-indices were 0.643 (SE, 0.097) for first-line PFS and 0.655
(SE, 0.089) for CSS.

4. MSKCC risk model for subgroup analyses of patients
treated with VEGF-TKIs and mTORi as first-line treatment

In subgroup analyses for patients treated with VEGF-TKIs
as first-line treatment, the MSKCC risk model reliably dis-
criminated three risk groups to predict first-line PFS, total
PFS, and CSS: the medians for the favorable, intermediate,
and poor risk groups were 11.5, 5, and, 3 months (p=0.175);
15, 9, and 3 months (p=0.143); and 39, 26, and 6 months 
(p < 0.001), respectively (S4 Fig.).

The other subgroup analyses for patients treated with
mTORi also showed reliable discriminative ability for the
IMDC risk model: these medians for the favorable, interme-
diate, and poor risk groups for first-line PFS and CSS were
5, 4, and 2 months (p=0.038) and 36, 17, and 11 months
(p=0.101), respectively (S4 Fig.). However, the IMDC risk
model did not discriminate total PFS between the three
groups (5, 6, and 3 months, respectively, p=0.050) (S5 Fig.).

Discussion

To the best of our knowledge, this is the largest nationwide
study to investigate mNCCRCC treated with TT in Asian
population, even one of the largest studies worldwide
[11,14,15]. In Korea, the incidence of RCC is lower than that
worldwide at 3% [16]; a total of 4,471 cases (2.0%) were repor-
ted in 2014 according to the Korea Cancer Registry Annual
Report 2016. However, the annual percentage change in RCC
has been increasing gradually, and the value of 5.8% was 
reported between 1999 and 2012 [17]. Among these cases,
11.3% of patients presented with metastatic disease at the
time of diagnosis in 2014.

Regarding the survival outcomes, the current study
showed that mNCCRCC patients had inferior outcomes than
did CCRCC patients in the TT era (Fig. 1). Upton et al. [18]
reported that mNCCRCC had worse response to conven-
tional immunotherapies than CCRCC (overall response rate
6% vs. 21%, respectively). In a recent large retrospective
analysis of the IMDC, Kroeger et al. [11] found that mNC-
CRCC patients had significantly poorer overall survival (OS)

than did patients with CCRCC treated with TT agents (12.8
months vs. 22.3 months, p < 0.001); chromophobe RCC had
the best OS, and those with papillary and unclassified RCC
had the worst OS. Consequently, we tentatively conclude 
inferior survival outcomes for mNCCRCC. However, the still
small number of NCCRCC patients—only 8.1% in the cur-
rent study—should not be overlooked when generalizing our
findings; we need to focus more on the individual subtypes
when evaluating patients’ prognoses.

Until now, there was no other prognostic risk model for
exclusively assessing mNCCRCC. Instead, a previous study
demonstrated that the IMDC risk model reliably segregated
NCCRCC into three risk groups in time to treatment failure
and OS [11]. In concordance with that study, we found that
the IMDC risk model reliably discriminated three risk groups
to predict first-line PFS, total PFS, and CSS (all p < 0.05) (Fig. 2).
Additionally, the MSKCC risk model also reliably differen-
tiated three risk groups (all p < 0.05) (Fig. 3). Notably, the 
accuracy in discriminating outcomes according to the c-indi-
ces was higher with the IMDC model (0.748 for CSS) than
with the MSKCC model (0.655 for CSS) (Table 3). Previous
studies also reported that the IMDC model had slightly bet-
ter discriminatory accuracy than the MSKCC model [11,19,20].
These results reflect the fact that the IMDC model was orig-
inally developed and validated as a prognostic model for 
patients treated with TT; the MSKCC model was the most
often used prognostic model in the conventional immu-
notherapy era. In the current study, the majority of patients
were treated with TT as first-line treatment (VEGF-TKIs,
50.6%, mTORi, 40.4%) (Table 1).

More importantly, in the current study, we evaluated total
PFS, not just first-line PFS. The IMDC model had been 
developed and validated for patients who received first-line
TT [8], and the MSKCC model was proposed as a second-line
prognostic model [10]. Considering this, we performed 
additional analyses in this including all patients through
third-line treatment; we found that both risk models reliably
discriminated three groups even in other treatment lines
(Figs. 2 and 3). In addition, we performed subgroup analyses
for patients treated with VEGF-TKIs or mTORi as first-line
treatment, and we found that both the IMDC and MSKCC
risk models reliably discriminated three risk groups to pre-
dict survival outcomes according to the first-line treatments
(S2-S5 Figs.). 

The current study has a number of limitations. First, even
with a large multicenter study design, our cohort is still rel-
atively small due to the rarity of NCCRCC. In addition, our
study is based on a highly heterogeneous study cohort (e.g.,
different first-line treatment agents, metastasis sites, and sta-
tuses regarding previous cytoreductive nephrectomy, metas-
tasectomy, etc.) (Table 1). Finally, we did not conduct a cen-
tral review of pathology; accordingly, subsequent misclassi-
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fication of some tumors might have affected survival out-
comes. However, this is the largest study of mNCCRCC in
an Asian population, and it can serve as support for previous
results in Western populations [11,14,15]. Further larger
studies are warranted to validate and generalize our results.

In conclusion, the current IMDC and MSKCC risk models
reliably predict first-line PFS, total PFS, and CSS in mNC-
CRCC patients. In subgroup analyses, both risk models also
reliably discriminated three risk groups treated with VEGF-
TKIs or mTORi as first-line treatment. 
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Salvage Concurrent Chemo-radiation Therapy for Loco-regional 
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Purpose
This study is to report clinical outcomes of salvage concurrent chemo-radiation therapy
(CCRT) in treating patients with loco-regional recurrence (LRR) following initial complete 
resection of non-small cell lung cancer.

Materials and Methods
Between February 2004 and December 2016, 127 patients underwent salvage CCRT for
LRR. The median radiation therapy (RT) dose was 66 Gy and clinical target volume (CTV)
was to cover recurrent lesion with margin without elective inclusion of regional lymphatics.
Majority of patients (94.5%) received weekly platinum-based doublet chemotherapy during
RT course. 

Results
The median follow-up time from the start of CCRT was 25 months. The median survival 
duration was 49 months, and overall survival (OS) rates at 2 and 5 years were 72.9% and
43.9%. The 2- and 5-year rates of in-field failure-free survival, distant metastasis free sur-
vival, and progression free survival were 82.4% and 73.8%, 50.4% and 39.9%, and 34.6%
and 22.3%, respectively. Grade  3 radiation-related esophagitis and pneumonitis occurred
in 14 (11.0%) and six patients (4.7%), respectively. On both univariate and multivariate
analysis, higher biologically equivalent dose (BED10) ( 79.2 Gy10 vs. < 79.2 Gy10; hazard
ratio [HR], 0.431), smaller CTV ( 80 cm3 vs. > 80 cm3; HR, 0.403), and longer disease-free 
interval (> 1 year vs.  1 year; HR, 0.489) were significantly favorable factors for OS.       

Conclusion
The current study has demonstrated that high dose salvage CCRT focused to the involved
lesion only was highly effective and safe. In particular, higher BED10, smaller CTV, and longer
disease-free interval were favorable factors for improved survival.

Key words
Non-small cell lung carcinoma, Loco-regional recurrence, 
Salvage concurrent chemo-radiation therapy 
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Introduction

Lung cancer is the worldwide leading cause of cancer
death and the same is applied to Korea [1,2]. Even with 
remarkable advancement in radiation therapy (RT) tech-
niques and chemotherapy regimens, surgical resection still
remains the choice of treatment for resectable non-small cell
lung cancer (NSCLC) patients. However, the recurrence rates
even following apparently complete curative resection have
been reported as 25%-51% [3-7]. The post-recurrence prog-
nosis has been generally poor, and the median survival 
duration following recurrence has been reported as 8.1-21
months in the previous literatures [4-6,8], which largely 
depends on the recurrence site and subsequent therapeutic
approach [8,9]. In case of loco-regional recurrence (LRR), the
local treatment modality including re-operation or high dose
RT with or without concurrent chemotherapy would be con-
sidered, which could lead to for survival with local cure. 

There have been a few studies on aggressive re-operation
for resectable LRR or new primary lung cancer, most of
which reported promising survival outcomes [10,11]. Re-
operation, however, can usually be limited only to the patie-
nts with adequate cardio-pulmonary functional reserves con-
sidering the risk of surgical morbidity and motality. The
alternative option is high dose RT with or without concurrent
chemotherapy. Several studies on salvage RT for LRR repor-
ted the rates of overall survival (OS) at 2 years ranging from
30% to 62.4% and the median survival ranging from 14 to
54.8 months [12-19]. Most of these studies included relatively
small number of patients, with insufficient follow-up period.
Their survival outcomes, however, were comparable to or
even better than those of the patients who received radical
RT as the initial therapy [20-22]. In addition, Bae et al. [15]
previously demonstrated that the use of concurrent chemo-
radiation therapy (CCRT) was more favorable for OS over
RT alone. Some other investigators also reported that salvage
CCRT in treating the patients with LRR was promising
[16,18]. We would report the clinical outcomes and toxicity
profiles following exclusively salvage CCRT in treating the
patients who developed LRR following the initial curative
complete resection.

Materials and Methods

1. Patients

We retrospectively reviewed the medical records of all 
patients who underwent salvage CCRT in the authors’ hos-

pitals between February 2004 and December 2016 for LRR of
NSCLC following surgery. The decision on chemoradiother-
apy, instead of surgical resection, was made through the
multidisciplinary conference discussion, and all patients
were presumed to have had high risk by reoperation consid-
ering the patients’ condition, expected difficulty of resection,
and risk of post-surgical morbidity. The inclusion criteria
were (1) initial complete resection with or without adjuvant
chemotherapy but without adjuvant RT, (2) no evidence of
distant metastasis, and (3) CCRT with curative aim. 

The suspicion and diagnosis of LRR was made in 127 pati-
ents, based on enlarging or new lesion on two or more con-
secutive chest computed tomography (CT), coupled with
increased fluoro-deoxy-glucose uptake on positron emission
tomographycomputed tomography (PET-CT). In principle,
the diagnosis of LRR was to be made by cytopathological
confirmation whenever possible, either by bronchoscopic or
endobronchial ultrasound-guided needle biopsy and/or 
aspiration cytology, which was feasible in 80 patients (63.0%).  

2. Treatment 

RT was given using 4-, 6-, or 10-MV photon beams from
linear accelerators. The clinical target volume (CTV) was to
cover the recurrent gross lesion(s) only with 5-10 mm margin
in all directions but not to cover the regional lymphatics elec-
tively. Three-dimensional conformal RT using 3-4 beams was
mainly used in 118 patients (92.9%) and intensity-modulated
RT was used in nine (7.1%), who had relatively large CTV or
poor lung function. The typical planned dose schedule was
to deliver 66 Gy in 33 fractions, and the median total dose 
actually delivered was 66 Gy (range, 37 to 70 Gy). The 
median total dose converted into biologically equivalent
dose (BED10) was 79.2 Gy10 (range, 44.9 to 84.8 Gy10 ). 

Majority of patients (94.5%) were treated with weekly plat-
inum-based doublet chemotherapy during the RT course and
the chemotherapy regimens were weekly paclitaxel plus cis-
platin in 68 patients (53.5%), weekly docetaxel plus cisplatin
in 49 (38.6%), 3-weekly etoposide plus cisplatin in seven
(5.5%), and weekly paclitaxel plus carboplatin in three (2.4%),
respectively. The median number of weekly chemotherapy
cycles was six (range, 2 to 7). 

3. Endpoints and statistical analysis

The failure patterns following salvage CCRT were subdi-
vided into in-field failure (IFF), out-of-field regional failure,
and distant metastasis (DM): IFF was defined as the failure
within the radiation field; out-of-field regional failure was
defined as the failure in regional area out of radiation field;
and DM was defined as failure in distant organs including
parenchymal pulmonary metastasis, respectively. The end-
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points included the rates of IFF-free survival (IFFFS), loco-
regional failure-free survival (LRFFS), DM-free survival
(DMFS), progression-free survival (PFS), and OS. The dura-
tions of IFFFS, LRFFS, DMFS, PFS, and OS were calculated
from the date of start of RT to the date of the recurrence,
death, or the last follow-up. 

The chi-square test and t test were used to analyze the dis-
tributions of categorical and continuous variables, respec-
tively. The Kaplan-Meier method was used to determine the
survival rate. The log-rank test was used to compare the dif-
ferences between the groups, and the Cox proportional haz-
ards regression model was used for multivariate analysis. A
p-value less than 0.05 was considered statistically significant
and the software SPSS ver. 23.0 (IBM Corp., Armonk, NY)
was used for the statistical analysis.

4. Ethical statement

This study was approved by the Samsung Medical Center
Institutional Review Board (2018-03-160), and conducted in
accordance with the principles of the Declaration of Helsinki.
The informed consent was waived.

Results

1. Patients’ characteristics

The patients’ characteristics are summarized in Table 1.
The median age was 63 years (range, 37 to 79 years), and
79.5% of patients were male. Eastern Cooperative Oncology
Group performance scores were 0 in 30 patients (23.6%), one
in 91 (71.7%), and two in six (4.7%), respectively. The initial
types of surgery were pneumonectomy in 11 patients (8.7%),
lobectomy in 110 (86.6%), and sublobar resection in six
(4.7%), respectively. The pathologic stages following the ini-
tial surgery according to American Joint Cancer Committee
(AJCC) eighth stages were I in 37 patients (29.1%), II in 49
(38.6%), IIIa in 33 (26.0%), IIIb-c in five (3.9%), and unknown
in three (2.4%), who underwent the initial surgery at other
hospital, respectively. Adenocarcinoma and squamous cell
carcinoma were the most common histological types obser-
ved in 72 (56.7%) and 48 patients (37.8%), respectively, and
others were pleomorphic carcinoma in four, large cell carci-
noma in one, adeno-squamous cell carcinoma in one, and
combined squamous cell carcinoma with large cell carcinoma
in one, respectively. The median disease-free interval (DFI),
defined as the time from the initial surgery till the start of
salvage CCRT was 15 months (range, 1 to 80 months). LRR
following the initial surgery was subdivided into local, 

defined as the recurrence within or around the primary
tumor, regional, as the recurrence within regional lymphat-
ics, and loco-regional, as the recurrence including both local
and regional recurrence components, respectively. The pat-
terns of LRR were local in 21 patients (16.5%), regional in 81
(63.8%), and loco-regional in 25 (19.7%), respectively. All 
patients were re-staged as if they had been newly diagnosed
as having NSCLC according to the AJCC eighth stage, and
the recurrent stages were rI in nine patients (7.1%), rII in 12
(9.4%), rIIIa in 57 (44.9%), rIIIb in 48 (37.8%), and rIIIc in one
(0.8%), respectively.

Kyung Hwa Lee, Salvage CCRT for Postsurgical LRR of NSCLC

Table 1. Patients’ characteristics

Values are presented as median (range) or number (%).
ECOG, Eastern Cooperative Oncology Group. a)Stage 
according to American Joint Cancer Committee eighth edi-
tion.

Variable No. of patients
Age (yr) 63 (37-79) 
Sex

Male 101 (79.5)
Female 26 (20.5)

ECOG performance status
0 30 (23.6)
1 91 (71.7)
2 6 (4.7)

Initial type of surgery
Pneumonectomy 11 (8.7)
Lobectomy 110 (86.6)
Sublobar resection 6 (4.7)

Initial pathologic stagea)

I 37 (29.1)
II 49 (38.6)
IIIa 33 (26.0)
IIIb-c 5 (3.9)
Unknown 3 (2.4)

Histology
Adenocarcinoma 72 (56.7)
Squamous cell carcinoma 48 (37.8)
Others 7 (5.5)

Recurrent stagea)

rI 9 (7.1)
rII 12 (9.4)
rIIIa 57 (44.9)
rIIIb-c 49 (38.6)

Disease-free interval (yr)
> 1 73 (57.5)
 1 54 (42.5)
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2. Survival outcomes

The median follow-up time from the start of salvage CCRT
in all patients was 25.0 months (range, 1 to 112 months). The
median survival duration was 49 months and the 2- and 
5-year OS rates were 72.9% and 43.9%, respectively (Fig. 1A).
On the univariate analysis, the favorable factors with OS
were DFI longer than 1 year (p=0.009), BED10 higher than 79.2
Gy10 (p=0.012), and CTV smaller than 80 cm3 (p=0.001), 
respectively (Table 2). Multivariate Cox regression analysis
of the possible favorable prognostic factors for OS were
higher BED10 ( 79.2 Gy10 vs. < 79.2 Gy10; hazard ratio [HR],
0.431; 95% confidence interval [CI], 0.238 to 0.781; p=0.005),
smaller CTV ( 80 cm3 vs. > 80 cm3; HR, 0.403; 95% CI, 0.215
to 0.755; p=0.005), and longer DFI (> 1 year vs.  1 year; HR
0.489; 95% CI, 0.277 to 0.864; p=0.014), respectively. 

3. Failure pattetns following salvage CCRT

The 2- and 5-year rates of IFFFS, LRFFS, DMFS, and PFS
were 82.4% and 73.8%, 59.8% and 51.4%, 50.4% and 39.9%,
and 34.6% and 22.3%, respectively (Fig. 1B). Eighty patients
(63.0%) experienced further recurrence following salvage
CCRT. Fig. 2 presents failure patterns in relation to RT target
volume. Twenty patients (15.7%) developed IFF; 38 (29.9%)
did out-of-field regional failure; and 60 (47.2%) did DM, 
respectively. The BED10 higher than 79.2 Gy10 was the only
statistically significant factor for PFS (p=0.043) on the uni-
variate analysis (Table 2), and showed marginal significance
on multivariate Cox regression analysis ( 79.2 Gy10 vs. < 79.2

Gy10; HR, 0.597; 95% CI, 0.354 to 1.005; p=0.052). 

4. Toxicity

Though seven patients (5.5%) could not complete the ini-
tially planned treatment mostly due to appearance of unex-
pected acute events including esophagitis, pneumonia, and
worsening general condition, there was no incidence of
grade 4 or 5 toxicity, and most patients tolerated salvage
CCRT very well. The radiation-induced esophagitis was the
most common acute toxicity and grade 2-3 esophagitis 
occurred in 57 (44.9%) and 14 patients (11.0%), respectively.
Grade 2 and 3 delayed radiation pneumonitis occurred in
eight (6.3%) and six patients (4.7%), respecetively. Other rare
toxicities included grade 2-3 radiation dermititis in four
(3.2%) and grade 3 bronchial obstruction in one (0.8%), res-
pectively (Table 3).

Discussion

In treating the patients with locally advanced NSCLC, the
fact that CCRT could significantly improve OS and PFS,
when compared to RT alone, has been confirmed by several
randomized trials and systematic reviews [20,21]. Mean-
while, it has not been properly studied whether OS benefit
can be achieved by CCRT when compared with RT alone in
salvage therapy setting. Instead, there have been a few stud-
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Fig. 1.  Kaplan-Meier plots of overall survival (A) and progression free survival (B).
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ies, which advocated CCRT over RT alone by demonstrating
improved clinical outcomes [15-16,18]. Bae et al. [15] of 
authors’ institution previously reported the clinical outcomes
of patients with LRR  who received salvage RT, in which the
proportion of patients receiving concurrent chemotherapy
was only 21.9%. The 2-year rates of IFFFS and OS were 52.3%
and 47.9%, respectively, and it was shown that CCRT could
improve the 2-year OS rate significantly when compared
with RT alone (65.2% vs. 43.5%, p=0.029 by univariate analy-
sis, and p=0.038 by multivariate analysis). The present study
which focused only to the 127 patients treated with CCRT,
of the largest in number until as of yet, indicated that impro-

ved clinical outcomes (the 2-year rates of IFFFS and OS of
82.4% and 72.9%, respectively), when compared with the
previous reports (Table 4).

Bae et al. [15] also pointed out that the use of PET-CT in
diagnosing LRR, though not statistically significant, could
reduce the time delay before treatment initiation and subse-
quently improve survival. PET-CT is well known to have 
improved the accuracy of diagnosis and stage assignment
and subsequently clinical outcomes by assissting the thera-
peutic decision in lung cancer [22-25]. Jimenez-Bonilla et al.
[26] also reported that PET-CT was highly accurate in detec-
tion of LRR and favorably affected survival. In this study,

Kyung Hwa Lee, Salvage CCRT for Postsurgical LRR of NSCLC

Table 2. Prognostic factors for 2-year rates of OS and PFS

OS, overall survival; PFS, progression-free survival; ECOG, Eastern Cooperative Oncology Group; BED, biologically equiv-
alent dose. a)Stage according to American Joint Cancer Committee eighth staging system.

No. of patients 2-Year OS (%) p-value 2-Year PFS (%) p-value
Age (yr)
 63 64 72.9 0.392 29.8 0.164
> 63 63 73.1 39.6

Sex
Male 101 73.8 0.784 36.1 0.233
Female 26 69.6 29.8

ECOG performance status
0 30 88.5 0.161 31.3 0.529
1 91 68.0 35.2
2 6 66.7 50.0

Initial type of surgery
Pneumonectomy 11 54.5 0.477 55.6 0.106
Lobectomy 110 73.7 31.2
Sublobar resection 6 100 55.6

Initial pathologic stagea)

I 37 71.2 0.876 28.0 0.876
II 49 77.3 32.8
IIIa-c 38 64.6 43.5
Unknown 3 - -

Recurrent stagea)

rI 9 50.8 0.241 22.5 0.137
rII 12 88.9 56.6
rIIIa 57 77.5 38.0
rIIIb-c 49 67.5 28.0

Disease-free interval (yr)
> 1 73 81.3 0.009 37.1 0.751
 1 54 62.4 31.4

BED10 (Gy)
< 79.2 25 57.6 0.012 10.4 0.043
 79.2 102 76.7 40.8

Clinical target volume (cm3)
 80 60 84.3 0.001 33.7 0.862
> 80 67 63.3 35.2

VOLUME 51 NUMBER 2 APRIL 2019  773



though cyto-pathological confirmation of LRR was feasible
in less than two-thirds of the patients (63.0%), all patients
were diagnosed as having LRR based on the serial CT

changes coupled with abnormality on PET-CT. Furthermore,
most patients after salvage CCRT, were monitored with chest
CT and PET-CT, which might have allowed early detection
of further relapse and rapid decision making for the subse-
quent salvage effort. The improved clinical outcomes in the
current study could have resulted from the broad use of PET-
CT as well as efficacy of CCRT.  

In patients with pathologic III and margin negative
NSCLC, adjuvant chemotherapy has been the standard treat-
ment option. Especially in pathological N2 patients, sequen-
tial chemoradiation therapy could be recommended to
improve locoregional control. However, adjuvant chemo-
therapy or RT is often omitted if the patients were with poor
postsurgical condition or at old age, considering the increa-
sed risk of morbidity. In this study, all patients who devel-
oped locoregional recurrence following adjuvant RT follo-
wing surgery were excluded, and among 38 patients who
were with initial pathologic stage III, eight (21.1%) did not
receive adjuvant chemotherapy. The reasons for not receiv-
ing chemotherapy, regardless of post-surgical recommenda-
tion, included the physicians’ choice considering the pati-
ents’ condition or age and the patients’ refusal. Considering
very poor post-recurrence prognosis in this group, the cur-
rent study indicated that salvage CCRT, as the second cura-
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Table 3. Treatment-related toxicity

Values are presented as number (%).

Adverse event Gr 0/1 Gr 2 Gr 3
Acute radiation-induced esophagitis 56 (44.1) 57 (44.9) 14 (11.0)
Radiation pneumonitis 113 (89.0) 8 (6.3) 6 (4.7)
Radiation dermatitis 7 (5.5) 3 (2.4) 1 (0.8)
Bronchial obstruction 0 ( 0 ( 1 (0.8)

Table 4.  Results of salvage radiation therapy (RT) for loco-regional recurrent non-small cell lung cancer
RT dose,  Proportion of

Study Period No. median patients receiving OS at 2 yr (%) Median

(range, Gy) CCRT (%) OS (mo)

Kelsey et al. [12] 1991-2003 29 66 (46-74) 51.7 38 ( 17
Tada et al. [13] 1992-2002 31 60 16.1 30 ( 14
Cai et al. [14] 1992-2004 54 > 59.4 47.8 14.8 (at 5 yr) 19.8 
Bae et al. [15] 1994-2007 64 54 (44-66) 21.9 47.9 ( 18.5 
Bar et al. [16] 1999-2009 30 63.5 (26-66) 100 50.8 ( 26.9 
Lee et al. [17] 2001-2009 38 60 (45-75) 31.6 56 ( 27.9 
Kim et al. [18] 2004-2014 57 66 (45-70) 73.7 62.4 ( 54.8 
Seol et al. [19] 2008-2013 31 66 (51-66) 51.6 58.4 ( 14
Current study 2004-2016 127 66 (37-70) 100 72.9 ( 49

CCRT, concurrent chemo-radiation therapy; OS, overall survival.

Fig. 2.  Failure patterns in relation to radiation therapy tar-
get volume. 
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tive attempt, could result in the improved survival outcome. 
It is well known that the probability of local control and

morbidity following RT mostly depens on the sensitivity to
radiation, disease extent represented as the CTV, and its 
location in relation to the surrounding dose-limiting organs
[27-30]. Lee et al. [17] reported that the gross tumor volume
(GTV) was a prognostic factor for survival: the patients with
GTV < 20 cm3 had significantly higher OS rates than those
with GTV > 80 cm3. The size of recurrent lymph node by Seol
et al. [19] and the single site recurrence by Kim et al. [18] were
also proposed as the favorable factors for OS. In the current
study, CTV < 80 cm3 was proved a favorable factor for OS by
both univariate and multivariate analyses. Though it is not
easy to define the cut-off value on the GTV, it has been 
re-confirmed that the small disease extent is favorable factor
following CCRT in the current study. 

Synergy by concurrent delivery of radiation with chemo-
therapy is capable of achieving high rate of local control,
however, should be cautiously used because of more fre-
quent and severe toxicity profiles, when compared with sin-
gle modality alone. The systematic reviews on CCRT in
locally advanced NSCLC reported more treatment-related
deaths (4% vs. 2%) and significantly more common severe
esophagitis (risk ratio, 4.96; 95% CI, 2.17 to 11.37) following
CCRT [21]. In this study, radiation target volume was to
cover the recurrent lesions only with margin without elective
nodal irradiation considering the toxicities to adjacent 
organs. Loco-regional failures developed in 47 patients
(37%), and 2-year rates of PFS and LRFFS were 34.6% and
59.8%, respectively. These profiles were comparable with
those of the prior studies that reported 2- or 3-year rates of

PFS ranging from 33.6% to 44.9%, and LRFFS from 57.6% to
70.9% [17,18]. Meanwhile, there was occurrence of neither 
severe chronic toxicity nor treatment-related death. The most
commonly reported complications in salvage treatment set-
ting are radiation-induced esophagitis and pneumonitis. The
incidences of radiation-induced esophagitis and pneumonitis
of Common Terminology Criteria for Adverse Event (CTCAE)
grade  2 were reported in the range of 28.9%-41.9% and
16.1%-24.6% [17-19] in the previous studies. In the present
study, the incidence of acute radiation-induced esophagitis
of CTCAE grade  2 was relatively high as 55.9%, which
might be affected by that all patients in this study had been
treated with CCRT. However, that of grade  3 was 11.0%,
which was comparable with others (0%-16.7%) [15-19]. The
incidence of radiation pneumonitis of CTCAE grade  2 in
the current study was 11.0% and was comparable those of
other studies. Based on these toxicity profiles, salvage CCRT,
with the policy of limited target volume, were judged quite
tolerable. However, efforts to further reduce the toxicity risk
might be warranted, considering most patients might 
already have impaired lung function and performance status
following the initial surgery. 

In conclusion, the current study has demonstrated that
high dose salvage CCRT focused to the involved lesion only
was highly effective and safe. In particular higher BED10,
smaller CTV, and longer DFI were favorable factors for 
improved survival. 
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Purpose
Administering the best treatment after failure of epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitor (TKI) therapy requires knowledge of resistance status. In this trial,
treatment efficacy of osimertinib was assessed in patients with non-small cell lung carci-
noma (NSCLC) harboring the T790M resistance mutation, detected from circulating tumor
DNA (ctDNA) with unknown tumor mutation status. 

Materials and Methods
To extract ctDNA from plasma, 15 mL of peripheral blood was withdrawn and centrifuged
immediately before storage. Cobas ver. 2 and PANA Mutyper were used for ctDNA genotyp-
ing. Patients with T790M, detected from ctDNA, were enrolled and they received a once-
daily administration of osimertinib 80 mg. The primary endpoint was objective response
rate (ORR), and secondary endpoints were ctDNA test sensitivity, progression-free survival
(PFS), duration of response (DoR), and safety.  

Results
Eighty patients with acquired resistance to prior EGFR-TKI therapies were screened. ctDNA
of 21 patients showed T790M positivity, and 19 patients were enrolled. In the response-
evaluable population (n=15), ORR was 66.7% (10/15). Median PFS was 8.3 months (95%
confidence interval [CI], 7.9 to 8.7) and median DoR was 6.8 months (95% CI, 5.3 to 8.3)
in the intent-to-treat population (n=19). No subject experienced drug-related adverse event
of grades  3 or required dose reduction. The sensitivity of the ctDNA tests was 56.8% using
both methods and 45.9% with either method from the estimated T790M-positive cases.

Conclusion
Osimertinib has favorable efficacy in patients with NSCLC harboring T790M, detected from
ctDNA with unknown tumor mutation status, in whom disease had progressed during prior
EGFR-TKI therapy.
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Introduction

Resistance develops in most patients treated with epider-
mal growth factor receptor–tyrosine kinase inhibitors (EGFR-
TKIs) as first-line treatment for EGFR-mutant non-small cell
lung cancer (NSCLC). Among several resistance mecha-
nisms, the EGFR T790M mutation occurs in up to 60% of
these patients [1].

Osimertinib is an orally bioavailable, potent, and irrever-
sible third-generation EGFR-TKI for EGFR sensitizing muta-
tions, including the T790M resistance mutation, and has a
significant selectivity margin against wild-type EGFR [2-5].
Studies of osimertinib (AURA series) in patients with T790M-
positive NSCLC who were previously treated with EGFR-
TKI have shown promising efficacy with osimertinib [2-4].
In a tissue-based assay, the objective response rate (ORR)
ranged from 62% to 71%, the median duration of response



(DoR) ranged from 9.7 to 15.2 months, and the median pro-
gression-free survival (PFS) ranged from 9.6 to 12.3 months.
In addition, osimertinib has acceptable toxicity and tolerabil-
ity compared with the first- and second-generation EGFR-
TKIs [2-4]. As a result, osimertinib is currently being applied
in real practice, or is under investigation, as a treatment 
option in: (1) patients with advanced T790M-positive NSCLC
who have previously failed an EGFR-TKI therapy; (2) pati-
ents with advanced EGFR-mutant NSCLC who are treat-
ment-naïve [5]; or (3) combination with novel agents for
patients with EGFR-TKIresistant NSCLC [6].

The significant evidence of osimertinib efficacy is based on
studies in patients with EGFR T790M mutations detected
from tumor DNA. Thus, the knowledge of EGFR mutation
status is a crucial step in selecting the best treatment in first-
and second-line settings after acquiring resistance. Although
tumor biopsy is the conventional, standard method for 
mutation detection, obtaining sufficient tumor tissue or cyto-
logy samples for analysis remains a challenge [7], especially
from patients in whom the disease progressed after previous
therapy. Recent studies have shown that circulating tumor
DNA (ctDNA) can be used as a suitable substitute for tumor
DNA analysis of the EGFR T790M mutation and activating
mutation statuses [8-10]. ctDNA from peripheral blood can

track the genomic evolution of tumor cells and reflect the 
genetic landscape of metastatic and primary tumors [7].
Plasma genotyping using ctDNA has been demonstrated as
a highly sensitive and specific technique for detection of the
EGFR mutation, with an excellent positive predictive value
[9]. 

Promising evidence of the efficacy of osimertinib treatment
has also been observed in patients who are positive for the
T790M mutation detected in plasma [4,11,12] (ORR 64% to
77% and PFS 8.2 to 9.3 months), suggesting that liquid biopsy
using plasma ctDNA provides an alternative when tumor
biopsy is not feasible for identifying patients who may ben-
efit from third-generation EGFR-TKI, with almost equivalent
efficacy to tissue analysis. However, there has been no
prospective trial showing the efficacy of osimertinib in pati-
ents who tested positive for T790M mutation on plasma
analysis.

Based on unmet clinical needs, this trial assessed the treat-
ment efficacy of osimertinib in patients with NSCLC harbor-
ing the T790M mutation, which was detected from ctDNA
with unknown tumor EGFR mutation status, after failure of
previous EGFR-TKI.
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ctDNA T790M detected by
either (1) or (2) (n=21)

Enrolled: osimertinib (n=19)

RE population
(n=15)

Response NEd)

(n=4)
Re-biopsy T790M+

(n=12)
Re-biopsy T790M–e)

(n=31)

Screening failb) (n=2) Re-biopsy successc) (n=43) Re-biopsy failure (n=16)

No ctDNA T790M by
(1) and (2) (n=59)

ctDNA mutation test (n=80) 
PANA Mutyper (1) and Cobas ver. 2 (2)

NSCLC IIIB or IV failed to prior EGFR-TKIs
Activating mutation in tumor EGFR gene or
  acquired resistance by Jackman criteriaa)

Fig. 1. Study subjects screened and enrolled, diagnostic study assignments, and exclusions. NSCLC, non-small cell lung
cancer; EGFR-TKIs, epidermal growth factor receptor–tyrosine kinase inhibitors; ctDNA, circulating tumor DNA; RE, 
response evaluable; NE, not evaluable. a)Must have experienced clinical benefit from prior EGFR-TKI, according to the Jack-
man criteria, followed by systemic objective progression (RECIST) while on continuous treatment with EGFR-TKI, b)Perfor-
mance deterioration (n=1), expire (n=1), c)Tumor tissue (n=35), pleural fluid cytology (n=5), cerebrospinal fluid cytology
(n=2), and fine needle aspiration cytology (n=1), d)Response not evaluable: poor adherence to treatment due to sepsis (n=1)
and rapid deterioration leading to death (n=3), e)Negative (n=28), invalid or not requested for analysis (n=3). 
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Materials and Methods

1. Trial design and subjects 

This was a phase II, open-label, single-center study of osi-
mertinib in patients with locally advanced or metastatic
NSCLC in whom the disease had progressed after prior
EGFR-TKI (gefitinib, erlotinib, afatinib, or dacomitinib) ther-
apy. Between September 2016 and September 2017, we rec-
ruited patients with histologically or cytologically-diagnosed
NSCLC harboring activating EGFR mutations (G719X, exon
19 deletion, L858R, L861Q) or patients who had experienced
clinical benefits from prior EGFR-TKI therapy, followed by
systemic objective progression while on continuous treat-
ment with EGFR-TKIs according to the Jackman criteria [13]. 

All patients were required to provide a blood sample at
screening to test for the T790M mutation in plasma. Fifteen
mL of peripheral blood was withdrawn and centrifuged 
immediately before storage. ctDNA extraction and EGFR
mutation analysis were performed by PANA Mutyper (Pana-
gene Inc., Daejeon, Korea, hereafter Pana), based on peptide
nucleic acid (PNA)–mediated polymerase chain reaction
(PCR) clamping and melting technology, and the Cobas
EGFR mutation test, ver. 2 (Roche Molecular Systems, Plea-
santon, CA, hereafter Cobas), based on a real-time PCR tech-
nique, simultaneously. Patients who harbored the T790M
mutation, detected by either of the two tests, with unknown
tumor EGFRmutation status were enrolled in this trial. If the
T790M mutation was not detected by both tests, re-biopsy
was recommended and attempted in feasible patients. For
genotyping of tumor tissue or cytology samples, the PNA
Clamp EGFR mutation detection kit (Panagene Inc.) was
used (Fig. 1).

Eligibility criteria are provided in detail in the Supplemen-
tary Material. Patients with central nervous system (CNS)
metastases could be enrolled if their disease was asympto-
matic or stable after local therapy, including surgery or 
radiotherapy, before the first dose of osimertinib. 

2. Trial procedure, assessment, and treatment 

Eligible patients received 80 mg of osimertinib once a day,
regardless of food ingestion, and treatment continued until
disease progression as defined by the Response Evaluation
Criteria in Solid Tumors (RECIST) ver. 1.1 [14], unacceptable
toxicity, or another reason occurred. Response evaluation
was performed every 8 weeks for the first three assessments
(24 weeks), followed by every 12 weeks, for subsequent 
assessments. Brain imaging studies were regularly per-
formed in patients with known brain metastases. For the 
remaining patients, brain imaging studies were performed

when they showed symptoms or signs of CNS metastases.
Patients could continue osimertinib after RECIST 1.1–defined
progression if they maintained clinical benefits, as assessed
by an investigator.

The primary objective was ORR (assessed by RECIST 1.1)
of osimertinib in NSCLC after acquired resistance to prior
EGFR-TKI, with the T790M mutation detected from ctDNA.
The secondary objective was to compare the sensitivity of the
EGFR mutation detection methods (Pana vs. Cobas) using
ctDNA. In addition, PFS, DoR, and safety and tolerability 
parameters of osimertinib were also measured. PFS was 
defined as the time (in months) from the first date of osimer-
tinib treatment until the date of objective disease progression
or death, regardless of whether the patient was withdrawn
from therapy or received another anticancer therapy prior to
progression. DoR was defined as the time (in months) from
the documentation of the tumor response to disease progres-
sion or death in a patient who had the best overall complete
or partial remission response.

Adverse events (AEs) were measured from the beginning
of drug administration, throughout the treatment period,
until 28 days after the last dose of osimertinib. AEs were
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE), version
4.0. If a patient experienced a CTCAE of grade 3 or higher
and/or unacceptable toxicity (any grade) that was consid-
ered to be associated with osimertinib, dosing could be 
interrupted for up to 3 weeks. If the toxicity resolved or 
reverted to CTCAE grade  2 within 3 weeks of onset, osi-
mertinib could be restarted at the same dose (80 mg, daily)
or a lower dose (40 mg, daily), excluding cases with any
grade of pulmonary toxicity, symptomatic corrected QT 
interval prolongation, or corneal ulceration. Once a dose had
been reduced, it was not re-escalated at future cycles.

3. Statistical analysis

Patients who were eligible for this study represented a het-
erogeneous population with prior exposures to EGFR-TKIs
and potential previous exposures to multiple lines of cyto-
toxic chemotherapies. We assumed the null hypothesis as
ORR 30% because most patients could be chemotherapy-
naïve and treated with only one prior EGFR-TKI therapy. An
alternative hypothesis of ORR 60% was adopted from the
AURA phase I study, which showed that ORR was 61%
among 127 T790M mutation-positive patients [2]. To prove
the 60% ORR of osimertinib compared to the 30% of the null
hypothesis, considering the 10% drop out rate, 19 patients
were required to be enrolled in this study (H0 proportion,
0.3; H1 proportion, 0.6; sample size, 17; power, 0.8; signifi-
cance, 0.05, one-sided). 

The sensitivity of the EGFR mutation test using ctDNA
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was expected to be 60% from the screening analyses that
were performed in previous studies [11,12]. Considering the
40% detection rate of the T790M mutation in real-practice tis-
sue genotyping [15-17], the number of individuals required
for screening was expected to be greater than 79 patients
(19/0.4/0.6=79). The sensitivity of ctDNA EGFR T790M 
mutation-detection methods was calculated as the percent-
age of ctDNA T790M-positive cases (n) among the estimated
T790M-positive cases (n+number of cases negative for ctDNA
T790M mutationT790M-positive rate in tumor genotyping). 

According to the study protocol, the ORR was assessed in
the response-evaluable (RE) patients; RE patients were 
defined as subjects who had received at least one dose of

treatment and for whom response evaluations were avail-
able. Baseline characteristics, safety data, PFS, and DoR were
analyzed in an intent-to-treat (ITT) population (n=19) 
(Fig. 1). The expected median PFS, set to 10 months, was
adopted from the AURA phase I study [2] in which the 
median PFS was 9.6 months (updated to 12.3 months and
10.1 months in AURA phase II and III studies, respectively)
[3,4].

Intergroup comparisons were performed using the Mann-
Whitney U test for continuous variables, and Pearson’s chi-
square or Fisher exact tests for categorical variables. Survival
times were estimated for each group using the Kaplan-Meier
method. Statistical analyses were performed with IBM SPSS

Cancer Res Treat. 2019;51(2):777-787

Table 1.  Baseline characteristics of all the screened subjects (n=80)

Characteristic ctDNA T790M– ctDNA T790M– p-valuepositive (n=21) negative (n=59)
Age (yr) 68.3 (37.4-82.6) 68.1 (37.8-82.8) 0.425
Female/Male 15 (71.4)/6 (28.6) 37 (62.7)/22 (37.8) 0.472
Never smokers 18 (85.7) 38 (62.7) 0.051
Histology, ADC 21 (100) 59 (100) -
Stage IV 21 (100) 59 (100) -

Brain metastasis 11 (52.4) 22 (37.3) 0.228
Brain RT before screening 7 (33.3) 13 (22.0) 0.304

Type of progression
Localized 1 (4.8) 18 (30.5) 0.018
Systemic 20 (95.2) 41 (69.5)

No. of treatments before screening 1 (1-4) 1 (1-7) -
1/2/3/4/5/6/7 17/1/2/1/0/0/0 37/17/2/1/0/1/1

Prior TKIs therapy
Gefitinib 11 (52.4) 33 (55.9) 0.298
Erlotinib 5 (23.8) 16 (27.1)
Afatinib 3 (14.3) 9 (15.3)
Gefitinib and afatinib 1 (4.8) 0 (
Erlotinib and afatinib 1 (4.8) 1 (1.7)

Type of EGFR mutationa)

Exon 19 deletion 14 (66.7) 28 (47.5) 0.130
Exon 21 L858R/L861Q 4 (19.0) 24 (40.7) 0.074
Exon 19 deletion+exon 21 L858R 1 (4.8) 0 ( -
G719X 1 (4.8) 2 (3.4) -
No activating mutation found 1 (4.8) 5 (8.5) -

Time point at screening
After cessation of prior EGFR-TKI 11 (52.4) 39 (66.1) 0.265
During EGFR-TKI treatment 10 (47.6) 20 (33.9)

Re-biopsy
Success 9b) (42.9) 43 (72.9) 0.013
Failure 12 (57.1) 16 (27.1)

Values are presented as median (range) or number (%). ctDNA, circulating tumor DNA; ADC, adenocarcinoma; RT, radio-
therapy; TKI, tyrosine kinase inhibitor; EGFR, epidermal growth factor receptor. a)Results of tumor genotyping at diagnosis,
b)Re-biopsy after osimertinib treatment (n=4), invalid for analysis (n=5).

780 CANCER  RESEARCH  AND  TREATMENT



ver. 23 (IBM Corp., Armonk, NY), and p-values of < 0.05 
indicated statistical significance.

4. Ethical statement

This study was conducted in accordance with the Declara-
tion of Helsinki and Good Clinical Practice guidelines and
was approved by the institutional ethics review boards
(CNUHH-2016-065) and the Korean Ministry of Food and
Drug Safety (30956). All patients were required to provide
written informed consent before participating in this study.
The trial was registered at clinicaltrials.gov (NCT02769286).

Results

1. Patient characteristics

Eighty patients with acquired resistance to prior EGFR-
TKIs were screened for the T790M resistance mutation from
September 2016 to September 2017. The majority of patients
were female and never smokers. The ctDNA of 21 patients

(26.3%) were positive for the T790M mutation, and 19 sub-
jects were enrolled in this trial. Among 59 patients negative
for the ctDNA T790M mutation, genotyping using tumor tis-
sue or cytology samples were successful in 43 patients, and
the T790M mutation was detected in 12 patients (12/43,
27.9%) (Fig. 1). 

Baseline characteristics of the screened patients according
to positivity of ctDNA T790M mutation are compared in
Table 1. The ctDNA T790M-positive cases were more likely
to have systemic progression (p=0.018), a higher rate of brain
metastasis at screening (p=0.228), and a higher proportion of
exon 19 deletion mutations (p=0.130) than ctDNA T790M-
negative patients. 

2. Sensitivity of EGFR mutation tests for T790M detection

The EGFR T790M mutation was detected by both the Pana
and Cobas tests in 13 cases, only by Pana in four cases, and
only by Cobas in four cases. Both T790M and EGFR sensitiz-
ing mutations were detected in 95.2% of the ctDNA T790M-
positive cases (20/21) (Table 2). 

Among 59 T790M-negative ctDNA samples, the EGFR-
activating mutation was present in only 54.2% of cases, sug-
gesting false-negative results of ctDNA testing due to low

Cheol-Kyu Park, Osimertinib in ctDNA T790M-Positive Patients 

Table 2. Sensitivity of ctDNA testing for detection of T790M mutation

ctDNA, circulating tumor DNA; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor. a)In this case, both
tests (1) and (2) detected T790M from ctDNA. However, no EGFRmutation was detected in tumor genotyping at diagnosis
or in pleural fluid genotyping after failure of first-line EGFR-TKI treatment (case No. 10), b)As the T790M mutation was 
detected in 12 of 43 tumor genotyping tests, 27.9% (12/43) of 59 ctDNA-negative cases was assumed to have T790M (n=16).
If we added 21 cases with positive ctDNA T790M, a total of 37 patients were estimated to have the T790M EGFR mutation.   

ctDNA EGFR mutation tested screening subject No. (%) (n=80)
T790M-positive 21 (26.3)

Known activating EGFRmutation detected 20 (95.2)
Activating EGFRmutation not detecteda) 1 (4.8)

(1) PANA Mutyper only 4 (
(2) Cobas EGFRmutation test version 2 only 4 (
Both (1) and (2) 13 (

T790M-negative 59 (73.7)
Known activating EGFRmutation detected 32 (54.2)

Tumor genotyping performed 20 (
Tumor T790M-positive 5 (25.0)

Known activating EGFR mutation not detected 27 (45.8)
Tumor genotyping performed 23 (

Tumor T790M-positive 7 (30.4)
Estimated T790M-positive cases in screening subjectsb) 37=21+[59(12/43)]
Sensitivity of tests

(1) PANA Mutyper 17/37 (45.9) 
(2) Cobas EGFRmutation test ver. 2 17/37 (45.9)
Combination of (1) and (2) 21/37 (56.8) 
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tumor DNA content or poor DNA quality. With subsequent
genotyping tests using tumor samples acquired immediately
after failure of ctDNA testing (29/43) or one or more lines of
chemotherapy (14/43), the T790M mutation was detected in
12 of 43 cases (27.9%); thus, the estimated prevalence of the
T790M mutant was calculated as 590.279 (n=16). If we
added ctDNA T790M-positive cases (n=21), the total number
of T790M EGFR mutants was calculated as 37 among 80
screened subjects (46.3%). Thus, the sensitivity of the ctDNA
tests was 56.8% (21/37) using both methods and 45.9%

(17/37) with either the Pana or Cobas test (Table 2).

3. Response and survival

The response to osimertinib was evaluable in 15 patients
(RE population). Among the RE population, complete (n=1)
or partial (n=9) remissions were observed in 10 cases (ORR
66.7%), and the disease control rate (DCR) was 100.0% (Fig. 2).
In the ITT population, the ORR and DCR were 52.6% (10/19)
and 78.9% (15/19), respectively. The final analysis of PFS and

Cancer Res Treat. 2019;51(2):777-787
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Fig. 2.  Response to osimertinib. Waterfall plot (A) and spider plot (B) according to Response Evaluation Criteria in Solid
Tumors in the response evaluable population (n=15). CR, complete response; PR, partial response; SD, stable disease.
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DoR was performed at 84.2% maturity (16/19) in the ITT
population. The data cut-off date was June 30, 2018 and the
median follow-up duration was 15.7 months (95% confi-
dence interval [CI], 13.0 to 18.4). The median PFS was 8.3
months (95% CI, 7.9 to 8.7), and the median DoR was 6.8
months (95% CI, 5.3 to 8.3). Most patients showed objective
responses within two cycles of osimertinib. In comparison to
the treatment efficacy parameters, ORR and PFS according
to brain metastasis were not significant (Table 3). 

Response to osimertinib was not significantly different 
according to the ctDNA genotyping method. Excluding the
patients who failed the screening (n=2) and those who were
incapable of undergoing the response assessment (n=4), ORR
and DCR according to positive results of T790M mutation
tests were as follows: both Pana and Cobas positive, 67% and
100%; Pana only, 100% and 100%; and Cobas only, 33% and
100%; respectively (p > 0.05) (Table 3). 

Four patients were not assessed with respect to their res-
ponses to treatment due to poor adherence to treatment from
sepsis (n=1) or rapid deterioration leading to death (n=3)
(Table 4, Fig. 1). These four patients were treated with osi-
mertinib for less than 2 weeks. Molecular profiles of tumor
genotyping and clinical efficacy of osimertinib in all ctDNA
T790M-positive patients are described in Table 4. 

4. Toxicity and safety 

Table 5 shows the toxicity profiles of the ITT population.
AEs occurred in 17 of 19 patients (89.5%), and grade 3 or 4
events developed in six patients (31.6%). The majority of AEs

were gastrointestinal and skin manifestations. One subject
(numbered 3 in Table 4) experienced grade 3 drug-related
AEs. With osimertinib as a second-line treatment, partial 
remission was observed in the first response evaluation;
however, chest imaging showed diffuse ground-glass opac-
ities and multifocal consolidations in both lungs, which were
suggestive of interstitial pneumonitis. After discontinuing
osimertinib therapy, the pneumonitis was treated with pred-
nisolone and empirical antibiotic treatment. Without recon-
tinuation of osimertinib therapy, the patient showed disease
progression after 5.1 months of PFS, and then received cyto-
toxic chemotherapy and olmutinib.

Discussion

This is the first prospective trial evaluating the treatment
efficacy of osimertinib in patients with previously EGFR-
TKI–treated NSCLC harboring the EGFR T790M resistance
mutation, detected from ctDNA with unknown EGFR tumor
mutation status. In the present study, osimertinib showed 
favorable efficacy and a similar safety profile, in comparison
with previous trials that were based on tumor or plasma
genotyping [2-4].

In a post hoc analysis of samples from the AURA phase I
trial, which enrolled patients with and without tumor T790M
mutations, Oxnard et al. [11] demonstrated that patients pos-
itive for T790M in their plasma showed comparable efficacy

Table 3.  Clinical efficacy of osimertinib treatment according to brain metastasis

Efficacy ITT Both Pana and Pana only Cobas only p-value Without With p-value(n=19) Cobas (n=11)a) (n=4) (n=4) BM (n=9) BM (n=10)
Type of response

Not evaluable 4 (21.0) 2 (18.2) 1 (25.0) 1 (25.0) 0.702 2 (22.2) 2 (20.0) 0.289
Complete 1 (5.3) 1 (9.1) 0 ( 0 ( 0 ( 1 (10.0)
Partial 9 (47.4) 5 (45.4) 3 (75.0) 1 (25.0) 6 (66.7) 3 (30.0)
Stable disease 5 (26.3) 3 (27.3) 0 ( 2 (50.0) 1 (11.1) 4 (40.0)
Progression 0 ( 0 ( 0 ( 0 ( 0 ( 0 (

ORRb) 10/15 (66.7) 6/9 (66.7) 3/3 (100) 1/3 (33.3) 0.223 6/7 (85.7) 4/8 (50.0) 0.282
DCRb) 15/15 (100) 9/9 (100) 3/3 (100) 3/3 (100) - 7/7 (100) 8/8 (100) -
PFS (mo) 8.3 (7.9-8.7) - - - - 5.1 (0.0-13.9) 8.4 (6.5-10.3) 0.431
TTR (mo) 1.6 (1.6-1.7) - - - - 1.6 (1.6-1.7) 1.6 (1.6-1.7) 0.789
DoR (mo) 6.8 (5.3-8.3) - - - - 6.7 (0.9-12.5) 6.8 (1.1-12.5) 0.782

Values are presented as number (%) or median (95% confidence interval). ITT, intention-to-treat population; Pana, PANA
Mutyper; Cobas, Cobas EGFR mutation test ver. 2; BM, brain metastasis; ORR, objective response rate; DCR, disease control
rate; PFS, progression-free survival; TTR, time to response; DoR, duration of response. a)Thirteen patients were positive for
both Pana and Cobas at screening, but two patients failed to enroll in this study, b)Evaluated in response evaluable population. 
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(ORR and PFS), which was similar to the results that were
based on tumor genotyping. These data suggested a new
paradigm: plasma genotyping could be used as a screening
tool before tissue re-biopsy for the detection of acquired 
resistance, and a positive result obviates tumor biopsy. The
difference in our study is that we prospectively enrolled 
patients using only plasma genotyping among patients with
acquired resistance to prior EGFR-TKI, which reflects real-
world practice. We have demonstrated the utility of plasma
genotyping as a companion diagnostic test for osimertinib
treatment.

Osimertinib showed marked penetration of the blood-
brain barrier and greater access to the brain in animal models
[18]. In the AURA trials, osimertinib demonstrated meaning-
ful efficacy against CNS metastases, including leptomenin-

geal seeding [3,4,19-21]. Our results also show acceptable
CNS effects, despite a greater proportion of brain metastases
than the AURA 3 trial (52.6% vs. 33%). While the PFS in the
ITT population of this trial was shorter than that of the
AURA 3 trial (median, 8.3 months; 95% CI, 7.9 to 8.7 vs. 10.1
months; 95% CI, 8.3 to 12.3), the PFS in the brain metastasis
subgroup was similar between the two trials (median, 8.4
months; 95% CI, 6.5 to 10.3 vs. 8.5 months; 95% CI, 6.8 to
12.3). In this trial, there were no significant differences in
ORR, median PFS, and DoR according to brain metastasis.
Therefore, these data suggest that the clinical efficacy of 
osimertinib can be maintained, irrespective of brain metas-
tasis.

After acquiring resistance to EGFR-TKIs, testing to confirm
the acquisition of the T790M mutation has become a manda-

Cancer Res Treat. 2019;51(2):777-787

Table 4.  Molecular profiles of tumor genotyping and clinical efficacy of osimertinib in ctDNA T790M–positive patients

Case ctDNA Known Sources of Time Re-biopsy Re-biopsy Prior Treatment Best PFS
No. T790M activating re-biopsy point of T790M activating EGFR-TKI line response (mo)Pana/Cobas mutation re-biopsya) mutation
1 +/+ L858R Tissue After + L858R Afatinib 2 CR 13.4
2 +/+ E19del Tissue After – E19del Erlotinib 2 PR 11.0
3 +/+ L858R Tissue Beforeb) + L858R Gefitinib 2 PR 5.1
4 +/+ E19del - - NA - Gefitinib 2 PR Ongoing
5 +/+ E19del - - NA - Gefitinib 2 PR 3.7
6 +/+ E19del - - NA - Erlotinib 2 PR 12.7
7 +/+ E19del Tissue After – E19del Gefitinib 2 SD 8.2
8 +/+ E19del Bone marrow Before – Wild Gefitinib 4 SD 12.3
9 +/+ L858R - - NA - Gefitinib 2 SD Ongoing

10 +/+ Unknown Pleural fluid Before – Wild Gefitinib 3 NE 1.0
11 +/+ L858R - - NA - Gefitinib 2 NE 2.5
12 +/+ E19del - - NA - Gefitinib - Screening -

fail
13 +/+ E19del - - NA - Erlotinib - Screening -

fail
14 +/– E19del - - NA - Gefitinib, 5 PR 8.4

afatinib
15 +/– E19del - - NA - Afatinib 2 PR 9.4
16 +/– E19del L858R - - NA - Erlotinib 2 PR 8.3
17 +/– G719X - - NA - Afatinib 2 NE 0.3
18 –/+ E19del Tissue Before Not Not Gefitinib 2 PR Ongoing

requested requested
19 –/+ E19del Tissue After + E19del Gefitinib, 4 SD 18.5

afatinib
20 –/+ E19del Tissue Before Invalid Invalid Erlotinib 2 SD 9.9
21 –/+ E19del - - NA - Gefitinib 2 NE 0.5

ctDNA, circulating tumor DNA; Pana, PANA Mutyper; Cobas, Cobas EGFR mutation test ver. 2; EGFR, epidermal growth
factor receptor; TKI, tyrosine kinase inhibitor; PFS, progression-free survival; CR, complete response; PR, partial response;
NA, not available; SD, stable disease; NE, not evaluable. a)Re-biopsy “before” or “after” administration of the third-generation
EGFR-TKI, b)Reports of EGFR mutation genotyping on re-biopsy was delayed and confirmed after enrollment of this trial. 
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tory procedure that is, this far, usually based on tumor geno-
typing. However, tumor biopsies have clear limitations in
clinical practice for patients with advanced lung neoplasms
[7]. In a retrospective analysis of 139 patients with prior
EGFR-TKI failure, Kawamura et al. [15] found that re-biopsy
was performed in only 54% (75 patients), and the remaining
46% (64 patients) could not undergo re-biopsy due to poor
performance status (n=19), inaccessible tumor site (n=19),
and other reasons (n=26). In this trial, we performed re-bio-
psy in 73% (43 of 59) of ctDNA T790M-negative patients.
However, one-third of ctDNA T790M-negative patients
(14/43) underwent re-biopsies after the failure of one or
more lines of chemotherapies when their tumors progressed
further. 

In a prospective study using droplet digital PCR, plasma
genotyping significantly shortened the median turnaround
time for the detection of acquired resistance compared with
tissue genotyping (3 days vs. 27 days), with favorable speci-
ficity (63%) and sensitivity (77%) [22]. Therefore, the devel-
opment of plasma-based liquid biopsies has changed the care
of patients with lung cancer, especially those with advanced-
stage disease.

Even after proving its impact on cancer care, concerns 

remain about introducing liquid biopsy into the clinical set-
ting with respect to test sensitivity and false-negative or
false-positive rates. The AURA trials of osimertinib showed
favorable sensitivity for plasma genotyping of the T790M
mutation (70% with BEAMing [11] and 51%-64% with the
Cobas test [4,12]). Our trial did not mandate tumor biopsy in
patients who tested positive for T790M mutation on plasma
analysis; thus, there is no reference to confirm true positivity
or sensitivity. However, as the Cobas test was approved by
the United States and European countries, we compared the
results of the Cobas and Pana tests, as shown in Tables 2 and
3. In our results, two tests (Pana and Cobas) for detecting
ctDNA harboring the T790M mutation showed similar and
comparable sensitivity to previous studies (45.9% respec-
tively and 56.8% in combination) (Table 2).

In the AURA phase I study, Oxnard et al. [11] adverted dis-
cordance (T790M plasma-positive and tumor-negative or
T79-0M plasma-negative and tumor-positive) through using
the BEAMing assay, which represents a more sensitive tech-
nique than PCR. In their study, false-positives were minor
(n=18) among the total diagnostic analysis set (n=216) [11].
In the AURA phase II study, the false-positive rate of the
Cobas test was very low when assessed further using next-

Table 5. Adverse events

Values are presented as number (%). LFT, liver function test. a)Interstitial pneumonia, b)Aspartate aminotransferase or alanine
aminotransferase.

Any grade (n=19) Grade  3 (n=19)
Adverse events 17 (89.5) 6 (31.6)
Drug-related adverse events 10 (52.6) 1 (5.3)
AEs leading to dose reduction 0 (
AEs leading to drug discontinuationa) 1 (5.3)
Serious adverse events 8 (42.1)
Serious adverse events, drug-related 1 (5.3)
Common events 

Gastritis 4 (21.0) 0 (
Paronychia 4 (21.0) 0 (
Diarrhea 3 (15.8) 0 (
Nausea 3 (15.8) 0 (
Constipation 3 (15.8) 0 (
Rash or Acne 3 (15.8) 0 (
Headache 3 (15.8) 0 (
Back pain 3 (15.8) 1 (5.3)
Pruritus 2 (10.5) 0 (
Mucositis 2 (10.5) 0 (
LFTb) elevation 2 (10.5) 1 (5.3)
Sepsis 2 (10.5) 2 (10.5)
Vomiting 1 (5.3) 1 (5.3)
Anemia 1 (5.3) 0 (
Pneumonitisa) 1 (5.3) 1 (5.3)
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generation sequencing (MiSeq) [12]. The plasma T790M-neg-
ative subgroup in the AURA phase I study showed distinct
differences in PFS according to tumor T790M positivity. Fur-
thermore, in the present study, tumor biopsy was performed
if the T790M mutation was not detected by plasma tests.
Among the 43 patients who underwent subsequent tumor
biopsy, 12 false-negative cases were detected. These 12 pati-
ents were treated with either osimertinib (n=10) or olmutinib
(n=2). The ORR and DCR were 25.0% (3/12) and 91.7% (11/
12), and the median PFS was 5.9 months (95% CI, 0.0 to 13.0).
Thus, tumor genotyping is necessary if plasma genotyping
for T790M shows negative results, as the plasma T790M-neg-
ative population is composed of true and false-negatives.

Owing to an unknown tumor genotyping status at screen-
ing, the false-negative and false-positive rates of our study
remain uncertain. However, the present plasma assay pro-
vided sufficient sensitivity to achieve the expected clinical
outcomes (ORR 67% and median PFS 8.3 months). In addi-
tion, the clinical efficacy was not significantly affected by
which tests (Pana or Cobas) showed positivity for the T790M
mutation (p > 0.05) (Table 3).

The safety profile of this trial was consistent with previous
reports of AURA trials [2-5]. Osimertinib was well tolerated,
and there was no need for dose reductions due to related
AEs. Osimertinib treatment was discontinued in one subject
owing to possible drug-induced interstitial lung injury, and
the pneumonitis resolved after steroid and antibiotic treat-
ment. The incidence of osimertinib-related lung injury was
reported to be approximately 4% in prior AURA trials.

Although the study maturation was not fully achieved, the
median PFS of this study (8.3 months; 95% CI, 7.9 to 8.7) was
shorter than that of the patients who were plasma T790M-
positive in the AURA phase I study (9.7 months) [11]. In the
AURA phase III trial [4], the median PFS was 10.1 months in
tissue T790M-positive patients; however, it was 8.2 months

in tissue and plasma T790M-positive cases. The shorter PFS
might be due to the characteristics of patients with plasma
T790M-positivity reflecting a high tumor burden or tumor
DNA shedding features. It is possible that the patients who
could not endure invasive biopsy procedures were more
likely to be screened in this trial, as shown by the older pati-
ent age in this study (median 68 years vs. 60 and 62 years in
the study by Oxnard et al. [11] and Mok et al. [4], respec-
tively). In this trial, PFS was measured from the ITT popula-
tion, which included four patients with poor adherence to
treatment who were incapable of undergoing response eval-
uations.

In conclusion, osimertinib had favorable efficacy in pati-
ents with NSCLC harboring the EGFR T790M resistance 
mutation, which was detected from ctDNA with unknown
tumor T790M mutation status. The results of this phase II
prospective trial support the change from tumor biopsy to
plasma ctDNA in current screening practices for detection of
the T790M mutation, which is a prerequisite for the prescrip-
tion of third-generation EGFR-TKI after acquiring resistance
to prior EGFR-TKIs. However, if the T790M mutation is not
detected from the ctDNA, we recommend tumor biopsy, as
ctDNA screening tests may present false-negative results.
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Purpose
Despite the benefits of minimally invasive surgery for cervical cancer, there are a lack of
randomized trials comparing laparoscopic radical hysterectomy and abdominal radical hys-
terectomy. We compared morbidity, cost of care, and survival between abdominal radical
hysterectomy and laparoscopic radical hysterectomy for cervical cancer.

Materials and Methods
We used the Korean nationwide database to identify women with cervical cancer who 
underwent radical hysterectomy from January 1, 2011 to December 31, 2014. Patients
who underwent abdominal radical hysterectomy were compared to those who underwent
laparoscopic radical hysterectomy. Perioperative morbidity, the use of adjuvant therapy,
and survival were evaluated after propensity score balancing. 

Results
We identified 6,335 patients, including 3,235 who underwent abdominal radical hysterec-
tomy and 3,100 who underwent laparoscopic radical hysterectomy. The use of laparoscopic
radical hysterectomy increased from 46.1% in 2011 to 51.8% in 2014. Patients who were
younger, had a more recent year of diagnosis, and were treated in the metropolitan area
were more likely to undergo a laparoscopic procedure (p < 0.001). Compared to abdominal
radical hysterectomy, laparoscopic radical hysterectomy was associated with lower rates of
complication, fewer transfusions, a shorter hospital stay, less adjuvant therapy, and reduced
total medical costs (p < 0.001). Laparoscopic surgery was associated with a better overall
survival than abdominal operation (hazard ratio, 0.74; 95% confidence interval, 0.64 to
0.85).       

Conclusion
In the postdissemination era, laparoscopic radical hysterectomy was associated with more
favorable morbidity profiles, a lower cost of care, and comparable survival than abdominal
radical hysterectomy.
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Uterine cervical neoplasms, Radical hysterectomy, 
Minimally invasive surgery, Laparoscopy
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Introduction

Originally described by Wertheim in the 1890s and subse-
quently re-popularized by Meigs in the 1950s, radical hys-
terectomy has long been established as a standard treatment
for early-stage cervical cancer [1]. Although abdominal rad-
ical hysterectomy represented the standard surgical approa-
ch for many years, minimally invasive approaches have been
widely adopted in gynecologic oncology over the past few
decades [2,3].

Radical hysterectomy and pelvic lymphadenectomy are
standard surgical treatments for early-stage cervical cancer.
Despite the excellent 5-year overall survival rate [4,5], the
surgical treatment resulted in substantial long-term morbid-
ity, such as lower urinary track dysfunction, sexual dysfunc-
tion, and colorectal motility disorders [6-8]. Furthermore, the
surgical approach was traditionally performed through lapa-
rotomy and associated with a high incidence of perioperative
morbidity and mortality.

Laparoscopic radical hysterectomy was introduced to 
decrease the morbidity of the operative procedure. Numer-
ous retrospective studies have compared laparoscopic and
abdominal radical hysterectomy for cervical cancer, and
showed that the laparoscopic approach is oncologically safe
and associated with fewer postoperative complications and
earlier recovery [9-16]. However, there have been concerns
about the oncologic safety of laparoscopic radical hysterec-
tomy due to difficulties in achieving a sufficient resection
margin from the complex procedure itself. However, patient
acceptance of minimally invasive surgery increases even in
the absence of randomized phase III trials that show advan-
tages to these procedures [17]. Currently, only one random-
ized clinical trial is evaluating laparoscopic or robotic radical
hysterectomy with abdominal radical hysterectomy in pati-
ents with early-stage cervical cancer [18]. 

Despite the common use of minimally invasive surgery 
operation for cervical cancer, there are no population-level
data evaluating survival after the procedure in unselected
patients. We performed a population-based analysis to com-
pare the effectiveness between abdominal radical hysterec-
tomy and laparoscopic radical hysterectomy for cervical
cancer.

Materials and Methods

1. Data source

The Korean Health Insurance Review and Assessment
Service (HIRA) database was used for the analysis. HIRA is
an independent body established to review the claims data
and assess the quality of health care. In Korea, since health
insurance is applied to all citizens and it is a fee-for-service
system, everyone’s health information is coded and regis-
tered in the HIRA database. Therefore, this database captures
inpatient and outpatient data on disease and services (pro-
cedures and operations) in a timely manner. Disease codes
used in the HIRA database are standardized according to the
Korean Classification of Disease, sixth version, which follows
the International Classification of Diseases, 10th edition
(ICD-10) [19]. Procedure and operation codes use HIRA’s
own code and are released yearly [20].  

2. Cohort selection

Women 18 years and older who underwent radical hys-
terectomy for cervical cancer were identified from the HIRA
database between January 1, 2011 and December 31, 2014. A
multidisciplinary panel consisting of gynecologic oncologists
(J.Y.L., K.K., M.C.L., and J.W.K.) and epidemiologists (J.H.K.,
K.K., and S.J.P.) identified the patients with newly diagnosed
cervical cancer. Disagreements were resolved by consensus
after discussion. Newly diagnosed cervical cancer in a pati-
ent with radical hysterectomy was defined by using the fol-
lowing criteria: the presence of an ICD-10 code for cervical
cancer and HIRA operation codes for radical hysterectomy.
ICD-10 codes for cervical cancer were C530, C531, C538, and
C539. HIRA operation codes for radical hysterectomy were
R4154 and R4155.

Patients were stratified into two groups based on the type
of radical hysterectomy performed: abdominal or laparo-
scopic. To identify women who underwent the laparoscopic
procedure, the database was searched to identify charges for
laparoscopic materials (N0031001). In Korea, insurance does
not cover the cost of robotic operation. Therefore, robotic 
operation could not be identified in this database.

3. Characteristics

Patient characteristics analyzed included age at operation,
year of diagnosis, insurance status (Medicare or Medicaid),
comorbidities (Charlson comorbidity index [21] score), and
the extent of lymphadenectomy. Hospital characteristics 
analyzed included the hospital location (metropolitan or
nonmetropolitan), hospital region (metropolitan area [Seoul/
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Gyeonggi Province], Middle [Chungcheong Province], East
[Gangwon Province], South West [Jeolla Province], and
South East [Gyeongsang Province]), and hospital size (ter-
tiary general hospital, general hospital, hospital, or clinic).

4. Outcomes

The primary outcome was overall survival. Death was
deemed to have occurred when patients did not use any
medical service for 12 consecutive months after discharge.
Additionally, perioperative morbidity and mortality were
analyzed. Perioperative mortality was defined as in-hospital
death. Perioperative morbidity and the use of blood transfu-
sions were recorded. We used methods in previous studies
in obtaining morbidity and survival data extraction from
HIRA database [22,23]. To identify complications, diagnostic
and procedure codes were used (S1 Table). Perioperative
morbidity was classified into the following categories: (1) 
intraoperative complications (bladder injury, ureter injury,
intestinal injury, and vascular injury); (2) postoperative com-
plications (bladder dysfunction, lymphocele, lymphedema,
bowel obstruction, and fistula); (3) surgical site complications
(wound abscess, disruption, and incisional hernia); (4) med-
ical complications (venous thromboembolism, myocardial
infarction, cardiopulmonary arrest, respiratory failure, renal
failure, bacteremia/sepsis, shock, pneumonia, delirium, acute
pyelonephritis, and stroke). Blood transfusions during hos-
pitalization for the operation were counted. For intraopera-
tive complications among perioperative morbidities, the
event that occurred during hospitalization for the operation
was considered, whereas for postoperative complications,
surgical site complications, medical complication, and events
that occurred within 6 months postoperatively were consid-
ered. The aforementioned complications were assessed using
the 6th revision of the Korean Standard Classification of Dis-
eases based on ICD-10 and current procedural terminology
codes (S1 Table).

The use of adjuvant vaginal brachytherapy, whole pelvic
radiation, and chemotherapy during the 3 months postoper-
atively was noted for each patient.

The HIRA database includes an itemized, data-stamped
log of all items billed to a patient, including drugs, laboratory
and radiologic tests, and therapeutic services. Medical costs
per person during hospitalization for the operation within
30 days, 90 days, and 6 months postoperatively were evalu-
ated. This analysis did not consider uninsured benefits. All
costs were reported in December 31, 2014 in United States
(US) dollars with an exchange rate of 1 US dollar equaling
1,107 Korean won. Costs are reported as medians and inter-
quartile ranges. This study also analyzed use of the intensive
care unit service, 30-day reoperation, non-routine discharge,
30-day readmission, 30-day emergency room visit, and leng-

th of stay for the operation by capitalizing on the HIRA data-
base.

5. Statistical analysis

Frequency distributions between categorical variables were
compared using the chi-square test, and continuous variables
were compared with the Student t test. The multivariable 
logistic regression that included patients and hospital char-
acteristics was used to identify the factors that affect the use
of laparoscopic radical hysterectomy.

The inverse probability of treatment weighting (IPTW)
method based on the propensity score was applied to balance
the observed confounders between the methods of operation.
With this technique, weights for patients who underwent 
laparoscopic radical hysterectomy were the inverse of 
1-propensity score, and weights for patients who had abdo-
minal radical hysterectomy were the inverse of the propen-
sity score [24]. The propensity score was the predicted pro-
bability of treatment, laparoscopic radical hysterectomy, or
abdominal radical hysterectomy, in this analysis [25,26]. To
calculate the propensity score, we used a logistic regression
model that included patient characteristics (age at operation,
year of diagnosis, insurance status, comorbidities, and the
extent of lymphadenectomy), hospital characteristics (hospi-
tal location, hospital region, and hospital size), and two-way
interaction terms. The predicted probability was estimated
for each patient. After propensity score balancing, subse-
quent treatment, morbidity, and mortality were compared
between the two groups. Overall mortality was evaluated 
between the two groups using the Kaplan-Meier method and
Cox proportional hazard models. All statistical tests were
two-sided. A p-value of < 0.05 was considered statistically
significant. To perform all statistical analyses, SAS software
ver. 9.1.3 (SAS Institute Inc., Cary, NC) was used.

6. Ethical statement

This study was approved by the institutional review board
of Yonsei University Health System, Severance Hospital 
(approval No. 4-2016-0440). As HIRA database are publicly
available, written informed consent was waived for this
study.

Results

We identified 6,335 patients, including 3,235 women
(51.1%) who underwent abdominal radical hysterectomy and
3,100 (48.9%) who underwent laparoscopic radical hysterec-
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tomy. The use of laparoscopic surgery increased with time.
The use of laparoscopic radical hysterectomy increased from
46.1% in 2011 to 51.8% in 2014 (p for trend=0.016) (Fig. 1).
Table 1 shows the characteristics of women who underwent
abdominal radical hysterectomy versus laparoscopic radical
hysterectomy. When patients were stratified according to the
surgical approach, statistically significant differences were
observed with respect to age, year of diagnosis, insurance
status, comorbidities, the extent of lymphadenectomy, and
hospital region. After propensity score balancing, there was
no significant difference in these variables between the two
groups.

In a multivariable model for identifying predictors of 
undergoing laparoscopic operation, age was the strongest
predictor associated with minimally invasive operation. 
Patients who were younger, had a more recent year of diag-
nosis, were hospitalized in a metropolitan area, and had a
Medicare insurance status were more likely to undergo lapa-
roscopic radical hysterectomy (p < 0.05 for all) (S2 Table). In
contrast, patients with more medical comorbidities who were
hospitalized at a small-sized hospital (a hospital or clinic)
were less likely to undergo a laparoscopic radical hysterec-
tomy (p < 0.05 for all) (S2 Table).

Laparoscopic radical hysterectomy had favorable morbid-
ity profiles and a health care utilization index compared to
abdominal radical hysterectomy (S3 Table). Compared with
abdominal radical hysterectomy, laparoscopic radical hys-
terectomy was associated with fewer intraoperative compli-
cations (9.9% vs. 12.0%, p < 0.001), fewer postoperative
complications (19.5% vs. 21.7%, p=0.002), and fewer surgical

site complications (6.2% vs. 8.1%, p < 0.001). Regarding the
health utilization index, the median length of stay was
shorter with laparoscopic radical hysterectomy than with 
abdominal radical hysterectomy (p < 0.001). When focusing
on inpatient outcomes, the median cost of care was higher
with laparoscopic radical hysterectomy than with abdominal
hysterectomy (US $4,421 vs. $4,147), although this difference
was not statistically significant. When focusing on postoper-
ative outcomes, patients undergoing laparoscopic radical
hysterectomy had lower 30-day reoperation rates. In addi-
tion, patients undergoing laparoscopic radical hysterectomy
were associated with a lower cost of care within 30 days, 90
days, and 6 months after discharge.

The overall rates of intraoperative complications (odds
ratio [OR], 0.73; 95% confidence interval [CI], 0.63 to 0.86),
surgical site complications (OR, 0.73; 95% CI, 0.60 to 0.88),
medical complications (OR, 0.88; 95% CI, 0.79 to 0.98), and
blood transfusions (OR, 0.28; 95% CI, 0.25 to 0.31) were lower
with laparoscopic radical hysterectomy than with abdominal
radical hysterectomy (Table 2). After propensity score bal-
ancing, laparoscopic radical hysterectomy still had lower
rates of intraoperative complications (OR, 0.80; 95% CI, 0.72
to 0.90), postoperative complications (OR, 0.87; 95% CI, 0.80
to 0.95), surgical site complications (OR, 0.75; 95% CI, 0.66 to
0.86), and blood transfusions (OR, 0.30; 95% CI, 0.28 to 0.33).
In addition, the rate of use of adjuvant therapy was lower
(OR, 0.63; 95% CI, 0.57 to 0.69) in patients who underwent
laparoscopic radical hysterectomy than in those who under-
went abdominal radical hysterectomy.

Table 3 demonstrates the cumulative hazards of adverse
outcomes in patients in receiving either laparoscopic or 
abdominal radical hysterectomy using unadjusted and adju-
sted multivariable analyses. Unadjusted Cox regression
models showed that laparoscopic radical hysterectomy was
associated with better overall survival (hazard ratio [HR],
0.52; 95% CI, 0.43 to 0.63). Additionally, laparoscopic radical
hysterectomy was associated with better overall survival
when adjusting for IPTW or IPTW and the covariates. When
we performed sensitivity analysis for patients who under-
went adjuvant therapy and no adjuvant therapy, the laparo-
scopic radical hysterectomy group had better survival than
the abdominal radical hysterectomy group. This finding was
pronounced in patients with no adjuvant therapy (HR, 0.52;
95% CI, 0.41 to 0.66) and the benefits of laparoscopy were
marginal in patients with adjuvant therapy (HR, 0.85; 95%
CI, 0.72 to 0.99). Likewise, survival statistically significantly
improved among patients undergoing laparoscopic radical
hysterectomy in all Kaplan-Meier analyses (Fig. 2).

Fig. 1.  Trends in the use of laparoscopic and abdominal
radical hysterectomy (2011-2014).
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Discussion

During the study period, approximately half of all radical
hysterectomies performed in Korea were done laparoscopi-
cally. Using a cohort of patients treated in the postdissemi-

nation era, we showed that laparoscopic radical hysterec-
tomy was associated with lower rates of complications, lower
cost of care, and better survival outcomes than abdominal
radical hysterectomy.

Despite limited evaluation of the comparative effectiveness
between laparoscopic radical hysterectomy and abdominal

Characteristic Total
Unadjusted Inverse probability of treatment weightinga)

Abdominal RH Laparoscopic RH p-valueb) Abdominal RH Laparoscopic RH p-valuec)

Total patients 6,335 (100) 3,235 (100) 3,100 (100) 3,171 (100) 3,166 (100)
Age at operation (yr)
 39 1,265 (20.0) 587 (18.1) 678 (21.9) < 0.001 617 (19.5) 634 (20.0) 0.785
40-49 2,066 (32.6) 1,044 (32.3) 1,022 (33.0) 1,045 (33.0) 1,020 (32.2)
50-59 1,732 (27.3) 898 (27.8) 834 (26.9) 869 (27.4) 874 (27.6)
 60 1,272 (20.1) 706 (21.8) 566 (18.3) 640 (20.2) 638 (20.2)

Year of diagnosis
2011 1,617 (25.5) 872 (27.0) 745 (24.0) 0.016 813 (25.6) 807 (25.5) 0.647
2012 1,572 (24.8) 806 (24.9) 766 (24.7) 777 (24.5) 800 (25.3)
2013 1,648 (26.0) 835 (25.8) 813 (26.2) 836 (26.4) 809 (25.6)
2014 1,498 (23.6) 722 (22.3) 776 (25.0) 745 (23.5) 750 (23.7)

Insurance status
Medicare 6,084 (96.0) 3,071 (94.9) 3,013 (97.2) < 0.001 3,044 (96.0) 3,041 (96.1) 0.910
Medicaid 251 (4.0) 164 (5.1) 87 (2.8) 127 (4.0) 125 (3.9)

Comorbidities 
(CCI score)
2 1,874 (29.6) 922 (28.5) 952 (30.7) < 0.001 941 (29.7) 934 (29.5) 0.988
3 1,502 (23.7) 703 (21.7) 799 (25.8) 749 (23.6) 744 (23.5)
4 775 (12.2) 364 (11.3) 411 (13.3) 390 (12.3) 388 (12.3)
 5 2,184 (34.5) 1,246 (38.5) 938 (30.3) 1,091 (34.4) 1,100 (34.7)

Para-aortic 
lymphadenectomy
Yes 2,410 (38.0) 1,354 (41.9) 1,056 (34.1) < 0.001 1,198 (37.8) 1,191 (37.6) 0.827
No 3,925 (62.0) 1,881 (58.1) 2,044 (65.9) 1,973 (62.2) 1,975 (62.4)

Hospital location
Metropolitan 4,635 (73.2) 2,365 (73.1) 2,270 (73.2) 0.915 2,304 (72.7) 2,294 (72.5) 0.803
Nonmetropolitan 1,700 (26.8) 870 (26.9) 830 (26.8) 867 (27.3) 872 (27.5)

Hospital region
Metropolitan area 4,216 (66.6) 1,963 (60.7) 2,253 (72.7) < 0.001 2,114 (66.7) 2,109 (66.6) 0.869
Middle 259 (4.1) 136 (4.2) 123 (4.0) 131 (4.1) 133 (4.2)
East 57 (0.9) 47 (1.5) 10 (0.3) 28 (0.9) 34 (1.1)
South West 379 (6.0) 226 (7.0) 153 (4.9) 191 (6.0) 193 (6.1)
South East 1,424 (22.5) 863 (26.7) 561 (18.1) 707 (22.3) 697 (22.0)

Hospital volume
Tertiary general 4,220 (66.6) 2,164 (66.9) 2,056 (66.3) 0.061 2,080 (65.6) 2,070 (65.4) 0.935
hospital

General hospital 2,097 (33.1) 1,057 (32.7) 1,040 (33.5) 1,082 (34.1) 1,086 (34.3)
Hospital and clinic 18 (0.3) 14 (0.4) 4 (0.1) 9 (0.3) 10 (0.3)

Table 1. Characteristics of the cohort that underwent laparoscopic and abdominal radical hysterectomy

RH, radical hysterectomy; CCI, Charlson comorbidity index. a)Frequency numbers were rounded to integers based on weight,
b)The p-values were derived from the chi-square test, c)The p-values were derived from weighted survey logistic model.
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radical hysterectomy, as well as the absence of randomized
trials comparing the two techniques, minimally invasive sur-
gery has been widely used for cervical cancer in the last
decade in Korea. In 2011, 46.1% of radical hysterectomies for
cervical cancer were performed minimally invasively. The
rate of use of minimally invasive surgery in our study was
higher than that in previous studies. Wright et al. [17] repor-
ted that only 15% of patients with cervical cancer underwent
laparoscopic or robotic radical hysterectomy during 2006-
2010 from a population-based database. The widespread use
of laparoscopy in Korea has been attributed to patients’ pref-
erence to minimally invasive operation, acceptance of new
techniques from gynecologic oncologists, and increasing hos-
pital competition due to patients’ demands.

Several of our findings are noteworthy. First, discrepancies
were found in the use of laparoscopic surgery in Korea. Not
only age, year of diagnosis, and comorbidities but modifiable
factors such as one’s insurance status and the hospital region
affects the use of laparoscopic radical hysterectomy. This
finding was in line with that of other studies on hysterec-
tomy for benign and oncologic indications, which showed

Unadjusted
p-value

Adjusted by IPTW
p-value

OR (95% CI) OR (95% CI)
Intraoperative complications 0.73 (0.63-0.86) < 0.001 0.80 (0.72-0.90) 0.008
Postoperative complications 0.97 (0.87-1.07) 0.525 0.87 (0.80-0.95) 0.002
Surgical site complications 0.73 (0.60-0.88) 0.001 0.75 (0.66-0.86) < 0.001
Medical complications 0.88 (0.79-0.98) 0.018 0.99 (0.90-1.08) 0.739
Blood transfusions 0.28 (0.25-0.31) < 0.001 0.30 (0.28-0.33) < 0.001
Postoperative adjuvant therapy 0.59 (0.52-0.67) < 0.001 0.63 (0.57-0.69) < 0.001

Radiation only 0.92 (0.76-1.11) 0.387 0.87 (0.76-0.99) 0.042
Chemotherapy only 0.48 (0.41-0.56) < 0.001 0.55 (0.49-0.61) < 0.001
CCRT 0.44 (0.39-0.49) < 0.001 0.47 (0.43-0.51) < 0.001

Table 2. Comparison of morbidity between patients who underwent laparoscopic and abdominal radical hysterectomy for
cervical cancer

IPTW, inverse probability of treatment weighting; OR, odds ratio; CI, confidence interval; CCRT, concurrent chemoradia-
tion.

All-cause mortality
Unadjusted Adjusted by IPTW Adjusted by IPTW and PoAT                                                  

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Total 0.52 (0.43-0.63) < 0.001 0.61 (0.53-0.70) < 0.001 0.74 (0.64-0.85) < 0.001
With adjuvant therapy 0.71 (0.56-0.90) 0.005 0.85 (0.72-0.99) 0.046 - -
Without adjuvant therapy 0.48 (0.34-0.67) < 0.001 0.52 (0.41-0.66) < 0.001 - -

Table 3. Hazard ratios for clinical outcomes with laparoscopic versus abdominal radical hysterectomy

IPTW, inverse probability of treatment weighting; PoAT, postoperative adjuvant therapy; HR, hazard ratio; CI, confidence
interval.

Fig. 2.  Overall survival with laparoscopic versus abdom-
inal radical hysterectomy.
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significant disparities in the use of minimally invasive sur-
gery [26].

Second, patients who underwent laparoscopic radical hys-
terectomy had a lower risk of intraoperative complications,
postoperative complications, and surgical site complications
even after propensity matching. An important benefit of min-
imally invasive surgery is lower rates of perioperative mor-
bidity. Numerous prior retrospective studies comparing
laparoscopic radical hysterectomy and laparotomy for cervi-
cal cancer have consistently shown lower complication rates
[9-17]. Most of the studies were based on contemporaneous
series of patients from a single institution. Using population-
based database, Wright et al. [17] showed that minimally 
invasive radical hysterectomy had favorable morbidity pro-
files with a lower rate of complications than abdominal rad-
ical hysterectomy. In this study, only 284 of 1,894 patients
(15%) underwent minimally invasive surgery between 2006
and 2010. In our study, differences in perioperative outcomes 
became more noticeable with 48.9% of patients who under-
went laparoscopic radical hysterectomy, indicating wide use
of minimally invasive surgery.

Third, laparoscopic radical hysterectomy was associated
with a lower total cost of care within 6 months postopera-
tively than open radical hysterectomy. While decision analy-
ses for radical hysterectomy are lacking, a modeling study of
simple hysterectomy for endometrial cancer noted that the
laparoscopic approach was the least expensive approach
from a societal perspective followed by robotic and then 
abdominal hysterectomy [27]. These findings might result
from favorable operative outcomes, such as lower complica-
tion rates, a shorter hospital stay, and fewer blood transfu-
sions, of laparoscopic surgery. In addition, one possible
explanation for these observations may reside in the charac-
teristics of the population evaluated. The age at operation,
comorbidities, and Medicare insurance status represent 
independent predictors of complications and use of the
health care expenditure. Differences in patients’ characteris-
tics might affect these results.

Lastly, we found favorable outcomes in survival for lapa-
roscopic radical hysterectomy compared to abdominal radi-
cal hysterectomy. Previous retrospective studies have shown
non-inferior survival associated with laparoscopic operation
compared with laparotomy [9,10,12,15]. However, these 
results were derived from experienced surgeons with a lim-
ited number of patients. In the Laparoscopic Approach to
Cervical Cancer trial, 740 patients with cervical cancer and
tumors less than 4 cm were randomly assigned to either min-
imally invasive surgery or laparotomy. Although this study
started in January 2008, it is still recruiting participants. The
slow recruitment for this study might be due to rarity of the
tumor in western countries and patients’ reluctance to par-
ticipate in a study if they prefer minimally invasive opera-

tion. Therefore, large observational studies are needed to
evaluate survival outcomes.

Encouragingly, we found better survival outcomes with
laparoscopic radical hysterectomy than with abdominal rad-
ical hysterectomy, before propensity matching. As laparo-
scopic radical hysterectomy was associated with a lower risk
of complications, this benefit may translate to a decrease in
all-cause mortality. The incidence of serious complications,
such as bowel obstruction, cardiopulmonary arrest, renal
failure, and sepsis, was significantly lower with laparoscopic
radical hysterectomy than with abdominal radical hysterec-
tomy. This should be emphasized in clinical practice. How-
ever, selection bias in the choice of surgical procedure might
affect the results. As adjuvant therapy is usually performed
based on pathologic findings after radical hysterectomy, we
found that adjuvant therapy, radiation and chemotherapy in
women who underwent laparoscopic radical hysterectomy,
was used less frequently. This suggests that surgeons tend
to choose laparoscopic radical hysterectomy for small-vol-
ume tumors and select abdominal radical hysterectomy for
large-volume tumors. Therefore, we tried to balance the two
groups with propensity matching and adjusting adjuvant
therapy, and we found the same results of better survival
with laparoscopic radical hysterectomy than with abdominal
radical hysterectomy. In addition, when we performed sen-
sitivity analysis in patients who underwent adjuvant therapy
and no adjuvant therapy, laparoscopic radical hysterectomy
was associated with better survival.

Although we included a large cohort of patients, we rec-
ognize several limitations. First, we lacked data on tumor
characteristics such as the tumor size, stage, histology, and
margin status. Differences in tumor characteristics may not
only have led to selection bias in the choice of procedure, but
also may have influenced procedure-associated morbidity.
Although we tried to balance confounders between treat-
ments with propensity score matching, differences in adju-
vant treatment still exists. Therefore, we did subgroup
analysis according to adjuvant treatment. Second, as with
any study of administrative data, we cannot capture individ-
ual patient and physician preferences that undoubtedly 
influenced the treatment decision-making. Third, claims data
undercapture complications. Therefore, we categorized com-
plications and tried to find events, using diagnostic codes
and procedure codes. Lastly, the HIRA database was not 
intended to identify survival outcomes, so we could not 
obtain recurrence-free survival and determine death indi-
rectly by relying on disqualification of the insurance status.

Two studies presented at the March 2018 Society of Gyne-
cologic Oncology Annual Meeting on Women’s Cancer,
women with early cervical cancer treated by minimally inva-
sive radical hysterectomy were shown to have a significantly
higher risk of disease recurrence and poorer long-term sur-
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vival than those of women treated by open surgery [28,29].
Our results were opposite those mentioned above. Some crit-
icisms were raised for the results of Laparoscopic Approach
to Carcinoma of the Cervix (LACC) trial [30-32], we should
wait for final results coming at least next 2 years. As clini-
cians confused to abandon laparoscopic surgery for early-
stage cervical cancer, our results might be discussed with
patients scheduled to undergo radical hysterectomy in Korea.

In summary, laparoscopic radical hysterectomy was asso-
ciated with a lower risk of perioperative complications and
has comparable outcomes with abdominal radical hysterec-
tomy. However, the use of laparoscopic radical hysterectomy
for cervical cancer has slowly increased since 2011 and now
accounts for more than 50% of operations for this disease. 
Increasing the use of laparoscopic surgery in clinical practice
may be an important and underused strategy to improve cer-

vical cancer outcomes. 
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Purpose
In the present study, human neural stem cells (hNSCs) with tumor-tropic behavior were
used as drug delivery vehicle to selectively target melanoma. A hNSC line (HB1.F3) was
transduced into two types: one expressed only the cytosine deaminase (CD) gene (HB1.F3.
CD) and the other expressed both CD and human interferon- (IFN-) genes (HB1.F3.CD.
IFN-).   

Materials and Methods
This study verified the tumor-tropic migratory competence of engineered hNSCs on mela-
noma (A375SM) using a modified Boyden chamber assay in vitro and CM-DiI staining in
vivo. The antitumor effect of HB1.F3.CD and HB1.F3.CD.IFN- on melanoma was also con-
firmed using an MTT assay in vitro and xenograft mouse models.   

Results
A secreted form of IFN- from the HB1.F3.CD.IFN- cells modified the epithelial-mesenchy-
mal transition (EMT) process and metastasis of melanoma. 5-Fluorouracil treatment also
accelerated the expression of the pro-apoptotic protein BAX and decelerated the expression
of the anti-apoptotic protein Bcl-xL on melanoma cell line. 

Conclusion
Our results illustrate that engineered hNSCs prevented malignant melanoma cells from pro-
liferating in the presence of the prodrug, and the form that secreted IFN- intervened in the
EMT process and melanoma metastasis. Hence, neural stem cell-directed enzyme/prodrug
therapy is a plausible treatment for malignant melanoma. 
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Melanoma, Human neural stem cells, Flucytosine, 
Cytosine deaminase, Human interferon-
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Introduction

Malignant melanoma is uncommon but aggressive and is
the most fatal type of skin cancer. This cancerous growth
arises from a melanocyte and can spread to other parts of the
body more rapidly than other cancers. Approximately,
87,110 new cases and 9,730 deaths from melanoma have been
reported in the year 2017 in the United States [1]. Though
melanoma constitutes less than 5% of skin cancers, it carries

a high mortality rates. Melanoma risk factors include both
intrinsic and extrinsic features. Phenotypes such as fair skin,
blond hair, freckles, and blue eyes are commonly present in
melanoma patients and are considered typical intrinsic risk
factors [2]. In addition to phenotype, melanoma progression
can be attributed to sun exposure (an extrinsic factor), family
history, and genetic factors [3]. Furthermore, melanoma 
patients commonly present with mutations in genes that con-
tribute to melanoma development [4,5]. In particular, the 
majority of melanoma patients possess driver oncogenic 
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mutations in genes that encode proteins associated with 
mitogen-activated protein kinase/ERK and phosphoinosi-
tide 3-kinase/Akt (growth factor receptors) signaling path-
ways [6]. About 50% of melanoma cases hold BRAF muta-
tions that generally substitute valine with glutamic acid in
position 600 (V600E), and about 20%-30% of melanoma cases
contain RAS mutations, which was the first identified onco-
gene relating to melanoma [7, 8]. Recent research on devel-
oping malignant melanoma therapies has focused on specific
targeted therapies using BRAF and MEK inhibitors and 
introduction of immune checkpoint blockades such as anti–
cytotoxic T-lymphocyte–associated protein 4, anti–program-
med cell death protein 1, and anti–programmed death-ligand
1. As each therapy has its own limitations in response rate or
duration, combined treatment of targeted inhibitors and 
immune checkpoint inhibitors has been suggested to treat
malignant melanoma [9]. However, patients who were 
exposed to these types of therapy gained resistance to the
treatments, which led researchers to seek an alternative
method of therapy for melanoma. 

Gene therapy is one potential candidate for alternative
melanoma treatments. More specifically, gene-directed 
enzyme/prodrug therapy (GDEPT) has been studied as a
prominent tool for treating cancers through molecular che-
motherapy [10]. Unlike conventional chemotherapies, the
GDEPT system minimizes the toxicity of drugs in normal tis-
sues, and neural stem cell-directed enzyme/prodrug therapy
(NDEPT), a suicide gene therapy, was developed to selec-
tively target cancers while reducing the damages to normal
tissues [11]. Suicide gene therapy makes use of the bystander
effect of a suicide enzyme, which converts an inactive drug
to an active drug and causes cell death in tumors [12]. Thou-
gh various suicide gene systems exist, the cytosine deami-
nase (CD)/5-Fluorocytosine (5-FC) system was applied in
this study. CD impedes DNA synthesis and enhances apop-
tosis in tumor cells by modifying the inactive drug 5-FC into
its active metabolized by-product 5-fluorouracil (5-FU) [13]. 

In a similar fashion, the cytokine interferon- (IFN-), is
able to promote cell cycle arrest in S-phase and apoptosis in
tumor cells [14]. Notwithstanding the therapeutic effect of
IFN- at a high concentration in vitro, its use in vivo causes
side effects and limits its therapeutic application in high
doses [15]. We utilized human neural stem cells (hNSCs)
HB1.F3 that were obtained from 15-week-old fetal telence-
phalon, and immortalization was performed using a retrovi-
ral vector encoding the v-myc oncogene. These hNSCs were
transduced into two types: one expressing only cytosine
deaminase (HB1.F3.CD) and the other expressing both CD
and human IFN- (HB1.F3.CD.IFN-). The clonal HB1.F3.CD
expressing only CD was generated by transfection of the 
Escherichia coli CD gene to immortalized hNSCs [16]. Neural
stem cells are applicable as a therapeutic delivery vehicle for

gene therapy because neural stem cells effectively migrate to
the target tumor site by following chemoattractant and
growth factors emitted by tumor cells [17]. It has been shown
that many chemokines, growth factors and receptors mediate
the migratory behavior of hNSCs in vitro due to the interac-
tion of cytokine/receptor pairs such as stromal cell-derived
factor 1 (SDF-1)/CXCR4, vascular endothelial growth factor
(VEGF)/vascular endothelial growth factor receptor (VEGFR),
SCF/c-kit, and MCP-1/CCR2 [18-20]. They can also be prop-
agated for long periods. There have been several preclinical
models demonstrating the therapeutic potential of engi-
neered hNSCs, as they migrated to cancer cells selectively
and hindered tumor cell growth both in vitro and in vivo for
various cancers [10,21,22]. 

Though the treatments of malignant melanoma have 
become more advanced, they could not avoid side effects 
including damage to normal tissues and acquisition of resist-
ance to the therapies. On the other hand, neural stem cell-
based therapies have emerged as a feasible drug-delivery
mechanism for various types of cancers due to their tumor-
tropic behavior. The purpose of this study was to examine
whether hNSCs expressing CD and/or IFN- could migrate
to malignant melanoma and thereby serve as a potential ther-
apy vector for melanoma by co-culturing them both in vitro
and in vivo with a malignant melanoma cell line (A375SM)
in the presence of the prodrug 5-FC. We characterized the
therapeutic effect of engineered hNSCs on melanoma throu-
gh their tumor-tropic behavior using xenograft mouse mod-
els. Our results elucidate the suitability of neural stem cell-
based therapy for treating malignant melanoma and demon-
strate its promise as a tool for minimizing side effects throu-
gh the tumor-tropism of neural stem cells.

Materials and Methods

1. Cell culture and media 

A malignant melanoma cell line, A375SM, was bought
from Korean Cell Line Bank (KCLB, Seoul, Korea). The three
engineered hNSC lines (HB1.F3, HB1.F3.CD, and HB1.F3.
CD.IFN-) used in this study were provided by Dr. Seung U.
Kim (University of British Columbia, Vancouver, BC, Cana-
da). A primary human fibroblast cell line (hFB) was also used
for a modified Boyden chamber migration assay as a control.
Every cell line was cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Hyclone Laboratories, Logan, UT) supple-
mented with 10% (v/v) heat-inactivated fetal bovine serum
(FBS; Hyclone Laboratories), 10 mM HEPES (Invitrogen Life
Technologies, Carlsbad, CA), 10 U/mL penicillin and 100
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µg/mL streptomycin (Cellgro Mediatech, Manassas, VA),
and anti-mycoplasmal agents (Invivogene, San Diego, CA)
at 37°C in 5% CO2 and 95% air in a humidified cell incubator.
Zero point zero five percent trypsin/0.02% EDTA (PAA Lab-
oratories, Dartmouth, MA) was used to trypsinize the cells.  

2. mRNA extraction and reverse transcriptase polymerase
chain reaction

mRNA was extracted from melanoma cells and hNSCs
using TriZol Reagent (Invitrogen Life Technologies). As per
the manufacturer’s protocols, 1 µg of total mRNA, quantified
with a spectrophotometer (Optizen, Mecasysm, Daejeon,
Korea), was reverse transcribed into cDNA by applying
murine leukemia virus reverse transcriptase (MMLV-RT, 
iNtRON Biotechnology, Seongnam, Korea), 200 pM nonamer
random primer (TaKaRa Bio, Shiga, Japan), RNase inhibitor
(iNtRON Biotechnology), 10 pM dNTP (Bioneer, Daejeon,
Korea), and 5 RT buffer. Polymerase chain reaction (PCR)
was conducted to confirm the expression of the bacterial CD
gene and human interferon- gene in hNSCs using their 
respective primers. PCR was also performed using the cDNA
of melanoma cells and hNSCs to amplify the chemoattractant
ligands and receptors including SDF-1, CXCR4, VEGF, VEG-
FR2, urokinase-type plasminogen activator and its receptor
with sense and antisense primers based on the published 
sequences of the genes. As a positive control, the human
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene
was used. The PCR reactions were carried out for 30 cycles
with denaturation for 30 seconds at 95°C, annealing for 30
seconds at 58°C, and extension for 30 seconds at 72°C. PCR
reaction products (11 µL) were analyzed on a 1.5% agarose
gel prestained with ethidium bromide (Sigma-Aldrich, St.
Louis, MO) and NEOgreen (NEO Science, Suwon, Korea).
The gels were scanned by a Gel Doc 200 apparatus (Bio-Rad
Laboratories, Hercules, CA). 

3. Cell viability assay

To evaluate the effect of 5-FU (Sigma-Aldrich) and 5-FC
(Sigma-Aldrich) on melanoma cells (A375SM), 4,000 mela-
noma cells were seeded per well in 96-well plates (SPL Life
Science, Seoul, Korea) and cultured in phenol free DMEM
containing 5% charcoal-dextran treated FBS, 1% penicillin
and streptomycin, and 1% HEPES at 37°C in a humidified 
atmosphere of 95% and 5% CO2. After 24 hours of incubation,
every well was treated with 5-FU or 5-FC diluted with phos-
phate buffered saline (PBS; 100, 200, 300, 400, and 500 µg/
mL) for 3 days. To verify the therapeutic effect of engineered
hNSCs (HB1.F3, HB1.F3.CD, and HB1.F3.CD.IFN-), mela-
noma cells were seeded in the same media (4,000 cells/well)
on day 1. Three types of engineered neural stem cells (16,000

cells/well) were added to the cancer cells on the next day.
On the third day, cells were treated with a range of 5-FC con-
centrations diluted with PBS (100, 200, 300, 400, and 500 µg/
mL) for 3 days. After 3 days of the treatment with 5-FU and
5-FC, an MTT (3-(4-,5-dimethylthiazol-2-yl)-2,5-dyphenyl
tetrazolium bromide) assay was conducted to measure
melanoma cell viability. MTT (Sigma-Aldrich) stock solution
(10 µL; 5 mg/mL) was added to every well and incubated for
3 hours at 37°C. After removing supernatants, precipitated
formazan crystals were dissolved in 100 µL of dimethylsul-
foxide (99%, Junsei Chemical, Tokyo, Japan). Using an enzy-
me-linked immunosorbent assay (ELISA) plate reader (VER-
SA man, Molecular Devices, Sunnyvale, CA) at 540 nm, 
absorbance of each well was measured. Every step was per-
formed in triplicate.

4. In vitro migration assay  

To observe the ability of hNSCs to migrate to melanoma
and normal human lung cells, both A375SM and L132 (1105

cells/well) were plated in a 24-well plate containing 5% 
CD-FBS phenol free DMEM and incubated for 24 hours. The
bottom surface of the transwell with 8.0-µm pores (BD Bio-
sciences, Dickinson, Bedford, MA) was coated with fibro-
nectin (25 µg/mL, Sigma-Aldrich) and placed in 24-well
plates and engineered hNSCs (1105 cells/well) were seeded
in the upper compartment of the transwell on the next day.
After 24 hours of incubation, all lower chambers were
washed with PBS, migrated hNSCs were fixed using 3.7%
formaldehyde solution (Sigma-Aldrich) for 15 minutes, and
the cell underwent permeabilization using 10% coldmetha-
nol (Sigma-Aldrich) for 15 minutes. Crystal violet was used
to stain the surface of the transwell for 15 minutes and all
transwells were rinsed thoroughly with PBS. Crystal violet
stained hNSCs were visualized by fluorescence microscopy
(IX-73 Inverted Microscopy, Olympus, Tokyo, Japan) and
were counted with Cell Sense Dimension. 

5. Xenograft model of metastatic melanoma 

All experiments containing animals were approved by the
Animal Care Committee of Chungbuk National University.
Four-week-old athymic female nude mice were purchased
from KOATECH (Pyeongtaek, Korea). All mice were kept in
a room for a week to adapt to their environment (at 24°C,
40%-50% humidity and 12-hour light-dark cycle) before the
experiments. To create melanoma xenograft models, A37-
5SM cells (2106) and matrigel (BD Biosciences) were mixed
in a 1:1 ratio to a total volume of 200 L and subcutaneous 
injection was performed into the back of the mice as previ-
ously shown [23]. The tumor volume of every mouse was
measured every other day with a caliper using the formula
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lengthwidthheight0.5236 (mm3). 

6. Therapeutic efficacy of HB1.F3.CD and HB1.F3.CD.IFN-
 hNSCs in vivo model 

To evaluate the therapeutic effect of HB1.F3.CD and HB1.
F3.CD.IFN- in a melanoma xenograft model, the mice were
split into four groups: group 1 was treated with the vehicle
(5-FC; 500 mg/kg/day) as a control and groups 2, 3, and 4
were treated with the engineered hNSCs: HB1.F3, HB1.F3.
CD, and HB1.F3.CD.IFN-, respectively. When the tumor
volume of each mouse reached between 500 mm3 and 600
mm3, CM-DiI pre-labeled HB1.F3, HB1.F3.CD, and HB1.F3.
CD.IFN- cells (8106 cells/mouse) were weekly injected
subcutaneously near the tumor site with matrigel at a 1:1
ratio for 3 weeks. Two days after the injection of engineered
hNSCs, 5-FC (500 mg/kg/day) was intraperitoneally injec-
ted every day for 3 days. The animal study was conducted
for 21 days after the injection of engineered hNSCs. To 
examine the therapeutic efficacy of engineered hNSCs, the
tumor volume was measured for the last time before the
mouse was euthanized 24 hours after the last injection of 
5-FC. All tumor masses were dissected for molecular analy-
sis. The tumor volumes were quantified by Graphpad Prism
(v5.0, GraphPad Software, San Diego, CA).

7. Western blot assay 

Proteins used for western blot were harvested using RIPA
buffer containing 50 mM Tris-HCl, pH 8.0; 150 mM NaCl; 1%
Triton X-100 (Sigma-Aldrich); 0.1% sodium dodecyl sulfate;
and 0.5% deoxycholic acid (Sigma-Aldrich) mixed with pro-
tease and phosphatase inhibiter. Extracted proteins were 
incubated at 4°C overnight then centrifuged at 14,000 rpm
for an hour. Following centrifugation, protein concentration
was decided using a mixture of bicinchoninic acid (Sigma-
Aldrich) and copper (II) sulfate (Sigma-Aldrich). Fifty micro-
grams of the proteins were distributed on a 10% sodium
dodecyl sulfate–polyacrylamide gel electrophoresis then sep-
arated proteins were transferred to polyvinylidene fluoride
membrane (BioRad Laboratories Inc.). The membrane was
then incubated at room temperature with 5% blocking buffer
(BioRad Laboratories Inc.) to prevent non-specific binding
with the primary antibody. Subsequently, the membrane
was incubated with monoclonal primary antibody, mouse
monoclonal anti-BAX (1:500 dilution, Cell Signaling Technol-
ogy Inc.), anti-Slug (1:1,000 dilution, Abcam, Cambridge,
UK), anti-GAPDH (1:3,000 dilution, Abcam), rabbit mono-
clonal anti–Bcl-xL (1:1,000 dilution, Cell Signaling Technol-
ogy Inc.), anti–E-cadherin (1:500 dilution, Abcam), and
anti–cathepsin-B (1:200 dilution, Santa Cruz Biotechnology,
Santa Cruz, CA) overnight at 4°C. The primary antibody

binding was visualized by incubating with a secondary 
antibody, anti-rabbit IgG or anti-mouse IgG (1:3,000 dilution,
Thermo Scientific Corp., Waltham, MA), which was conju-
gated with horse radish peroxidase for at least 1 hour at room
temperature. Proteins were detected using a West-Q Chemi-
luminescent Substrate Plus kit (GenDEPOT, Barker, TX).
Each protein was quantified using the densities of bands on
a membrane utilizing CSAnalyzer4. Experiments were per-
formed a minimum of 3 times and expression levels of all the
above proteins were normalized with GAPDH protein.

8. 5-FU treatment

To determine 5-FU (Sigma-Aldrich) effects in neural stem
cell therapy, melanoma cells were treated with different con-
centrations of 5-FU (1 and 5 µg/mL) for 0, 1, 3, or 6 hours;
and proteins were extracted after 5-FU treatments. To eval-
uate the expression of the apoptosis-related genes BAX and
Bcl-xL, A375SM cells were exposed to 1 and 5 µg/mL of 
5-FU for 0, 1, 3, and 6 hours. 

9. HB1.F3.CD and HB1.F3.CD.IFN- conditioned media 

The engineered hNSC lines HB1.F3.CD and HB1.F3.CD.
IFN- were cultured in DMEM with 10% heat-inactivated
FBS, 1% HEPES, and penicillin/streptomycin in a T75 flask
until cells were 70% full at 37°C in 5% CO2. Engineered neu-
ral stem cell lines were then incubated with new media.
Media were filtered using a 0.22-mm syringe filter after 2
days of incubation then used for melanoma cultures for 0,
24, 48, and 72 hours. 

10. Immunohistochemical assay 

Excised tumors from mice were fixed in 10% formalin 
solution (OCI, Seoul, Korea). Fixed tumors were cut into 
5-mm thick slices, dehydrated, and embedded in paraffin.
Paraffin blocks were sectioned into 5-µm slides. Slides were
placed in a chamber containing 0.01 M citrate buffer (pH 6.0)
and microwaved for 10 minutes to retrieve tissue antigens.
Following antigen retrieval, the slides were incubated with
0.3% H2O2, blocking buffer to reduce background staining,
and the monoclonal primary antibody proliferating cell 
nuclear antigen (PCNA; 1:100 dilution, Abcam) overnight at
4°C. To evaluate the expression of primary antibody PCNA,
biotinylated mouse IgG (1:1,000 dilution, Vector Laborato-
ries, Burlingame, CA) was applied as a secondary antibody.
For the digital photography of PCNA expression of each
group, an IX-73 inverted microscope was used. 
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11. Fluorescent DAPI analysis   

The distribution of hNSCs can be inspected in a tumor
mass by pre-staining with CM-DiI before hNSC injection. 
Dehydrated tissue slides were fixed in 10% formalin, washed
with PBS twice, and DAPI solution was applied for 10 min-
utes at room temperature. DAPI stained slides were mounted
with coverslips before fluorescent microscopy (IX-73 inver-
ted microscopy) was used to observe them. 

12. Data analysis

In vitro and in vivo data were statistically analyzed using
GraphPad Prism (v5.0, GraphPad Software). In vitro experi-
ments were completed a minimum of three times to ensure
consistent results. In vitro data were shown as the mean±
standard deviation and in vivo data were presented as the
mean±standard error of the mean. To examine the signifi-
cance of in vitro and in vivo data, one-way analysis of vari-
ance (ANOVA) followed by post hoc Dunnett’s or Tukey’s
test were used. p-values of < 0.05 were regarded as statisti-
cally significant. 

Results

1. Engineered Escherichia coli CD and human IFN- genes
were identified in engineered neural stem cell lines  

Reverse transcriptase–polymerase chain reaction (RT-PCR)
was carried out for verifying the expression of the inserted
genes: Escherichia coli CD and IFN-. The expression of the
CD gene (472 bp) was detected in the HB1.F3.CD cell line and
the expression of both CD and human IFN- gene (296 bp)
were detected at in the HB1.F3.CD.IFN- cell line as shown
in Fig. 1. The GAPDH gene was used as a standard for 
RT-PCR and detected at 351 bp in both the HB1.F3.CD cell
line and HB1.F3.CD.IFN- cell line. 

2. hNSCs were able to migrate toward melanoma 

A modified Boyden chamber assay was used to observe
the migration capability of engineered hNSCs toward mela-
noma cells. Both A375SM cells and normal human lung cells
were seeded (1105 cells/mL) in 24-well plates for 24 hours
then the same number of hNSCs (HB1.F3, HB1.F3.CD, and
HB1.F3.CD.IFN-) were seeded on the upper compartment
of the chambers for another 24 hours. As shown in Fig. 2A,

Jae-Rim Heo, Effects of Engineered Neural Stem Cells on Malignant Melanoma 

Fig. 1.  Expression of Escherichia coli cytosine deaminase (CD) and human interferon  (IFN-) gene in engineered human
neural stem cells. The presence of the therapeutic genes CD and IFN-was confirmed with reverse transcriptase–polymerase
chain reaction (RT-PCR). After RNA extractions from both HB1.F3.CD and HB1.F3.CD.IFN- cell lines, cDNAs were syn-
thesized. cDNAs of the two cell lines were amplified through polymerase chain reaction (PCR) and the PCR products were
confirmed with gel electrophoresis. The expressions of E. coli CD gene (472 bp) and human interferon- gene (296 bp) were
detected by RT-PCR. Glyceraldehyde 3-phosphate dehydrogenase gene (351 bp) was used as an internal control. 
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Fig. 2.  Migratory effect of engineered human neural stem cells (hNSCs) with tumor tropic characteristics in a melanoma
cell line (A375SM). (A) Normal human lung cells (L-132) and melanoma cells (A375SM) (1105 cells/well) were seeded on a
24-well plate. hNSCs (1105 cells/well) were seeded in the fibronectin pre-coated upper compartment of modified Boyden
chambers. To observe the migrated hNSCs, crystal violet staining solution was added to both lower and upper compartments.
(B) The migratory ratio of hNSCs was quantified using the ‘Cell Sense Dimension’ system (Olympus, Tokyo, Japan). Data
were represented as mean±standard error of mean. *p < 0.05 vs. control. (C) Expression of various chemoattractant factors
were displayed in A375SM cells. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; SDF-1, stromal cell-derived factor
1; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor.
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hNSCs that migrated were stained with crystal violet and
viewed using fluorescent microscopy. They were counted
and the ratio of hNSCs that selectively migrated towards
melanoma cells to those that migrated toward normal human
cells was measured using fluorescent microscopy. hNSCs 
migrated to melanoma cells about 4 times more often than
they migrated to normal human cells (Fig. 2B), which imp-
lied that hNSCs were tumor-tropic. The migration of neural
stem cells could be explained through the interaction bet-
ween chemoattractant ligands and their receptors with 
tumors. Expression of chemoattractant ligands and the par-
allel receptors in melanoma cells or hNSCs was confirmed
by their RNA levels using RT-PCR. Melanoma cells expre-
ssed chemoattractant ligands, e.g., SDF-1 (263 bp) and VEGF
(377 bp), and hNSCs expressed the corresponding chemoat-
tractant factors, CXCR4 (298 bp) and VEGFR (143 bp) (Fig. 2C). 

3. Expression of CD and IFN- genes in hNSCs showed
anti-proliferative effects on melanoma in the presence of
5-FC in vitro

To verify the cytotoxicity of 5-FC and 5-FU on melanoma
cells, A375SM cells were seeded and 5-FC or 5-FU were app-
lied at increasing concentrations (100 to 500 µg/mL) on suc-
cessive days for 3 days. The cell proliferation was quantified
using an MTT assay. Proliferation of 5-FC groups was 
reduced slightly and there was no apparent concentration-

dependent difference. However, cell proliferation of 5-FU
groups decreased drastically even at 100 µg/mL concentra-
tion (Fig. 3A). To demonstrate the therapeutic efficacy of
hNSCs on melanoma cells, A375SM cells were co-cultured
with hNSCs in the presence of serial concentrations of 5-FC
(100 to 500 µg/mL). The cell viability of A375SM was redu-
ced noticeably when co-cultured with HB1.F3.CD and HB1.
F3.CD.IFN- with 5-FC treatment compared to the control
group (HB1.F3). 5-FC hindered cell proliferation of A375SM
cultured with HB1.F3.CD and HB1.F3.CD.IFN- in a dose 
dependent manner (Fig. 3B). However, there was no syner-
gistic effect of HB1.F3.CD.IFN- on A375SM cells. 

4. Tumor volume regressed after hNSC treatments in a
xenograft mouse model 

Xenograft mouse models were used to validate the antitu-
mor effect of hNSCs through an in vivo study and were han-
dled as shown in Fig. 4A. A375SM cells were subcutaneously
injected on the back of female athymic mice to create mela-
noma xenograft models. The tumor volume of every mouse
was measured using a digital caliper throughout the entire
experimental period. NSC treatment was initiated when the
tumor volume reached between 500 and 600 mm3 and hNSCs
were injected nearby a tumor to give a practical approach.
From the 14th day of hNSC treatment, the growth of tumor
volume treated with HB1.F3.CD and HB1.F3.CD.IFN- was

Jae-Rim Heo, Effects of Engineered Neural Stem Cells on Malignant Melanoma 

Fig. 3.  Therapeutic efficacy of HB1.F3.CD and HB1.F3.CD.IFN-with prodrug 5-fluorocytosine (5-FC) in vitro. Twenty-four
hours after A375SM cells (4103 cells/well) were seeded in 96-well plates, human neural stem cells (hNSCs) were seeded in
the same well and all wells were treated with 5-FC for 3 days. The viability of the A375SM cells was measured using an MTT
assay. (A) The cell viability of various concentrations of 5-FC and 5-fluorouracil (5-FU) on A375SM cells. (B) The therapeutic
effect of hNSCs with 5-FC treatment at increasing concentrations (100, 200, 300, 400, and 500 µg/mL) on the A375SM co-cul-
ture system. Phosphate buffered saline (PBS) was used as a negative control. Data were represented as mean±standard error
of mean. *p < 0.05 vs. control. 
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significantly repressed compared to controls (vehicle or HB1.
F3) and there was no synergistic effect of HB1.F3.CD.IFN-,
which corresponded to the result of the in vitro cell viability
assay. Tumor volume of the HB1.F3 treated group or only 
5-FC treated group gradually increased (Fig. 4B). The inhi-
bitory effect presents in both HB1.F3.CD and HB1.F3.CD.
IFN- groups but not in the HB1.F3 group suggests that ther-
apeutic genes engineered for expression in hNSCs prevented
tumors from expanding in xenograft models. In addition,

necrosis of the tumor mass started to occur on most of the
mice that were treated with only 5-FC once the tumor vol-
ume reached more than 1,500 mm3. 

5. Engineered hNSCs migrated towards cancer and inhib-
ited proliferation of tumor mass

The migration of hNSCs toward tumors was observed
through fluorescence spectroscopy. hNSCs were stained in

Cancer Res Treat. 2019;51(2):797-811

Fig. 4.  Changes in tumor volume of melanoma A375SM cell line following human neural stem cell (hNSC) treatments. A
xenograft model was created by implanting A375SM cells (2106 cells) into female athymic mice. (A) CM-DiI pre-stained
hNSCs (4106 cells) were injected to adjacent tumor masses after the tumor mass reached between 500 and 600 mm3. 
Intraperitoneal injection of 5-fluorocytosine (5-FC; 500 mg/kg/day) was implemented for 3 days after 2 days of hNSC injec-
tion. (B) The measurement of tumor volumes was carried out for 3 weeks and calculated as lengthwidthheight0.5236
(mm3). The changes in tumor after treatment with hNSCs in the presence of 5-FC were displayed in a graph. Data were rep-
resented as mean±standard error of mean. *p < 0.05 vs. 5-FC treatment alone. 
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red because of the CM-DiI cell tracker and the tumor mass
was stained in blue with DAPI. The trace of CM-DiI pre-
labeled hNSCs on the surface and inside of the tumor in the
HB1.F3, HB1.F3.CD and HB1.F3.CD.IFN- groups (as shown
with yellow arrows) verified that hNSCs migrated toward
tumors via a chemoattractant ligand-receptor interaction in
vivo (Fig. 5). Since there was no hNSC treatment in the vehi-
cle group, there was no trace of the CM-DiI cell tracker. Fur-
thermore, CM-DiI was more highly expressed in the HB1.F3
group compared to both the HB1.F3.CD and HB1.F3.CD.
IFN- group because the CD gene could be eliminated in the
presence of 5-FC [24]. 

To learn if engineered hNSCs have an effect on tumor pro-
liferation, paraffin-embedded melanoma was incubated with

a primary antibody specific for PCNA, a proliferation marker
of cancer. PCNA was highly expressed in both control gro-
ups, the vehicle group and the HB1.F3 group, but the expres-
sion in the HB1.F3.CD and HB1.F3.CD.IFN- groups was
manifestly low compare to the controls (Fig. 6). This result
indicated that engineered neural stem cells converted 5-FC
to 5-FU and impeded tumor proliferation in xenograft mod-
els. 

6. 5-FU treatment altered the expression of apoptosis-
related protein levels in a melanoma cell line 

The alterations of apoptosis-related genes in melanoma
cells after exposure to 5-FU were examined in this study

Fig. 5.  Fluorescence analysis of melanoma tumor mass in a xenograft mouse model. Human neural stem cells (hNSCs) were
pre-labeled using a CM-DiI cell tracker. CM-DiI pre-labled hNSCs were injected during the experiment. DAPI counterstaining
was conducted after the tumor section was prepared. The stained sections were able to be seen using fluorescence microscopy.
ImageJ was used for merging the picture of DAPI and CM-DiI. Blue indicates DAPI stained nuclei of A375SM cells. Red and
yellow arrows indicate CM-DiI pre-labled hNSCs.  
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using a western blot. Proteins from 5-FU (1 and 5 µg/mL)
treated and untreated melanoma cells were extracted using
RIPA buffer with a protease inhibitor after 0, 1, 3, and 6
hours. 5-FU treatment led to the decreased expression of the
anti-apoptotic protein, Bcl-xL compared to the untreated pro-
tein in a time-dependent manner (Fig. 7). The data shown in
Fig. 7 displayed a significant increase in the expression of the
pro-apoptotic protein, BAX, for 5-FU (5 µg/mL) treated pro-
teins after 6 hours compared to the proteins at 0 hour. 

7. Human IFN- from HB1.F3.CD.IFN- cell line influen-
ced melanoma in epithelial-mesenchymal transition and
metastasis 

To determine the efficacy of recombinant human IFN- in
the HB1.F3.CD.IFN- cell line on melanoma, HB1.F3.CD.
IFN- was cultured in a T75 flask and filtered using a 0.22
mm syringe filter. We hypothesized that HB1.F3.CD.IFN-
cells secrete IFN- while growing in the media and the sec-
reted form of IFN-would have an effect on melanoma other
than a synergistic effect. The filtered media was used for the
IFN- treatment on melanoma (the HB1.F3.CD cell line was
used as a control and was handled in the same way as the
HB1.F3.CD.IFN- cell line). To evaluate the effect of the reco-
mbinant IFN- on the epithelial-mesenchymal transition

(EMT) and metastasis, IFN- treatment on melanoma was
performed for 0, 24, 48, and 72 hours. Proteins from IFN-
treated and untreated melanoma cells were harvested using
RIPA buffer containing protease inhibitor. Among melano-
ma cells that were cultured with HB1.F3.CD.IFN- condi-
tioned media, the expression of the epithelial marker E-cad-
herin gradually increased in a time-dependent manner, and,
at 72 hours, it was expressed twice as often as at 0 hours. On
the other hand, the expression of the mesenchymal marker
Slug and the metastasis marker cathepsin-B was diminished
in a time-dependent manner (Fig. 8B). However, the mela-
noma cells that were cultured with HB1.F3.CD conditioned
media had no significant changes in expressions of E-cad-
herin, Slug, and cathepsin-B after 72 hours as shown in 
Fig. 8A. 

Discussion

Surgical excision of a tumor is a conventional treatment of
melanoma, and radiation therapy using X-ray beams is often
used after surgery to reduce local recurrence. While these
conventional therapies are effective palliatives, they simul-

Cancer Res Treat. 2019;51(2):797-811

Fig. 6.  Immunohistochemistry analysis of proliferating cell nuclear antigen (PCNA) in a tumor mass in melanoma xenograft
mouse model. The expression of PCNA in tumor masses after immunohistochemical analysis was shown. Tumor masses
were taken from every mouse. A 10% formalin fixation, paraffin embedding, and 5-µm sectioning using a microtome were
performed. (A) A primary antibody specific for PCNA was used and the data were analyzed using a microscope. (B) The
mean number of PCNA positive nuclei of each section was quantified and shown in the graph. Data are represented as
mean±standard error of mean. *p < 0.05 vs. vehicle (5-fluorocytosine).
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taneously damage other normal tissues and can fail to pre-
vent melanoma from metastasizing. Once melanoma starts to
metastasize to other organs, conventional therapies become
more challenging to apply. The disease becomes unreachable
if melanoma disseminates to the lymph nodes, lungs, brain,
liver and bones, all of which are typical metastatic sites for
melanoma. The development of molecular-targeted therapies
(BRAF inhibition and MEK inhibition) increased survival
rates for melanoma patients, but repeated exposure to the
therapy resulted in patients acquiring a resistance to the
treatment [25]. Hence, searching for an effective treatment
for malignant melanoma is critical.  

NDEPT is a plausible treatment for malignant melanoma
due to its intrinsic migratory and tumor-tropic behaviour. Its
properties are achieved through an interaction between

chemoattractant and growth factors emitted by both tumor
cells and neural stem cells and can be used to avoid damage
to normal tissues. Neural stem cells used in this study were
manipulated to express CD and/or human IFN-. The CD/
5-FC system operates as follows: CD deaminates the non-
cytotoxic drug 5-FC into the cytotoxic drug 5-FU and hinders
tumors from growing by promoting apoptosis in tumor cells.
A synergistic effect was expected to occur by combining the
cytokine IFN-with the CD/5-FC system. NDEPT exhibited
an outstanding antitumor effect in preceding preclinical
studies on several types of cancers [11,21]. The present study
further suggests that engineered hNSCs can also be used as
a competent delivery vector for selectively treating malig-
nant melanoma. 

Neural stem cells (HB1.F3, HB1.F3.CD, and HB1.F3.CD.
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Fig. 7.  Alteration of apoptosis related protein expression of melanoma cell line (A375SM) after 5-fluorouracil (5-FU) treat-
ment. To evaluate the effects of 5-FU, diluted 5-FU (1 and 5 µg/mL) was applied to A375SM cells. Whole cell lysates were
separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis then immunoblotted with specific antibodies to
Bcl-xL, BAX, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH). (A) Expression of Bcl-xL, BAX, and GAPDH pro-
teins. (B) The relative value of Bcl-xL and BAX protein. Each protein level was normalized against GAPDH expression. Con-
trol, no treatment with 5-FU. Data are represented as the mean±standard deviation of three individual experiments each
performed in three times. *p < 0.05 vs. control. 
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IFN-) were genetically engineered by retroviral transduc-
tion. The expressions of the inserted genes, CD and IFN-,
were confirmed through RT-PCR. The tumor-tropic behav-
iour of hNSCs toward melanoma cells was also confirmed.
The ratio of hNSCs that migrated toward melanoma cells
and normal human cells was about 4:1. This migratory effect
can be explained by the interaction between chemoattractant
factors secreted from melanoma cells and hNSCs. While the
melanoma cell line (A375SM) expressed SDF-1 and VEGF;
hNSCs expressed the corresponding chemoattractant factors
CXCR4 and VEGFR, which suggests that the resulting inter-
actions attracted the hNSCs to the melanoma cells. This

tumor-tropic behaviour can mitigate damage to normal tis-
sues and target inaccessible tumor foci. 

The therapeutic efficacy of hNSCS engineered with thera-
peutic genes in the presence of 5-FC was studied on mela-
noma cells in vitro and in vivo. The melanoma cell viability
decreased approximately 50% when co-cultured with HB1.
F3.CD or HB1.F3.CD.IFN- in the presence of 5-FC. How-
ever, there was no synergistic effect of HB1.F3.CD.IFN- on
melanoma cells. Melanoma cells were subcutaneously injec-
ted on the back of female athymic mice and hNSC treatment
was weekly performed for 3 weeks. We injected hNSCs near
the tumor site instead of distant sites because we also thou-

Cancer Res Treat. 2019;51(2):797-811

Fig. 8.  Human interferon  from HB1.F3.CD.IFN- cell line prevented epithelial-mesenchymal transition (EMT) and metas-
tasis in melanoma cell line (A375SM). To confirm the effect of recombinant interferon- of HB1.F3.CD.IFN- on EMT and
metastasis, the melanoma cell line (A375SM) was cultured with conditioned media from HB1.F3.CD.IFN- for 0, 24, 48, and
72 hours. Expressions of epithelial protein E-cadherin, mesenchymal protein Slug, and metastasis protein cathepsin-B were
measured by western blot. (A) The melanoma cell line was cultured with conditioned media from the HB1.F3.CD cell line
as a control. (B) The melanoma cell line was cultured with conditioned media from HB1.F3.CD.IFN- cell line. Data are dis-
played as the mean±standard deviation of three distinct experiments each conducted in triplicate. *p < 0.05 vs. 0 hour.
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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ght it would be a realistic approach. Melanoma is visible on
the skin unlike other cancers, which gives us better applica-
tion of this therapy by injecting directly at the tumor site;
however, if we had injected hNSCs directly at the tumor site,
we would not have been able to verify the tumor-tropic 
migratory behaviour of hNSCs toward melanoma. The ther-
apeutic effect of the HB1.F3.CD and HB1.F3.CD.IFN- cell
line also appeared on xenograft mouse models. The tumor
volumes of the HB1.F3.CD and HB1.F3.CD.IFN- groups
were significantly reduced after the 14th day of hNSC treat-
ment, and there was no synergistic effect shown by HB1.F3.
CD.IFN-, which was equivalent to the result of the in vitro
cell viability assay. However, the tumor volume of the HB1.
F3 group and the group treated only with 5-FC treated con-
stantly increased, and when the tumor volume reached more
than 1,500 mm3 necrosis occurred on most of the mice. This
necrosis in tumor cells occurs during tumor progression 
because of the lack of an adequate blood supply for contin-
ued growth. The development of necrosis in tumors is more
prevalent in aggressive cancers and associated with angiogen-
esis, hypoxia, and inflammation responses within tumors [26]. 

The migratory effect of engineered hNSCs was also con-
firmed in the in vivo study. All three types of hNSCs were
pre-labeled with the CM-DiI cell tracker to make them dis-
tinct from the tumor tissue before the hNSC treatment was
performed on athymic mice. We injected hNSCs at least 1
week prior to the injection of 5-FC which we believe gave
enough time for hNSCs to migrate toward tumors and allow
conversion of 5-FC to 5-FU occurs. The migration of hNSCs
towards tumor foci via the chemoattractant ligand-receptor
interactions was shown using fluorescence analysis. The den-
sity of CM-DiI pre-labeled hNSCs in the HB1.F3.CD and
HB1.F3.CD.IFN- groups were less than that in the HB1.F3
group. This phenomenon can be explained by the fact that
when CD enzyme deaminates the nontoxic drug 5-FC to a
toxic drug 5-FU the cell carrying CD gene is eliminated with-
out notable toxicity to the normal cells [24]. The inhibitory
effect of engineered hNSCs on melanoma was supported by
the in vivo study as well using immunohistochemical analy-
sis. The expression of the cell proliferation gene (PCNA) was
diminished for the HB1.F3.CD and HB1.F3.CD.IFN- groups
compared to the vehicle and HB1.F3 groups. The reductions
of PCNA expression on tumor growth indicate the therapeu-
tic efficacy of hNSCs treatments in a preclinical experiment.

The active metabolized by-product 5-FU works as a thy-
midylate synthase inhibitor that promotes apoptosis by bind-
ing to a nucleotide-binding sites and destabilizing dNTP in
cancer cells [27]. To investigate whether apoptosis-related
proteins were activated after the 5-FU treatment, A375SM
cells were incubated with different concentrations of 5-FU 
(1 and 5 µg/mL). The activation of pro-apoptotic protein
BAX was increased, and the activation of anti-apoptotic pro-

tein Bcl-xL was decreased in the response to 5-FU, which led
to cell death. This result implies that 5-FU provokes apopto-
sis by triggering an imbalance between pro-apoptotic and
anti-apoptotic proteins in tumor cells. Moreover, Yi et al. [28]
used a breast cell line treated with 5-FU to show that 5-FU
exposure both decreases the ratio of Bcl-2/BAX and increases
expression of p53 and p38, which led to an increase in apop-
tosis and repression of cell proliferation through modulation
of crucial signaling proteins like p53 and p38. Unlike previ-
ous preclinical studies [22,29], we could not verify the syn-
ergistic anticancer effect of IFN- on melanoma. However,
the cytokine interferons can not only suppress proliferation
of tumor cells but also modify the EMT and mesenchymal to
epithelial transition (MET) [30]. To evaluate the function of
the recombinant IFN- on EMT and metastasis, the mela-
noma cells were cultured with HB1.F3.CD.IFN- conditioned
media. HB1.F3.CD conditioned media was used for compar-
ing the effect of HB1.F3.CD.IFN-. The expression levels of
the epithelial protein E-cadherin, mesenchymal protein Slug,
and metastasis protein cathepsin-B were analyzed using a
western blot assay. The longer melanoma cells were exposed
to IFN-, the more the process of MET was ameliorated in
this study. 

Taken together, these results showed that the HB1.F3.
CD.IFN- cell line not only suppressed the proliferation of
cancer cells but is also able to promote MET and reduce
metastasis, demonstrating that IFN- from the HB1.F3.CD.
IFN- cell line induced beneficial effects other than preven-
tion of tumor cell proliferation. The functional form of 
secreted IFN- will be quantified for the HB1.F3.CD and
HB1.F3.CD.IFN- cell lines using the ELISA method in a fur-
ther study. Overall, this study elucidated that engineered
neural stem cell is an auspicious drug-delivery vehicle for
malignant melanoma treatment and could be pragmatic for
a cancer-targeted gene therapy.
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A Phase II Study to Evaluate the Safety and Efficacy of 
Pegteograstim in Korean Breast Cancer Patients Receiving 
Dose-Dense Doxorubicin/Cyclophosphamide

Original Article

Purpose
Dose-dense chemotherapy (DD-CT) is a preferred (neo)adjuvant regimen in early breast can-
cer (BC). Although the results of reported randomized trials are conflicting, a recent meta-
analysis showed improved overall and disease-free survival with DD-CT compared to con-
ventional schedules. However, no DD-CT safety data for Korean BC patients are available.
This phase II study was conducted to evaluate the safety and efficacy of pegteograstim in
Korean BC patients receiving DD-CT.    

Materials and Methods
Patients with operable (stage I-III), histologically confirmed BC received four cycles of intra-
venous doxorubicin (60 mg/m2) and cyclophosphamide (600 mg/m2) on day 1 every 
2 weeks as neoadjuvant or adjuvant therapy. Pegteograstim (6.0 mg) was administered
subcutaneously on day 2 of each cycle. The primary endpoint was the incidence of febrile
neutropenia (FN). The secondary endpoints were safety and tolerability.

Results
Of 63 patients, one (1.6%) developed FN during all cycles of DD-CT. Dose delay was 
observed in four patients (6.3%) and dose reduction in two (3.2%) during DD-CT. Frequent
adverse events (AEs) were nausea, alopecia, generalized muscle weakness, myalgia, 
mucositis, anorexia, dyspepsia, and diarrhea; most AEs were related to chemotherapy.
Grade 3-4 AEs were reported in five of 63 patients (7.9%), and all grade 3 and 4 AEs were
related to chemotherapy. Adverse drug reactions possibly linked to pegteograstim were 
abdominal pain, bone pain, myalgia, generalized muscle weakness, and headache in five
of 63 patients (7.9%).

Conclusion
Dose-dense AC (doxorubicin/cyclophosphamide) chemotherapy with pegteograstim support
is a tolerable and safe regimen in Korean early BC patients.
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Breast neoplasms, Dose-dense chemotherapy, Pegfilgrastim
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Introduction

Anthracycline followed by taxane chemotherapy regimens
are considered the standard of care as neoadjuvant or adju-
vant chemotherapy for early breast cancer [1]. The introduc-
tion of granulocyte colony stimulating factor (G-CSF) ena-
bled dose-dense chemotherapy (DD-CT), defined as the 
administration of the standard dose chemotherapy over
shorter intervals per cycle. The National Comprehensive

Cancer Network guidelines recommend a DD regimen as the
preferred treatment based on the results of several random-
ized trials that showed the superiority of DD-CT [2-4]. A 
recent meta-analysis also reported that DD-CT with G-CSF
support lowers the risk of recurrence and breast cancer death
by approximately 15% in cases of early breast cancer [5].

However, along with the increase in efficacy, DD-CT has
the potential to increase toxicity. Several prospective DD-CT
trials reported that DD-CT was associated with an increased
rate of non-hematologic and hematologic toxicities [2,3,6-9].
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Waks et al. [10] reported that the DD-CT regimen was a risk
factor for Pneumocystis jirovecii pneumonia (PJP) in a retro-
spective review of a large population (n=3,322). In addition,
limited safety data of DD-CT in Asian breast cancer patients
are available, and several studies have shown that the inci-
dence of chemotherapy-related toxicities differs between eth-
nic groups [11-15]. An investigation of the safety profiles of
DD-CT with long-acting G-CSF in Asian breast cancer pati-
ents is needed.

Pegteograstim, a novel long-acting recombinant human 
G-CSF, has higher biological activity based on its higher
affinity to the G-CSF receptor than pegfilgrastim [16-18].
Here, we evaluated the safety and efficacy of pegteograstim
in Korean early breast cancer patients receiving DD-AC (dox-
orubicin/cyclophosphamide) regimen. 

Materials and Methods

1. Study design and patients

This was a single arm, phase II trial conducted at Yonsei
Cancer Center in Korea. 

Eligible patients were women with histologically con-
firmed, operable primary breast cancer without distant
metastases. The planned regimen was AC (doxorubicin 60
mg/m2 and cyclophosphamide 600 mg/m2) chemotherapy
as neoadjuvant or adjuvant therapy for breast cancer. Pati-
ents had to have an Eastern Cooperative Oncology Group
(ECOG) Performance Status score of 0 or 1 and no major car-
diovascular morbidity or other serious medical conditions.
The main exclusion criteria were previous adjuvant or neo-
adjuvant treatment, ongoing pregnancy or lactation, abnor-
mal laboratory values precluding the possibility to safely
deliver the cytotoxic agents used in the study, and previous
or concurrent malignant neoplasms at the other sites.

2. Procedures

Patients received four cycles of DD-AC (60 mg/m2 dox-
orubicin and 600 mg/m2 cyclophosphamide administered
intravenously on day 1 every 2 weeks). A fixed dose of 6.0
mg pegteograstim was administered subcutaneously on day
2 of each chemotherapy cycle (between 22 and 26 hours after
the completion of chemotherapy). Patients with lymph node
metastases were treated with taxane chemotherapy (weekly
paclitaxel or docetaxel every 3 weeks). Taxane regimen was
decided by investigator’s discretion.

Blood sampling for hematological and biochemical assess-
ments was done on day 1 of each cycle and 4 weeks after the

last chemotherapy (end of treatment visit). Chemotherapy
was administered only if absolute neutrophil count was 
 1.0103 cells/L and platelet counts were  100103/L. Sup-
portive care was provided as per the local policy. A dose
delay of up to 14 days was allowed to achieve these hemato-
logic parameters. Adverse events (AEs) were graded using
the National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE ver. 4.03).

3. Outcomes

The primary endpoint was the incidence of febrile neu-
tropenia (FN) in DD-AC with pegteograstim. FN was defi-
ned as neutropenia (< 500 neutrophils/µL) with a febrile
event (a single oral temperature of  38.3°C or a temperature
of  38.0°C sustained over a 1-hour period). Secondary end-
points were the incidences of FN in the first cycle of DD-AC,
hospitalization for FN, grade 3 or 4 neutropenia in the first
cycle of DD-AC, and the dose delay or reduction of chemo-
therapy. Safety was also a secondary endpoint and was 
assessed throughout the study treatment according to the
NCI-CTCAE ver. 4.03.

4. Statistical considerations

In previous DD-CT trials, the incidence of FN in DD-AC
ranged widely from 1% to 10% and several guidelines cate-
gorize the AC regimen into the intermediate risk group (risk
of FN ranges from 10%-25%). Based on those results, we 
hypothesized that threshold and expected values of the inci-
dences of FN were 5% and 20%, respectively. To meet the
threshold and expected values of the incidence of FN with a
type I error level of 0.05 and type II error level of 0.20, at least
56 patients were required. As a dropout rate of 10% is 
expected, we aimed to recruit 63 patients. Statistical analyses
were performed using SPSS ver. 22.0 for Window (IBM
Corp., Armonk, NY). Descriptive statistics were used for
baseline characteristics. Binomial two-sided 95% confidence
intervals (CIs) for the change of hematology profile were cal-
culated. 

5. Ethical statement

All patients provided written informed consent before 
enrollment. The study protocol was approved by the institu-
tional review board (IRB No. 4-2015-0813). The study was
conducted according to the Declaration of Helsinki and the
principles of good clinical practice. The trial was registered
at ClinicalTrials.gov (NCT03575520).
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Results

1. Patient characteristics

Between June 2016 and March 2017, a total of 63 patients
were enrolled at Yonsei Cancer Center. The characteristics of
the patients included in this study are shown in Table 1. The
median (range) age was 50 years (range, 29 to 69 years), and
all patients had an ECOG performance status score of 0. Of
the 63 patients, 42 (66.7%) were premenopausal women, and
37 (58.7%) were node positive, 22 (24.9%) had grade 3 dis-

ease, 18 (28.6%) received neoadjuvant therapy, 37 (58.7%)
had estrogen receptor– or progesterone receptor–positive 
tumors, and 20 (31.7%) had human epidermal growth factor
receptor 2–positive tumors. 

2. The incidence of FN and dose intensity

Only one of 63 patients (1.6%) developed FN during DD-AC
chemotherapy. All patients, except one who withdrew from
the study after the first cycle of chemotherapy, completed the
planned four cycles of DD-AC chemotherapy. Dose delay
was observed in four of 63 patients (6.3%) during DD-AC.
The duration of dose delay was seven days for all four 
patients. The reasons for the dose delay were AEs in two 
patients (liver enzyme elevation grade 3 and mucositis grade
2). The other two patients visited 1 week later due to a mis-
taken appointment without any reason for the dose delay.
Dose reduction was observed in two of 63 patients (3.2%)
during DD-AC. The reasons for the dose reductions were 
recurrent grade 3 FN and grade 3 mucositis in each patient.

3. Safety

The most frequently reported AEs are presented in Table 2.
All but one of the 63 patients (98.4%) reported at least one
AE during DD-AC chemotherapy with pegteograstim sub-
cutaneous injection. Grade 3 to 4 AEs were reported in five
of 63 patients (7.9%). All grade 3 or 4 AEs were linked to
chemotherapy (grade 3 FN, grade 3 anemia, grade 3 pneu-
monia, grade 3 mucositis, grade 3 wound infection, and
grade 4 neutropenia). One patient withdrew from the study
after the first cycle of chemotherapy due to toxicity (pneu-
monia). She refused further adjuvant chemotherapy. The
most frequent AEs were nausea, alopecia, generalized mus-
cle weakness, myalgia, mucositis, anorexia, dyspepsia, diar-
rhea, and most AEs were due to the chemotherapy. Adverse
drug reactions (ADRs) that might be linked to pegteograstim
included abdominal pain, bone pain, myalgia, generalized
muscle weakness, and headache in five of 63 patients (7.9%).
Ten patients experience infectious AEs. Regarding to the type
of infections, cystitis is most common with six cases (60%)
and the remainder were pneumonia, febrile neutropenia, 
enteritis, esophageal candidiasis, respectively.

4. Change of hematology profile

The change in hematology profiles (neutrophil, lympho-
cyte, platelet counts, and hemoglobin level) at day 1 of each
cycle and follow-up is shown in Fig. 1. Mean absolute lym-
phocyte counts and hemoglobin level decreased gradually
during DD-AC chemotherapy and at the follow-up visit.
Mean platelet counts decreased gradually during DD-AC

Table 1. Baseline characteristics

TNM, tumor node metastasis; HR, hormone receptor;
HER2, human epidermal growth factor receptor 2.

No. (%) (n=63)
Age, median (range, yr) 50 (29-69)
Menopausal status

Premenopausal 42 (66.7)
Postmenopausal 21 (33.3)

Type of surgery
Mastectomy 23 (36.5)
Breast-conserving surgery 40 (63.5)

T category
T1 26 (41.3)
T2 28 (44.4)
T3 9 (14.3)

N category
0 26 (41.3)
1 28 (44.4)
2 4 (6.3)
3 5 (7.9)

Tumor grade
1 3 (4.8)
2 35 (55.6)
3 22 (34.9)
Missing 3 (4.8)

TNM stage
1 29 (46.0)
2 28 (44.4)
3 6 (9.5)

Subtype
HR+/HER2– 32 (50.8)
HR+/HER2+ 5 (7.9)
HR–/HER2+ 15 (23.8)
HR–/HER2– 11 (17.5)

Treatment setting
Neoadjuvant 18 (28.6)
Adjuvant 45 (71.4)
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chemotherapy but recovered to baseline levels at follow-up.
In contrast, mean neutrophil counts were increased during
DD-AC but subsequently returned to baseline level at fol-
low-up.

Discussion

To the best of our knowledge, this study is the first to eval-
uate the efficacy and safety of long acting G-CSF, pegteogras-
tim during DD-AC chemotherapy in Korean early breast
cancer patients. We found that FN occurred in only 1.6% of
patients receiving DD-AC chemotherapy with pegteograstim
support. Grade 3 to 4 AEs were reported in five of 63 patients
(7.9%). All but one patient completed the planned four cycles
of DD-AC chemotherapy. Dose delay and dose reduction
linked to AEs were observed in two of 63 patients (3.2%). The
most common ADRs possibly linked to pegteograstim were

abdominal pain, bone pain, myalgia, generalized muscle
weakness, and headache.

CALGB 9741 trial was the first large phase III study to
demonstrate that DD-CT improved clinical outcomes regard-
ing both disease-free survival (DFS) and overall survival (OS)
in node-positive breast cancer [3]. Similarly, the GIM-II trial
showed that DD-CT improved DFS and OS compared to a
conventional chemotherapy schedule. In contrast, several tri-
als exploring the role of DD-CT have reported negative 
results [6-8]. The most recent meta-analysis by the Early
Breast Cancer Trialists' Collaborative Group found that DD-
CT lowers the risk of recurrence and breast cancer death by
approximately 15% in early breast cancer [5]. In Korea, long-
acting G-CSF is now available, but DD-CT is not commonly
used as is the case in Western settings. The reasons for this
are a lack of safety data for DD-CT in Korean patients and
non-reimbursement of long-acting G-CSF for DD-CT. 

DD-CT may increase most chemotherapy-related toxici-
ties. In individual trials, non-hematologic and hematologic
AEs, except neutropenia, were higher for DD-CT than for

Table 2.  Adverse events

Adverse event All grades Grade 1-2 Grade 3-4
(n=63) (n=63) (n=63)

Hematologic
Neutropenia 12 (19) 10 (16) 2 (3)
Anemia 56 (89) 54 (86) 2 (3)
Thrombocytopenia 8 (13) 8 (13) 0 (
Lymphopenia 50 (79) 41 (65) 9 (14)
Febrile neutropenia 1 (2) - 1 (2)

Non-hematologic
Infection 10 (16) 8 (13) 2 (3)
Alopecia 27 (43) 27 (43) 0 (
Asthenia 25 (40) 25 (40) 0 (
Anorexia 15 (24) 15 (24) 0 (
Nausea 37 (59) 37 (59) 0 (
Vomiting 2 (3) 2 (3) 0 (
Stomatitis 24 (38) 23 (37) 1 (2)
Diarrhea 10 (16) 10 (16) 0 (
Constipation 11 (17) 11 (17) 0 (
Bone pain 8 (13) 8 (13) 0 (
Myalgia 22 (35) 22 (35) 0 (
Pain, others 34 (54) 34 (54) 0 (
Cough 17 (27) 17 (27) 0 (
Dizziness 21 (33) 21 (33) 0 (
Dyspepsia 25 (40) 25 (40) 0 (
Insomnia 15 (24) 15 (24) 0 (
Transaminase elevation 28 (44) 28 (44) 0 (
Others 38 (60) 38 (60) 0 (

Values are presented as number (%).
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conventional schedule chemotherapy [2,6-9]. Petrelli et al.
[19] reported that grade 3 to 4 neutropenia and FN rates were
not different between DD-CT and conventional chemother-
apy, but rates of anemia and thrombocytopenia were signif-
icantly higher (relative risk [RR], 3.48; 95% CI, 2.89 to 4.2, 
p < 0.001 and RR, 2.85; 95% CI, 1.93 to 4.2, p < 0.001) during
DD-CT than during conventional chemotherapy [19]. In this
study, the incidence of grade 3 or 4 AEs, including FN (1.6%),
was within an acceptable range and there were no toxicity-
related deaths. At least in terms of frequency of FN, DD-AC

with G-CSF support was safer than conventional AC
chemotherapy without G-CSF use.

Pegteograstim is a novel monoPEGylated recombinant
human G-CSF. It displays higher biological activity based on
an improved binding affinity to the G-CSF receptor [16-18].
Lee et al. [18] showed that pegteograstim was as effective as
pegfilgrastim in the reduction of chemotherapy-induced
neutropenia in breast cancer patients; the incidence of ADRs
was 5.3%, and most common ADRs were leukocytosis, blu-
rred vision, injection site pain, headache, and dizziness
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[16,17]. In this study, the rate of ADRs for pegteograstim was
7.9% with AE profiles similar to the previous study.

We investigated the change in neutrophil, lymphocyte,
platelet, and hemoglobin level at every visit during DD-AC
chemotherapy (Fig. 1). Interestingly, lymphocyte count and
hemoglobin levels were not recovered one month after the
completion of chemotherapy. Although there was no case of
PJP in this study, the DD-AC regimen was one of the risk fac-
tors for PJP in the retrospective study by Waks et al. [10]
They suggested that a high-dose steroid used as an anti-
emetic over 8 weeks may increase the PJP risk in DD-AC. In
this study, we found that most patients had lymphopenia
after completion of DD-AC. Prolonged lymphopenia can
contribute to infectious vulnerability for PJP.

This study has several limitations. First, this was a small-
sized single-center study. Second, this study did not collect
patient-reported outcome (PRO) data. PRO data are increas-
ingly being implemented in oncology clinical trials to evalu-
ate disease-related symptoms, treatment-related AEs, and
health-related impacts on quality of life. We collected AE 
information from patients at regular visits and therefore AE

information may not be collected thoroughly. Third, 28.6%
of patients received DD-AC as neoadjuvant therapy in this
study. There is a possibility of different toxicity profiles bet-
ween neoadjuvant therapy and adjuvant therapy, despite the
regimens being identical.

In conclusion, DD-AC chemotherapy with pegteograstim
support is an efficacious and safe regimen in Korean patients
with early breast cancer. Reimbursement by the Korean gov-
ernment of long-acting G-CSF used for DD-CT is warranted
in early breast cancer patients.
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Purpose
Identification of biomarkers to predict recurrence risk is essential to improve adjuvant treat-
ment strategies in stage II/III gastric cancer patients. This study evaluated biomarkers for
predicting survival after surgical resection. 

Materials and Methods
This post-hoc analysis evaluated patients from the CLASSIC trial who underwent D2 gas-
trectomy with or without adjuvant chemotherapy (capecitabine plus oxaliplatin) at the Yonsei
Cancer Center. Tumor expressions of thymidylate synthase (TS), excision repair cross-com-
plementation group 1 (ERCC1), and programmed death-ligand 1 (PD-L1) were evaluated
by immunohistochemical (IHC) staining to determine their predictive values.

Results
Among 139 patients, IHC analysis revealed high tumor expression of TS (n=22, 15.8%),
ERCC1 (n=23, 16.5%), and PD-L1 (n=42, 30.2%) in the subset of patients. Among all 
patients, high TS expression tended to predict poor disease-free survival (DFS; hazard ratio
[HR], 1.80; p=0.053), whereas PD-L1 positivity was associated with favorable DFS (HR,
0.33; p=0.001) and overall survival (OS; HR, 0.38; p=0.009) in multivariate Cox analysis.
In the subgroup analysis, poor DFS was independently predicted by high TS expression (HR,
2.51; p=0.022) in the adjuvant chemotherapy subgroup (n=66). High PD-L1 expression
was associated with favorable DFS (HR, 0.25; p=0.011) and OS (HR, 0.22; p=0.015) only
in the surgery-alone subgroup (n=73). The prognostic impact of high ERCC1 expression was
not significant in the multivariate Cox analysis.     

Conclusion
This study shows that high TS expression is a predictive factor for worse outcomes on
capecitabine plus oxaliplatin adjuvant chemotherapy, whereas PD-L1 expression is a favor-
able prognostic factor in locally advanced gastric cancer patients.
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Biomarkers, Stomach neoplasms, Prognosis, 
Thymidylate synthase, PD-L1, ERCC1 
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Introduction

The radical gastrectomy with D2 node dissection is a stan-
dard procedure in Asian countries that has significantly 
improved patient survival [1]. Nevertheless, locally advan-
ced gastric cancer has a wide range of clinical outcomes after
surgery, influenced by many factors [2,3]. A series of geno-
mic profiling studies have also revealed considerable hetero-
geneity in gastric cancers, which can be classified into several
subtypes on the basis of microsatellite instability, Epstein-
Barr virus infection and chromosomal instability [4,5]. Each
subtype has distinct survival outcomes, which suggests that
innate biological attributes noticeably affect the prognosis of
patients with gastric cancer [4]. Therefore, reliable biomark-
ers are needed to predict recurrence in gastric cancer pati-
ents.

Adjuvant chemotherapy after surgery, such as S-1 mono-
therapy or capecitabine plus oxaliplatin therapy, decreases
recurrence and mortality among East Asian patients with 
locally advanced stage II-III gastric cancer [6-8]. Previous
studies have also identified several metabolic enzymes that
are involved in the response to chemotherapy. For example,
thymidylate synthase (TS) catalyzes the conversion of dUMP
to dTMP and plays a pivotal role in DNA biosynthesis and
repair. TS activity in tumor tissues may influence the respon-
se to fluoropyrimidine-based chemotherapy, including TS-1
and capecitabine [9,10]. Excision repair cross-complementa-
tion group 1 (ERCC1) is another important enzyme that is 
involved in a rate-limiting step during nucleotide excision
repair and double-strand DNA repair. Previous studies 
indicated that non-small cell lung cancers with high ERCC1
expression are resistant to platinum-based chemotherapy
[11,12]. Based on these results, we suspect that expression of
TS and ERCC1 may help predict response to adjuvant
chemotherapy using capecitabine plus oxaliplatin among 
patients with gastric cancer. 

The immune checkpoint pathway that involves program-
med cell death-1 (PD-1) and its ligand (PD-L1) plays a major
role in the immune evasion processes of malignant tumors
[13]. Accumulating evidence suggests that PD-1 blockade
using a monoclonal antibody is active in gastric cancers that
express PD-L1 and the earliest clinical trial revealed an over-
all response rate of 22% in recurrent or metastatic gastric can-
cer patients [14]. Tumor expression of PD-L1 is associated
with patient prognosis in many cancers [15,16] and several
studies have indicated that PD-L1 has prognostic value in
gastric cancer [17-20]. 

The present study involved a post-hoc analysis of patients
with gastric cancer who were enrolled in a landmark adju-
vant chemotherapy trial (the CLASSIC trial) [7,8] that evalu-
ated the efficacy of capecitabine plus oxaliplatin after D2

gastrectomy. We also performed a subgroup analysis to eval-
uate the predictive values of each potential biomarker in the
adjuvant chemotherapy plus surgery group (“the adjuvant
chemotherapy group”) and in the surgery along group. 

Materials and Methods

1. Study population and ethical statement

This post-hoc analysis evaluated patients with gastric can-
cer who were enrolled in a phase III open-label multi-center
randomized controlled trial (the CLASSIC trial) that com-
pared capecitabine plus oxaliplatin after D2 gastrectomy ver-
sus D2 gastrectomy alone. A consecutive subset of the
CLASSIC trial participants (n=144, enrolled between May
2006 and April 2009 at the Yonsei Cancer Center) were selec-
ted for the present study. All patients had undergone radical
gastrectomy with D2 lymph node dissection for their pri-
mary gastric tumors and were randomized to receive either
adjuvant chemotherapy or surgery alone. Among the 144 
patients, the present study excluded five patients because 
immunohistochemical (IHC) analysis of their tumors was not
technically feasible. Thus, the present study evaluated 139
patients with a median follow-up duration of 98.5 months at
April 2017. Data regarding age, sex, tumor stage, and patho-
logical findings were retrospectively obtained from data-
bases of the CLASSIC trial and Severance Hospital. Tumors
were staged according to the sixth version of the American
Joint Committee on Cancer (AJCC) criteria. 

2. Immunohistochemistry

Stored formalin-fixed paraffin-embedded tissues from the
patients’ primary gastric tumors were collected, and a micro-
tome was used to create 4-µm sections for IHC. The presence
of carcinoma in the sections was confirmed using a patho-
logical review of hematoxylin and eosin staining results. The
sections were de-paraffinized and rehydrated using xylene
and ethanol, and antigen retrieval was performed using a tar-
get retrieval solution (citrate pH 6; Agilent, Santa Clara, CA).
The IHC staining was performed using primary antibodies
against TS (TS106, Thermo Scientific, Waltham, MA), ERCC1
(8F1, Abcam, Cambridge, UK), and PD-L1 (SP142, Spring
Bioscience, Pleasanton, CA) with chromogenic detection that
was performed using a peroxidase/DAB kit (EnVision 
Detection Systems, Agilent). We used the weighted his-
toscore method (H-score) to determine the TS and ERCC1 
expression scores. For TS and ERCC1 expression, sections of
HeLa cell blocks and the normal tonsil were used as positive

Cancer Res Treat. 2019;51(2):819-831

820 CANCER  RESEARCH  AND  TREATMENT



controls for TS and ERCC1 antibody, respectively. Mouse
IgG2a (Dako Cytomation, Glustrup, Denmark), excluding
the primary antibody, was used as the negative control. For
TS and ERCC1 expression, the staining intensity of tumor
cells was classified as 0 (negative), 1 (light brown), 2 (brown),
or 3 (dark brown). The protein expression was interpreted
using the histoscore, calculated by the multiplying staining
intensity and proportion of stained tumor cells as follows:
(0% of negative cells)+(1% of light brown cells)+(2% of
brown cells)+(3% of dark brown cells) [21]. For example, a
specimen with 20% of cells classified as an intensity of 3, 20%
as 2, 30% as 1, and 30% as 0 (unstained cells) would have a
histoscore of (320)+(220)+(130)=130. Histoscores range
from 0 to 300. Tumors with H-score  100 were defined as
having high TS or ERCC1 expression, whereas tumors with
H-score < 100 were defined as having low TS or ERCC1 
expression. The proportion of membranous PD-L1 staining
on tumor cells or intercalated inflammatory cells was evalu-

ated, and tumors with  1% of cells expressing PD-L1 were
defined as PD-L1-positive tumors [22]. Representative IHC
images for TS, ERCC1, and PD-L1 are shown in Fig. 1. All
pathological reviews were performed by pathology experts
who were blinded to the patients’ clinical and survival data.

3. Statistical analysis

Fisher exact test or the chi-square test was used to compare
clinical variables according to treatment group and biomar-
ker status. Disease-free survival (DFS) was defined as the
time from surgery to recurrence, second primary cancer, or
death, and overall survival (OS) was defined as time from
the date of the operation to the date of death from any cause.
Data for patients who had not had an event were censored
as of the date of final observation. DFS and OS after surgical
resection were compared in each biomarker group using the
Kaplan-Meier method and log-rank test. Cox regression

Fig. 1.  Representative images of positive and negative staining results for TS, ERCC1, and PD-L1 in the primary gastric 
tumors. TS, thymidylate synthase; ERCC1, excision repair cross-complementation group 1; PD-L1, programmed death-ligand
1. Scale bars=100 µm. 
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analysis was performed to determine the hazard ratios (HR)
and 95% confidence intervals (CIs) for DFS and OS according
to the clinical variables and biomarkers. The biomarkers’ val-
ues for predicting DFS and OS were estimated using multi-
variate Cox regression analysis, which was adjusted for the
T category and N category. Differences were considered sta-
tistically significant at two-tailed p-values < 0.05, and all data
were analyzed using IBM SPSS software ver. 24.0 (IBM
Corp., Armonk, NY). GraphPad Prism software (GraphPad

Software Inc., San Diego, CA) was used to create the Kaplan-
Meier curves. 

4. Ethical statement

The present study’s protocol was approved by the institu-
tional review board (IRB) of Severance Hospital (4-2017-
1111). This study is the retrospective post-hoc analysis of
CLASSIC trial, and the informed consent for CLASSIC trial

Cancer Res Treat. 2019;51(2):819-831

Table 1.  Baseline characteristics in the two treatment groups

Variable Total Chemotherapy+ Surgery only p-value(n=139) surgery group (n=66) group (n=73)
Sex

Male 97 (69.8) 43 (65.2) 54 (74.0) 0.258
Female 42 (30.2) 23 (34.8) 19 (26.0)

Age (yr)
< 60 92 (66.2) 45 (68.2) 47 (64.4) 0.636
 60 47 (33.8) 21 (31.8) 26 (35.6)

T category
1 3 (2.2) 2 (3.0) 1 (1.4) 0.124a)

2 52 (37.4) 19 (28.8) 33 (45.2)
3 83 (59.7) 44 (66.7) 39 (53.4)
4 1 (0.7) 1 (1.5) 0 (

N category
0 16 (11.5) 8 (12.1) 8 (11.0) 0.699a)

1 83 (59.7) 40 (60.6) 43 (58.9)
2 40 (28.8) 18 (27.3) 22 (30.1)

Histology
Non-SRC 102 (73.4) 52 (78.8) 50 (68.5) 0.170
SRC 37 (26.6) 14 (21.2) 23 (31.5)

Gradeb)

WD/MD 80 (57.6) 34 (51.5) 46 (63.0) 0.171
PD/UD 59 (42.4) 32 (48.5) 27 (37.0)

Lauren type
Intestinal 47 (33.8) 23 (34.8) 24 (32.9) 0.464
Diffuse 79 (56.8) 39 (59.1) 40 (54.8)
Mixed 13 (9.4) 4 (6.1) 9 (12.3)

LVI
Negative 52 (37.4) 24 (36.4) 28 (38.4) 0.808
Positive 87 (62.6) 42 (63.6) 45 (61.6)

PNI
Negative 46 (33.1) 21 (31.8) 25 (34.2) 0.761
Positive 93 (66.9) 45 (68.2) 48 (65.8)

Operation
Subtotal 89 (64.0) 37 (56.1) 52 (71.2) 0.063
Total 50 (36.0) 29 (43.9) 21 (28.8)

Values are presented as number (%). SRC, signet ring cell carcinoma; WD/MD, well differentiated/moderately differentiated;
PD/UD, poorly differentiated or undifferentiated; LVI, lymphovascular invasion; PNI, perineural invasion. a)The p-value
was calculated by Mantel-Haenszel linear-by-linear association test, b)Well differentiated or moderate differentiated tumors
are classified as low grade, and poorly differentiated tumors are classified as high grade.
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enrollment was obtained from all patients. The requirement
for additional informed consent for this study was waived
by the IRB because this study was performed more than 5
years after the CLASSIC trial enrollment and acquisition of
the tumor tissue.

Results

1. Baseline patient characteristics

The post-hoc analysis evaluated data from 139 patients with
stage II-III gastric cancer who underwent radical gastrectomy

Min Hwan Kim, Prognostic IHC Markers in CLASSIC Trial

Table 2.  Baseline characteristics according to TS, ERCC1, and PD-L1 expression
TS TS ERCC1 ERCC1 PD-L1 PD-L1

Variable low high p-value low high p-value low high p-value
(n=117) (n=22) (n=116) (n=23) (n=97) (n=42)

Sex
Male 80 (82.5) 17 (17.5) 0.404 89 (91.8) 8 (8.2) < 0.001 68 (70.1) 29 (29.9) 0.901
Female 37 (88.1) 5 (11.9) 27 (64.3) 15 (35.7) 29 (69.0) 13 (31.0)

Age (yr)
< 60 76 (82.6) 16 (17.4) 0.480 73 (79.3) 19 (20.7) 0.091 65 (70.7) 27 (29.3) 0.755
 60 41 (87.2) 6 (12.8) 43 (91.5) 4 (8.5) 32 (68.1) 15 (31.9)

T category
T1 3 (100) 0 ( 0.410a) 3 (100) 0 ( 0.312a) 1 (33.3) 2 (66.7) > 0.999a)

T2 45 (86.5) 7 (13.5) 45 (86.5) 7 (13.5) 39 (75.0) 13 (25.0)
T3 68 (81.9) 15 (18.1) 67 (80.7) 16 (19.3) 56 (67.5) 27 (32.5)
T4 1 (100) 0 ( 1 (100) 0 ( 1 (100) 0 (

N category
N0 14 (87.5) 2 (12.5) 0.404a) 12 (75.0) 4 (25.0) 0.139a) 15 (93.8) 1 (6.3) 0.003a)

N1 71 (85.5) 12 (14.5) 68 (81.9) 15 (18.1) 60 (72.3) 23 (27.7)
N2 32 (80.0) 8 (20.0) 36 (90.0) 4 (10.0) 22 (55.0) 18 (45.0)

Histology
Non-SRC 85 (83.3) 17 (16.7) 0.653 90 (88.2) 12 (11.8) 0.012 65 (63.7) 37 (36.3) 0.010
SRC 32 (86.5) 5 (13.5) 26 (70.3) 11 (29.7) 32 (86.5) 5 (13.5)

Grade
WD/MD 69 (86.3) 11 (13.8) 0.435 69 (86.3) 11 (13.8) 0.301 56 (70.0) 24 (30.0) 0.949
PD/UD 48 (81.4) 11 (18.6) 47 (79.7) 12 (20.3) 41 (69.5) 18 (30.5)

Lauren type
Intestinal 38 (80.9) 9 (19.1) 0.649 45 (95.7) 2 (4.3) 0.001 25 (53.2) 22 (46.8) 0.003
Diffuse 67 (84.8) 12 (15.2) 58 (73.4) 21 (26.6) 64 (81.0) 15 (19.0)
Mixed 12 (92.3) 1 (7.7) 13 (100) 0 ( 8 (61.5) 5 (38.5)

LVI
Negative 43 (82.7) 9 (17.3) 0.712 38 (73.1) 14 (26.9) 0.017 41 (78.8) 11 (21.2) 0.072
Positive 74 (85.1) 13 (14.9) 78 (89.7) 9 (10.3) 56 (64.4) 31 (35.6)

PNI
Negative 39 (84.8) 7 (15.2) 0.890 40 (87.0) 6 (13.0) 0.479 30 (65.2) 16 (34.8) 0.410
Positive 78 (83.9) 15 (16.1) 76 (81.7) 17 (18.3) 67 (72.0) 26 (28.0)

Operation
Subtotal 74 (83.1) 15 (16.9) 0.658 79 (88.8) 10 (11.2) 0.025 64 (71.9) 25 (28.1) 0.466
Total 43 (86.0) 7 (14.0) 37 (74.0) 13 (26.0) 33 (66.0) 17 (34.0)

Values are presented as number (%). The percentage in parenthesis indicates the proportion of biomarker expression in each
row. TS, thymidylate synthase; ERCC1, excision repair cross-complementation group 1; PD-L1, programmed death-ligand
1; SRC, signet ring cell carcinoma; WD/MD, well differentiated/moderately differentiated; PD/UD, poorly differentiated
or undifferentiated; LVI, lymphovascular invasion; PNI, perineural invasion. a)The p-value was calculated by Mantel-Haen-
szel linear-by-linear association test. 
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Fig. 2.  Kaplan-Meier curves for DFS and OS according to TS, ERCC1, and PD-L1 expression among all 139 patients. The
DFS and OS outcomes were compared using the log-rank test. DFS, disease-free survival; OS, overall survival; TS, thymidy-
late synthase; ERCC1, excision repair cross-complementation group 1; PD-L1, programmed death-ligand 1.



with or without adjuvant chemotherapy (Table 1). Eighty-
five patients (64%) underwent subtotal gastrectomy and 50
patients (36%) underwent total gastrectomy. The patients
were randomized to the adjuvant chemotherapy subgroup
(n=66) or the surgery alone subgroup (n=73). In the adjuvant
chemotherapy subgroup, 52 patients (80.3%) completed eight
cycles of capecitabine plus oxaliplatin chemotherapy and the
remaining patients stopped adjuvant chemotherapy because
of consent withdrawal (n=7), chemotherapy toxicity (n=3),
or disease recurrence during chemotherapy (n=4). In accor-
dance with previous reports regarding this population, the
two treatment groups did not have any significant differ-
ences in their clinical variables and histological findings
(Table 1). 

2. Clinicopathological characteristics according to TS,
ERCC1, and PD-L1 status

All tumors were analyzed for TS and ERCC1 expression,
and the patients were dichotomized according to the IHC
score (H-score  100 vs. H-score < 100). There were no dif-
ferences in the clinicopathological characteristics of the pati-
ents with low TS expression and high TS expression (Table 2).
Compared to cases with low ERCC1 expression, cases with
high ERCC1 expression were more likely to involve female
patients (p < 0.001), signet ring cell carcinoma (p=0.012), the
diffuse type based on the Lauren classification (p=0.001), no
lymphovascular invasion (p=0.017), and total gastrectomy
(p=0.025). Positive tumor expression of PD-L1 was associated
with non-signet ring cell carcinoma (p=0.01), the intestinal
type based on the Lauren classification (p=0.003), and N2 cat-
egory disease (p=0.003). There were no significant associa-

Min Hwan Kim, Prognostic IHC Markers in CLASSIC Trial

Variable Category
Univariate Multivariatea)

HR 95% CI p-value HR 95% CI p-value
Disease-free survival

Thymidylate synthase High vs. low (reference) 1.86 1.02-3.37 0.042 1.80 0.99-3.28 0.053
ERCC1 High vs. low (reference) 1.33 0.72-2.45 0.364 1.37 0.74-2.55 0.320
PD-L1  1% vs. < 1% (reference) 0.37 0.19-0.73 0.004 0.33 0.17-0.65 0.001

Overall survival
Thymidylate synthase High vs. low (reference) 1.64 0.84-3.19 0.145 1.58 0.8-3.07 0.181
ERCC1 High vs. low (reference) 1.28 0.66-2.49 0.470 1.24 0.63-2.42 0.540
PD-L1  1% vs. < 1% (reference) 0.42 0.21-0.86 0.018 0.38 0.18-0.78 0.009

Table 4. Prognostic impact of biomarkers in univariate and multivariate Cox regression analysis in all patients

HR, hazard ratio; 95% CI, 95% confidence interval; ERCC1, excision repair cross-complementation group 1; PD-L1, pro-
gramed cell death ligand 1. a)Multivariable Cox regression analysis adjusted for T category (T3-T4 vs. T1-T2) and N category
(N2 vs. N0-N1).

Variable Category
Disease-free survival Overall survival

HR 95% CI p-value HR 95% CI p-value
Age  60 vs. < 60 (reference) 1.12 0.66-1.89 0.676 1.07 0.60-1.89 0.829
Sex Female vs. male (reference) 0.73 0.41-1.29 0.275 0.77 0.42-1.43 0.410
AJCC stage Stage III vs. stage II (reference) 1.39 0.83-2.35 0.216 1.55 0.87-2.74 0.136
T category T3-T4 vs. T1-T2 (reference) 1.67 0.97-2.87 0.064 1.82 1.00-3.31 0.051
N category N2 vs. N0-N1 (reference) 1.63 0.96-2.78 0.070 1.46 0.82-2.60 0.203
Grade PD/UD vs. WD/MD (reference) 1.06 0.64-1.75 0.832 1.07 0.62-1.85 0.815
Lauren type Diffuse vs. intestinal/mixed (reference) 1.16 0.70-1.94 0.561 1.33 0.76-2.33 0.312

Table 3. Univariate Cox regression analysis of clinical variables for disease-free survival and overall survival of patients

HR, hazard ratio; 95% CI, 95% confidence interval; AJCC, American Joint Committee on Cancer; WD/MD, well differenti-
ated/moderately differentiated; PD/UD, poorly differentiated or undifferentiated.

VOLUME 51 NUMBER 2 APRIL 2019  825



Cancer Res Treat. 2019;51(2):819-831

Fig. 3.  Kaplan-Meier curves for DFS and OS according to TS, ERCC1, and PD-L1 expression in 66 patients who received 
adjuvant chemotherapy. The DFS and OS outcomes were compared using the log-rank test. DFS, disease-free survival; OS,
overal survival; TS, thymidylate synthase; ERCC1, excision repair cross-complementation group 1; PD-L1, programmed
death-ligand 1.
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Fig. 4.  Kaplan-Meier curves for DFS and OS according to TS, ERCC1, and PD-L1 expression in 73 patients who only under-
went surgery. The DFS and OS outcomes were compared using the log-rank test. DFS, disease-free survival; OS, overall sur-
vival; TS, thymidylate synthase; ERCC1, excision repair cross-complementation group 1; PD-L1, programmed death-ligand
1.
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tions between the TS, ERCC1, and PD-L1 expression statuses
in the patients’ tumors (S1 Table).

3. Values of TS, ERCC1, and PD-L1 expression for predict-
ing DFS and OS among all patients

The values of TS, ERCC1, and PD-L1 expression for pre-
dicting DFS and OS after surgical resection were evaluated
among all patients. Compared to low TS expression, high TS
expression was associated with significantly worse DFS
(p=0.039) but not OS (p=0.141) (Fig. 2). In contrast, ERCC1
expression was not associated with DFS or OS. Positive PD-L1
expression was associated with significantly better DFS
(p=0.003) and OS (p=0.015) (Fig. 2). In the univariate Cox
analysis of DFS and OS (Table 3), higher T category and N
category tended to predict poorer DFS (T category, p=0.064;
N category, p=0.070) and poorer OS (T category, p=0.051; N
category, p=0.203). In the multivariate Cox analysis, which
were adjusted for T category and N category (Table 4), high
TS expression tended to be associated with poorer DFS (HR,
1.80; 95% CI, 0.99 to 3.28; p=0.053) but not poorer OS. Positive
PD-L1 expression independently predicted favorable DFS
(HR, 0.33; 95% CI, 0.17 to 0.65; p=0.001) and favorable OS
(HR, 0.38; 95% CI, 0.18 to 0.78; p=0.009). The expression of
ERCC1 was not associated with DFS or OS in the Cox regres-
sion analysis.

4. Values of the biomarkers for predicting survival in the
adjuvant chemotherapy and surgery alone subgroups

In the adjuvant chemotherapy subgroup, high TS expres-
sion was associated with significantly worse DFS (p=0.029)
and OS (p=0.009), but it was not associated with survival in
the surgery alone subgroup (Figs. 3 and 4). Similarly, high

ERCC1 expression in the adjuvant chemotherapy subgroup
was associated with significantly worse DFS (p=0.029) 
(Fig. 3). In the surgery alone subgroup, positive PD-L1 expre-
ssion was associated with favorable DFS (p=0.010) and 
favorable OS (p=0.015) (Fig. 4), with the DFS and OS values
being non-significantly higher than in the adjuvant chemo-
therapy subgroup (DFS, p=0.141; OS, p=0.354) (Fig. 3). In the
multivariate Cox analysis, which was adjusted for T category
and N category (Table 5), high TS expression in the adjuvant
chemotherapy subgroup independently predicted worse
DFS (HR, 2.51; 95% CI, 1.14 to 5.52; p=0.022) and worse OS
(HR, 3.34; 95% CI, 1.42 to 7.87; p=0.006). However, high
ERCC1 expression showed a trend of being associated with
poor DFS, but it was not statistically significant on multivari-
ate Cox analysis (HR, 2.08; 95% CI, 0.94 to 4.58; p=0.070). In
the surgery alone subgroup, high PD-L1 expression signifi-
cantly predicted favorable DFS (HR, 0.25; 95% CI, 0.09 to
0.73; p=0.011) and favorable OS (HR, 0.22; 95% CI, 0.07 to
0.57; p=0.015). 

Discussion

The present study evaluated whether the expression of TS,
ERCC1, or PD-L1 could predict survival after primary gas-
trectomy with or without adjuvant chemotherapy in gastric
cancer patients from single center study of CLASSIC trial.
The results indicated that high expression of TS significantly
predicted poor DFS and OS in the adjuvant chemotherapy
subgroup but not in the surgery only subgroup. PD-L1 
expression predicted significantly better DFS and OS in the
surgery alone subgroup but not in the adjuvant chemother-

Cancer Res Treat. 2019;51(2):819-831

Variable Category
Adjuvant chemotherapy group Surgery only group

HR 95% CI p-value HR 95% CI p-value
Disease-free survival

Thymidylate synthase High vs. low (reference) 2.51 1.14-5.52 0.022 0.95 0.32-2.77 0.918
ERCC1 High vs. low (reference) 2.08 0.94-4.58 0.070 0.78 0.23-2.64 0.686
PD-L1  1% vs. < 1% (reference) 0.43 0.17-1.10 0.077 0.25 0.09-0.73 0.011

Overall survival
Thymidylate synthase High vs. low (reference) 3.34 1.42-7.87 0.006 0.39 0.09-1.68 0.205
ERCC1 High vs. low (reference) 1.68 0.71-4.01 0.239 0.87 0.25-2.98 0.824
PD-L1  1% vs. < 1% (reference) 0.58 0.23-1.48 0.252 0.22 0.07-0.75 0.015

Table 5. Multivariate Cox regression analysis of biomarkers in the adjuvant chemotherapy group and surgery only group

All multivariate Cox regression analysis were adjusted for T category (T3-T4 vs. T1-T2) and N category (N2 vs. N0-N1). HR,
hazard ratio; 95% CI, 95% confidence interval; ERCC1, excision repair cross-complementation group 1; PD-L1, programed
cell death ligand 1.
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apy subgroup. Patients with high ERCC1 expression showed
significantly shorter DFS in the adjuvant chemotherapy
group compared to that of patients with low expression, but
the prognostic impact of ERCC1 expression on DFS did not
show statistical significance in the multivariate Cox regres-
sion analysis (p=0.070). These results suggest that high expre-
ssion of TS predicts a poor response to adjuvant chemothe-
rapy using capecitabine plus oxaliplatin, while PD-L1 expre-
ssion is a general prognostic marker that predicts favorable
tumor behavior. Therefore, these biomarkers may be useful
for predicting recurrence risk and selecting appropriate ther-
apeutic interventions after surgical resection of gastric can-
cer. 

The prognosis of gastric cancer patients varies from patient
to patient after surgery and adjuvant chemotherapy, which
highlights the need for reliable biomarkers in this setting
[6,8]. Furthermore, survival outcomes remain poor for recur-
rent or metastatic gastric cancer [23], although several novel
agents have been approved as standard treatments, such as
trastuzumab [24] and ramucirumab [25]. Therefore, biomark-
ers that can facilitate stratification of recurrence risk could
help guide the selection of adjuvant chemotherapy. For exam-
ple, a study reported that S-1 adjuvant chemotherapy pro-
vides more clinical benefit in gastric cancers with high TS
and dihydropyrimidine dehydrogenase enzyme expression,
and patients with carboxylesterase 2 gene polymorphisms
were reported to show high capecitabine toxicity and anti-
tumor response [10,26]. In addition, platinum-based che-
motherapy agents are commonly combined with fluoropyri-
midines for treating gastric cancer, and ERCC1 expression
and XRCC1 and XPD polymorphisms were reported as sig-
nificant prognostic factors in patients treated with platinum-
based chemotherapy [12,27]. Previous studies have examined
the prognostic significance of TS and ERCC1 expression in
patients with gastric cancer who received adjuvant chemo-
therapy [28-31], although those studies were limited by their
small sample size and retrospective design. Moreover, there
is no validated marker for predicting response to adjuvant
chemotherapy using capecitabine plus oxaliplatin. Our results
suggest that high expression of TS could predict a poor 
response to this adjuvant chemotherapy among patients with
gastric cancer. Therefore, alternative strategies with different
chemotherapeutic agents should be considered for patients
with high TS expression. It might also be useful to consider
novel biological agents that can modulate TS activity.

The immune checkpoint pathway involving PD-1/PD-L1
plays a major role in the immune evasion mechanism of 
malignant tumors. Two monoclonal antibodies that block
this pathway (pembrolizumab and nivolumab) have notable
anti-tumor activity in patients with gastric cancer [14,32]. 
Interestingly, some studies have indicated that tumor expres-
sion of PD-L1 is associated with a favorable prognosis

[17,20], while other studies have suggested that it is associ-
ated with a poor prognosis [18,19]. These contradictory 
results may be attributed to differences in the primary anti-
body to PD-L1, the IHC staining procedure, the PD-L1 scor-
ing system, and the patients who were evaluated. Never-
theless, our results indicate that PD-L1 expression independ-
ently predicts a favorable prognosis in curatively resected
gastric cancer patients without adjuvant chemotherapy. The
major mechanism for PD-L1 expression is mediated by inter-
feron  in inflamed tumor tissues. Increased PD-L1 expres-
sion indicates an active T-cell response in the tumor tissues,
which leads to favorable tumor behavior and clinical out-
comes. In our study, the PD-L1 expression was not associated
with survival in the adjuvant chemotherapy group. Two clin-
ical trials are currently testing the efficacy of adjuvant ther-
apy using anti-PD-1 blockade in gastric cancer after surgical
resection (CheckMate-577 [NCT02743494] and KEYNOTE-
585 [NCT03221426]), and their results should help clarify the
predictive role of PD-L1 expression in the adjuvant setting. 

The strength of the present study lies in its post-hoc analysis
of prospectively collected data from patients with gastric
cancer who were selected for a prospective trial and fol-
lowed-up for a prolonged period of time. In addition, the
present study included a sub-analysis of each treatment arm,
which allowed us to clarify the prognostic value of the bio-
markers among patients who received adjuvant chemother-
apy or surgery alone. 

However, the present study also has several limitations.
First, the data were obtained from patients who participated
in the CLASSIC trial at a single center, which limited the
sample size. In addition, the portion of patients with high TS
expression was small. Despite the prognostic significance of
this marker, the result might be attributed to chance. To find
the statistical significance, we performed a bootstrapping
analysis using 1,000 re-samplings. The number of null hypo-
thesis rejections was moderate to high (range, 276 to 851, data
not shown). Therefore, the results for our prognostic factors
were statistically significant, although the possibility that the
results were attributed to chance could not be ruled out com-
pletely. In addition, the prognostic impact of AJCC stage was
not statistically significant in our study population. How-
ever, the pathologic T category and N category were corre-
lated with a poor prognosis. In addition, stage III patients
showed shorter DFS and OS than stage II patients, although
the difference was not statistically significant because of the
small sample size (S2 Fig.). Therefore, more research with
larger sample sizes is needed to validate our findings. Sec-
ond, further studies are also needed to validate the cut-off
criteria for interpreting the IHC results with the same pri-
mary antibodies that were used.

In conclusion, we performed a post-hoc analysis of pro-
spectively collected clinical trial data to evaluate whether TS,
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ERCC1, and PD-L1 expression could predict survival among
patients with gastric cancer. The results revealed that high
tumor expression of TS predicted poor survival after adju-
vant chemotherapy using capecitabine plus oxaliplatin,
whereas PD-L1 expression was associated with favorable
DFS and OS in the surgery only subgroup. We suggest that
these biomarkers may be useful to perform stratification of
recurrence risk after surgical resection of locally advanced
gastric cancer and may facilitate the design of customized
adjuvant therapies for individual patients. 
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Purpose
The soluble programmed death-ligand 1 (sPDL1) has immunosuppressive activity and is a
candidate biomarker for immuno-oncology drug development. In this study, we measured
sPDL1 at pre- and post-chemotherapy and at disease progression to uncover the dynamics
of sPDL1 during treatment in biliary tract cancer (BTC) patients.   

Materials and Methods
From 90 BTC patients (training cohort, 53; validation cohort, 37) who were candidates for
palliative first-line chemotherapy, blood was collected at pre- and post-chemotherapy (at the
time of best response) and at disease progression. The sPDL1 levels were measured using
an enzyme-linked immunosorbent assay. Responses to chemotherapy, overall survival (OS),
and other prognostic factors including the neutrophil-lymphocyte ratio (NLR) were analyzed. 

Results
The OS of all patients was 11.5 months (confidence interval [CI], 9.7 to 16.2). The best 
response was complete response in seven (7.8%), partial response in 20 (22.2%), stable
disease in 52 (57.8%), and disease progression (PD) in 11 patients (12.2%). Patients with
high pre-chemotherapy sPDL1 ( 1.30 ng/mL) showed worse OS than patients with low pre-
chemotherapy sPDL1 (9.1 months vs. 12.5 months, p=0.003). In multivariate analyses,
high pre-chemotherapy sPDL1 (hazard ratio [HR], 1.96; 95% CI, 1.2 to 3.9; p=0.011) and
high pre-chemotherapy NLR (HR, 1.82; 95% CI, 1.1 to 3.0; p=0.020) were independent
poor prognostic factors for OS. At the time of PD, sPDL1 was increased significantly com-
pared with pre-chemotherapy sPDL1 (1.59 ng/mL vs. 0.72 ng/mL, p=0.003).

Conclusion
The sPDL1 at pre-chemotherapy confers the prognostic value for OS in BTC patients under
palliative chemotherapy. The dynamics of sPDL1 during chemotherapy correlate with dis-
ease burden and have prognostic value. 

Key words
Soluble PDL1, PDL1, Dynamics, Biomarkers, Prognosis
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Introduction

Immunotherapy is an emerging strategy for the treatment
of patients with diverse ranges of malignancy. As the concept
of cancer immunity is investigated, host immune systems
that interact with tumor cells and the microenvironment
have been targeted for oncology drug development [1-3]. In
biliary tract cancer (BTC), the development of new drugs, 
including immunological agents, is urgently needed because

BTC patients have poor prognosis with no effective treat-
ment except a limited number cytotoxic agents. 

Programmed death 1 (PD-1) is a key checkpoint and is 
expressed in activated T cells. Its ligand, programmed death-
ligand 1 (PD-L1), is induced by active T cells to evade host
immune systems. It has been suggested to play a pivotal role
in cancer development. PD-1 or PD-L1 protein expression
levels in tumor infiltrating lymphocytes and tumor cells
serve as candidate biomarkers to predict the prognosis of
cancer patients [4-8]. Immune cell infiltration into the 
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microenvironment of BTCs is also a prognostic factor [9-11].
The upregulation of PD-L1 and PD-1 in tumor tissues is also 
reported in BTC [12]. Although many new drugs targeting
PD-L1 and PD-1 have been developed, the biomarkers that
could predict the efficacy are unknown. The expression of
PD-L1 in tumor tissues is one of the candidate biomarkers
for the use of antiPD-L1 or PD-1 antibodies. However, bio-
psy of tumor tissue is often risky and it is difficult to obtain
sufficient amounts of tissue for biomarker analysis. The 
immune response is not fixed one; it changes across time 
sequence or is influenced by the ongoing treatment. It is
therefore necessary to repeatedly perform biopsies, which is
difficult in the real field of clinical practice. In this regard,
studies of soluble biomarkers or liquid biopsies are being
highlighted. The soluble programmed death-ligand 1 (sPDL1)
has immunosuppressive activity and is under investigation
as a candidate biomarker for immuno-oncology drug devel-
opment. In our previous study, we showed that sPDL1 could
be used as a biomarker with prognostic value in cancer pati-
ents [13].

The purpose of this study was to investigate the changes
of sPDL1 levels during chemotherapy and to analyze the 
relationship of the sPDL1 changes with clinical outcomes. In
this study, we measured the serum sPDL1 at pre- and post-
chemotherapy and at disease progression and evaluated its
dynamics and prognostic implications in BTC patients. 

Materials and Methods

1. Patients and data collection

Patients with pathologically confirmed recurrent or ini-
tially unresectable BTC, who were scheduled to receive pal-
liative chemotherapy were enrolled. Intrahepatic cholangio-
carcinoma (IHCC), extrahepatic cholangiocarcinoma (EHCC),
gallbladder cancer (GB ca), and ampulla of Vater cancer
(AoV ca) were all included. 

Ninety patients were recruited at the Seoul National Uni-
versity Hospital. The training cohort included patients
treated with S-1/cisplatin chemotherapy under a phase II
clinical trial enrolled between March 2001 and November
2008. The validation cohort included patients treated with
gemcitabine/cisplatin chemotherapy enrolled between Octo-
ber 2008 and February 2016. The training and validation 
cohorts consisted of 53 and 37 patients, respectively. The
blood samples were collected before chemotherapy (pre-
chemotherapy) and at the time of best response (post-che-
motherapy) and disease progression.

Demographic and laboratory data, including total biliru-

bin, albumin, carcinoembryonic antigen (CEA), carrbohy-
drate antigen 19-9, and blood cell counts before initiation of
chemotherapy, were collected. Neutrophil-to-lymphocyte
ratio (NLR, neutrophil/lymphocyte), platelet-to-lymphocyte
ratio (PLR, platelet/lymphocyte) and systemic inflammatory
index (SII, neutrophilplatelet/lymphocyte) were calcula-
ted. The sPDL1 level was measured using an enzyme-linked
immunosorbent assay (ELISA) (PDCD1LG1 ELISA kit, USCN
Life Science, Shandong Sheng, TX) in patients’ blood samples
according to the manufacturer's instructions [13,14]. ELISA
is the method to identify peptides, proteins, antibodies and
hormones. It is accomplished by assessing the conjugated 
enzyme activity via incubation with a substrate to detect a
measureable sPDL1. We use patient’s plasma that was col-
lected from patient’s blood by Ficoll-Paque PLUS (GE
Healthcare Life Sciences, Uppsala, Sweden). It was kept at 
–80 and incubated 1 hour at 37 at ELISA kit well. It was
aspirated and washed 3 to 5 times and incubated again. After
that procedure, it read at 450 nm immediately. Each sample
was analyzed in duplicate. 

The response to chemotherapy was determined according
to Response Evaluation Criteria in Solid Tumor (RECIST)
ver. 1.1. Overall survival (OS) was calculated from the date
of diagnosis for BTC to the date of death or last follow-up
date. Progression-free survival (PFS) was calculated from the
date of diagnosis to the date of disease progression. 

2. Statistical analysis

Pearson’s chi-square test or Fisher exact test was used for
categorical variables, as appropriate. A t test was used for
comparison of means. To compare the median values of bio-
markers, the Mann-Whitney test was used. Median OS or
median PFS was calculated using the Kaplan-Meier method
and comparisons of differences between groups were asse-
ssed using log-rank tests. Univariate and multivariate analy-
ses for OS were performed using Cox regression models.
Factors with p < 0.05 in univariate analysis were collected
and analyzed in multivariate regression models. All statisti-
cal tests were two-sided, with significance defined as p <
0.05. Cut-off values of each variable (sPDL1, NLR, PLR, and
SII) for OS predictions were determined by using a minimum
p-value approach [15]. 

3. Ethical statement

The study protocol was reviewed and approved by the 
Institutional Review Board of Seoul National University Hos-
pital (H-1408-039-600). Patients gave informed consent for
collecting blood samples to analyze biomarkers. All studies
were conducted according to guidelines for biomedical 
research (Declaration of Helsinki).
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Results

1. Patient characteristics

The median age of the entire cohort was 66-years-old
(range, 56.0 to 72.0 years) and the primary sites of cancer
were: GB ca, 33 cases (36.7%); IHCC, 30 cases (33.3%); EHCC,
24 cases (26.7%); and AoV ca, three cases (3.3%). The median
OS was 11.5 months (95% CI, 9.7 to 16.2). Baseline demo-
graphic and clinical characteristics were similar between the
training and validation cohorts (Table 1). Median values of
NLR, PLR, and SII showed no significant differences bet-
ween the training and validation cohorts. Patients in the
training cohort received S-1/cisplatin as the first-line chemo-
therapy under clinical trial and patients in the validation 
cohort received gemcitabine/cisplatin combination chemo-
therapy. 

2. Prognostic value of sPDL1

The median baseline (at pre-chemotherapy) sPDL1 was 0.97
ng/mL (range, 0.56 to 1.85 ng/mL) and mean was 1.28(stan-
dard deviation, 0.93) (Table 2). The cut-off value of sPDL1 for
prediction of OS was 1.30 ng/mL in the training, validation,
and entire cohorts (Table 3). The patients with lower baseline
sPDL1 showed a better OS (Fig. 1). 

When compared with traditional cancer markers and PDL1,
high CEA was observed in high sPDL1 (Table 4). It showed sta-
tistically significant difference (p=0.029). 

In univariate analysis for prognostic factors, disease extent
(initially unresectable vs. recurrent), number of metastasized
organs, NLR, and sPDL1 were significant prognostic factors
for OS. In multivariate analysis, sPDL1 and NLR were signifi-
cant for OS (Table 5).

3. Dynamics of soluble PD-L1

The best response was complete response in seven patients,
partial response (PR) in 20 patients, stable disease (SD) in 52
patients, and disease progression in 11 patients. At the time of
disease progression, sPDL1 was elevated compared with the
pre-chemotherapy cases. There was a trend of sPDL1 to 
decrease when the tumor burden decrease and a trend to 
increase when the tumor burden increase in each response
groups. 

In the PR group, sPDL1 levels at pre-chemotherapy and
post-chemotherapy were 1.19 ng/mL and 0.98 ng/mL, respec-
tively. Three samples were collected at disease progression
after PR, and the median sPDL1 was 2.77 ng/mL, which was
higher than that of the pre-chemotherapy or post-chemother-
apy. Similarly, in the SD group, the median sPDL1 at diseaseTa
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progression (1.83 ng/mL) was higher than that of the pre-
chemotherapy (1.16 ng/mL) and post-chemotherapy (1.19
ng/mL). In the disease progression group, sPDL1 levels at pre-
chemotherapy and disease progression were 0.62 ng/mL and
1.04 ng/mL, respectively (Table 3, Fig. 2). 

Discussion

In this study, baseline sPDL1 levels (at pre-chemotherapy)
predicted the survival of BTC patients treated with palliative
chemotherapy, which was comparable to our previous study
[13]. High level of sPDL1 had a correlation with worse sur-
vival and was shown to be a significant prognostic factor in
univariate and multivariate analyses. In terms of dynamic

sPDL1 (ng/mL)
Training Validation Training cohort Entire 

cohort cohort vs. validation cohort
(n=53) (n=37) cohort p-value (n=90)

Median (range) 1.01 (0.56-2.07) 0.92 (0.56-1.48) 0.463 0.97 (0.56-1.85)
Mean±SD 1.39±1.03 1.15±0.75 0.240 1.28±0.93
Cut-off 1.30 ( 1.30 ( 1.30 (

< cut-off 30 ( 26 ( 56 (
Median OS (95% CI) 16.7 (12.5-37.5) 12.0 (9.2-21.2) 16.2 (10.7-19.6)

 cut-off 23 ( 11 ( 34 (
Median OS (95% CI) 10.6 (9.0-16.5) 6.9 (5.8-NA) 9.2 (8.1-11.6)

Disease extent, median (range)
Recurrent 1.44 (0.76-2.24) 1.16 (0.72-1.85) 0.399 1.35 (0.72-2.16)
Initially unresectable 0.73 (0.41-1.07) 0.71 (0.54-1.11) 0.71 (0.47-1.11)

Diagnosis, median (range)
IHCC 1.34 (0.56-2.59) 1.10 (0.82-1.59) 0.483 1.20 (0.56-1.85)
EHCC 0.77 (0.48-1.03) 0.89 (0.55-1.21) 0.89 (0.51-1.16)
AoV ca 1.68 (0.94-2.41) 0.71 (0.71-0.71) 0.94 (0.82-1.68)
GB ca 1.23 (0.54-2.12) 1.10 (0.56-1.99) 1.11 (0.56-2.07)

Table 2. Baseline sPDL1 

sPDL1, soluble form programmed death-ligand 1; SD, standard deviation; OS, overall survival; CI, confidence interval; IHCC,
intrahepatic cholangiocarcinoma; EHCC, extrahepatic cholangiocarcinoma; AoV ca, ampulla of vater cancer; GB ca, gall-
bladder cancer.

Table 3. Dynamics of sPDL1

sPDL1, soluble form PD-L1; CR, complete remission; PR, partial response; SD, stable disease; PD, progression disease.

Best response CR (n=7) PR (n=20) SD (n=52) PD (n=11) Total (n=90)
Pre-chemo sPDL1

Median (range) 0.88 (0.49-0.92) 1.19 (0.53-1.97) 1.16 (0.62-2.20) 0.62 (0.35-0.86) 0.97 (0.56-1.85)
Mean±standard deviation 0.73±0.27 1.42±0.99 1.44±0.97 0.67±0.37 1.28±0.93

Post-chemo sPDL1
Median (range) 1.02 (0.56-1.28) 0.98 (0.69-1.54) 1.19 (0.66-1.98) 1.04 (0.76-2.86) 1.07 (0.66-1.83)
Mean±standard deviation 1.01±0.51 1.18±0.72 1.38±0.87 1.62±1.26 1.34±0.88

At PD n=0 n=3 n=15 n=11 n=29
Median (range) 2.77 (1.85-2.92) 1.83 (0.99-2.41) 1.04 (0.76-2.86) 1.59 (0.94-2.60)
Mean±standard deviation 2.26±1.15 1.74±0.94 1.62±1.26 1.75±1.07
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sPDL1 (cut-off value 1.3)
Total p-value

< 1.3  1.3
CEA (normal 0-5 ng/mL)

< 10 47 21 68 0.029
 10 9 12 21

Total 56 33 89

Table 4. Traditional tumor marker (CEA) and sPDL1

CEA, carcinoembryonic antigen; sPDL1, soluble form programmed death-ligand 1.

Fig. 1.  Overall survival according to pre-chemotherapy soluble programmed death-ligand 1 (sPDL1). Baseline sPDL1 is cor-
related with overall survival in entire cohort (A), training cohort (B), and validation cohort (C). Cut-off value of sPDL1 is
1.30 ng/mL in three cohorts. High sPDL1 at pre-chemotherapy confers worse overall survival.
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changes of sPDL1 levels during chemotherapy, the levels
were elevated at the time of disease progression compared
to that of the pre-chemotherapy. 

Tumor cells evade the host immune system by expressing
PD-L1, which binds to PD-1 on the surface of activated T or
B cells. PD-1/PD-L1 binding causes inhibitory signaling in T
and B cells, causing suppression of T-cell migration, prolif-

eration, and secretion of cytotoxic mediators [1,16-18].
Higher PD-L1 levels in tumor tissues were reported to have
a strong correlation with adverse clinical outcomes [19]. 
Elevated serum sPDL1 is also related with less differentiated
tumors, higher invasiveness, and greater metastatic potential
in several solid tumors [20,21]. We previously reported that
high sPDL1 was related with worse survival in BTC patients
who received palliative chemotherapy. In this study, high
level of sPDL1 is reproducibly correlated with worse survival
of BTC patients.

Another important purpose of this study was to uncover
the dynamics of sPDL1 during chemotherapy and to deter-
mine whether there was a correlation of dynamics of sPDL1
with tumor response or tumor burden. We measured sPDL1
at the time of best response and at the time of disease pro-
gression besides pre-chemotherapy. There was a trend of
sPDL1 to decrease when the tumor burden decrease and a
trend to increase when the tumor burden increase in each 
response groups. At the time of disease progression, sPDL1
was consistently elevated compared with that of pre-chemo-
therapy.

There have been few studies regarding the dynamics of 
expression of PD-L1 in tumor tissues. In subgroup analyses
of clinical trials using anti–PD-L1 antibody, the level of tumor
tissue PD-L1 protein had a predictive value for the response
to the PD-L1 inhibitor in several types of cancer [22]. Another
study showed that PD-L1 expression in tumor cells increased
in non-small cell lung cancer patients treated with gefitinib
[23]. In esophageal cancer patients, the PD-L1 level of tumor
cells also increased after neoadjuvant concurrent chemora-

Univariate analysis Multivariate analysis
HR (95% CI) p-value HR (95% CI) p-value

Age 0.979 (0.63-1.52) 0.925 - -    
Diagnosis 0.976 (0.77-1.23) 0.839 - -
Disease extent 0.567 (0.35-0.92) 0.022 0.874 (0.50-1.52) 0.636
No. of metastasis organs 1.842 (1.06-3.21) 0.031 1.351 (0.75-2.45) 0.320
Total bilirubin 1.275 (0.74-2.20) 0.380 - -
Albumin 0.553 (0.29-1.06) 0.074 - -
CEA 1.491 (0.91-2.43) 0.110 - -
CA 19-9 1.389 (0.86-2.24) 0.177 - -
sPDL1 2.230 (1.39-3.55) < 0.001 1.959 (1.17-3.29) 0.011
NLR 2.113 (1.31-3.41) 0.002 1.823 (1.10-3.02) 0.020
PLR 1.596 (0.90-2.82) 0.108 - -
SII 1.432 (0.89-2.31) 0.141 - -

Table 5. Prognostic factors for overall survival 

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; sPDL1, soluble
form of PD-L1; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation
index. 

Fig. 2.  Changes of soluble programmed death-ligand 1
(sPDL1) at disease progression. sPDL1 level at the time of
disease progression is increased compared with pre-che-
motherapy.

5

0

sP
DL

1 (
ng

/m
L)

Baseline Progression

1

2

3

4

838 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2019;51(2):832-840



diotherapy [24]. However, thus far, changes of sPDL1 after
treatment have not been reported. Our study is the first 
report on the dynamics of sPDL1 during chemotherapy. 

Our study had limitations. It was a single center study, and
a relatively small number of patients. However, this study
has value as the first study to uncover the dynamics of sPDL1
in cancer patients treated with palliative chemotherapy. The
sPDL1 level was increased noticeably at disease progression.
Our finding supports further studies to determine whether
sPDL1 could serve as biomarker for immunotherapy. Further
study on correlation between sPDL1 and PDL1 expression in
tumor tissue is also worthy and needed.  

In conclusion, the sPDL1 level at pre-chemotherapy had
prognostic value for OS in BTC patients under palliative

chemotherapy. The dynamics of sPDL1 during chemother-
apy correlated with disease burden and had prognostic
value.
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RECOGNISE. RESPOND.!
Enable the immune system.

백금 기반 동시적 항암화학방사선요법 이후
질병이 진행되지 않은
절제 불가능한 국소 진행성 비소세포폐암 환자의 치료2

*  strati!ed hazard ratio for death, 0.68; 99.73% CI, 0.47 to 0.997; P = 0.0025
**  assessed by BICR, strati!ed hazard ratio for disease progression or death, 0.51; 95% CI, 0.41 to 0.63; No formal statistical comparison was made because the study had achieved 

signi!cance for PFS at the !rst planned IA (data cut off of Feb 13, 2017)

OS: overall survival; PFS: progression-free survival

THE FIRST AND ONLY APPROVED

임핀지는 Phase 3 연구인 PACIFIC 결과에서 OS 중간 분석결과

위약대비 사망 위험을 32% 감소* 시켰으며

17.2개월의 median PFS를 보여 위약대비 11.6개월의 PFS 연장 효과**를 
나타냈습니다.3 (data cut off: March 22, 2018)

임핀지 2018년 12월 4일 식약처 승인
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