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The symposium on “Oncology Leadership in Asia” was held as part of the official program
of the 42nd Annual Meeting of the Korean Cancer Association with International Cancer
Conference. Given the increasing incidence of cancer in all countries and regions of Asia,
regardless of developmental stage, and also in light of the recognized need for Asian countries to enhance collaboration in cancer prevention, research, treatment and follow-up, the
symposium was held with the aim of bringing together oncology specialists from eight countries and regions in Asia to present the status in their own national context and discuss the
key challenges and requirements in order to establish a greater Asian presence in the area
of cancer control and research. The task of bringing together diverse countries and regions
is made all the more urgent in that while Asia now accounts for more than half of all new
cancer cases globally, clinical guidelines are based predominantly on practices adopted in
Western countries, which may not be optimized for unique ethnic, pharmacogenomic and
cultural characteristics in Asia. Recognizing the need for Asia to better gather information
and data for the compilation of Asia-specific clinical guidelines, the participants discussed
the current status in Asia in the national and regional contexts and identified future steps
towards integrated and collaborative initiatives in Asia. A key outcome of the symposium
was a proposal to combine and integrate the activities of existing pan-Asian societies,
including the Asian Pacific Federation of Organizations for Cancer Research and Control
(APFOCC) and Asian Clinical Oncology Society (ACOS). Further proposals included the
expansion of pan-Asian society membership to include individuals and the essential need
to encourage the participation of young researchers in order to ensure self-sustainability of
cancer control efforts in the future.
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Introduction
The Symposium on “Oncology Leadership in Asia” was
held as part of the official program of the 42nd Annual Meeting of the Korean Cancer Association (KCA) with International Cancer Conference in Seoul on June 17, 2016. Over the
years the KCA has collaborated with pan-Asian organizations involved in cancer research and control, including
Asian Pacific Federation of Organizations for Cancer
Research and Control (APFOCC) and Asian Clinical Oncology Society (ACOS) and as part of the international program
of the annual meeting the symposium was held as a means
of sharing information and identifying future steps to Asian
integration and collaboration in the field of cancer. In addition to presentations that introduced the ongoing efforts of
pan-Asian bodies such as APFOCC, ACOS, and the Federation of Asian Clinical Oncology (FACO), participants from
eight countries and regions introduced the latest efforts and
developments in their own national context. Participants
were united in their recognition of the urgent need to establish a greater presence for Asia in the area of cancer research
and control. In the general discussion session following the
presentations, participants discussed ideas for advancing
cooperation and integration in Asia, including a proposal to
combine and integrate the activities of the existing pan-Asian
oncology related societies. The session was co-chaired by
Hideyuki Akaza, University of Tokyo, Japan, and DongYoung Noh, Seoul National University College of Medicine,
Korea.

Opening
Co-chairs Dong-Young Noh (Seoul National University
College of Medicine, Korea) and Hideyuki Akaza (University
of Tokyo, Japan) welcomed participants to the symposium,
noting that the symposium was benefiting from the participation of leaders from various countries, who would be presenting from various perspectives on oncology leadership in
Asia.

How Can We Cooperate to Improve Cancer
Control and Research in Asia?
Jay Kyung Roh (Yonsei University College of Medicine,
Korea) noted that he is currently serving in the role of Secre-
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tary General of the APFOCC and he would like to discuss
the issue of improving cancer control and research in Asia.
Asia has huge populations with diverse ethnicity, different cultural backgrounds and diverse economic conditions.
Cancer prevalence is diverse among Asian countries, but
cancer became the major health agenda even in economically
emerging countries. Clinical practice guidelines for cancer
prevention, detection and treatment have not yet been fully
established and appropriate guidelines for cancer control
suitable to Asian people are urgently required.
In terms of the characteristics of Asian cancer, there are
ethnic pharmacogenomic differences in terms of treatment
responses and toxicities. Every country has its own clinical
practices for cancer prevention, detection, and treatment.
There are also diverse patterns of treatment tolerability, both
in mental and physical terms. Furthermore, Asia is also characterized by diverse socioeconomic conditions.
In order to overcome cancer in Asia, it will be essential for
all countries and regions to work together in various activities, including primary prevention, vaccination, and early
detection. It will be important for countries to work together
with Asian cancer organizations like APFOCC, ACOS, Union
for International Cancer Control Asia Regional Office (UICCARO), and others. There is an urgent need for support from
government, industry, and the public. Work should be concentrated on developing suitable guidelines for Asian people
to improve cancer control in Asia.
The APFOCC was founded in 1972 under supervision of
Dr. Kunio Ohta, Professor, Department of Pathology, Tokyo
University, Japan. Dr. Takeshi Hirayama was the first Secretary General of the APFOCC to give assistance to the newly
created Asia Pacific Cancer Conference (APCC) in 1973 until
1979, followed by Dr. Kunio Aoki. APCC conferences have
been held biannually on 23 occasions from 1973 to 2015.
In spite of the extreme limitations for APFOCC activities,
mutual friendship in Asian Pacific countries has been fortified to fight against cancer during the last four decades.
APFOCC seeks to promote activities for cancer control programs in Asian Pacific countries and it encourages members
to participate actively as well as seeking collaboration from
international organizations such as Union for International
Cancer Control (UICC) and the American Association for
Cancer Research (AACR).

Dong-Young Noh, Symposium: “Oncology Leadership in Asia”

The Role of ACOS and FACO in the Collaboration of Asian Oncology Leadership:
Academic Activity and Research Activity
Kazuhiro Yoshida (Gifu University, Graduate School of
Medicine, Japan) explained that the ACOS is an academic
society in Asian countries and the FACO is an organization
which promotes translational and clinical research among
Asian countries and that he would be introducing the activities of these two organizations.
ACOS was established in 1991 by representative doctors
from several Asian countries and regions, including Japan
(Prof. Tetsuo Taguchi), China (Prof. Yan Sun), Korea (Prof.
Jin-Pok Kim), Taiwan (Prof. Jacqueline Whang-Peng), and
the Philippines (Prof. Antonio H. Villalon), with the inaugural meeting held in Osaka, Japan in 1991. Since the first meeting, the ACOS meeting has been held every 2 years.
The vision of ACOS is as follows: “Our patients will be able
to become free from cancer by multidisciplinary treatments.”
The mission is defined thus: “ACOS aims to ensure the current best practice for Asian cancer patients by implementing
multidisciplinary treatments.” To achieve the mission, ACOS
holds the following core values: (1) to make a difference in
Asian oncology through translational research and expert
doctors techniques; (2) to rethink about cancer therapy from
palliative to curative; (3) to have a highly motivate both of
doctors and patients; (4) to identify the best practices and do
it at good timing; (5) to develop less invasive and/or less
expensive therapies; and (6) to bolster cancer prevention
through education and early diagnosis.
There are now 20 countries participating out of a total of
51 countries and regions in Asia. An organizing committee
and council members have been established and there is a
total of 79 active council members from 19 countries and
regions, although there is a need to recruit more young doctors. Prof. Shigetoyo Saji has served as president of ACOS
from 2010 to 2016, with Kazuhiro Yoshida (the presenter)
serving as secretary general.
Over the past six years the constitution of ACOS has been
revised and clarified. Work has been ongoing to build up
council members (organization committee) and a website has
also been established and is updated regularly (http://www.
acosasia.org). Links have been established with cancerrelated societies around the world. In terms of budget, financial support has been received from cancer-related companies. The Kobayashi Foundation Award has also been
established under the auspices of ACOS.
With regard to FACO, in Nagoya in 2011 a declaration to
fight against cancer among Asian countries was issued, at
the 48th meeting of the Japanese Society of Clinical Oncology
(JSCO) (http://www2.convention.co.jp/faco2015/), in which

it was noted:
We affirm cancer as the global health agenda and encourage
cooperation and collaboration among Asian federations that are
engaged in efforts to promote the treatment of cancer.
Following this FACO was established on February 11,
2012. It is neither an academic organization nor a conferenceoriented society, but it is anticipated that it will work in a
similar manner to the European Organization for Research
and Treatment of Cancer (EORTC) to develop, conduct,
coordinate, and stimulate translational and clinical research
in Asia.
Although the ultimate goal is to establish standard therapy
in Asian countries in collaboration with clinical trials, there
are various problems that have been faced, including about
the need for a data center, training and recruitment, the need
for donations to carry out trials, the need for clinical bio-statisticians, and the need to decide whether to establish a new
trial group or base studies on established groups.
After concerted efforts the first clinical trial of FACO has
been initiated, titled “International Retrospective Cohort
Study of Conversion Therapy (Adjuvant surgery) for stage
IV Gastric Cancer 1” (CONVO-GC). The study is headed by
FACO with the involvement of the JSCO, the Korean Association for Clinical Oncology (KACO) and the Chinese Society of Clinical Oncology (CSCO) and the collaboration of the
Japanese Gastric Cancer Association (JGCA), Korean Gastric
Cancer Association (KGCA), and the Gastric Cancer Association of the Chinese Anti-cancer Association (GACA).
Although this is a small-scale cohort study, it represents a
major step as a collaborative initiative among Asian countries. The first FACO meeting on this study took place in 2015
and a presentation was also made to the ASCO Global
Oncology Symposium 2015.
In terms of future perspectives in Asia, the region will be
the key region in the world for facing the challenge of cancer
and oncologists and researchers should cooperate to fulfil the
tasks ahead. It is hoped that in the future ACOS will expand
its activities in this regard.

Introduction of the Activities of the JSCO
Hideo Baba (Graduate School of Medical Sciences
Kumamoto University, Japan) noted that there are three cancer-related organizations in Japan, the JSCO, Japanese Society of Medical Oncology (JSMO), and the Japanese Cancer
Association (JCA). JSCO is the largest society of clinical
oncology in Japan. JSCO was established in 1963 and the curVOLUME 49 NUMBER 2 APRIL 2017
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rent chairman is Yuko Kitagawa of Keio University School
of Medicine. Fields of JSCO members include surgery, internal medicine, urology, gynecology, radiology, and pharmacology. In total, there are presently 17,638 members.
The aim of JSCO is to help cancer prevention, better diagnosis, promotion of research on the treatment, and to contribute to the advancement of cancer care, welfare, and
academic culture. JSCO has two official journals, the International Journal of Clinical Oncology and the International Cancer Conference Journal. The annual meeting is one of the major
events on the JSCO calendar and continues to increase each
year.
The Cancer Guideline Evaluation Committee of JSCO evaluates the methodological quality of clinical practice guidelines for cancers and other related guidelines made by other
oncology societies. In addition, a cancer e-learning system
was launched in 2011, based on a program devised by JSCO.
This enables people to learn the latest information about cancer treatment and diagnosis.
JSCO participates with FACO and also has a fellowship
program in place with ASCO. In addition, JSCO dispatches
delegates to the European Society for Medical Oncology
(ESMO) Asian Congress.
JSCO launched a Certified Data Manager System in 2008,
targeting medical staff members who manage the data of
clinical trials. In addition, the first Cancer Care Network
Navigator will be certified this year. This qualification is for
a medical staff member or patient who does not carry out
medical practice, but who provides medical information to
patients. JSCO has also recently introduced cancer prevention education for children.
Although JSCO individually engages in many activities,
moving forward it will be absolutely essential to engage in
further collaboration with Asian countries and regions to
overcome cancer.

Oncology Leadership in Asia: The Philippine
Perspective
Marie Cherry Lynn Samson-Fernando (Manila Doctors
Hospital, Philippines) noted that the Philippines Society of
Medical Oncology (PSMO) was established in 1969 and current has 242 members. Its vision is stated as follows: “to be
an internationally recognized organization of competent and
compassionate medical oncologists inspired and committed
to integrate a multidisciplinary approach to cancer care.”
To achieve this vision, the mission of PSMO consists of the
following points: (1) pursue standards of excellence in practice of oncology, (2) undertake research, (3) engage in con-
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tinuing medical education for members, (4) public education,
(5) nurture fellowship and cooperation among members, and
(6) promote interest and welfare of members.
Although PSMO currently does not have official agreements in place with other Asian oncological societies, additional training is being sought by individual PSMO
members. Countries where such training opportunities are
being sought include Singapore, Australia, the United States,
and Canada. Many members have their own cancer research
projects.
PSMO members are participating in pharmaceutical-sponsored international trials and training institutions in the
Philippines participate in Asian conferences relating to cancer control and treatment.
In terms of collaboration the Philippines can offer, the
Philippines is an English-speaking country and is ready and
willing to cooperate in cancer control efforts. PSMO possesses the latest information on current trends in oncology
and is experienced in clinical trials and practice guidelines.
Despite these advantages, however, the Philippines still
needs access to the latest technologies, as well as educational
exchanges and opportunities. Practitioners in the Philippines
also need exposure to first-class oncology practice and experience with new oncology medication.
In order to have a truly Asian oncology organization, it is
important to find leaders who have the wisdom, patience,
and perseverance to lead Asia in its fight against cancer. It is
important for Asia to unite and engage in mutual support
activities to further advance cancer control measures that are
effective and relevant for Asia.

Oncology Leadership in Asia: India
Sanjeev Misra (All India Institute of Medical Sciences,
India) noted that Asia contributes to 60% of the world’s population and it is therefore necessary to make further efforts
to collaborate more effectively. Asia is a mixture of developed and developing countries and cancer challenges differ
from Western cases and also from region to region within
Asia itself. In order to reflect these differences in terms of
patient physique and tolerance to treatment, it will be critical
for epidemiological studies on cancer patterns to be implemented in Asia. It is also important for efforts to be advanced
to share data and construct platforms for joint studies.
India has a heterogeneous population and comprises people from many different backgrounds. The National Cancer
Control Program of India was established in 1975. The number of regional cancer centers has increased from five in 1975
to 27 in 2016. There is now a total of seven All India Institutes
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of Medical Science (AIIMS).
In terms of management of patients in India, doctors are
either trained in oncology or in general surgery or medicine.
In comparison to the population of India, there are relatively
few oncology experts, with the Medical Council of India
accrediting seats in oncology each year, including in surgical,
medical, and radiation oncology. The National Board of
Education also provides specialty and fellowship training.
There is a total of four oncology societies in India: Indian
Association of Surgical Oncology (1,200 members), Association of Radiation Oncologists of India (2,400 members),
Indian Society of Medical and Pediatric Oncology (1,000
members), and Indian Society of Oncology (2,000 members).
These societies are keen to engage in collaboration with other
Asian and international societies and seek the opening of
international societies to Indian members. In 2013, these four
major societies combined their efforts to organize and hold
the 1st Indian Cancer Congress in 2013 in Delhi. Over 5,000
delegates attended the congress. The second meeting is
scheduled to be held in November 2017, in Bengaluru. The
International Academic Bonanza of All Major Oncology
Societies in India and the ACOS was held in April 2016 as
part of the 12th International Conference of ACOS.
In terms of future steps for cancer control in India, it will
be important for researchers and doctors in India to engage
in more communication and interaction with international
colleagues. Efforts are also being made to encourage international delegates and experts to attend meetings organized
in India. The cancer-related societies of India are also working to promote direct and affiliate membership of pan-Asian
societies for Indian professionals. India also seeks to vitalize
exchanges between countries for faculty and students and
promote joint projects in evolving education and tackling
challenges in oncology.

Oncology Leadership in Asia: Pakistan
Zeba Aziz (Hameed Latif Hospital, Pakistan) noted that
Pakistan has a population of approximately 180 million, and
the number of new cancer cases is approximately 148,000
annually, with 101,000 deaths from cancer annually. In terms
of the distribution of health workers by level of health
expenditure, the level is low in comparison to the burden of
disease.
In Pakistan, per capita GDP is estimated at US $1,275.30 of
which expenditure on health per capita of GDP is 2.6%.
Approximately two-thirds of the population live on around
US $2 a day and therefore have access only to the public
health sector. Only 2.6% of GDP ($63 per capita) is accounted

for by healthcare and of the total per capita. Out-of-pocket
payments made by patients are 80%, public health accounts
for 15% and only 10% patients are insured. This fee-based,
out-of-pocket expense model places a significant burden on
the poor.
Pakistan has a total of 54 facilities for cancer treatment,
comprising 18 atomic energy institutes, 16 government institutes, and 20 private institutes. There is a total of 211 trained
oncologists in the country. The five most frequent cancers in
Pakistan are head and neck, lung, non-Hodgkin’s lymphoma, colorectal, and prostate for men, and breast, head
and neck, cervical, ovarian, and esophageal for women. The
mortality rates are more than 50% for both men and women.
With regard to the training of cancer specialists in Pakistan,
the College of Physicians and Surgeons of Pakistan (CPSP)
is the examination body and all students engage in a threeyear degree in internal medicine/surgery, followed by a further 3 years’ specialization of training in medical oncology and radiation oncology. An oncology society is in its
infancy in Pakistan and two annual national meetings are
organized. Several smaller meetings are held by individual
hospitals and departments. Students are currently sent
abroad for rotations of 1 to 3 months, but the destinations for
these rotations are predominantly Western countries and it
would be ideal to be able to send students to other countries
in Asia.
In terms of research, institutional trials and industry-sponsored trials are being implemented, but the problems that
Pakistan faces include a lack of infrastructure in research,
poor training and financial insufficiency. There are also problems with a lack of recognition for the publication of research
papers and the use of English as a second language. Furthermore, gender issues are a major problem as there are few
women in higher academic and research positions, although
efforts are being made to encourage women to aspire to work
in academia.
It is imperative for Asia to stand together and collaborate
to improve patient care. Strong leadership with commitment,
vision and leadership are crucial for improving patient care
and research in Asia.

Oncology Leadership in Asia: Indonesian
Perspective
Rainy Umbas (Faculty of Medicine, University of Indonesia, Indonesia) noted that cancer incidence is increasing in
Indonesia and is now the seventh largest cause of death [1].
These rising trends could be due to several risk factors,
including exposure to chronic infection, exposure to carcinoVOLUME 49 NUMBER 2 APRIL 2017
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gens, unhealthy diets, and longer life expectancy. Other
issues that are being experienced are lack of information provided to patients, lack of manpower, and limitations relating
to infrastructure and funding [2].
The UICC has noted the importance of collaboration for
the advancement of cancer control and collaborative efforts
need to be engaged in among government, healthcare
providers, academia, non-governmental organizations, and
global organizations. One important Non-Governmental
Organization (NGO) is the National Cancer Foundation,
which is implementing various activities, including funding
for patients, training for healthcare providers and public
education and information.
University and teaching hospitals throughout Indonesia
are engaged in collaboration with authorities to provide data
on cancer patients. In some centers, clinical and epidemiological research and basic research is also being implemented. Professional societies, such as the Indonesian
Oncology Society and other specialist societies are also offering support for training and organizing mass campaigns
through symposia or media coverage.
Guidelines for specific cancer management have been
developed by professional and medical societies, but one of
the problems faced in the use of such guidelines is that they
tend to be based on Western guidelines. It is therefore
important for Asian academicians to work with their counterparts in the region through various platforms to discuss
the needs for Asia-specific guidelines. Organizations that are
already engaged in pan-Asian efforts include ACOS, APCC,
Asian specialist societies, and national cancer societies. It will
be important in the future to engage in epidemiological and
treatment studies that can inform treatment guidelines for
Asian patients. Moves also need to be advanced to develop
an Asian oncology database and to develop Asia-specific
oncology guidelines.
In terms of guidelines, progress has already been made
with the formulation of National Comprehensive Cancer
Network (NCCN) Asian Consensus Statements for kidney,
prostate and bladder cancer. Work on these statements was
first initiated in 2009 and worked on by urologists in five
countries. As of 2016, there are urologists, radiation and medical oncologists participating in the formulation of these
guidelines from 11 countries in the region.
Collaboration is a critical step in cancer control programs
and it should be done between professionals and academicians and encompass all aspects of cancer control, including
training, clinical studies, work to develop databases and also
to compile Asian-centric cancer guidelines.
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Oncology Leadership in Nepal: Present and
Future
Yogendra P. Singh (Tribhuvan University Teaching Hospital, Nepal) explained that Tribhuvan University Teaching
Hospital is engaged in oncology teaching and research in
Nepal, with plans to develop and establish a comprehensive
cancer center in the future. Oncology does not have a long
history in Nepal, with oncology services being first started
in 1991. There is currently no population-based cancer registry in the country, but there is a hospital-based national
cancer registry, which was launched from seven hospitals in
2003 and now extends to 12 hospitals. This data will pave the
way for better understanding about cancer in Nepal and
patient care.
There is increasing cancer detection in Nepal, with a total
of 8,729 cases being identified in 2013 [3]. Lung cancer is the
most prevalent in Nepal, followed by cervical, breast, stomach, and laryngeal cancers. Oncological societies in Nepal are
engaged in public education about cancer with the aim of
improving preventive measures. Cancer prevention is a key
challenge given that infectious and nutritional diseases are
increasingly being brought under control. The risk factors for
cancer and noncommunicable diseases are common and
modifiable. In Nepal, efforts are being made to promote
tobacco use cessation, avoid unhealthy diets, increase intake
of fruit and vegetables, increase physical activity and implement routine health checks.
However, despite these efforts cancer is a relatively neglected disease in Nepal. Its management requires extensive
human and financial resources and in Nepal it is currently
the case that there are insufficient resources to deal with even
the most basic public health issues. Thanks to ongoing education and advocacy efforts a few centers are now available
in both the public and private sectors. Prof. Anjani K.
Sharma, FRCS (1937-2015) was one of the leading lights in
promoting cancer control in Nepal, who was instrumental in
establishing the Nepal Cancer Relief Society (NCRS) in 1972
and one of the founding members of ACOS. Prof. Sharma
was also involved in the founding of the Nepal Oncological
Society (NEONS), the SAARC Federation of Oncologists,
Nepal (SFON), and the Nepal Cancer Education Foundation
(NCEF).
For a stronger oncological society in Asia, it is essential for
all countries and regions to work together for the betterment
and benefit of patients and society across Asia.
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Cancer Research in China
Tony Shu Kam Mok (The Chinese University of Hong
Kong, Hong Kong) noted that he would be focusing on
China’s contribution to lung cancer research in the past
decade. China has contributed significantly to lung cancer
research in the past. For example, the Iressa Pan-Asia Study
(IPASS) [4] was started in 2005, which established an important landmark for lung cancer around the world that changed the paradigm for lung cancer treatment in Asia. The
IPASS Study was the first pan-Asian collaborative study,
including 1,217 patients at 87 centers over a period of 18
months. It was also a purely Asian study, which demonstrates the potential for similar studies in the future. As a
result of the IPASS Study, Asia is now leading a global study
on a similar theme.
The Chinese Thoracic Oncology Group (CTONG) has been
instrumental in promoting studies in Asia. It was established
in 2007 and currently has 30 members in China. It engages
in registration studies for international pharmaceutical companies, registration studies for domestic companies and also
academic studies. There is a total of 43 trials that have been
implemented since 2007 by CTONG.
Examples of studies that have been implemented by
CTONG include the INFORM Study, FASTACT 2, and others in the pipeline, including CTONG 1103 on stage III epidermal growth factor receptor (EGFR) mutation positive
adenocarcinoma, and CTONG 1104 on adjuvant EGFR tyrosine kinase inhibitor (TKI) in resectable lung cancer with
EGFR mutation.
Although CTONG is actively involved in the implementation of trials and studies it is essential to engage in Asia-wide
collaboration. For this purpose, the Asia Thoracic Oncology
Research Group (ATORG) was founded in 2015, through collaboration between Hong Kong, Singapore, and Korea. The
group is based in Singapore and is working to create a centralized data center. ATORG members already include eight
countries and regions. The first study that ATORG will
engage in is for stage IV adenocarcinoma EGFR mutation
positive resistance to EGFR TKI plasma cell-free DNA positive for T790M.
China will continue to contribute to global development
of first line EGFR TKI and anaplastic lymphoma kinase
inhibitors in patients with driver oncogenes. CTONG is
already well-established and is in a good position to promote
collaborative studies, supported by ATORG, which is in its
infancy, but already engaging in promising work. The critical
keyword for future efforts in cancer control will be “unity.”

Oncology Leadership in Asia: Asian Clinical
Oncology
Han-Kwang Yang (Seoul National University College of
Medicine, Korea) noted that cancer research and initiatives
still tend to be focused in Europe and North America. He
stressed the importance of building up a greater body of
knowledge and increased focus on Asian clinical oncology.
Asian clinical oncology needs further efforts to share
knowledge and experience among Asian countries and
regions and also provide education for developing countries,
either in the form of site visit programs or workshops. Furthermore, information needs to be more effectively shared
on treatment improvements for Asian cancers, including the
outcomes of clinical trials. One example of an initiative to
share information and provide education is the Korea International Gastric Cancer (KINGCA) Week 2016 and 6th Asia
Pacific Gastro-esophageal Cancer Congress (APGCC), held
in April 2016 (http://kingca.org/html/).
KINGCA Week 2016 was held under the slogan “Asia,
Let’s go together!” and included scientific sessions, major
center visits and clinical trial group meetings. Major center
visit program provides participants opportunity to visit high
volume gastric cancer centers in Korea (high volume in
Korea means at least 500 gastrectomies per year) for a week
or two and hands-on animal lab at the end of the visit. This
kind of visit program would be a good example of sharing
advanced experience among Asian countries. Clinical trial
group meetings also discussed the best directions for patient
care in Asia and also provided information on the key points
of implementing clinical trials and the challenges that are
generally faced. Clinical trial group meetings were open to
any congress participants to increase the awareness of practice of clinical trials. One example that was discussed was the
Reductive Gastrectomy for Advanced Tumor in Two Asian
countries (REGATTA) Trial, conducted by Japan and Korea.
Although the trial faced various challenges and took 10 years
to reach the conclusion, it was ultimately successfully, with
a paper being published in The Lancet Oncology [5].
During KINGCA Week, there were also online conferences
held, which could provide an effective means for promoting
further information exchange in the future.
In the coming years, the APCC is scheduled to take place
in 2017 and the ACOS meeting is scheduled for 2018. These
meetings will provide excellent opportunities to move ahead
with initiatives to strengthen clinical oncology in Asia and
make faster progress in the treatment of Asian cancer
patients. It would be beneficial to consider amalgamating the
activities of the APCC and ACOS in 2019 to create an “AsianPacific Clinical Oncology Society (APCOS),” which together
with FACO could engage in comprehensive measures and
support for cancer control in Asia.
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General Discussion
Hideyuki Akaza thanked speakers for their presentations,
noting that it is now the case that all countries and regions
of Asia have cancer-related societies or organizations in
place. He also noted that pan-Asian organizations like ACOS
and FACO are now seeking to achieve greater collaboration
and integration. He asked how efforts could be advanced to
further promote pan-Asian collaboration.
Jae Kyung Roh responded that in 1973 the first APCC was
held and has been held biannually ever since. APCC covers
all fields from basic research through to treatment and follow
up, whereas ACOS focuses on clinical aspects of cancer control. It is important to continue to work to bring the work of
these organizations together to improve cancer prevention,
care, treatment, and survival. Sophisticated clinical trials
need to be implemented across Asia and the studies that are
being implemented by FACO provide a good template for
such initiatives. It is essential to unite in common activities.
Hideyuki Akaza asked for opinions on the potential for
combining the activities of the various cancer-related bodies
in Asia, such as ACOS and APCC.
Kazuhiro Yoshida responded that he basically agreed with
initiatives to combine activities of ACOS and APCC, given
the imperative to develop treatment guidelines that are specific to Asian countries. Energy should therefore be concentrated to one society, if it is the case that the aims of societies
are the same. Now is the time to consider ways in which Asia
can unite.
Hideyuki Akaza noted that all participants had stressed
the importance of collaboration. He asked for specific suggestions on how to promote collaboration.
Marie Cherry Lynn Samson-Fernando noted that the best
way to connect is to share information about the existence of
pan-Asian bodies and facilitate the accession of individuals
and organizations to these Asian bodies. With regard to
Asian clinical guidelines, she noted that it would be preferable to base such guidelines on existing Western guidelines,
with a view to editing and modifying sections to make them
relevant and effective for Asia.
Hideo Baba stated his opinion that it would be very beneficial to combine the efforts of ACOS and APCC, particularly
in view of the rapidly increasing incidence of cancer in Asia,
which has a different ethnic and pharmacogenomic background to Western countries. It would be preferable, therefore, to work together to amalgamate some of the pan-Asian
bodies that are currently operating, as a means of responding
comprehensively to the challenge of cancer and developing
Asian treatment guidelines.
Sanjeev Misra agreed that it would be preferable to have a
single Asian society that collaborates on the international
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level. In this case, however, it would be important to ensure
that membership is open to all countries and organizations
in Asia. One of the current issues is that many people are still
not aware of the existence of ACOS and European and North
American societies are expanding their initiatives in Asia.
Unless action is taken now, Asia may “miss the bus” in the
creation of an influential pan-Asian organization.
Jae Kyung Roh noted that APCC consists of 20 institutional
members from 15 countries, including the UICC. At the time
of the creation of the APCC, there was no effective means of
communication such as e-mail or internet, etc., but the situation has now changed and it could therefore be possible to
open up membership to individuals in an increasingly interconnected world.
Sanjeev Misra agreed that the situation has significantly
changed in the 40 years since the establishment of the APCC
and now there are many individual cancer centers or institutes that may not be a member of UICC or similar international body, but may wish to participate in APCC or ACOS
meetings. It will be important to consider ways of opening
up membership to a wider section of the cancer community.
Hideyuki Akaza asked about how the initiatives of domestic oncology societies could be improved.
Yogendra P. Singh responded that it is important in developing nations for oncology societies to encourage their members to participate fully in activities and work to expand
initiatives. He agreed that combining the work of ACOS and
APCC, etc., would be beneficial for cancer control in Asia as
a whole.
Zeba Aziz noted that it is critical to have a strong Asian
oncology society, which includes the possibility for individual and also student membership. She suggested that larger
countries in Asia should work to support the efforts of
smaller countries. Before the compilation of Asian guidelines, however, another challenge is to create an Asian database that could inform the compilation of guidelines.
Hideyuki Akaza noted that there is a paucity of evidence
coming from Asia in terms of clinical outcomes and treatment. He asked what further efforts could be implemented
in this regard.
Rainy Umbas noted that multi-national studies need to be
further implemented in order to generate a body of data that
would be persuasive in highlighting the need for Asia-specific clinical guidelines. Although not all countries in Asia
have their own cancer registries, it is to be hoped that in the
future efforts can be successful in creating national registries
that could be coordinated and used as a basis for compiling
guidelines for Asia. An integrated Asian society would be
very helpful in promoting such initiatives.
Hideyuki Akaza noted that the activities of FACO had also
been introduced. He asked for opinions on how FACO could
best help in pan-Asian initiatives relating to cancer.
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Tony Shu Kam Mok noted that it may be advisable to separate the organization for research from the organization for
education in order to function better. In addition, another
critical consideration is to focus on nurturing young
researchers and practitioners.

Closing Remarks
Yeul-Hong Kim, President of ACOS, noted that panelists
were in agreement on the need for a strong, unified Asian
oncology society, in order to continue to share ideas and
improve Asia-specific data and research. He asked speakers
to work actively to represent their organization and country/region and suggested that efforts should be advanced
towards the combination of existing bodies into one unified
body.
As Secretary General of APFOCC, Jae Kyung Roh agreed
with the proposal to combine organizations as a means of
further promoting multi-center trials and accumulating data.
Han-Kwang Yang also noted that efforts need to be rein-

vigorated to bring in young researchers and practitioners in
order for efforts in Asia to become self-sustaining in the
future. He agreed that this symposium should become the
starting point for integrating existing Asian societies into one
body.
Kazuhiro Yoshida noted that FACO is a research-based
organization that pursues clinical trials and that ACOS is a
purely academic society and it would therefore be advisable
for all academic societies to join together to create a panAsian body.
Han-Kwang Yang suggested, however, that in the future
it would be advisable to hold annually the meeting of the
integrated pan-Asian society to be created from now on.
Hideyuki Akaza thanked participants for their active participation and insightful proposals and closed the symposium.
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Purpose
This study presents the 2014 nationwide cancer statistics in Korea, including cancer incidence, survival, prevalence, and mortality.
Materials and Methods
Cancer incidence data from 1999 to 2014 was obtained from the Korea National Cancer
Incidence Database and followed until December 31, 2015. Mortality data from 1983 to
2014 were obtained from Statistics Korea. The prevalence was defined as the number of
cancer patients alive on January 1, 2015, among all cancer patients diagnosed since 1999.
Crude and age-standardized rates (ASRs) for incidence, mortality, prevalence, and 5-year relative survivals were also calculated.
Results
In 2014, 217,057 and 76,611 Koreans were newly diagnosed and died from cancer
respectively. The ASRs for cancer incidence and mortality in 2014 were 270.7 and 85.1
per 100,000, respectively. The all-cancer incidence rate has increased significantly by 3.4%
annually from 1999 to 2012, and started to decrease after 2012 (2012-2014; annual percent change, –6.6%). However, overall cancer mortality has decreased 2.7% annually since
2002. The 5-year relative survival rate for patients diagnosed with cancer between 2010
and 2014 was 70.3%, an improvement from the 41.2% for patients diagnosed between
1993 and 1995.
Conclusion
Age-standardized cancer incidence rates have decreased since 2012 and mortality rates
have also declined since 2002, while 5-year survival rates have improved remarkably from
1993-1995 to 2010-2014 in Korea.

Introduction
Cancer is a major life-threatening disease worldwide.
Approximately 14.1 million patients were newly diagnosed
with cancer and 8.2 million people died from cancer in 2012
worldwide [1]. The global burden of cancer is expected to
grow rapidly due to aging population [2].
In Korea, cancer accounts for one in four deaths and more
than 200,000 new cancer cases were diagnosed in 2013 [3].
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The number of cancer incidences and deaths are expected to
increase with an aging population and westernized lifestyles
[4]. Additionally, the economic burden of cancer in Korea
increased approximately 1.8-fold, from $11,424 to $20,858
million, between 2000 and 2010 [5].
In this context, cancer statistics are the most important
indicator to assess the national cancer burden and form cancer prevention and control strategies. This article aims to provide nationwide cancer statistics including incidence,
survival, prevalence, and mortality in 2014.
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Materials and Methods
1. Data sources
The Korea Central Cancer Registry (KCCR) was established 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 hospital-based KCCR database with data from
regional cancer registry programs. The KCCR currently provides the nationwide cancer incidence, survival, and prevalence statistics annually [6].
The KCCR built the Korea National Cancer Incidence
Database (KNCI DB) from hospitals, 11 population-based
registries, and additional medical chart reviews. The KNCI
DB contains information regarding age, sex, region, date of
diagnosis, primary cancer site, histological type, most valid
diagnostic method, and SEER stage. The completeness of
cancer incidence data for 2014 was estimated to be 97.8%
based on the method proposed by Ajiki et al. [7]. The midyear population and cancer mortality data from 1983 to 2014
were obtained from Statistics Korea [8]. To ascertain vital status and to calculate survival and prevalence, the KNCI DB
was linked to mortality data and population registration data
from Ministry of the Interior.
2. Classification
All incidence cases were registered according to the International Classification of Diseases for Oncology, 3rd edition
[9] and converted to the International Classification of Diseases, 10th edition (ICD-10) [10]. The mortality cases were
registered 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
crude rate 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 agespecific rates, where the weights are the proportions of persons in the corresponding age groups of a standard population [11]. In this report, ASRs were calculated using Segi’s
world standard population [12]. The cumulative risk of
developing cancer 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 [13].

cumulative rate
Cumulative risk of developing cancer
–
100
)
=100(1–e
from birth to life expectancy

Trends in incidence/mortality rates were summarized as
an annual percentage change (APC) by using a Joinpoint
regression. APC is the average percentage change of rates
and is calculated as follows [11]:
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. The 5-year relative survival rates were 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 survival rates were evaluated as percentage differences in 5-year relative survival
rates from 1993-1995 and 2010-2014. Relative survival rates
were calculated using the Ederer II method [14] with some
minor corrections, based on an algorithm by Paul Dickman
[15].
Prevalent cases were defined as the number of cancer
patients alive on January 1, 2015 among all cancer patients
diagnosed between 1999 and 2014. Limited-duration prevalences were calculated using SEER*Stat software. Any p-values less than 0.05 were considered statistically significant.
SEER*Stat 8.2.1 (National Cancer Institute, Bethesda, MD),
Joinpoint 4. 1. 1 (National Cancer Institute), and SAS 9.3 (SAS
Institute, Cary, NC) were used in this report.

Selected Findings
1. Incidence
A total of 217,057 cases were newly diagnosed with cancer
during the study period (Table 1). Of these cases, 112,882
(52.0%) were men and 104,175 (48.0%) were women. Thyroid
cancer was the most commonly diagnosed cancer in 2014,
followed by stomach, colorectal, lung, and breast cancer in
2014. The overall cumulative risk of developing cancer from
birth to life expectancy was 36.2%. However, the cumulative
risk of developing cancer from birth to life expectancy was
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Table 1. Cancer incidence, deaths, and prevalence by sex in Korea, 2014
Site/Type
All sites
Lip, oral cavity,
and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

New cases

Prevalent casesa)

Deaths

Both sexes

Men

Women

Both sexes

Men

Women

Both sexes

Men

Women

217,057
3,191

112,882
2,261

104,175
930

76,611
1,097

47,869
824

28,742
273

1,464,935
19,687

645,332
13,253

819,603
6,434

2,344
29,854
26,978
16,178
5,576
5,948
1,111
24,027
18,381
3,500
2,214
2,413
9,785
259
4,471
3,949
1,725
30,806
278
4,948
1,396
3,080
14,645

2,131
20,087
16,182
12,058
2,838
3,191
1,048
16,750
77
9,785
259
3,108
3,182
917
6,174
167
2,766
758
1,771
7,372

213
9,767
10,796
4,120
2,738
2,757
63
7,277
18,304
3,500
2,214
2,413
1,363
767
808
24,632
111
2,182
638
1,309
7,273

1,540
8,917
8,338
11,566
3,931
5,116
410
17,440
2,271
960
264
1,021
1,667
14
944
1,354
1,285
346
70
1,574
864
1,671
3,951

1,407
5,767
4,760
8,616
1,966
2,752
371
12,785
17
1,667
14
665
1,016
716
84
38
910
473
921
2,100

133
3,150
3,578
2,950
1,965
2,364
39
4,655
2,254
960
264
1,021
279
338
569
262
32
664
391
750
1,851

8,496
235,172
202,295
57,691
17,061
8,472
9,262
63,460
158,916
45,189
18,381
16,161
62,256
2,570
31,610
28,559
9,500
328,072
2,318
31,553
4,811
17,151
86,292

7,666
156,264
121,057
43,192
8,749
4,539
8,714
40,098
622
62,256
2,570
21,404
23,293
4,898
54,696
1,471
16,984
2,513
9,534
41,559

830
78,908
81,238
14,499
8,312
3,933
548
23,362
158,294
45,189
18,381
16,161
10,206
5,266
4,602
273,376
847
14,569
2,298
7,617
44,733

CNS, central nervous system. a)Limited-duration prevalent cases on January 1, 2015. These are patients who were diagnosed
between January 1, 1999 and December 31, 2014 and who were alive on January 1, 2015. Multiple primary cancer cases were
counted multiple times, b)Includes the gallbladder and other/unspecified parts of the biliary tract.

higher in men (38.7%) than in women (33.1%) (data not
shown).
The total CR and ASR for overall cancer incidences in 2014
were 427.6 and 270.7 per 100,000, respectively (Table 2).
According to sex, CRs for all sites combined were 444.9 per
100,000 in men and 410.3 per 100,000 in women. The ASRs
were 302.2 and 255.5 per 100,000 in men and women, respectively. Stomach cancer (CR, 79.2 per 100,000) was the most
common cancer in men, followed by lung (CR, 66.0 per
100,000), colorectal (CR, 63.8 per 100,000), liver (CR, 47.5 per
100,000), and prostate cancer (CR, 38.6 per 100,000). These
five cancers accounted for 66.3% of newly diagnosed cases
in men during the study period. In contrast, thyroid cancer
(CR, 97.0 per 100,000) was the most common cancer among
women, followed by breast (CR, 72.1 per 100,000), colorectal
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(CR, 42.5 per 100,000), stomach (CR, 38.5 per 100,000), and
lung cancer (CR, 28.7 per 100,000). These five cancers
accounted for 67.9% of cases in women.
2. Mortality
In 2014, the total number of deaths from cancer was 76,611,
accounting for 28.6% of all deaths (Table 3). Expressed based
on sex, 62.5% and 37.5% of cancer deaths occurred in men
and women, respectively (Table 1).
The total CR and ASR for cancer deaths were 150.9 and
85.1 per 100,000, respectively, in 2014 (Table 4). The total CR
and ASR for cancer deaths per 100,000 were higher among
men (CR, 188.7; ASR, 125.8) than in women (CR, 113.2; ASR,
55.6).

Kyu-Won Jung, Cancer Statistics in Korea, 2014

Table 2. Crude and age-standardized cancer incidence rates by sex in Korea, 2014
Crude incidence rate
per 100,000

Site/Type
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

Age-standardized incidence rate
per 100,000a)

Both sexes

Men

Women

Both sexes

Men

Women

427.6
6.3
4.6
58.8
53.1
31.9
11.0
11.7
2.2
47.3
36.2
6.9
4.4
4.8
19.3
0.5
8.8
7.8
3.4
60.7
0.5
9.7
2.8
6.1
28.8

444.9
8.9
8.4
79.2
63.8
47.5
11.2
12.6
4.1
66.0
0.3
38.6
1.0
12.2
12.5
3.6
24.3
0.7
10.9
3.0
7.0
29.1

410.3
3.7
0.8
38.5
42.5
16.2
10.8
10.9
0.2
28.7
72.1
13.8
8.7
9.5
5.4
3.0
3.2
97.0
0.4
8.6
2.5
5.2
28.6

270.7
4.0
2.8
35.8
31.9
19.4
6.2
6.7
1.3
27.2
24.0
4.6
2.9
3.3
11.2
0.5
5.7
4.5
2.7
43.3
0.5
6.8
1.6
5.2
18.6

302.2
6.1
5.5
52.7
42.6
31.4
7.4
8.4
2.7
43.7
0.2
25.6
1.0
8.4
8.4
3.0
17.3
0.5
8.1
2.0
6.1
21.0

255.5
2.3
0.4
21.4
23.0
8.6
5.2
5.4
0.1
14.9
47.7
9.0
5.7
6.4
3.3
1.5
2.4
69.8
0.4
5.7
1.3
4.3
16.6

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 3. The top 10 leading causes of death in Korea, 2014
Rank

1
2
3
4
5
6
7
8
9
10

Cause of death
All causes
Cancer
Heart disease
Cerebrovascular disease
Intentional self-harm (suicide)
Pneumonia
Diabetes mellitus
Chronic lower respiratory diseases
Disease of liver
Transport accidents
Hypertensive diseases
Others

No. of deaths
267,692
76,611
26,588
24,486
13,836
12,021
10,526
7,171
6,635
5,700
5,061
79,057

Percentage of all deaths

Age-standardized death rate
per 100,000a)

100.0
28.6
9.9
9.1
5.2
4.5
3.9
2.7
2.5
2.1
1.9
29.5

295.7
85.1
27.7
24.8
19.3
11.6
10.7
6.9
8.0
8.0
4.9
88.8

Source: Mortality Data, 2014, Statistics Korea [8]. a)Age-adjusted using the Segi’s world standard population.
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Table 4. Crude and age-standardized cancer mortality rates by sex in Korea, 2014
Crude mortality rate
per 100,000

Site/Type
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

Age-standardized mortality rate
per 100,000a)

Both sexes

Men

Women

Both sexes

Men

Women

150.9
2.2
3.0
17.6
16.4
22.8
7.7
10.1
0.8
34.4
4.5
1.9
0.5
2.0
3.3
0.0
1.9
2.7
2.5
0.7
0.1
3.1
1.7
3.3
7.8

188.7
3.2
5.5
22.7
18.8
34.0
7.7
10.8
1.5
50.4
0.1
6.6
0.1
2.6
4.0
2.8
0.3
0.1
3.6
1.9
3.6
8.3

113.2
1.1
0.5
12.4
14.1
11.6
7.7
9.3
0.2
18.3
8.9
3.8
1.0
4.0
1.1
1.3
2.2
1.0
0.1
2.6
1.5
3.0
7.3

85.1
1.3
1.7
9.7
9.0
13.4
4.1
5.6
0.4
18.8
2.8
1.1
0.3
1.2
1.6
0.0
1.0
1.4
1.7
0.4
0.1
1.8
1.0
2.2
4.5

125.8
2.1
3.6
15.1
12.6
22.4
5.1
7.1
1.0
33.2
0.0
4.5
0.0
1.8
2.7
2.1
0.2
0.1
2.4
1.2
2.7
5.8

55.6
0.5
0.2
5.7
6.3
5.6
3.4
4.4
0.1
8.5
5.4
2.1
0.6
2.3
0.5
0.5
1.4
0.4
0.1
1.3
0.8
1.8
3.6

CNS, central nervous system. a)Age-adjusted using the world standard population, b)Includes the gallbladder and other/
unspecified parts of the biliary tract.
350
Men incidence

According to the cancer sites, lung cancer (CR, 50.4 per
100,000) was the leading cause of death in men, followed by
liver (CR, 34.0 per 100,000), stomach (CR, 22.7 per 100,000),
colorectal (CR, 18.8 per 100,000), and pancreatic cancer (CR,
10.8 per 100,000). The top five causes of deaths from cancer
in women included lung (CR, 18.3 per 100,000), colorectal
(CR, 14.1 per 100,000), stomach (CR, 12.4 per 100,000), liver
(CR, 11.6 per 100,000), and pancreatic cancer (CR, 9.3 per
100,000).
3. Trends in cancer incidence and mortality
Fig. 1 shows trends in cancer incidence and mortality from
1983 to 2014. The ASR for all-cancer incidence increased by
3.4% annually from 1999 to 2012, and then began to decrease
from 2012 to 2014 (APC, –6.6%) (Table 5, Fig. 1). Cancers in
stomach, colorectum, lung and thyroid started to decrease
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Rate per 100,000

300

Both sexes incidence

250
200

Women incidence

Men mortality

150

Both sexes mortality

100
50

Women mortality

0
1983

1988

1993

1998
Year

2003

2008

2014

Fig. 1. Annual age-standardized cancer incidence and
death rates by sex for all sites from 1983 to 2014 in Korea.
Age standardization was based on the Segi’s world standard population.

1999

-

3.4a)
3.5a)
0.9a)
2.2a)

6.8 1999-2014

1.6 1999-2014
5.2 1999-2014
18.6 1999-2014

-

-

2011-2014 –5.8a)
2010-2014 –4.6a)
2011-2014 –5.2a)
2005-2014 –1.2a)
2011-2014 –1.7a)
2005-2014 4.5a)
2009-2014 3.0a)
2009-2014 0.6
2009-2014 1.6a)
2004-2014 –1.5a)
2009-2014 –2.4
2011-2014 –10.8a)
-

–2.2a)
–0.1
6.0a)
–1.7a)
1.1
1.4a)
–3.6a)
0.1
7.6a)
–4.1a)
6.2a)
1.5a)
15.1a)
4.8a)
6.6a)
2.4a)
1.1a)
22.4a)
4.4a)

1999-2014
1999-2011
1999-2010
1999-2011
1999-2005
1999-2014
1999-2014
1999-2011
1999-2005
1999-2014
1999-2009
1999-2014
1999-2009
1999-2014
1999-2009
1999-2004
1999-2009
1999-2011
1999-2014

2.8
35.8
31.9
19.4
6.2
6.7
1.3
27.2
24.0
4.6
2.9
3.3
11.2
0.5
5.7
4.5
2.7
43.3
0.5

2012-2014 –6.6
-

APC

3.4
0.5

Year

270.7 1999-2012
4.0 1999-2014

APC
a)

Year

Trend 2
a)

2014

Trend 1

Both sexes

1.2
5.5
17.9

5.8

8.8
66.2
26.2
46.8
8.1
7.8
4.9
51.4
0.2
8.4
0.6
4.5
9.0
3.2
2.1
0.4

285.0
6.1

1999
Year

1999-2014
1999-2011
1999-2010
1999-2009
1999-2014
1999-2014
1999-2014
1999-2005
1999-2014
1999-2009
1999-2014
1999-2010
1999-2005
1999-2009
1999-2012
1999-2014

2.0 1999-2014
6.1 1999-2014
21.0 1999-2014

8.1 1999-2014

5.5
52.7
42.6
31.4
7.4
8.4
2.7
43.7
0.2
25.6
1.0
8.4
8.4
3.0
17.3
0.5

3.2a)
0.9a)
1.6a)

2.7a)

–2.7a)
–0.3a)
6.5a)
–1.8a)
–0.6a)
0.7a)
–3.8a)
–0.1
–1.2
13.6a)
4.7a)
6.0a)
1.5a)
1.3a)
22.8a)
3.5a)

a)

APC

302.2 1999-2011 1.7
6.1 1999-2014 –0.3

2014

Men
Trend 1

-

-

-

-

2011-2014 –6.3a)
2010-2014 –5.1a)
2009-2014 –3.8a)
2005-2014 –1.5a)
2009-2014 –0.2
2010-2014 0.7
2005-2014 –1.9a)
2009-2014 –2.5
2012-2014 –16.7a)
-

a)

APC

2011-2014 –3.6
-

Year

Trend 2

0.8
3.9
11.8

3.4

0.6
26.7
16.4
12.3
5.3
4.0
0.4
12.4
20.9
16.3
2.8
5.0
1.7
1.6
2.6
10.4
0.1

161.1
1.6

1999
Year

1999-2014
1999-2011
1999-2009
1999-2011
1999-2003
1999-2014
1999-2014
1999-2011
1999-2007
1999-2014
1999-2009
1999-2014
1999-2009
1999-2003
1999-2007
1999-2011
1999-2014

1.3 1999-2014
4.3 1999-2014
16.6 1999-2010

5.7 1999-2011

0.4
21.4
23.0
8.6
5.2
5.4
0.1
14.9
47.7
9.0
5.7
6.4
3.3
1.5
2.4
69.8
0.4

Year

APC

Trend 2

3.7a)
0.6a)
3.2a) 2010-2014

0.7

1.0

2011-2014 –5.4a)
2009-2014 –2.5a)
2011-2014 –6.1a)
2003-2014 –1.2a)
2011-2014 –0.4
2007-2014 4.2a)
2009-2014 3.1a)
2009-2014 0.9
2003-2014 –2.0a)
2007-2014 –1.7
2011-2014 –11.9a)
4.7a) 2011-2014

–2.0a)
–0.3
5.3a)
–1.4a)
2.7
2.1a)
–7.1a)
1.9a)
7.0a)
–3.9a)
6.4a)
1.8a)
6.6a)
2.9
1.5a)
22.1a)
5.5a)

5.5 2012-2014 –7.9a)
1.3a)
-

a)

APC

Trend 1

255.5 1999-2012
2.3 1999-2014

2014

Women

APC was calculated using age-standardized incidence data based on the Segi’s world standard population. APC, annual percentage change; CNS, central nervous
system. a)Significantly different from zero (p < 0.05), b)Includes the gallbladder and other/unspecified parts of the biliary tract.

All sites
210.5
Lip, oral cavity,
3.6
and pharynx
Esophagus
4.1
Stomach
43.6
Colon and rectum
20.4
Liver
27.9
Gallbladderb)
6.5
Pancreas
5.6
Larynx
2.3
Lung
28.5
Breast
10.7
Cervix uteri
8.5
Corpus uteri
1.4
Ovary
2.7
Prostate
3.1
Testis
0.3
Kidney
3.0
Bladder
4.6
Brain and CNS
2.9
Thyroid
6.3
Hodgkin
0.2
lymphoma
Non-Hodgkin
4.5
lymphoma
Multiple myeloma
1.0
Leukemia
4.7
Other and
14.3
ill-defined

Site/Type

Table 5. Trends in cancer incidence rates from 1999 to 2014 in Korea

Kyu-Won Jung, Cancer Statistics in Korea, 2014
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Year

APC

Year

1999-2014
1999-2003
1999-2004
1999-2002
1999-2001
1999-2014
1999-2014
1999-2001
1999-2014
1999-2003
1999-2003
1999-2001
1999-2002
1999-2014
1999-2014
1999-2014
1999-2002
1999-2003
1999-2003

–4.5a)
–3.3a)
5.2a)
0.7
7.7
0.3a)
–9.6a)
3.7a)
1.4a)
8.8a)
35.7a)
10.6
16.1a)
–2.3
0.0
–1.2a)
4.6
6.7
27.8a)
-

2003-2014
2004-2014
2002-2014
2001-2014
2001-2014
2003-2014
2003-2014
2001-2014
2002-2014
2002-2014
2003-2014
2003-2014
-

–6.6a)
–1.0a)
–3.6a)
–2.8a)
–1.9a)
–5.5a)
2.4a)
0.3
1.2a)
–2.1a)
–3.9a)
0.8

1.0 1999-2003 12.6a) 2003-2014 1.0
2.2 1999-2001 1.4 2001-2014 –2.0a)
4.5 1999-2014 –3.0a)
-

1.8 1999-2014 –0.9a)

1.7
9.7
9.0
13.4
4.1
5.6
0.4
18.8
2.8
1.1
0.3
1.2
1.6
0.0
1.0
1.4
1.7
0.4
0.1

a)

APC

Trend 2

85.1 1999-2002 1.0 2002-2014 –2.7
1.3 1999-2014 –2.0a)
-

2014

Trend 1

Both sexes

0.8
3.5
9.0

3.0

6.8
36.9
10.5
35.3
6.8
7.6
3.4
41.5
0.1
2.6
0.1
1.8
2.6
2.2
0.3
0.0

176.6
2.0

1999
Year

APC

Year

1999-2014
1999-2002
1999-2004
1999-2002
1999-2001
1999-2014
1999-2014
1999-2001
1999-2014
1999-2002
1999-2014
1999-2014
1999-2014
1999-2014
1999-2002
1999-2004

–4.7a)
–1.3
5.6a)
–0.2
6.7
–0.4a)
–9.1a)
4.0
–4.6a)
16.7a)
–2.5
0.2
–1.4a)
–1.5a)
15.4
18.2a)
-

2002-2014
2004-2014
2002-2014
2001-2014
2001-2014
2002-2014
2002-2014
2004-2014
-

–6.7a)
–0.7a)
–3.7a)
–3.0a)
–2.4a)
0.7a)
–3.7a)
–1.2a)

1.2 1999-2002 14.3a) 2002-2014 1.4a)
2.7 1999-2014 –1.7a)
5.8 1999-2009 –0.5 2009-2014 –7.2a)

2.4 1999-2014 –1.2

3.6
15.1
12.6
22.4
5.1
7.1
1.0
33.2
0.0
4.5
0.0
1.8
2.7
2.1
0.2
0.1

a)

APC

Trend 2

125.8 1999-2002 1.1 2002-2014 –3.1
2.1 1999-2014 –2.2a)
-

2014

Men
Trend 1

0.4
2.4
7.0

1.4

0.5
14.6
6.0
8.3
4.1
3.9
0.4
9.4
4.2
2.6
0.1
1.7
0.5
0.5
1.6
0.5
0.0

70.6
0.4

1999
Year

APC

Trend 1
Year

APC

Trend 2

1999-2014 –5.2a)
1999-2003 –4.4a)
1999-2004 4.7a)
1999-2002 2.9a)
1999-2001 9.3
1999-2014 0.8a)
1999-2012 –15.3a)
1999-2001 4.2
1999-2014 1.7a)
1999-2003 8.2a)
1999-2003 35.7a)
1999-2014 1.1a)
1999-2014 –0.8
1999-2001 11.1
1999-2014 –1.5a)
1999-2004 4.1
1999-2002 56.3

-

2003-2014
2004-2014
2002-2014
2001-2014
2012-2014
2001-2014
2003-2014
2003-2014
2001-2014
2004-2014
2002-2014

-

–6.6a)
–1.7a)
–3.7a)
–2.7a)
16.4
–1.4a)
–5.2a)
2.8a)
–2.0a)
–4.5a)
3.5a)

0.8 1999-2007 7.6a) 2007-2014 –1.6
1.8 1999-2014 –2.0a)
3.6 1999-2005 –7.1a) 2005-2014 –1.9a)

1.3 1999-2014 –0.5

0.2
5.7
6.3
5.6
3.4
4.4
0.1
8.5
5.4
2.1
0.6
2.3
0.5
0.5
1.4
0.4
0.1

55.6 1999-2002 1.0 2002-2014 –2.2a)
0.5 1999-2014 –3.1a)
-

2014

Women

APC was calculated using age-standardized incidence data based on the Segi’s world standard population. APC, annual percentage change; CNS, central nervous
system. a)Significantly different from zero (p < 0.05), b)Includes the gallbladder and other/unspecified parts of the biliary tract.

All sites
114.3
Lip, oral cavity,
1.1
and pharynx
Esophagus
3.1
Stomach
23.8
Colon and rectum
7.7
Liver
20.4
Gallbladderb)
5.2
Pancreas
5.4
Larynx
1.6
Lung
22.4
Breast
2.2
Cervix uteri
1.4
Corpus uteri
0.1
Ovary
0.9
Prostate
0.9
Testis
0.0
Kidney
1.1
Bladder
1.3
Brain and CNS
1.9
Thyroid
0.4
Hodgkin
0.0
lymphoma
Non-Hodgkin
2.1
lymphoma
Multiple myeloma
0.6
Leukemia
2.9
Other and
7.8
ill-defined

Site/Type

Table 6. Trends in cancer mortality rates from 1999 to 2014 in Korea
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100

A
Stomach
Liver
Prostate

Colon and rectum
Lung
Thyroid

120
Age-standardized rate per 100,000

Age-standardized rate per 100,000

120

80
60
40
20
0

100
80

B
Stomach
Colon and rectum
Liver
Lung
Breast
Cervix uteri
Thyroid

60
40
20
0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year of diagnosis

Year of diagnosis

Fig. 2. Trends in age-standardized incidences of selected cancers by sex from 1999 to 2014 in Korea. (A) Men. (B) Women.
Age standardization was based on the Segi’s world standard population.

A
Stomach
Colon and rectum
Liver
Lung
Prostate
Thyroid

60

40

20

0
1983

1988

1993

1998
2003
Year of death

2008

2014

B

40

Age-standardized rate per 100,000

Age-standardized rate per 100,000

80

Stomach
Colon and rectum
Liver
Lung
Breast
Cervix
Thyroid

30

20

10

0
1983

1988

1993

1998
2003
Year of death

2008

2014

Fig. 3. Annual age-standardized cancer mortalities of selected cancers by sex from 1983 to 2014 in Korea. (A) Men. (B)
Women. Age standardization was based on the Segi’s world standard population.

around 2011 (Table 5, Fig. 2). Especially, ASR for thyroid cancer has increased rapidly 22.4% from 1999 to 2011, but then
decreased swiftly 10.8% annually starting in 2011. Incidence
of breast cancer has increased constantly throughout the
period, but APC was slowed from 2005. Conversely, the
incidence rates of cervix and liver showed constant decrease
for the whole period. The incidence rate for liver cancer has

started to decrease since 1999. After 2011, decreasing rate for
liver cancer was more steepen.
The ASR for all-cancer mortality rate has been increased
until 2002 (Table 6, Fig. 1). After that year, it began to
decrease (2002-2014; APC, –2.7%). Same patterns were
shown in men and women. Most cancer sites, including lung,
liver, colorectum, gallbladder, leukemia, brain and central
VOLUME 49 NUMBER 2 APRIL 2017
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Table 7. The five common sites of cancer incidence by age group and sex in Korea, 2014
Age (yr)

Rank
Men
1
2
3
4
5
Women
1
2
3
4
5

0-14

15-34

35-64

≥ 65

Leukemia (4.4)
Non-Hodgkin lymphoma (2.8)
Brain and CNS (1.8)
Liver (0.4)
Testis (0.3)

Thyroid (13.5)
Non-Hodgkin lymphoma (3.2)
Colon and rectum (3.1)
Leukemia (3.1)
Testis (2.1)

Stomach (86.7)
Colon and rectum (66.0)
Liver (59.1)
Lung (42.8)
Thyroid (38.8)

Lung (445.7)
Stomach (373.6)
Colon and rectum (313.5)
Prostate (284.2)
Liver (192.4)

Leukemia (4.1)
Non-Hodgkin lymphoma (2.0)
Brain and CNS (1.7)
Ovary (0.8)
Thyroid (0.6)

Thyroid (54.7)
Breast (11.4)
Cervix uteri (5.3)
Ovary (3.3)
Stomach (3.3)

Thyroid (161.4)
Breast (129.0)
Colon and rectum (38.7)
Stomach (37.6)
Lung (22.2)

Colon and rectum (168.5)
Stomach (142.2)
Lung (126.8)
Breast (73.5)
Liver (71.7)

CNS, central nervous system.

A
Stomach
Colon and rectum
Liver
Lung
Prostate
Thyroid

600
500
400
300
200

250
200
150
100

0
10
-1
4
15
-1
9
20
-2
4
25
-2
9
30
-3
4
35
-3
9
40
-4
4
45
-4
9
50
-5
4
55
-5
9
60
-6
4
65
-6
9
70
-7
4
75
-7
9
80
-8
4
≥
85

10
-1
4
15
-1
9
20
-2
4
25
-2
9
30
-3
4
35
-3
9
40
-4
4
45
-4
9
50
-5
4
55
-5
9
60
-6
4
65
-6
9
70
-7
4
75
-7
9
80
-8
4
≥
85

0

04
59

50

Age group (yr)

Stomach
Colon and rectum
Liver
Lung
Breast
Cervix uteri
Thyroid

300

100

04
59

Age-specific rate per 100,000

700

B

350

Age-specific rate per 100,000

800

Age group (yr)

Fig. 4. Age-specific incidence rates of common cancers for 2014 in Korea. (A) Men. (B) Women.

nervous system, cervix uteri, and thyroid started to decrease
in the early 2000s. However, cancers in stomach, larynx,
testis, bladder, and non-Hodgkin lymphoma decreased starting in 1999 (Table 6, Fig. 3). Cancers in the pancreas, breast,
and prostate showed constant increasing trends for the
whole period.
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4. Age-specific incidence rates
Leukemia was the most commonly diagnosed cancer
among children between 0 and 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). For
men, the incidence rate of cancer increased until age 70
(Fig. 4A). Stomach cancer was the most commonly diagnosed
cancer among men 35 to 64 years old, while lung cancer was

41.2
41.1
12.7
42.8
54.8
10.7
17.3
9.4
59.7
11.3
77.9
77.5
81.5
58.7
55.9
85.4
62.0
69.1
38.5
94.2
68.0
46.6
22.1
26.5
42.1

All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

44.0
46.7
15.2
46.6
58.0
13.2
19.7
7.6
62.3
12.7
83.2
80.0
81.8
58.9
67.2
90.4
66.1
73.1
39.0
94.9
71.2
50.8
19.8
33.3
45.9

19962000
53.9
54.2
21.2
57.7
66.6
20.2
22.8
8.2
66.2
16.2
88.5
81.3
84.6
61.5
80.3
90.6
73.4
75.6
40.8
98.3
76.7
59.9
29.3
41.8
56.0

20012005
70.3
63.5
35.0
74.4
76.3
32.8
29.2
10.1
74.6
25.1
92.0
79.7
87.9
64.1
93.3
96.0
81.3
75.6
40.8
100.2
80.6
69.1
40.1
51.1
69.1

29.1
22.4
22.3
31.6
21.5
22.1
11.9
0.7
14.9
13.8
14.1
2.2
6.4
5.4
37.4
10.6
19.3
6.5
2.3
6.0
12.6
22.5
18.0
24.6
27.0

2010Changea)
2014
31.7
35.8
11.8
43.0
55.3
9.9
16.6
8.8
60.2
10.4
75.1
55.9
85.4
60.8
70.0
37.2
87.2
67.6
45.3
21.1
26.2
37.4

19931995
35.3
41.1
14.3
46.9
59.0
12.9
20.3
7.3
62.8
11.6
85.6
67.2
90.4
64.4
74.8
37.5
89.5
68.1
48.9
17.8
32.3
42.4

19962000
45.3
49.4
20.5
58.4
68.5
20.2
23.4
8.2
66.8
15.0
87.1
80.3
90.6
72.8
77.4
40.2
95.8
74.7
58.1
29.6
41.7
52.3

20012005

Men

62.2
59.8
34.7
75.3
78.1
33.1
30.1
9.8
74.9
21.9
86.8
93.3
96.0
80.8
77.5
39.4
100.5
81.6
67.4
39.7
50.9
65.7

30.5
24.0
22.9
32.3
22.8
23.2
13.5
1.0
14.7
11.5
11.7
37.4
10.6
20.0
7.5
2.2
13.3
14.0
22.1
18.6
24.7
28.3

2010Changea)
2014
53.4
58.1
23.7
42.6
54.2
13.6
18.0
10.1
55.4
14.2
78.0
77.5
81.5
58.7
64.5
65.5
40.2
95.4
68.6
48.7
23.3
26.8
47.4

19931995
55.3
63.8
24.2
46.0
56.8
14.2
19.1
8.1
57.8
16.2
83.2
80.0
81.8
58.9
69.7
66.3
40.7
95.9
77.4
53.5
22.1
34.6
50.0

19962000
64.0
67.8
29.6
56.4
64.2
20.5
22.4
8.2
58.2
19.7
88.5
81.3
84.6
61.5
74.5
68.6
41.5
98.7
80.7
62.4
29.1
42.0
60.0

20012005

Women

78.2
72.4
37.3
72.7
73.4
31.9
28.4
10.5
70.7
32.4
92.0
79.7
87.9
64.1
82.5
67.9
42.4
100.1
78.8
71.1
40.6
51.4
72.6

24.8
14.3
13.6
30.1
19.2
18.3
10.4
0.4
15.3
18.2
14.0
2.2
6.4
5.4
18.0
2.4
2.2
4.7
10.2
22.4
17.3
24.6
25.2

2010Changea)
2014

CNS, central nervous system. a)Percentage change in 5-year relative survival from 1993 to 1995 and 2010 to 2014, b)Includes the gallbladder and other/unspecified
parts of the biliary tract.

19931995

Site/Type

Both sexes

Table 8. Trends in the 5-year relative survival rates (%) by year of diagnosis from 1993 to 2014 in Korea
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A
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Relative survival (%)

80
60
40
20
0

0

1

2

3 4 5 6 7
Year after diagnosis

8

9

B

100

60
40
20
0

10

1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

80
Relative survival (%)

100

0

1

2

3 4 5 6 7
Year after diagnosis

8

9

10

Fig. 5. Trends in relative survival by year of diagnosis from 1999 to 2014. (A) All sites for both sexes. (B) All sites except thyroid cancer for both sexes.

Thyroid
Stomach
Colon and rectum
Breast
Lung
Prostate
Liver
Cervix uteri
Kidney
Non-Hodgkin lymphoma
0

40,000

Thyroid

Stomach

Under 1 yr

30,635

26,812

1-2 yr

42,457

24,241

2-5 yr

120,630

More than 5 yr

134,350

Total

328,072

235,172

80,000

Colon and
rectum

120,000

Breast

Lung

24,674

18,144

16,808

22,870

16,888

10,208

65,813

61,623

43,990

118,306

93,128

79,894

202,295

158,916

160,000

Prostate

200,000

240,000

280,000

320,000

360,000

Cancer prevalent cases
NonAll
Hodgkin
cancers
lymphoma

Liver

Cervix uteri

Kidney

9,526

11,491

3,331

4,141

4,283

189,119

8,858

8,162

3,187

3,713

3,621

174,156

17,890

21,992

17,409

9,158

9,307

8,782

443,505

18,554

21,880

20,629

29,513

14,449

14,867

658,155

63,460

62,256

57,691

45,189

31,610

31,553

1,464,935

Fig. 6. Prevalence of common cancer sites by time period after cancer diagnosis. Prevalent cases were defined as the number
of cancer patients alive on January 1, 2015 among all cancer patients diagnosed between 1999 and 2014.
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Table 9. Crude and age-standardized rates of cancer prevalence by sex on January 1, 2015 in Korea
Crude prevalence rate
per 100,000a)

Site/Type
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderc)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill-defined

Age-standardized prevalence rate
per 100,000b)

Both sexes

Men

Women

Both sexes

Men

Women

2,885.8
38.8
16.7
463.3
398.5
113.6
33.6
16.7
18.2
125.0
313.1
89.0
36.2
31.8
122.6
5.1
62.3
56.3
18.7
646.3
4.6
62.2
9.5
33.8
170.0

2,543.2
52.2
30.2
615.8
477.1
170.2
34.5
17.9
34.3
158.0
2.5
245.3
10.1
84.4
91.8
19.3
215.6
5.8
66.9
9.9
37.6
163.8

3,228.2
25.3
3.3
310.8
320.0
57.1
32.7
15.5
2.2
92.0
623.5
178.0
72.4
63.7
40.2
20.7
18.1
1076.8
3.3
57.4
9.1
30.0
176.2

1,837.6
25.0
9.9
278.1
237.5
71.8
19.4
10.2
10.8
74.5
201.8
56.7
23.7
22.2
67.1
4.6
40.2
32.1
16.1
438.4
3.8
44.1
5.8
31.7
112.0

1,730.9
35.5
20.0
407.6
317.6
114.2
22.8
12.1
22.8
105.0
1.6
160.7
9.0
57.5
61.2
17.0
148.2
4.8
50.1
6.6
35.6
120.7

2,027.1
15.8
1.7
171.5
173.1
33.5
16.8
8.7
1.1
51.0
396.8
110.5
46.5
44.0
24.9
10.1
15.0
726.7
2.9
38.7
5.1
28.0
104.7

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, 2014
and who were alive on January 1, 2015. 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.

the most common among men 65 and over. In contrast, thyroid cancer was most commonly diagnosed among women
35 to 64 years old, while colorectal cancer was the most common among women 65 and older. Thyroid and breast cancer
showed an inverted U-shaped incidence rates by age
(Fig. 4B).
5. Survival rates
The 5-year relative survival rates for all cancer combined
improved remarkably in both sexes, from 41.2% in 1993-1995
to 70.3% in 2010-2014 (Table 8, Fig. 5A). After excluding thyroid cancer, the 5-year relative survival rates for all cancer
still increased from 1993 to 2014 (Fig. 5B).

The 5-year relative survival rate during 2010-2014 for all
cancer combined was 62.2% in men and 78.2% in women,
respectively. The 5-year relative survival rate for thyroid cancer was over 100%, while the 5-year relative survival rates
for testis, prostate, and breast cancer were over 90% in 20102014 for both sexes, respectively. However, the 5-year relative survival rate for pancreatic cancer was only 10.1% in
both sexes in 2010-2014.
When compared to the 5-year relative survival rate for men
in 1993-1995, prostate cancer diagnosed from 2010 to 2014
showed the most outstanding improvement, followed by
stomach cancer, leukemia, lip/oral cavity/pharynx and liver
cancer. Among women, stomach cancer diagnosed during
2010-2014 showed the greatest improvement in 5-year relaVOLUME 49 NUMBER 2 APRIL 2017
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tive survival rates compared to those between 1993 and1995,
followed by leukemia, non-Hodgkin lymphoma, colorectal,
and liver cancer.
6. Prevalence rates
A total of 1,464,935 cancer prevalent cases were identified
on January 1, 2015 (Table 1). Of these cases, 645,332 (44.1%)
were men and 819,603 (55.9%) were women. The crude and
age-standardized prevalence rates for cancer overall were
2,885.8 per 100,000 individuals and 1,837.6 per 100,000 individuals for both sexes, respectively, in 2014 (Table 9).
The five most common cancers for men were stomach (CR,
615.8 per 100,000), colorectal (CR, 477.1 per 100,000), prostate
(CR, 245.3 per 100,000), thyroid (CR, 215.6 per 100,000), and
liver cancer (CR, 170.2 per 100,000). In contrast, thyroid cancer was most common in women (CR, 1,076.8 per 100,000),
followed by breast (CR, 623.5 per 100,000), colorectal (CR,
320.0 per 100,000), stomach (CR, 310.8 per 100,000), and
cervix uteri cancer (CR, 178.0 per 100,000).
Analysis of the period after cancer diagnosis revealed that
thyroid (20.1%) cancer was the most prevalent cancer within
two years after diagnosis, followed by stomach (14.1%) and
colorectal cancer (13.1%) (Fig. 6). Thyroid cancer (27.2%) was
most prevalent for 2-5 years, followed by stomach (14.8%)
and colorectal cancer (13.9%). After 5 years, thyroid cancer
(20.4%) was the most prevalent cancer, followed by stomach
(18.0%) and colorectal cancer (14.1%).
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Cancer Registry, Kangwon National University Hospital),
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Kweon (Gwangju/Jeonnam Cancer Registry, Chonnam
National University Hwasun Hospital), Woo-Chul Kim
(Incheon Cancer Registry, Inha University Hospital), YuneSik Kang (Gyeongnam Cancer Registry, Gyeongsang
National University and Hospital)

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This work was supported by a research grant from the
National Cancer Center (No. 1610200), Republic of Korea.
The authors are indebted to the Korea Central Cancer Registry (KCCR)-affiliated hospitals, non-KCCR-affiliated hospitals, the National Health Insurance Service and Statistics
Korea for data collection.

Chang-Hoon Kim (Busan Cancer Registry, Pusan National
University Hospital), Cheol-In Yoo (Ulsan Caner Registry,

References
1. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers
C, et al. GLOBOCAN 2012 v1.0. Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 11 [Internet]. Lyon:
International Agency for Research on Cancer; 2013 [cited 2017
Jan 20]. Available from: http://globocan.iarc.fr.
2. GBD 2013 Mortality and Causes of Death Collaborators.
Global, regional, and national age-sex specific all-cause and
cause-specific mortality for 240 causes of death, 1990-2013: a
systematic analysis for the Global Burden of Disease Study

304

CANCER RESEARCH AND TREATMENT

2013. Lancet. 2015;385:117-71.
3. Oh CM, Won YJ, Jung KW, Kong HJ, Cho H, Lee JK, et al. Cancer statistics in Korea: incidence, mortality, survival, and
prevalence in 2013. Cancer Res Treat. 2016;48:436-50.
4. Jung KW, Won YJ, Oh CM, Kong HJ, Cho H, Lee DH, et al.
Prediction of cancer incidence and mortality in Korea, 2015.
Cancer Res Treat. 2015;47:142-8.
5. Lee KS, Chang HS, Lee SM, Park EC. Economic burden of cancer in Korea during 2000-2010. Cancer Res Treat. 2015;47:

Kyu-Won Jung, Cancer Statistics in Korea, 2014

387-98.
6. Shin HR, Won YJ, Jung KW, Kong HJ, Yim SH, Lee JK, et al.
Nationwide cancer incidence in Korea, 1999~2001; first result
using the national cancer incidence database. Cancer Res
Treat. 2005;37:325-31.
7. Ajiki W, Tsukuma H, Oshima A. Index for evaluating completeness of registration in population-based cancer registries
and estimation of registration rate at the Osaka Cancer Registry between 1966 and 1992 using this index. Nihon Koshu
Eisei Zasshi. 1998;45:1011-7.
8. Statistics Korea [Internet]. Daejeon: Statistics Korea; 2016 [cited
2016 Jan 28]. Available from: http://kosis.kr.
9. Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin L, Parkin
DM, et al. International classification of diseases for oncology.
3rd ed. Geneva: World Health Organization; 2000.
10. World Health Organization. International statistical classification of diseases and related health problems. 10th rev. Geneva:
World Health Organization; 1994.
11. Howlader N, Noone AM, Krapcho M, Miller D, Bishop K,

Altekruse SF, et al. SEER Cancer Statistics Review, 1975-2013
[Internet]. Bethesda, MD: National Cancer Institute; 2016 [cited
2017 Feb 20]. Available from: http://seer.cancer.gov/csr/
1975_2013/.
12. Segi M. Cancer mortality for selected sites in 24 countries
(1950-1957). Sendai: Tohoku University School of Medicine;
1960.
13. Day NE. Cumulative rates and cumulative risk. In: Muir C,
Waterhouse J, Mack T, Powell J, Whelan S, editors. Cancer
incidence in five continents, Vol. V. IARC Scientific Publications No. 88. Lyon: International Agency for Research on Cancer; 1987. p. 787-9.
14. Ederer F, Heise H. Instructions to IBM 650 programmers in
processing survival computations. Methodological note No.
10. Bethesda, MD: National Cancer Institute; 1959.
15. Paul Dickman [Internet]. Stockholm: PaulDickman.com; 2016
[cited 2016 Jan 14]. Available from: http//www.pauldickman.
com.

VOLUME 49 NUMBER 2 APRIL 2017

305

pISSN 1598-2998, eISSN 2005-9256
https://doi.org/10.4143/crt.2017.130

Cancer Res Treat. 2017;49(2):306-312

Open Access

Special Article

Prediction of Cancer Incidence and Mortality in Korea, 2017

Purpose
This study aimed to report on cancer incidence and mortality for the year 2017 in Korea in
order to estimate the nation’s current cancer burden.

Kyu-Won Jung, MS1,2
Young-Joo Won, PhD1,2,3
Chang-Mo Oh, MD, PhD1,2
Hyun-Joo Kong, MS1,2
Duk Hyoung Lee, MD, PhD2,3
Kang Hyun Lee, MD, PhD1

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

+ Correspondence:
+ + + + + + +Young-Joo
+ + + + Won,
+ + PhD
+++
+ The
+ +Korea
+ + Central
+ + + Cancer
+ + + Registry,
++++++
+ National
+ + + + + + +Center,
+ + +323+ Ilsan-ro,
+++++
+ Ilsandong-gu,
+ + + +Cancer
+ +Goyang
+ + +10408,
+ + +Korea
++++
+++++++++++++++++
Tel:
82-31-920-2015
+++++++++++++++++
+ Fax:
+ +82-31-920-2179
++++++++++++++
+ E-mail:
+ + + astra67@ncc.re.kr
+++++++++++++
+++++++++++++++++
+ Received
+ + + +March
+ + +13,+2017
++++++++
+ Accepted
+ + + + March
+ + +15,+ 2017
++++++++
+ Published
+ + + + Online
+ + + March
+ + +17,+ 2017
+++++
+++++++++++++++++

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

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

Materials and Methods
Cancer incidence data from 1999 to 2014 were obtained from the Korea National Cancer
Incidence Database, and cancer mortality data from 1993 to 2015 were acquired from Statistics Korea. Cancer incidence and mortality were projected by fitting a linear regression
model to observe age-specific cancer rates against observed years, and 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 only used
data of the latest trend.
Results
A total of 221,143 new cancer cases and 80,268 cancer deaths are expected to occur in
Korea in 2017. The most common cancer sites are the colorectum, stomach, lung, thyroid,
and breast. These five cancers represent half of the overall burden of cancer in Korea. For
mortality, the most common sites are the lung, liver, colorectal, stomach, and pancreas.
Conclusion
The incidence rate of all cancers in Korea appears to have decreased mainly because of a
decrease in thyroid cancer. These up-to-date estimates of the cancer burden in Korea could
be an important resource for planning and evaluation of cancer-control programs.

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

Introduction
As the leading cause of death in Korea [1], cancer has been
the country’s major public health concern since 1983. Over
210,000 patients were newly diagnosed with cancer in Korea,
and one in four deaths is due to cancer [2]. Although the cancer registration system in Korea is highly efficient and can
provide nationwide cancer statistics within a relatively brief
period, a lag time of at least 2 years is required to collect and
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analyze the data of a specific year. For planning and implementation 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 2017 based on the data from the 1990s through 2015.

Copyright ⓒ 2017 by the Korean Cancer Association
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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 elsewhere [3]. Incidence data from 1999 to 2014 were obtained
from the Korea National Cancer Incidence Database (KNCI
DB). Cancer cases were classified according to the International Classification of Diseases for Oncology, third edition
[4], and converted according to the International Classification of Diseases, 10th edition (ICD-10) [5]. Mortality data
from 1993 to 2015 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
combined and (2) the 24 common cancers as follows: lip, oral
cavity, and pharynx (C00-C14), esophagus (C15), stomach

(C16), colon and rectum (C18-C20), liver and intrahepatic bile
duct (liver) (C22), gallbladder and other parts of the biliary
tract (gallbladder) (C23-C24), pancreas (C25), larynx (C32),
lung and bronchus (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-C85, C96), multiple myeloma (C90), leukemia (C91-C95), and others.
Population data from 1993 to 2017 were obtained from the
resident registration population, as reported by Statistics
Korea [1]. Data on the mid-year population, as of July 1 of
the respective year, were analyzed. For the year 2017, however, we used population data as of December 31, 2016,
because mid-2016 resident registration population was not
yet available at the time of analysis.
Linear regression models [6] were used to assess time
trends and projections. Firstly, we first performed a Joinpoint
regression analysis of the data available to detect the year

Table 1. Estimated new cancer cases and deaths by sex during 2017 in Korea
Site
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladdera)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill defined

Estimated new cases

Estimated deaths

Both sexes

Male

Female

Both sexes

Male

Female

221,143
3,477
2,457
26,350
27,837
15,593
6,343
7,071
1,066
26,093
21,623
2,962
2,578
2,618
11,646
279
5,141
4,190
1,783
23,862
319
5,685
1,726
3,401
17,043

117,990
2,526
2,246
17,548
16,096
11,881
3,297
3,765
1,035
18,371
79
11,646
279
3,558
3,353
936
6,275
202
3,270
931
1,939
8,757

103,153
951
211
8,802
11,741
3,712
3,046
3,306
31
7,722
21,544
2,962
2,578
2,618
1,583
837
847
17,587
117
2,415
795
1,462
8,286

80,268
1,146
1,275
7,480
9,224
11,057
4,349
6,029
324
18,713
2,609
784
338
1,168
2,067
18
1,131
1,495
1,285
360
66
1,803
1,018
1,810
4,719

49,446
841
1,196
4,841
5,477
8,128
2,121
3,144
322
13,567
18
2,067
18
787
1,124
650
104
38
1,038
555
1,026
2,384

30,822
305
79
2,639
3,747
2,929
2,228
2,885
2
5,146
2,591
784
338
1,168
344
371
635
256
28
765
463
784
2,335

CNS, central nervous system. a)Includes the gallbladder and other/unspecified parts of the biliary tract.
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A
Males

Females

117,990

103,153

(%)
Lung
Stomach
Colon and rectum
Liver
Prostate
Thyroid
Pancreas
Kidney
Bladder
Gallbladder
All sites

(%)
20.9
17.0
11.4
8.5
7.5
3.6
3.2
3.0
2.9
2.5
100.0

15.6
14.9
13.6
10.0
9.9
5.3
3.2
3.0
2.8
2.8
100.0

Breast
Thyroid
Colon and rectum
Stomach
Lung
Liver
Pancreas
Gallbladder
Cervix uteri
Ovary
All sites

B
Males

Females

49,446

30,822

(%)
Lung
Liver
Colon and rectum
Stomach
Pancreas
Gallbladder
Prostate
Esophagus
Bladder
Hodgkin lymphoma
All sites

27.4
16.4
11.1
9.8
6.4
4.3
4.2
2.4
2.3
2.1
100.0

(%)
16.7
12.2
9.5
9.4
8.6
8.4
7.2
3.8
2.5
2.5
100.0

Lung
Colon and rectum
Liver
Pancreas
Stomach
Breast
Gallbladder
Ovary
Cervix uteri
Leukemia
All sites

Fig. 1. The 10 leading types of estimated new cancer cases and deaths by sex in 2017. (A) Estimated new cases. (B) Estimated
deaths.

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. 4.0.1, http://surveillance.cancer.gov/joinpoint) from the Surveillance
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Research Program of the US National Cancer Institute [7].
We chose the number of joinpoint in order to have least four
data points between consecutive 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

Kyu-Won Jung, Cancer Incidence and Mortality in Korea, 2017

Table 2. Estimated crude and age-standardized cancer incidences by sex during 2017 in Korea
Crude incidence rates
per 100,000

Site
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill defined

Age-standardized incidence rates
per 100,000a)

Both sexes

Male

Female

Both sexes

Male

Female

427.8
6.7
4.8
51.0
53.9
30.2
12.3
13.7
2.1
50.5
41.8
5.7
5.0
5.1
22.5
0.5
9.9
8.1
3.5
46.2
0.6
11.0
3.3
6.6
33.0

456.8
9.8
8.7
67.9
62.3
46.0
12.8
14.6
4.0
71.1
0.3
45.1
1.1
13.8
13.0
3.6
24.3
0.8
12.7
3.6
7.5
33.9

398.8
3.7
0.8
34.0
45.4
14.4
11.8
12.8
0.1
29.9
83.3
11.5
10.0
10.1
6.1
3.2
3.3
68.0
0.5
9.3
3.1
5.7
32.0

251.3
4.1
2.5
28.3
29.3
16.6
6.1
7.1
1.1
26.2
26.9
3.7
3.2
3.3
12.0
0.6
5.9
4.1
2.5
33.8
0.5
7.2
1.8
5.3
19.3

282.6
6.1
5.1
41.1
37.6
27.7
7.5
8.7
2.4
41.8
0.2
26.7
1.1
8.7
7.7
2.7
17.4
0.7
8.8
2.2
6.3
22.3

234.6
2.2
0.4
17.4
22.4
6.7
5.0
5.8
0.1
14.4
53.5
7.2
6.3
6.6
3.4
1.3
2.3
50.8
0.4
5.8
1.5
4.4
16.7

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

the latest trend. Finally, we multiply the projected age-specific rates by the age-specific population to obtain the projected cancer cases and deaths for the year 2017.
We summarized the results using crude rates (CRs) and
age-standardized rates (ASRs) of cancer incidence and mortality. ASRs were standardized using the world standard
population [8] and expressed per 100,000 persons.

Results
1. Incidence
A total of 221,143 new cancer cases are anticipated in 2017
(Table 1, Fig. 1), with more male (n=117,990) than female

(n=103,153) cancer patients expected in the coming year.
The projected CRs per 100,000 of all sites combined in 2017
are projected to be 456.8 and 398.8 in men and women,
respectively (Table 2). The projected ASRs per 100,000 of all
sites combined are 282.6 and 234.6, respectively. In men, the
five leading primary sites of cancer are expected to be the
lung (CR, 71.1; ASR, 41.8), stomach (CR, 67.9; ASR, 41.1),
colon and rectum (CR, 62.3; ASR, 37.6), liver (CR, 46.0; ASR,
27.7), and prostate (CR, 45.1; ASR, 26.7), accounting for 64.0%
of all new cancers in 2017.
In women, the five leading primary sites are expected to
be the breast (CR, 83.3; ASR, 53.5), thyroid (CR, 68.0; ASR,
50.8), colon and rectum (CR, 45.4; ASR, 22.4), stomach (CR,
34.0; ASR, 17.4), and lung (CR, 29.9; ASR, 14.4), accounting
for 65.3% of all new cancers (Fig. 1).
The predicted five most common cancer sites for 2017 by
sex and age group are shown in Table 3. Leukemia and thyVOLUME 49 NUMBER 2 APRIL 2017
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Table 3. Estimated cancer incidence by age group and sex during 2017 in Korea
Age group (yr)

Rank
Male
1
2
3
4
5
Female
1
2
3
4
5

0-14

15-34

35-64

≥ 65

Leukemia (5.0)
Non-Hodgkin lymphoma (2.6)
Brain and CNS (1.4)
Thyroid (0.4)
Liver (0.3)

Thyroid (16.3)
Non-Hodgkin lymphoma (3.4)
Leukemia (3.4)
Colon and rectum (3.2)
Testis (2.3)

Stomach (68.7)
Colon and rectum (58.1)
Liver (52.3)
Lung (43.8)
Thyroid (36.1)

Lung (437.3)
Stomach (306.2)
Colon and rectum (295.1)
Prostate (293.3)
Liver (181.5)

Leukemia (4.1)
Non-Hodgkin lymphoma (2.2)
Brain and CNS (1.7)
Ovary (0.8)
Thyroid (0.5)

Thyroid (50.4)
Breast (11.3)
Cervix uteri (5.4)
Ovary (3.2)
Stomach (2.5)

Breast (144.4)
Thyroid (103.5)
Colon and rectum (38.1)
Stomach (29.9)
Lung (23.2)

Colon and rectum (173.4)
Stomach (124.5)
Lung (120.2)
Breast (83.8)
Liver (64.5)

CNS, central nervous system.

A
Stomach
Colon and rectum
Liver
Lung
Prostate

600
500
400
300
200

350
300
250
200
150
100

0
10
-1
4
15
-1
9
20
-2
4
25
-2
9
30
-3
4
35
-3
9
40
-4
4
45
-4
9
50
-5
4
55
-5
9
60
-6
4
65
-6
9
70
-7
4
75
-7
9
80
-8
4
≥
85

0

04
59

50
10
-1
4
15
-1
9
20
-2
4
25
-2
9
30
-3
4
35
-3
9
40
-4
4
45
-4
9
50
-5
4
55
-5
9
60
-6
4
65
-6
9
70
-7
4
75
-7
9
80
-8
4
≥
85

Stomach
Colon and rectum
Liver
Lung
Breast
Cervix uteri
Thyroid

400

100

04
59

Age-specific rate per 100,000

700

B

450

Age-specific rate per 100,000

800

Age group (yr)

Age group (yr)

Fig. 2. Projected age-specific incidences of major cancers during 2017 in Korea. (A) Male. (B) Female.

roid cancer are expected to be the most common forms of
cancer in both sexes for the 0-14 and 15-34 age groups. Stomach cancer is predicted to be the most prevalent in men aged
35-64 years, while lung cancer is expected to be more frequent in men aged 65 and over. Breast cancer is predicted to
be the most common cancer in women 35-64 years of age,
whereas colorectal cancer is expected to be the most prevalent in women aged 65 and over. These projections indicate
that the incidences of stomach, lung, liver, colorectal, and
prostate cancers will increase gradually with age for men
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(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 cancer in women is expected to level
off after the late 40s and early 50s, respectively.
2. Mortality
It is estimated that 80,268 cancer deaths will occur in Korea
during 2017 (Table 1, Fig. 1). The projected CRs per 100,000

Kyu-Won Jung, Cancer Incidence and Mortality in Korea, 2017

Table 4. Estimated crude and age-standardized cancer mortality rates by sex during 2017 in Korea
Crude mortality rates
per 100,000

Site
All sites
Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladderb)
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and CNS
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and ill defined

Age-standardized mortality rates
per 100,000a)

Both sexes

Male

Female

155.3
2.2
2.5
14.5
17.8
21.4
8.4
11.7
0.6
36.2
5.1
1.5
0.7
2.3
4.0
0.0
2.2
2.9
2.5
0.7
0.1
3.5
2.0
3.5
9.1

191.5
3.3
4.6
18.7
21.2
31.5
8.2
12.2
1.3
52.5
0.1
8.0
0.1
3.1
4.4
2.5
0.4
0.2
4.0
2.2
4.0
9.2

119.2
1.2
0.3
10.2
14.5
11.3
8.6
11.2
0.0
19.9
10.0
3.0
1.3
4.5
1.3
1.4
2.5
1.0
0.1
3.0
1.8
3.0
9.0

Both sexes

Male

Female

112.7
1.9
2.7
11.0
12.5
18.7
4.7
7.2
0.7
30.1
0.0
4.7
0.1
1.8
2.6
1.8
0.2
0.1
2.4
1.3
2.7
5.7

52.2
0.5
0.1
4.1
5.7
4.8
3.2
4.6
0.0
8.1
5.8
1.5
0.7
2.4
0.6
0.5
1.5
0.4
0.1
1.3
0.8
1.6
4.0

77.5
1.2
1.2
7.0
8.6
11.2
3.8
5.8
0.3
17.3
3.0
0.8
0.4
1.2
1.7
0.0
1.1
1.3
1.6
0.3
0.1
1.8
1.0
2.1
4.7

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

600
500
400
300
200

300
250
200
150
100

0

0
04
59

50

0-

Stomach
Colon and rectum
Liver
Lung
Breast
Cervix uteri
Thyroid

350

100

Age group (yr)

B

400

10
-1
4
15
-1
9
20
-2
4
25
-2
9
30
-3
4
35
-3
9
40
-4
4
45
-4
9
50
-5
4
55
-5
9
60
-6
4
65
-6
9
70
-7
4
75
-7
9
80
-8
4
≥
85

700

Stomach
Colon and rectum
Liver
Lung
Prostate

4
59
10
-1
4
15
-1
9
20
-2
4
25
-2
9
30
-3
4
35
-3
9
40
-4
4
45
-4
9
50
-5
4
55
-5
9
60
-6
4
65
-6
9
70
-7
4
75
-7
9
80
-8
4
≥
85

Age-specific rate per 100,000

800

A

Age-specific rate per 100,000

900

Age group (yr)

Fig. 3. Projected age-specific mortality rates of major cancers during 2017 in Korea. (A) Male. (B) Female.
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of all sites combined in 2017 for men and women are projected to be 191.5 and 119.2, respectively, whereas the projected ASRs per 100,000 of all sites combined are expected to
be 112.7 and 52.2, respectively (Table 4). The five leading cancer sites causing mortality in men are predicted to be lung
(CR, 52.5; ASR, 30.1), liver (CR, 31.5; ASR, 18.7), colon and
rectum (CR, 21.2; ASR, 12.5), stomach (CR, 18.7; ASR, 11.0),
and pancreas (CR, 12.2; ASR, 7.2). During the same period,
lung cancer (CR, 19.9; ASR, 8.1) is projected to be the leading
cancer cause of death in women, followed by the colon and
rectum (CR, 14.5; ASR, 5.7), liver (CR, 11.3; ASR, 4.8), pancreas (CR, 11.2; ASR, 4.6), and stomach (CR, 10.2; ASR, 4.1).
The predicted age-specific mortality rates of the selected
cancers in men and women in 2017 are shown in further
detail in Fig. 3. When examined by age, lung cancer is
expected to have the highest morality rate in Korean men
and women aged 60 and over.

lung, while lung, colorectal, liver, pancreatic, and stomach
cancers are projected to be the most common causes of cancer-related deaths.
Cancer is currently one of the foremost public health concerns in Korea. Although cancer rates are anticipated to
decrease somewhat, the burden of most of cancers will continue to grow with aging of the population. The current projections of cancer incidence and mortality for 2017 represent
an important resource for planning and evaluation of cancer-control programs. As the estimates in this study are
model-based, these results should be interpreted with caution. The incidence of some cancers, such as stomach, colorectum, and thyroid, started to decrease from the early
2010s. As the recent trends of those cancers contained only 4
or 5 data points, therefore their estimates could be unstable.
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Expression of Myxovirus Resistance A (MxA) Is Associated
with Tumor-Infiltrating Lymphocytes in Human Epidermal Growth
Factor Receptor 2 (HER2)–Positive Breast Cancers
Purpose
The prognostic significance of tumor-infiltrating lymphocytes (TILs) has been determined in
breast cancers. Interferons can affect T-cell activity through direct and indirect mechanisms.
Myxovirus resistance A (MxA) is an excellent marker of interferon activity. Here, we evaluated
TILs and MxA expression in human epidermal growth factor receptor 2 (HER2)–positive
breast cancers.
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Materials and Methods
Ninety cases of hormone receptor (HR)+/HER2+ tumors and 78 cases of HR–/HER2+
tumors were included. The TILs level was assessed using hematoxylin and eosin–stained
full face sections, and MxA expression was evaluated by immunohistochemistry with a tissue
microarray.
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Results
MxA protein expression was significantly higher in tumors with high histologic grade
(p=0.023) and high levels of TILs (p=0.002). High levels of TILs were correlated with high
histological grade (p=0.001), negative lymphovascular invasion (p=0.007), negative lymph
node metastasis (p=0.007), absence of HR expression (p < 0.001), abundant tertiary lymphoid structures (TLSs) around ductal carcinoma in situ (p=0.018), and abundant TLSs
around the invasive component (p < 0.001). High levels of TILs were also associated with
improved disease-free survival, particularly in HR–/HER2+ breast cancers. However, MxA
was not a prognostic factor.
Conclusion
High expression of MxA in tumor cells was associated with high levels of TILs in HER2-positive breast cancers. Additionally, a high level of TILs was a prognostic factor for breast cancer, whereas the level of MxA expression had no prognostic value.
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Tumor-infiltrating lymphocytes, Myxovirus resistance proteins,
Breast neoplasms
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Introduction
Progress in immunotherapy has provided novel insights
into the roles of tumor-infiltrating lymphocytes (TILs) in cancer. The prognostic significance of TILs has been determined
in breast cancers, particularly human epidermal growth factor receptor 2 (HER2)–positive breast cancers and triple-negative breast cancers [1]. The prognosis of HER2-positive
breast cancer has dramatically improved because of introduction of trastuzumab, a humanized monoclonal antibody
targeting the extracellular domain of HER2. Immune-mediated mechanisms may play a role in treatment with trastuzumab [2]. In the adjuvant setting, a high level of TILs is
associated with better response to trastuzumab, and an abundant number of TILs is an independent prognostic factor in
HER2-positive breast cancer [3]. Based on this background,
a group of investigators around the world convened to discuss the parameters and methodological issues associated
with evaluating TILs in breast cancers [4] and released recommendations for their evaluation. They recommended that
all mononuclear cells, including lymphocytes and plasma
cells in intratumoral stroma, be scored as a percentage of the
area occupied over the total intratumoral stromal area.
The innate immune system lies at the frontline of the cellular response to pathogen infection. Pattern recognition
receptors sense microbial products, including RNA produced during viral infection [5], and interferon (IFN) expression is then upregulated, resulting in stimulation of the
transcription of various IFN-stimulated genes (ISGs), including the myxovirus resistance A (MxA) gene, through phosphorylation of signal transducer and activator of transcription 1 (STAT1). In addition to its function in innate
immunity, ISGs are known to be broadly expressed in various types of tumors [6], and IFNs are known to participate
in receptor-activated signaling pathways associated with the

A

pathophysiology of malignancies [7]. Additionally, some
studies have shown that MxA may have a tumor-suppressive function [8]. Expression of the MxA gene is regulated by
IFNs, but not by other cytokines. Moreover, MxA gene
expression is not induced directly by viral infection, but is
dependent on IFN signaling, making MxA an excellent
marker for IFN action [9]. Activation of the IFN pathway is
a common outcome of damage-associated molecular pattern
(DAMP) signaling [10]. A recent report demonstrated that
high cytoplasmic expression of high mobility group (HMG)
B1 and HMGN1, which are DAMPs associated with innate
immunity in the extracellular environment, is associated
with a high level of TILs in HER2-positive breast cancers [11].
We hypothesized that MxA, an effective marker of IFN signaling that is an important component of innate immunity,
may play a role in TILs in HER2-positive breast cancers.
In this study, we analyzed the expression of MxA protein
in HER2-positive breast cancers and the relationship between
the expression level of MxA and various histopathologic
variables, including TIL levels.

Materials and Methods
1. Patient and tissue specimens
A total of 168 patients with HER2-positive breast cancer
who underwent surgery for primary breast cancer between
2011 and 2013 at Pusan National University Hospital were
included. Formalin-fixed, paraffin-embedded tissue samples
were available for all cases. Clinicopathologic information
was based on the patients’ medical records and pathologic
reports. All patients were preoperatively chemotherapy and
radiotherapy naïve and treated with trastuzumab.

B

C

Fig. 1. Evaluation of tumor infiltrating lymphocytes (TILs) level by histology with hematoxylin and eosin–stained sections
according to the recommendation by the International TILs Working Group and tertiary lymphoid structures.
Interpreted as 50% (A, 100) and 70% (B, 200) of TILs and tertiary lymphoid structure (C, 200), a lymph-node like lymphoid
accumulation showing high endothelial venule (arrowheads).
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A

B

C

D

Fig. 2. Expression of myxovirus resistance A (MxA) by immunohistochemistry: negative staining (A, 400), weak staining
(B, 400), moderate staining (C, 400), and strong staining (D, 400) for MxA.

Expression statuses of estrogen receptor (ER), progesterone receptor (PR), and HER2 were evaluated for all samples, and immunohistochemistry for these proteins was
performed at the time of diagnosis. Exemption from
informed consent after de-identification of the patients’
information was approved by the Institutional Review Board
of Pusan National University Hospital.
2. Histologic evaluation
Hematoxylin and eosin (H&E)-stained slides were
reviewed by two pathologists (A.K. and J.Y.K.). Histopathologic factors included histologic grade, nuclear grade, necrosis, microcalcification, lymphovascular invasion, lymph node
metastasis, TILs level, tertiary lymphoid structures (TLSs)
around the ductal carcinoma in situ (DCIS), and TLS around
the invasive component. Histologic grade and nuclear grade
were assessed by the modified Bloom-Richardson classification. TILs levels were evaluated based on the recommendation by the International TILs Working Group, and TILs level
was calculated according to the percentage of stroma in the
invasive area (Fig. 1A and B) [4]. TLS is a lymph-node like
structure characterized by ectopic aggregation of lymphoid
cells with specialized high endothelial venules. Lymphoid
accumulation containing vessels with high endothelial

venule features (plump and cuboidal endothelial cells) was
considered to be the TLS (Fig. 1C) [3]. We evaluated the ducts
involved by DCIS with surrounding TLSs as a percentage of
total ducts involved by DCIS and the amount of TLSs as a
percentage of the total circumference of the invasive edge.
To conduct statistical analysis, the TILs levels were subdivided into three categories ( 10%, 20%-60%, and > 60%) or
two categories ( 60% and > 60%), as appropriate. The level
of TLS abundance was divided into two subgroups (low and
high) based on the mean value.
3. Construction of tissue microarray blocks and immunohistochemical evaluation
To define the representative tumor area, all H&E-stained
slides were reviewed. Each sample was arrayed with a tissue
cylinder 2 mm in diameter using a tissue arraying instrument. To minimize tissue loss and the effects of tumor heterogeneity, all samples were arrayed in duplicate.
Tissue sections were stained with an automated immunohistochemical staining device (Benchmark XT, Ventana Medical Systems, Tucson, AZ). Briefly, 3-µm-thick paraffin
sections were deparaffinized in EZ prep using an autostainer. For antigen retrieval, cell conditioner 1 (pH 8.4
buffer) or cell conditioner 2 (pH 6.0 buffer) was used. OptiVOLUME 49 NUMBER 2 APRIL 2017
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mally formulated antibodies targeting ER (1:200, Leica
Biosystems, Newcastle upon Tyne, UK), PR (1:200, Leica
Biosystems), and HER-2/neu (1:8, Ventana Medical Systems)
were used, and an anti-MxA antibody (1:1,000, ab95926,
Abcam, Cambridge, UK) was also applied. A HER2/CEP17
chromosome dual-probe (Ventana Medical Systems) was
used for silver in situ hybridization (SISH).
ER and PR positivity were defined as at least 1% positive
staining in tumor nuclei. Tumors that were positive for ER
or PR were categorized as the hormone receptor (HR)–posi-

tive group. HER2 positivity was defined as an immunohistochemical staining score of 3 or gene amplification as identified by SISH. SISH was performed in cases of equivocal
immunostaining with a score of 2. Tumors were classified
into the following two subtypes according to HR (ER and PR)
expression status: HR+/HER2+ and HR–/HER2+.
The intensity of the staining and percentage of positive
tumor cells were considered together for MxA. The intensity
of the immunohistochemistry was graded as 0 (negative),
1 (weak), 2 (moderate), and 3 strong (Fig. 2), after which the

Table 1. Correlations of clinicopathological factors with HR expression status in HER2-positive breast cancers
Factor
Age
Size (cm)
Histologic grade
Low (grade 1 and 2)
High (grade 3)
Nuclear grade
Low (grade 1 and 2)
High (grade 3)
Necrosis
Absent
Present
Microcalcification
Absent
Present
Lymphovascular invasion
Absent
Present
Lymph node metastasis
Absent
Present
Stage
Early (stage 1 and 2)
Advanced (stage 3 and 4)
MxA immunoscore
TILs level (%)
 10
20-60
> 60
TLSs around DCIS
Low
High
TLSs around invasive component
Low
High

HR-positive tumor

HR-negative tumor

p-value

51.27±10.08
3.05±1.43

54.18±9.970
3.38±2.09

0.062
0.225

48 (53.3)
42 (46.7)

15 (19.2)
63 (80.8)

< 0.001

25 (27.8)
65 (72.2)

4 (5.1)
74 (94.9)

< 0.001

36 (40.0)
54 (60.0)

22 (28.2)
56 (71.8)

0.143

44 (48.9)
46 (51.1)

36 (46.2)
42 (53.8)

0.758

50 (55.6)
40 (44.4)

41 (52.6)
37 (47.4)

0.757

44 (48.9)
46 (51.1)

35 (44.9)
43 (55.1)

0.644

80 (88.9)
10 (11.1)
88.61±84.17

64 (82.1)
14 (17.9)
100.83±85.880

0.270

46 (51.1)
35 (38.9)
9 (10.0)

16 (20.5)
39 (50.0)
23 (29.5)

< 0.001

59 (65.6)
31 (34.4)

44 (56.4)
34 (43.6)

0.267

55 (61.1)
35 (38.9)

55 (70.5)
23 (29.5)

0.255

0.354

Values are presented as mean±standard deviation or number (%). HR, hormone receptor; HER2, human epidermal growth
factor receptor 2; MxA, myxovirus resistance A; TIL, tumor infiltrating lymphocyte; TLS, tertiary lymphoid structure; DCIS,
ductal carcinoma in situ.
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Table 2. Correlations of clinicopathologic factors with MxA expression levels in HER2-positive breast cancers
MxA expression

Factor
Age (yr)
Size (cm)
Histologic grade
Low (grade 1 and 2)
High (grade 3)
Nuclear grade
Low (grade 1 and 2)
High (grade 3)
Necrosis
Absent
Present
Microcalcification
Absent
Present
Lymphovascular invasion
Absent
Present
Lymph node metastasis
Absent
Present
Stage
Early (stage 1 and 2)
Advanced (stage 3 and 4)
HR expression
Positive
Negative
TILs level (%)
 10
20-60
> 60
TLSs around DCIS
Low
High
TLSs around invasive component
Low
High

p-value

Low

High

52.62±10.74
3.28±1.93

52.61±9.140
3.08±1.51

0.994
0.476

45 (44.6)
56 (55.4)

18 (26.9)
49 (73.1)

0.023

22 (21.8)
79 (78.2)

7 (10.4)
60 (89.6)

0.063

38 (37.6)
63 (62.4)

20 (29.9)
47 (70.1)

0.324

49 (48.5)
52 (51.5)

31 (46.3)
36 (53.7)

0.875

53 (52.5)
48 (47.5)

38 (56.7)
29 (43.3)

0.637

47 (46.5)
54 (53.5)

32 (47.8)
35 (52.2)

> 0.990

86 (85.1)
15 (14.9)

58 (86.6)
9 (13.4)

> 0.990

57 (56.4)
44 (43.6)

33 (49.3)
34 (50.7)

0.430

46 (45.5)
43 (42.6)
12 (11.9)

16 (23.9)
31 (46.3)
20 (29.9)

0.002

63 (62.4)
38 (37.6)

40 (59.7)
27 (40.3)

0.748

69 (68.3)
32 (31.7)

41 (61.2)
26 (38.8)

0.408

Values are presented as mean±standard deviation or number (%). MxA, myxovirus resistance A; HER2, human epidermal
growth factor receptor 2; HR, hormone receptor; TILs, tumor infiltrating lymphocytes; TLS, tertiary lymphoid structure; DCIS,
ductal carcinoma in situ.

percentage of positive tumor cells was evaluated. The
immunoscore was generated by multiplying the staining
intensity by the percentage of the positive tumor cells.
Finally, we subdivided the tumors into two groups (low and
high expression) according to the mean value to enable statistical analysis.

4. Statistical analysis
All statistical analyses were conducted using the SPSS ver.
22 (IBM Corp., Armonk, NY). Chi-square tests, linear-by-linear association tests, Fisher exact tests, and Spearman rank
correlation tests were used as appropriate. All tests were
two-sided, and differences with p-values of less than 0.05
were considered significant.
VOLUME 49 NUMBER 2 APRIL 2017
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Table 3. Correlation between histopathologic variables and TILs levels in HER2-positive breast cancers
Factor
Histologic grade
Low (grade 1 and 2)
High (grade 3)
Nuclear grade
Low (grade 1 and 2)
High (grade 3)
Necrosis
Absent
Present
Microcalcification
Absent
Present
Lymphovascular invasion
Absent
Present
Lymph node metastasis
Absent
Present
Stage
Early (stage 1 and 2)
Advanced (stage 3 and 4)
HR expression
Negative
Positive
TLSs around DCIS
Absent
Present
TLSs around invasive component
Absent
Present

TILs level (%)

p-value

 10

20-60

> 60

34 (54.8)
28 (45.2)

23 (31.1)
51 (68.9)

6 (18.8)
26 (81.3)

0.001

16 (25.8)
46 (74.2)

11 (14.9)
63 (85.1)

2 (6.3)
30 (93.8)

0.057

24 (38.7)
38 (61.3)

24 (32.4)
50 (67.6)

10 (31.3)
22 (68.8)

0.672

23 (37.1)
39 (62.9)

38 (51.4)
36 (48.6)

19 (59.4)
13 (40.6)

0.086

28 (45.2)
34 (54.8)

38 (51.4)
36 (48.6)

25 (78.1)
7 (21.9)

0.007

27 (43.5)
35 (56.5)

29 (39.2)
45 (60.8)

23 (71.9)
9 (28.1)

0.007

55 (88.7)
7 (11.3)

59 (79.7)
15 (20.3)

30 (93.8)
2 (6.3)

0.132

16 (25.8)
46 (74.2)

39 (52.7)
35 (47.3)

23 (71.9)
9 (28.1)

< 0.001

46 (74.2)
16 (25.8)

42 (56.8)
32 (43.2)

15 (46.9)
17 (53.1)

0.018

52 (83.9)
10 (16.1)

41 (55.4)
33 (44.6)

17 (53.1)
15 (46.9)

< 0.001

TIL, tumor infiltrating lymphocyte; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; TLS, tertiary
lymphoid structures; DCIS, ductal carcinoma in situ.

Results

high level of TILs were significantly associated with HR-negative cases (p < 0.001 for all comparisons).

1. Clinicopathological characteristics of HER2-positive
breast cancers

2. Expression of MxA protein in HER2-positive breast cancers

The patients ranged in age from 23 to 85 years (mean age,
52.62 years). All included patients were female, and the
cohort was composed of 93 cases of left breast cancer and 75
cases of right breast cancer. Ninety cases of HR+/HER2+
tumors and 78 cases of HR–/HER2+ tumors were included.
The clinicopathological characteristics of HER2+ breast cancers according to HR expression status are summarized in
Table 1. High histological grade, high nuclear grade, and

We analyzed MxA protein expression in breast tissue by
immunohistochemistry. In HER2-positive breast cancers,
tumor cells only showed MxA protein expression in the
cytoplasm. Correlations between clinicopathological factors
and MxA expression levels are shown in Table 2. High
expression of MxA protein was significantly associated with
high histological grade (p=0.023) and high level of TILs
(p=0.002).
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3. Prognostic significance of TILs and MxA protein expression
The level of TILs was divided into three categories
(0%-10%, 20%-60%, and > 60%) for comparisons with various
histopathologic parameters (Table 3). The high level of TILs
was significantly correlated with high histological grade
(p=0.001), absence of lymphovascular invasion (p=0.007),
absence of lymph node metastasis (p=0.007), absence of HR
expression (p < 0.001), abundant TLSs around DCIS (p=
0.018), and abundant TLSs around the invasive component

A

1.0
0.8
0.6
0.4
0.2

TILs level 0-60%
TILs level > 60%

B

1.0

Disease-free survival rate

Disease-free survival rate

(p < 0.001). The level of TILs was divided into two groups
( 60% and > 60%) for survival analysis. A high level of TILs
was associated with better disease-free survival in total
HER2-positive breast cancers (p=0.028) and particularly in
HR–/HER2+ breast cancers (p=0.019) (Fig. 3). However, the
expression level of MxA was not a prognostic factor (data not
shown).

0.8
0.6
0.4
0.2

TILs level 0-60%
TILs level > 60%

p=0.028

0

0

500

p=0.364

1,000
1,500
Follow-up (day)

2,000

0

500

1,000
1,500
Follow-up (day)

2,000

C

1.0

Disease-free survival rate

0

0.8
0.6
0.4
0.2

TILs level 0-60%
TILs level > 60%

p=0.019

0

0

500

1,000
1,500
Follow-up (day)

2,000

Fig. 3. Relationship between tumor infiltrating lymphocytes (TILs) level and disease-free survival in total human epidermal
growth factor receptor 2 (HER2)–positive breast cancers (A), hormone receptor (HR)+/HER2+ breast cancers (B), and HR–
/HER2+ breast cancers (C).
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Discussion
IFN genes are transcriptionally silent under normal conditions. Production of IFNs is transient and triggered with
stimulation by pathogen-associated molecular patterns,
which are conserved among microbial species, and by
DAMPs, which are endogenous molecules released from
damaged or injured cells [10,12]. IFNs directly affect T-cell
activation as a signal 3 cytokine, which is a specific cytokine
signal involved in differentiation of naïve T cells into effector
and memory T cells [13]. Additionally, type I IFN can affect
T-cell activation indirectly through mediation of the differentiation of monocytes into mature dendritic cells, which are
important antigen-presenting cells, and enhancement of antigen presentation by major histocompatibility (MHC) class II
synthesis and antigen processing [14]. However, IFNs have
both immunostimulatory and immunosuppressive effects in
cancers. Type I IFNs can elevate the expression of tumor programmed cell death ligand 1 (PD-L1), and the IFN-driven
elevation of PD-L1 is thought to interact with programmed
death 1 on T cells, resulting in T-cell exhaustion [15]. Moreover, one report demonstrated that high expression of ISGs
is associated with poor response to therapy and immune
suppression [6].
Expression of MxA in cancer has been reported in various
types of organs. In head and neck squamous cell carcinoma,
hypermethylation of MxA was observed relative to lymphocytes from healthy individuals [16]. In the human prostate
carcinoma cell line, transfection of MxA inhibited tumor cell
motility [17]. Brown et al. [18] revealed that silencing of MxA
expression enhances cell migration, invasion, and anchorage
independent growth, which are the hallmarks of an aggressive tumor. Quantitative proteome profiling showed that
MxA has a potential role as a marker for lymph node metastasis in colorectal cancer [19]. MxA expression has been
reported to be upregulated in cell line and xenograft models
of HR-positive breast cancer with anti-estrogen resistance
[20,21]. Additionally, Johansson et al. [22] showed that MxA
expression was higher in a relapse group than in controls,
but that it was not correlated with relapse-free survival and
breast cancer-specific survival in ER-positive breast cancer
treated with adjuvant tamoxifen. Conversely, Sistigu et al.
[23] showed that MxA expression is positively associated
with tumor grade, and that the type I IFN metagene centered
around MxA can function as a biomarker for pathologic complete response to neoadjuvant anthracycline-based chemotherapy in breast cancer. Moreover, MxA expression predicts
metastasis-free survival after adjuvant chemotherapy in the
subset of patients of breast cancer with poor prognosis [23].
This study revealed the prognostic value of TILs in HER2positive breast cancer and the correlation between MxA
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expression and TIL level. However, we also found that MxA
expression could not predict prognosis. It should be noted
that this study had several limitations, including a relatively
small cohort and a short follow-up period, which may not
have been sufficient to draw conclusive results. Furthermore,
multiple cell types in the tumor microenvironment can show
high expression of ISGs and affect the therapeutic response
in breast cancer [24]. In this study, we only evaluated MxA
expression in tumor cells due to constraints with tissue
microarray sections. Overall, further studies of the effects of
IFN signaling on tumor immunology in breast cancer are
required to better elucidate the mechanism of TILs and
develop immunotherapies.
The prognostic value of TIL evaluation with H&E sections
was assumed in this study, supporting the recommendations
by an International TILs Working Group 2014 [4]. Several
reports have indirectly supported the hypothesis that peripheral blood T and B lymphocytes are marshaled to TLSs and
that differentiated cells migrate to the tumor, where they
develop into TILs [3,25,26]. In this study, we showed that a
high level of TILs was significantly associated with the abundance of TLSs around both the invasive component and
DCIS, which also indirectly supported the above hypothesis.
There are at least two subtypes of HER2-positive breast
cancers according to the Cancer Genome Atlas Network [27],
the HER2-enriched mRNA subtype and luminal mRNA subtype. Moreover, different clinical behaviors and histopathologic characteristics of HR+/HER2+ breast cancers and
HR–/HER2+ breast cancers have been reported [28,29]. In
this study, we found that HR–/HER2+ breast cancers were
significantly associated with a higher histologic grade, higher
nuclear grade, and abundant amount of TILs when compared to HR+/HER2+ breast cancers, consistent with previous studies.

Conclusion
In summary, evaluation of TILs with H&E section can provide prognostic information in routine practice. Moreover,
high expression of MxA in tumor cells was associated with a
high level of TILs in HER2-positive breast cancers and a high
level of TILs was a prognostic factor for breast cancer. However, the level of MxA expression had no prognostic value.
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Blocking Interleukin-4 Receptor  Using Polyethylene Glycol
Functionalized Superparamagnetic Iron Oxide Nanocarriers to
Inhibit Breast Cancer Cell Proliferation
Purpose
The specific targeting of interleukin-4 receptor  (IL4R) receptor offers a promising therapeutic approach for inhibition of tumor cell progression in breast cancer patients. In the current study, the in vitro efficacy of superparamagnetic iron oxide nanoparticles conjugated
with anti-IL4R blocking antibodies (SPION-IL4R) via polyethylene glycol polymers was
evaluated in 4T1 breast cancer cells.
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Materials and Methods
Cell viability, reactive oxygen species generation, and apoptosis frequency were assessed
in vitro in 4T1 cancer cell lines following exposure to SPION-IL4R alone or combined with
doxorubicin. In addition, immunofluorescence assessments and fluorimetry were performed
to confirm the specific targeting and interaction of the developed nanocarriers with IL4R
receptors in breast cancer cells.
Results
Blocking of IL4R receptors caused a significant decrease in cell viability and induced apoptosis in 4T1 cells. In addition, combined treatment with SPION-IL4R+doxorubicin caused
significant increases in cell death, apoptosis, and oxidative stress compared to either SPIONIL4R or doxorubicin alone, indicating the enhanced therapeutic efficacy of this combination. The decrease in fluorescence intensity upon immunofluorescence and fluorimetry
assays combined with increased viability and decreased apoptosis following the blocking
of IL4R receptors confirmed the successful binding of the synthesized nanocarriers to the
target sites on murine 4T1 breast cancerous cells.
Conclusion
These results suggest that SPION-IL4R nanocarriers might be used for successful reduction
of tumor growth and inhibition of progression of metastasis in vivo.

Introduction
Breast cancer remains the most common malignant tumor
in women worldwide and one of the principal causes of cancer deaths [1]. Breast cancer cell growth is modulated by a
composite network of growth factors, chemokines, and
cytokines that induce rapid cell proliferation and metastasis
[2]. Cytokines are important signaling molecules in the
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tumor microenvironment that regulate cancer cell growth
through cancer cell progression and metastasis. Murine
breast cancer models revealed that interleukin (IL) 4 and
IL-13 secretion and activation of IL-4 receptor signaling
facilitated tumor cell metastasis [3]. Both IL-4 and IL-13 are
dependent on the interleukin-4 receptor  (IL4R) chain
either for recognition and signaling (i.e., IL-4) or signal transduction (i.e., IL-13). IL-4 binds to the type I receptor, whereas
both IL-4 and IL-13 bind to the IL4R type II receptor. In fact,
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an upregulation in the expression of IL4R has not only been
seen in breast cancer cells, but also in rhabdomyosarcoma
[4], bladder cancer [5], and brain cancer [6]. Owing to the role
of this receptor in regulation of cell division, it can be interpolated that the IL4/IL4R interaction and consequent signaling changes within cells can promote not only the
proliferation, but also the survival of breast cancer cells.
Therefore, antibodies that specifically block IL4R can prevent cancer cell proliferation and metastasis.
Targeted delivery to specific cells through the use of
nanoscale drug delivery systems (DDSs) allows enhanced
and selective accumulation of therapeutic agents in disease
areas [7]. In addition, nanocarriers can protect the drug/
inhibitor against degradation and increase its half-life in the
bloodstream, allowing better bio-pharmacokinetic control in
host tissues [8]. Therefore, enhancing the ability of blocking
antibodies to be administered directly to the cancerous tissue
may improve treatment efficacy and decrease systemic side
effects.
Recent advances in nanoscale DDS allow specific delivery
of various treatment options to the target tissue, ensuring
improved efficacy, decreased side effects, and controlled
release. Among the different nanoparticles used, superparamagnetic iron oxide nanoparticles (SPION) offers a novel
theranostic approach enabling high detection sensitivity and
selective targeting. Biomedical interest in SPIONs has
increased considerably in the last few decades because of
their potential for use as contrast agents in magnetic resonance imaging (MRI), in magnetic separation techniques, and
hyperthermia. Furthermore, SPIONs have superior biocompatibility and ability to cross biological membranes in addition to providing the possibility of achieving high drugloading capacity, sustained release, enhanced drug stability
and absorption, as well as targeted deposition [9,10]. Doxorubicin (DOX), a member of the anthracycline class of
chemotherapeutic agents, is commonly used to treat several
common human cancers [11]. Therefore, targeting IL4R
using SPION conjugated with anti-IL4R blocking antibodies
(SPION-IL4R) nanoparticles in combination with low doses
of DOX may help reduce toxicity and improve the clinical
usefulness of cancer therapy.
This study was conducted to assess the in vitro efficacy of
IL4R conjugated SPION as theranostic nanoprobes for
breast cancer by evaluating cell viability, reactive oxygen
species generation, and apoptosis frequency in 4T1 breast
cancer cells. In addition, the successful interaction and targeting of anti-IL4R antibody conjugated SPION with IL4R
receptors on 4T1 cancer cells was confirmed and the efficacy
of combined treatment with SPION-IL4R and DOX was
reported.

Materials and Methods
1. SPION-IL4R design and characterization
Nanoferrite SPIONs prepared via the core-shell method
with a core of 75%-80% (w/w) magnetite and a shell of dextran (Micromod Partikeltechnologie GmbH, Rostock, Germany) were used in this study. SPIONs were conjugated to
polyethylene glycol (PEG) polymer with a molecular weight
of 2,000 g/mol as previously described [12]. Thiolated IL4R
monoclonal antibodies (BD Biosciences, San Diego, CA),
which specifically binds to CD124 (also known as the  subunit of mouse IL4R), were conjugated to maleimide-functionalized SPIONs as previously described [13]. The anti–
SPION-IL4R were purified on magnetic-activated cell sorting columns (Miltenyi Biotec, Bergisch Gladbach, Germany).
The hydrodynamic size and zeta potential (i.e., surface
charge) of nanoparticles before and after their conjugation
with IL4R antibodies were measured using Zetasizer Nano
ZS90 (Malvern Instruments, Malvern, UK). The amount of
IL4R antibodies conjugated to SPION was quantified as
described elsewhere [13].
2. Tumor cell culture
4T1 murine breast cancer cells (CRL-2539, American Type
Culture Collection [ATCC], Manassas, VA) were cultured in
complete Roswell Park Memorial Institute 1,640 medium
containing 10% gamma-irradiated fetal bovine serum and
100 units/mL penicillin-streptomycin (Life Technologies,
Carlsbad, CA) at 37°C in a humidified atmosphere containing 5% CO2. These cancer cells were chosen since their tumor
growth in vivo and metastatic spread in mice closely mimics
stage IV human breast cancer [14]. SPION-IL4R and DOX
were applied at a concentration of 5 µg/mL each based on
our previous studies [13,15].
3. Cell viability assessments
Cell viability was analyzed by 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrasodium bromide (MTT) assay as per
the manufacturer’s protocol (Merck Millipore, Billerica, MA).
Upon completion of incubation of cultured 4T1 cells in complete medium with either anti-IL4R antibodies, SPION-IgG1
(nanoparticles with isotype antibodies), SPION-IL4R, DOX,
or combined SPION-IL4R+DOX incubation for 24, 48, and
72 hours, 10 µL of MTT reagent was added to each well and
samples were incubated for 2 hours at 37°C. The formazan
crystals formed were dissolved in 100 µL isopropanol with
0.04 N HCl and the absorbance was measured within an hour
using an Epoch BioTek ELISA plate reader (BioTek, Winoo-
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ski, VT) with an absorbance wavelength of 570 nm and a reference wavelength of 630 nm. The percentage of cell viability
under each condition was calculated relative to controls.
4. Thiobarbituric acid reactive substances assay
A thiobarbituric acid reactive substances (TBARS; R&D
Systems, Minneapolis, MN) parameter assay kit was used to
measure the overall oxidative stress in 4T1 cells caused by
either SPION-IL4R, DOX, or combined SPION-IL4R+DOX
at different time intervals relative to controls. Briefly, cultured 4T1 cells were equilibrated overnight, treated, washed
and lysed using a cell lysis buffer. Cells were incubated with
an acid reagent for 15 minutes and centrifuged, after which
supernatants were treated with thiobarbituric acid reagent
for 2-3 hours at 45-50°C. The absorbance of the samples was
measured at 532 nm using a BioTek enzyme-linked immunosorbent assay plate reader.

Inc., Dallas, TX) containing DAPI nuclear stain. All immunocytology slides were screened using an Olympus BX53 fluorescent microscope (Olympus Corporation, Tokyo, Japan).
Fluorimetry measurements were performed in 96 well black
tissue culture plates under the same conditions. Briefly,
approximately 103 cells/well were equilibrated overnight,
after which cells were blocked for 4 hours with either antiIL4R antibodies or isotype IgG1 antibodies. Fluorescence
assessments were performed on an Epoch BioTek plate
reader to determine differences in fluorescence intensity.
In addition to the above, additional experiments were conducted to assess the viability and frequency of apoptosis following blocking of IL4R receptors with anti-mouse IL4R
antibody or isotype IgG1 antibody, respectively, for 2 hours
at room temperature on a shaker. The cells were then washed
with PBS and the cell viability and apoptosis frequency was
analyzed as described above after 12 hours of incubation
using either anti-IL4R antibodies, SPION-IgG1, SPIONIL4R, DOX, or combined SPION-IL4R+DOX.

5. Assessments of apoptosis
7. Statistical analysis
The percentages of live, early apoptotic, late apoptotic,
total apoptotic, and dead cells were quantitatively evaluated
using Muse Annexin V and Dead Cell Assay kit (Merck Millipore) before and after treatment of 4T1 tumor cells with
either SPION-IL4R, DOX, or combined SPION-IL4R+
DOX. These experiments were conducted since apoptosis/
programmed cell death is an important regulator of cell
growth and proliferation. Cells were mixed with the reagent,
incubated for 20 minutes and analyzed using a Muse Cell
Analyzer (Merck Millipore).
6. Specific targeting and interaction assessments
To confirm specific targeting of SPION-IL4R to 4T1 cells,
blocking of IL4R receptors was performed for 4 hours with
anti-mouse IL4R antibody/isotype IgG1 antibody in the
presence or absence of IL-4. The specific targeting of antiIL4R conjugated SPION was assessed in vitro using cultured
4T1 cells. Nanoparticles were labeled with fluorescein isothiocyanate (FITC) using a Pierce FITC labeling kit as per the
manufacturer’s protocols (Thermo Fisher Scientific, Waltham, MA). Cultured and trypsinized 4T1 cells were equilibrated overnight, fixed with 4% paraformaldehyde, washed
with phosphate buffered saline (PBS) and blocked with antimouse IL4R antibody or isotype IgG1 antibody, respectively, for 30 minutes at room temperature on a shaker. The
cells were washed with ice-cold PBS and stained with FITC
labeled SPION-IL4R (SPION-IL4R–FITC) for 30 minutes
at room temperature on a shaker. The wells were washed
again three times with ice-cold PBS, and mounted using
UltraCruz mounting medium (Santa Cruz Biotechnology
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Data are presented as the mean values±standard error. All
data were analyzed by t tests using the SPSS ver. 12.0 software (SPSS Inc., Chicago, IL). A p < 0.05 was considered significant for all tests. All experiments were performed in
triplicate with exposure incubation times of 12, 24, 48, and
72 hours as applicable and results were compared to
untreated cells.

Results
1. SPION-IL4R design and characterization
PEG-functionalized SPIONs were conjugated to anti-IL4R
antibodies via a PEG chain with a molecular weight of 2,000
g/mol. SPIONs have a hydrodynamic size of 132.5±5.9 nm
and a surface charge of 2.71±0.62 mV based on measurement
of the zeta potential using a Zetasizer Nano ZS90. Following
conjugation with anti-IL4R antibodies, no significant change in the size of SPION-IL4R nanocarriers (i.e., 133.1±5.7
nm) was measured, although their surface charge decreased
slightly to 1.05±0.46 mV. Quantification by bicinchoninic acid
protein assay revealed that the amount of conjugated IL4R
antibodies was approximately 13.7 µg per milligram of
SPION. Further details regarding characterization of these
nanoparticles have been published elsewhere [13].
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Fig. 1. Cell viability and oxidative stress generation assessments of the in vitro effects of SPION-IL4R, DOX, or combined
SPION-IL4R+DOX. MTT assay (A) and TBARS assay (B) were performed to assess cell viability and oxidative stress generation, respectively, in 4T1 cancer cells. Analyses were performed after incubation for 24, 48, and 72 hours. Data are
expressed as the mean±standard error, *p < 0.05, **p < 0.01, ***p < 0.001. NT, no treatment; SPION-IL4R, superparamagnetic
iron oxide nanoparticles conjugated with anti–interleukin-4 receptor  [IL4R] blocking antibodies; DOX, doxorubicin; MTT,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrasodium bromide; TBARS, thiobarbituric acid reactive substances.
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Fig. 2. Assessments of apoptosis caused by SPION-IL4R,
DOX, and SPION-IL4R+DOX. Analyses were performed
after incubation for 24, 48, and 72 hours. Data are
expressed as the mean±standard error, *p < 0.05, **p
< 0.01, ***p < 0.001. NT, no treatment; SPION-IL4R,
superparamagnetic iron oxide nanoparticles conjugated
with anti–interleukin-4 receptor  [IL4R] blocking antibodies; DOX, doxorubicin.

Next, the ability of SPION-IL4R to induce tumor cell
death and apoptosis was assessed and compared to the effect
of DOX or SPION-IL4R+DOX. SPION-IgG1 nanocarriers
and anti-IL4R antibodies alone were also used. MTT cell
proliferation assays and TBARS assessments were conducted
to determine if SPION-IL4R and/or DOX can induce cytotoxicity and oxidative stress in cultured 4T1 cancer cells,
respectively. A significant reduction in cell viability was
observed after cell incubation with either SPION-IL4R or
DOX separately, while a more prominent effect was
observed in response to combined treatment (Fig. 1). Following 72-hour incubation of SPION-IL4R+DOX, cell viability
decreased to 48%. Similarly, while SPION-IL4R and DOX
caused comparable elevations in reactive oxygen species
when administered alone, substantial increases in oxidative
stress were observed in response to their combined administration.
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Fig. 3. In vitro interaction studies of SPION-IL4R with IL4R receptors on 4T1 cells. Fluorescence intensity decreased upon
blocking of receptors with anti-IL4R antibodies (A) while higher fluorescence intensity was observed upon blocking using
isotype IgG antibody (B). (C) Fluorimetry data showing the difference in fluorescence intensity after blocking with either
the anti-IL4R antibody or isotype IgG antibody (i.e., without blocking). All immunofluorescence images were captured at
the same fluorescence exposure time of 300 milliseconds. Blocking was performed with anti-IL4R antibodies. FITC-conjugated SPION-IL4R were used to show the expression and appear in green; blue staining indicates staining of nuclei with
DAPI. Data are expressed as the mean±standard error, ***p < 0.001. SPION-IL4R, superparamagnetic iron oxide nanoparticles conjugated with anti–interleukin-4 receptor  [IL4R] blocking antibodies; FITC, fluorescein isothiocyanate.

3. Combination of SPION-IL4R and DOX increased apoptosis frequency in 4T1 cancer cells
The apoptosis frequency induced by SPION-IgG1, antiIL4R antibodies, SPION-IL4R, and DOX in breast cancer
murine 4T1 cells was also evaluated. To determine if apoptosis induced by SPION-IL4R is potentiated by the addition
of DOX, the effects of SPION-IL4R+DOX were investigated.
While anti-IL4R antibodies, SPION-IL4R, DOX, and
SPION-IL4R+DOX caused a significant increase in cell
death at 24 hours, as expected, no significant increases in
apoptosis were observed in response to SPION-IgG1.
SPION-IL4R and DOX alone caused significant increases in
programmed cell death from 48 hours onwards, while
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SPION-IL4R+DOX induced more apoptosis than either
compound alone (Fig. 2). The higher levels of apoptosis
induced by SPION-IL4R+DOX after 24 hours indicated an
additive effect of this combination compared to either treatment alone.
4. SPION-IL4R successfully interacted with IL4R receptors on 4T1 cancer cells
To confirm whether the synthesized SPION-IL4R indeed
bound to IL4R receptors on 4T1 cells, cultured cells were
blocked with anti-IL4R/isotype IgG1 antibody for 4 hours
prior to exposure to SPION-IL4R-FITC conjugated nanocarriers. Variations in fluorescence intensity were assessed

Abjal Pasha Shaik, Cancer Cells Inhibition by Blocking IL4

microscopically and through fluorimetry assay. Prior blocking of the IL4R receptors with anti-IL4R antibodies inhibited binding of SPION-IL4R-FITC and consequently caused
a decrease in fluorescence intensity (Fig. 3). In 4T1 cells,
which have been treated with isotype IgG1 antibody, a
higher fluorescence intensity was found. This result was as
expected since the IL4R receptors were not blocked. This
increased fluorescence intensity was also confirmed and
quantified by fluorimetry assessments, which revealed a
68.7% fluorescence intensity without blocking, while the fluorescence intensity was estimated to be 19.8% following
IL4R blocking, confirming that the developed nanocarriers
positively bound to IL4R receptors on cultured 4T1 cells.
Interestingly, upon prior blocking of cells with anti-IL4R
antibodies, an increase in cell viability and decrease in apoptosis was observed in 4T1 cells treated with SPION-IL4R
nanocarriers, providing additional confirmation of the specific targeting of the designed nanocarriers. These findings
also indicate that prior blocking with anti-IL4R antibodies
blocked the IL4R receptors, leaving no/minimal sites for
the nanocarriers to bind. In contrast, 4T1 cells that were
blocked with isotype IgG1 antibodies showed significantly
decreased cell viability and increased apoptosis (Fig. 4A and
B). Since DOX acts independently of SPION-IL4R nanocarriers, it caused a significant decrease (p < 0.05) in cell viability
and increase in apoptosis (as expected), regardless of

whether the receptors were blocked with either anti-IL4R
antibodies or isotype IgG1 antibodies. Overall, these results
conclusively confirmed that our developed nanoparticles did
indeed bind to IL4R receptors on cultured 4T1 cells.

Discussion
The interaction of IL4R receptor with the cytokine IL-4
has been shown to be associated with proliferation of breast
cancer cells [16,17], causing enhanced survival and metastases of cancer cells in vivo [18]. IL-13, a cytokine related to
IL-4, also uses IL4R receptors for cell signaling. IL4R
receptors have been found to be expressed and activated in
mouse models of breast cancer [19]. The possibility that both
IL-4 and IL-13 can be simultaneously targeted in breast cancer is based on the idea that they both play a role in cell proliferation and are dependent on the IL4R chain, either for
recognition or signal transduction. Therefore, disruption of
the interaction of IL-4 with IL4R receptors may help abrogate the proliferation and metastatic spread of cancer cells.
In the present study, we assessed the effects of blocking
IL4R receptors in 4T1 breast cancer cells by specifically and
actively targeting an antibody-conjugated SPION nanocar-
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Fig. 4. Assessments of cell viability (A) and apoptosis (B) following prior blocking of IL4R receptors on 4T1 cells. Blocking
was performed for 1 hour with either anti-IL4R antibody or isotype IgG antibody (i.e., without blocking) and assessments
were performed after 12 hours of incubation following treatment with SPION-IgG1, anti-IL4R antibodies alone, SPIONIL4R, DOX, and SPION-IL4R+DOX. Data are expressed as the mean±standard error, *p < 0.05, **p < 0.01, ***p < 0.001.
NT, no treatment; SPION-IL4R, superparamagnetic iron oxide nanoparticles conjugated with anti–interleukin-4 receptor 
[IL4R] blocking antibodies; DOX, doxorubicin.
VOLUME 49 NUMBER 2 APRIL 2017

327

Cancer Res Treat. 2017;49(2):322-329

rier and compared these effects with combined treatment
with DOX, a chemotherapeutic drug widely used in cancer
therapy. With this novel approach, we aim to significantly
improve both cancer diagnosis and therapy while minimizing the side effects of currently used chemotherapeutic
agents. SPIONs offer several advantages for prospective
in vivo applications over competing nanocarriers by enabling
both single cell tracking and imaging of diseased areas using
noninvasive MRI. Additionally, SPIONs have superior biocompatibility and ability to cross biological membranes in
addition to a high drug-loading capacity and enabling sustained release, enhanced drug stability and absorption, as
well as targeted deposition.
The nanocarriers developed here have been previously
validated to be highly safe and revealed excellent stability at
neutral pH, while their stability decreased remarkably in
acidic environments with the use of 2,000 g/mol PEG chain
linker; thus, they can preferentially release conjugated blocking antibodies [13].
This is the first study to evaluate the ability of SPIONIL4R alone or in combination with DOX to induce cytotoxicity and increase reactive oxygen species generation and
apoptosis frequency in breast cancer cells. One of the major
hindrances to successful cancer treatment is the resistance of
cancer cells to cell death, which primarily occurs because of
drug resistance mechanisms, enhanced efflux of anti-cancer
drugs or alterations in cell signaling-pathways enabling cancer cells to quickly undergo metastasis [18]. Therefore, induction of apoptosis plays a major role in limiting the spread of
cancer cells [20]. Since IL-4 plays a role in survival of cancer
cells, we hypothesized that neutralization of the interaction
of IL4R receptors through the use of IL4R antibodies conjugated to SPION may limit cell proliferation and induce
apoptosis in cancer cells. Moreover, the main anticancer
action of DOX is thought to be a result of topoisomerase II
inhibition and free radical generation [21].
In agreement with other studies [19,22], the current study
demonstrated that blockade of IL4R successfully induced
apoptosis of 4T1 cancer cells. Similarly and as expected, DOX
also induced apoptosis of 4T1 cells, confirming the results of
other studies [23,24]. It is important to note that potentiation
of apoptosis was observed when a combination of SPIONIL4R and DOX was used. This additive effect of IL-4–neutralizing antibody in SPION-IL4R when combined with
chemotherapy may enable considerable reduction of tumor
growth via increased apoptotic events, thus limiting metastasis and minimizing the required amount of chemotherapeutic drugs.
Advances in novel DDSs to diagnose, target and treat local
and metastatic tumor sites have provided many advantages
in limiting tumor progression and metastases. In this study,
the in vitro efficacy of a combination of SPION-IL4R and
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DOX on 4T1 breast cancer cells that multiply and simulate
stage IV human breast cancer was evaluated. SPION-IL4R
was used because 4T1 cancer cells have been shown to overexpress IL4R receptors, which in turn use IL-4 and IL-13 to
mediate signal transduction events that modulate cell proliferation [19]. Therefore, simultaneous inhibition of the interaction of IL-4 and IL-13 by blocking IL4R receptors using
anti-IL4R antibody nanocarriers may offer a promising therapeutic approach in breast cancer. A nanocarrier-based
approach was used to enable improvement of treatment
efficacy owing to specific targeting of cells while minimizing
side effects. The specific targeting of designed SPION-IL4R
nanocarriers was demonstrated through a combination of
immunofluorescence, fluorimetry, cell viability, and apoptosis assessments following prior blocking of IL4R receptors
on 4T1 cells with either anti-IL4R antibody or isotype IgG
antibody (i.e., without blocking). Additionally, a commonly
used anti-cancer drug, DOX, was used to investigate if the
combination of SPION-IL4R and DOX was able to achieve
a higher treatment efficacy than either treatment alone.

Conclusion
The current study conclusively confirmed that a combination of SPION-IL4R and DOX induced better cytotoxicity,
oxidative stress and apoptosis in breast cancer cells than
either treatment alone. Both SPION-IL4R and DOX caused
alterations in the levels of inflammatory mediators produced
by 4T1 cancer cells. In addition, the synthesized SPIONIL4R successfully targeted the IL4R receptors on 4T1 cancer cells. These positive study results are encouraging, and
future studies will now focus on the in vivo efficacy of
SPION-IL4R in the breast cancer mouse model.
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Purpose
We investigated current trends in lung cancer surgery and identified demographic and social
factors related to changes in these trends.
Materials and Methods
We estimated the incidence of lung cancer surgery using a procedure code-based approach
provided by the Health Insurance Review and Assessment Service (http://opendata.hira.
or.kr). The population data were obtained every year from 2010 to 2014 from the Korean
Statistical Information Service (http://kosis.kr/). The annual percent change (APC) and statistical significance were calculated using the Joinpoint software.
Results
From January 2010 to December 2014, 25,687 patients underwent 25,921 lung cancer
surgeries, which increased by 45.1% from 2010 to 2014. The crude incidence rate of lung
cancer surgery in each year increased significantly (APC, 9.5; p < 0.05). The male-to-female
ratio decreased from 2.1 to 1.6 (APC, 6.3; p < 0.05). The incidence increased in the age
group of  70 years for both sexes (male: APC, 3.7; p < 0.05; female: APC, 5.96; p < 0.05).
Furthermore, the proportion of female patients aged  65 years increased (APC, 7.2;
p < 0.05), while that of male patients aged < 65 years decreased (APC, 3.9; p < 0.05).
The proportions of segmentectomies (APC, 17.8; p < 0.05) and lobectomies (APC, 7.5;
p < 0.05) increased, while the proportion of pneumonectomies decreased (APC, 6.3;
p < 0.05). Finally, the proportion of patients undergoing surgery in Seoul increased (APC,
1.1; p < 0.05), while the proportion in other areas decreased (APC, 1.5; p < 0.05).
Conclusion
An increase in the use of lung cancer surgery in elderly patients and female patients, and a
decrease in the proportion of patients requiring extensive pulmonary resection were identified. Furthermore, centralization of lung cancer surgery was noted.

Introduction
Lung cancer is the leading cause of cancer death in the
world and in Korea [1,2]. In 2012, 1.82 million cases (12.9%
of the total number of cancer cases) of lung cancer were
diagnosed and it caused 1.6 million deaths worldwide.
Interestingly, incidence rate among females in Eastern Asia
is somewhat high, despite the low smoking rate [2,3]. In
Korea, a total of 22,118 new cases of lung cancer were
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reported and the crude rate of lung cancer was 43.9 per
100,000 persons in 2012 [4]. It is estimated that there will be
25,640 new cases of lung cancer and a crude rate of 50.4 per
100,000 persons in 2015 [5]. In the United States, lung cancer
survival has already improved and the incidence of localized
lung cancer has increased [6,7]. Although surgical resection
remains the treatment of choice for early-stage lung cancer,
only 22% of new lung cancer cases are localized diseases in
Korea [4,8,9].
The survival benefit of low-dose chest computed tomog-
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raphy (LDCT) related to a stage shift was reported in 2011
[10]. Additionally, differences in lung cancer incidence,
smoking prevalence, and life expectancy patterns between
males and females have been reported [1,11,12]. These factors
related to population composition and cancer prevention
policies can affect the incidence of the disease and treatment
modalities.
Korea has abundant health care resources and utilization
in terms of the number of hospitals, hospital beds, computed
tomography scanners, and consultations with doctors per
population [3]. The Korean government has operated
National Health Insurance Service (NHIS), which covers
over 98% of the Korean population, for over 30 years [13].
Additionally, the Korean Health and Insurance Review and
Assessment Service (HIRA) collects reimbursement records
from all claims made under NHIS and nation-wide information related to a specific disease, and treatment is available
without patient identifiers. However, few studies have
investigated national trends in lung cancer surgery, and
some that have are out of date [14-17]. Thus, we investigated
current trends in lung cancer surgery and identified demographic and social factors related to changes in these trends
utilizing the Korean NHIS database from 2010 to 2014.

of lung cancer surgeries divided by the population in a specific year) of lung cancer surgery and age-specific rates of
lung cancer surgery. Age-standardized rates were calculated
using the information describing the Korean standard population in 2010. Numerical data from open data are presented
with numbers and percentage. Annual percent changes
(APC) in incidences, proportions, ratios, and their statistical
significance were calculated using the Joinpoint software ver.
4.2.0.2 from the Surveillance Research Program of the United
States National Cancer Institute.

Results
1. Incidence rate of lung cancer surgery
From January 2010 to December 2014, 25,687 patients
underwent 25,921 lung cancer surgeries. In 2010, 4,150
patients underwent surgery, while in 2014, 6,021 patients
underwent surgery, which is an increase of 45.1% (Table 1).
The crude incidence rate of lung cancer surgery in each year
increased significantly (APC, 9.5; p < 0.05).
2. Incidence by sex

Materials and Methods
1. Data acquisition
We estimated the incidence of lung cancer surgery using a
procedure code-based approach provided by the HIRA
(http://opendata.hira.or.kr). We assessed the information for
lung cancer surgery, which was converted to specific procedure codes. The following surgical procedures with their
codes were investigated, mediastinal lymph node dissection
in conjunction with pulmonary resection (O1597), pulmonary segmentectomy (O1410), single lobectomy (O1421),
bilobectomy (O1422), lobectomy in conjunction with segmentectomy (O1423), sleeve lobectomy (O1424), pneumonectomy
(O1431), and sleeve pneumonectomy (O1432). We considered O1597 to be the standard surgical procedure for lung
cancer.
All Korean residents have a specific registered number.
Population data were obtained on July 1 of every year from
2010 to 2014 from the Korean Statistical Information Service
(http://kosis.kr/).
2. Statistical analysis
We summarized the results using crude rates (the number

In 2010, male patients accounted for 67.3% of all lung cancer patients; however, the proportion of female patients
increased consistently over the subsequent years. The maleto-female ratio decreased from 2.1 in 2010 to 1.6 in 2014
(APC, 6.3; p < 0.05). Although the number of lung cancer
surgeries increased in both male and female patients, the proportion according to age group changed depending on sex.
The proportion of female patients aged  65 years increased
significantly over the study period (APC, 7.2; p < 0.05), while
the proportion of male patients aged < 65 years decreased
significantly (APC, 3.9; p < 0.05) (Table 2). The proportion
of female patients aged < 65 years tended to increase, while
the proportion of male patients aged  65 years tended to
decrease over the study period, although these changes were
not statistically significant.
3. Incidence by age distribution
The age distribution of lung cancer surgeries varied by sex
and shifted (Fig. 1). The highest proportion over the study
period was observed among individuals aged 60-69 years.
The proportion increased in the age group of  70 years for
both sexes (male: APC, 3.7; p < 0.05; female: APC, 6.0; p <
0.05). Female patients were more likely to be younger than
male patients. In 2014, the age groups of 60-69 years and
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50,111,476 (
21,753 (
15,167 (69.7)
6,586 (30.3)
21.4 (
4,690 (
4,654 (
3,044 (65.4)
1,610 (34.6)
1.9 (
9.3 (
6.1 (
3.2 (
9.0 (

4,174 (
4,150 (
2,795 (67.3)
1,355 (32.7)
2.1 (
8.3 (
5.6 (
2.7 (
8.3 (

2011

49,879,812 (
20,711 (
14,650 (70.7)
6,061 (29.3)
20.0 (

2010

5,235 (
5,190 (
3,289 (63.4)
1,901 (36.6)
1.7 (
10.3 (
6.5 (
3.8 (
9.7 (

50,345,325 (
22,118 (
15,367 (69.5)
6,751 (30.5)
23.5 (

2012

Year
2014

5,739 (
5,672 (
3,580 (63.1)
2,092 (36.9)
1.7 (
11.2 (
7.1 (
4.1 (
10.2 (

6,083 (
6,021 (
3,710 (61.6)
2,310 (38.4)
1.6 (
11.9 (
7.3 (
4.6 (
10.5 (

50,558,952 (
50,763,158 (
23,543b) (
24,697b) (
a)
b)
16,479 (70.0 )
17,139b) (69.4b))
b)
b)
7,064 (30.0 )
7,558b) (30.6b))
24.1 (
24.4 (

2013

10.0a) (
9.9a) (
7.6a) (–2.1a))
14.2a) (3.9a))
–6.3a) (
9.5a) (
7.1a) (
14.0a) (
6.1a) (

0.4a) (
4.4a) (
4.0a) (–0.3)
5.2a) (0.8)
5.3a) (

APC

Values are presented as number (%). APC, annual percent change. a)Significantly different from zero at (p < 0.05), b)Predicted by Jung et al. [5], c)Age-standardized
rates were standardized using population data based on July 1 in 2010 from the Korean Statistical Information Service.

Population
Lung cancer incidence
Male
Female
Lung cancer surgery incidence
/Lung cancer incidence (%)
Lung cancer surgery incidence (cases)
Lung cancer surgery incidence (patients)
Male
Female
Sex ratio (male/female)
Crude rate of lung cancer surgery (per 100,000)
Male
Female
Age-standardized ratec)

Variable

Table 1. Trends in lung cancer surgery incidence, Korea, 2010-2014
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 70 years accounted over 70% of cases among male patients,
while the age groups of 50-59 years and 60-69 years
accounted 60% of female patients in 2014.

8.3a) (–1.5)
5.6a) (–3.9a))
12.0a) (2.0)
–5.0 (

4. Incidence by resection type

Values are presented as number (%). APC, annual percent change. a)Significantly different from zero at (p < 0.05).

3,068 (51.0)
1,674 (27.8)
1,394 (23.2)
1.2 (
2,702 (52.1)
1,550 (29.9)
1,152 (22.2)
1.3 (
2,211 (53.3)
1,337 (32.2)
874 (21.1)
1.5 (

2,524 (54.2)
1,522 (32.7)
1,002 (21.5)
1.5 (

2,899 (51.1)
1,674 (29.5)
1,225 (21.6)
1.4 (

11.7a) (1.7)
9.3a) (–0.5)
17.9a) (7.2a))
–7.2a) (
2,953 (49.0)
2,037 (33.8)
916 (15.2)
2.2 (
2,773 (48.9)
1,906 (33.6)
867 (15.3)
2.2 (
2,488 (47.9)
1,739 (33.5)
749 (14.4)
2.3 (

Age  65 yr
Total
Male
Female
Sex ratio (male/female)
Age < 65 yr
Total
Male
Female
Sex ratio (male/female)

1,939 (46.7)
1,458 (35.1)
481 (11.6)
3.0 (

2,130 (45.8)
1,522 (32.7)
608 (13.1)
2.5 (

2014
(n=6,021)
2013
(n=5,672)
2012
(n=5,190)
2011
(n=4,654)
2010
(n=4,150)
Factor

Table 2. Sex distribution in lung cancer surgery incidence, Korea, 2010-2014

Year

APC
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The incidences of segmentectomies (APC, 17.8; p < 0.05)
and single lobectomies (APC, 7.5; p < 0.05) increased significantly over the study period, while the incidence of pneumonectomies decreased significantly (APC, –6.3; p < 0.05).
The incidence of bilobectomies did not change significantly
(APC, –1.2; p=0.7). The proportions of segmentectomies
(APC, 9.9; p=0.1) and single lobectomies (APC, 0.4; p=0.5)
increased, but this increase was not statistically significant.
Otherwise, the proportions of extensive surgeries; namely,
bilobectomies (APC, –7.9; p < 0.05) and pneumonectomies
(APC, –12.5; p < 0.05), decreased significantly (Fig. 2).
5. Incidence by regional distribution
The incidence of surgeries performed in the Seoul Metropolitan area (the capital of Korea) and all other areas taken
together increased significantly over the study period (Seoul:
APC, 11.0; p < 0.05; all others together: APC, 8.2; p < 0.05).
Approximately 60% of the total lung cancer surgeries over
the study period were performed in Seoul. The proportion
of patients operated on in Seoul increased significantly (APC,
1.1; p < 0.05), while the proportion in other areas significantly
decreased (APC, 1.5; p < 0.05) (Fig. 3).
6. Incidence by hospital size
All lung cancer surgeries were performed in secondary or
tertiary hospitals. However, the monthly incidence surgeries
in tertiary hospitals increased consistently (APC, 12.5;
p < 0.05), while the monthly incidence surgeries in secondary
hospitals did not change significantly (APC, 3.9; p=0.2)
(Fig. 4).

Discussion
Lung cancer is the most common cancer and the leading
cause of cancer death in the world [2]. In Korea, lung cancer
is the third most common cancer in male patients and the
fifth most common in female patients [4]. The age-standardized rate of lung cancer has not increased over the last five
years; however, there has been a large change in the incidence pattern according to sex [1]. The incidence rate of lung
cancer has declined in males and increased in females in
VOLUME 49 NUMBER 2 APRIL 2017
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Fig. 1. Trends in age-specific incidence of lung cancer surgery by year.
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Fig. 2. Trends in type of surgery by year.

Korea, as well as in Japan and the United States [7,18]. Consequently, the number of lung cancer surgeries has increased
and the composition of patients has changed in terms of sex
ratio and age distribution [14,15,17]. In Korea, the incidence
of lung cancer was 2.3 times higher in male patients than in
female patients in 2012 [4]. However, the male-to-female
ratio of lung cancer surgery was 1.6 in 2012. These findings
suggest that lung cancer of an operable stage is more likely
in female patients than in male patients, which may result
from lung cancer screening in conjunction with the distinctive characteristic of lung cancer in non-smoking Asian
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Fig. 3. Trends in area-specific incidence of lung cancer surgery by year.

females.
Lung cancer is a disease that commonly afflicts the elderly
and is the most common cancer in male patients and the
third most common in female patients aged  65 years in
Korea [1]. In 2012, patients aged  65 years accounted for
75.4% of new lung cancer cases; however, only 47.9% of
patients aged  65 years underwent lung cancer surgery in
Korea. Aging is a well-known definite risk factor for perioperative morbidities and mortality [19-21]. Some studies have
raised concerns about the under-treatment of elderly patients
[22,23], and the incidence of lung cancer surgery in elderly
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Fig. 4. Average monthly case of lung cancer surgery in
tertiary hospitals by year.

patients has been increasing [16].
According to the United Nations, the number of persons
aged  80 years is expected to increase by a factor 10 from
2000 to 2050 in Korea [24]. Moreover, life expectancy is
higher in females than in males [4,12]. Therefore, sophisticated surgical techniques and delicate perioperative management are essential to achieve successful surgical outcomes in
elderly patients. Although elderly patients have commonly
been considered to include patients aged  65 years [19], an
increase in the number of elderly patient can result not only
from the population aging, but also from an increase in the
number of physically competent elderly patients who can tolerate surgical management [25,26]. A Japanese study
revealed that the physical activity of healthy elderly individuals was more youthful by 7.5 years among men and by 10
years among women in the 2002 cohort than in the 1992
cohort [25]. Consequently, the proportion of female elderly
patients undergoing lung cancer surgery is expected to
increase steadily in the future.
The surgical procedures for lung cancer have changed over
the last few years. The use of pneumonectomy for lung cancer treatment has been declining worldwide [14-16]. Our
study found a decrease in the use of pneumonectomy and
bilobectomy for lung cancer treatment that could be associated with stage shifts following lung cancer screening with
LDCT and changes in the dominant histology type of lung
cancer [10,27]. A National Lung Cancer Screening Trial
found that LDCT screening decreased the proportion of
advanced lung cancer [10]. Additionally, the NELSON lung
cancer screening study demonstrated that lung cancers
detected upon screening were often diagnosed at stage I, and
that the diagnosis was made at a more favorable stage in
female than male patients [28]. In a LDCT screening study of

1,520 participants conducted by the Mayo Clinic, only two
bilobectomies and no pnemonectomies were performed
among 53 patients found to have lung cancer upon screening
[29]. The International Early Lung Cancer Action Program
study reported that 85% of diagnosed lung cancer cases
(412/484) were clinical stage I, and that only 10 bilobectomies
(2.7%) and no pneumonectomies were performed among 375
lung cancer surgeries [30].
The centralization of lung cancer surgery is a somewhat
distinctive phenomenon in Korea [17]. Although the nationwide incidence of lung cancer surgery has increased, this has
only be experienced by tertiary hospitals. The case volumes
in secondary hospitals have remained steady. Approximately 40% of tertiary hospitals designated by the Korean
government (17/44) are located in the Seoul metropolitan
area, which is home to 20% of the Korean population. However, over 60% of lung cancer surgeries were performed in
tertiary hospitals in the Seoul metropolitan area over the last
5 years. Improvement in geographical accessibility and
advanced transportation systems may have contributed to
the centralization of lung cancer surgery in Korea. However,
the primary reason is that people are opting for the most
up-to-date and advanced treatments for lung cancer. Cancer
management requires a multidisciplinary approach and
involves surgical oncologists, pulmonologists, medical
oncologists, radiologic oncologists, diagnostic radiologists,
pathologists, and nursing staff as part of a well-organized
team. Therefore, centralization to high-volume centers is an
inevitable consequence, considering the social needs for
efficient and qualified treatment. A positive relationship
between hospital or surgeon volume and surgical outcomes
has been established. However, efforts should be made to
relieve centralization by maintaining the quality of lung cancer care in regional cancer centers to enable effective utilization of national health resources.
It should be noted that the present study has some limitations. Specifically, procedure code O1597 represents any
mediastinal lymph node dissection with lung resection,
regardless of the primary diagnosis. We could not identify
lung cancer surgery without lymph node dissection or sampling. Although data based on the procedure code did not
allow classification according to the primary diagnosis,
anatomical pulmonary resection and mediastinal lymph
node dissection/sampling are the standard surgical methods
for primary lung cancer. Therefore, the proportion of cases
not involving primary lung cancer and lung cancer surgery
without lymph node evaluation was negligible in this investigation. Finally, data describing cancer stage and other
co-morbidities were lacking, which influences the selection
of the modalities for lung cancer treatment and surgical procedures.
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Conclusion
This is the first study evaluating changes in lung cancer
surgery trend in Korea based on national healthcare data.
Remarkable findings include an increase in the use of lung
cancer surgery in elderly patients and female patients, and a
decrease in the proportion of patients requiring extensive
pulmonary resection. Centralization of lung cancer surgery
was also noted. These changes are expected to continue and
should be considered in the reforming of lung cancer management systems in Korea.
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Purpose
Adipose stromal cells (ASCs) play an important regulatory role in cancer progression and
metastasis by regulating systemic inflammation and tissue metabolism. This study examined whether visceral and subcutaneous ASCs (V- and S-ASCs) facilitate the growth and
migration of ovarian cancer cells.
Materials and Methods
CD45– and CD31– double-negative ASCs were isolated from the subcutaneous and visceral
fat using magnetic-activated cell sorting. Ovarian cancer cells were cultured in conditioned
media (CM) obtained from ASCs to determine the cancer-promoting effects of ASCs. A
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay, Boyden chamber
assay, and western blotting were performed to determine the proliferative activity, migration
ability, and activation of the JAK2/STAT3 pathway, respectively.
Results
CM from ASCs enhanced the migration of the ovarian cancer line, SKOV3, via activation of
the JAK2/STAT3 signaling pathway. Interestingly, in response to ASC-CM, the ascites cells
derived from an ovarian cancer patient showed an increase in growth and migration. The
migration of ovarian cancer cells was suppressed by blocking the activation of JAK2 and
STAT3 using a neutralizing antibody against interleukin 6, small molecular inhibitors (e.g.,
WP1066 and TG101348), and silencing of STAT3 using siRNA. Anatomical differences
between S- and V-ASCs did not affect the growth and migration of the ovarian cancer cell
line and ascites cells from the ovarian cancer patients.
Conclusion
ASCs may regulate the progression of ovarian cancer, and possibly provide a potential target
for anticancer therapy.

Introduction
Ovarian cancer is commonly resistant to chemotherapeutic
treatments and is prone to subsequent relapse [1]. Although
ovarian cancer is relatively less common among gynecologic
cancers, it has one of the highest mortality rates because
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patients are usually diagnosed at an advanced stage [2].
Ovarian cancer disseminates mainly into the peritoneal cavity and abdominal organs including the omentum via the
physiological movement of peritoneal fluid [3,4]. Given the
epidemiological data indicating that 80% of patients with
serious ovarian carcinoma show abdominal dissemination
including the omentum, the intra-abdominal fat is believed
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to act as a major regulator of ovarian cancer metastasis [4-6].
Fat tissue has been reported to be a source of cytokines,
which stimulates tumor growth and migration, and metabolites to meet the high-energy demands of tumors [6,7]. Therefore, understanding the molecular mechanisms through
which fat depots regulate the phenotype of ovarian cancer
cells may provide important clues for the development of
anticancer therapies for this disease.
Fat tissue consists of a range of cell types, including mature
adipocytes, pre-adipocytes, immune cells, endothelial cells,
and adipose stromal cells (ASCs) [8]. ASCs resemble bone
marrow mesenchymal stem cells (MSCs), as indicated by
their surface markers and differentiation potential into mesenchymal lineages. Accumulating evidence suggests that
ASCs as well as adipocytes, endothelial cells, and macrophages in fat tissue can be a major source of cytokines and
chemokines [9-11]. ASCs produce and secrete specific growth
factors and pro-inflammatory cytokines, such as interleukin6, hematopoietic colony-stimulating factors, and macrophage
colony-stimulating factor, which promote cell proliferation,
vascularization, and angiogenesis in endometrial, breast, and
prostate cancers [12-14]. Therefore, ASCs may be linked to
the progression of cancer by producing a more attractive
microenvironment for tumor growth. On the other hand, the
relationship between ASCs and ovarian cancer and the
molecular mechanisms underlying any interaction between
these cells have not been established. This paper reports that
ASCs are involved in promoting the growth and migration
of ovarian cancer cells via activation of the interleukin 6
(IL-6)/JAK2/STAT3 pathway.

Materials and Methods
–

–

1. Isolation of CD45 /CD31 ASCs
All protocols were reviewed and approved by the Seoul
National University Hospital Institutional Review Board.
Human subcutaneous and visceral adipose tissues were surgically obtained from four patients with benign urologic or
gynecologic diseases. The adipose tissues were dissociated
(37°C, 1 hour) with collagenase type IA solution (SigmaAldrich, St. Louis, MO). The cells were centrifuged (500 g,
4 minutes) and the stromal vascular fraction (SVF) was collected as a pellet. The SVF was treated with ammonium-chloride-potassium lysing buffer (Lonza, Muenchsteiner-strasse,
Switzerland) at room temperature for 2 minutes, and then
centrifuged. The resulting cell pellet was diluted with a magnetic-activated cell sorting (MACS) buffer (MiltenyiBiotec,
Teterow, Germany). To avoid contamination with hemato-

poietic stem cells and endothelial cells, the cells were incubated (room temperature, 15 minutes) with anti-CD45 and
anti-CD31 antibodies attached to the microbeads (BD Biosciences, San Jose, CA). The CD45- and CD31-negative cells
were collected from the SVF using MACS (Fig. 1A).
2. Culture of ASCs and ovarian cancer cells
The human ovarian cancer cell line, SKOV3, was purchased from the American Type Culture Collection (Rockville, MD). The ASCs were cultured in Dulbecco’s modified
Eagle medium (DMEM)/F12 (Life Technologies, Gaithersburg, MD) supplemented with 10% fetal bovine serum (FBS;
Life Technologies), 100 U/mL penicillin, and 100 g/mL
streptomycin (1% PS; Life Technologies) [9]. The SKOV3 cells
were cultured in the same culture medium as that of the
ASCs to minimize the differences caused by the different culture media. The cells were maintained at 37°C in a humidified atmosphere of 5% CO2.
3. Isolation and culture of ascites cells from an ovarian cancer patient
Ascites aspirated from an ovarian cancer patient at an
advanced stage was diluted with an equal volume of phosphate buffered saline (PBS) and centrifuged (4°C, 1,400 g,
30 minutes). The cells were gently overlaid onto FicollPaque-PREMIUM and centrifuged (4°C, 1,400 g, 30 minutes). The cell layer was washed with PBS and suspended in
DMEM/F12 supplemented with 10% FBS and 1% PS. The
ascites cells were maintained at 37°C in a humidified atmosphere of 5% CO2.
4. Immunophenotype of ASCs
The ASCs (1105 cells) were incubated with the antibodies
or matching isotype control (20 minutes, 4°C). After washing
the cells, propidium iodide was added to identify the dead
cells. The labeled cells were isolated using a FACSCanto II
flow cytometer, and analyzed using BD FACS Diva software
(BD Biosciences). The antibodies were phycoerythrin (PE)conjugated mouse anti-CD45, -CD90, -CD73, and -CD166,
and fluorescein isothiocyanate (FITC)-conjugated mouse
anti–HLA-DA, -CD31, -CD34, and -CD105. The isotype controls were PE- and FITC-conjugated mouse IgG1.
5. In vitro differentiation of ASCs into adipogenic, chondrogenic, and osteogenic lineage
The ASCs were seeded onto 12-well plates (1105 cells/
well) and cultured in an induction medium. For adipogenic
differentiation, the subcutaneous and visceral ASCs (S- and
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Fig. 1. ASCs isolated from human subcutaneous and visceral fat. (A) The SVF was isolated from subcutaneous and visceral
fat tissue. To remove the endothelial and hematopoietic cells from the SVF, CD31- and CD45-negative ASCs were isolated
by MACS. (B) The morphologies of S- and V-ASCs were evaluated by an inverted phase-contrast microscope (40 objective)
at passage 2. (C) The S- and V-ASCs were able to differentiate into adipogenic, osteogenic, and chondrogenic lineages under
induction conditions. (D) One hundred S- and V-ASCs were cultured on a 100-mm plate for 7 days, and the number of clones
was counted after staining with 0.5% crystal violet. ASC, adipose stromal cell; SVF, stromal vascular fraction; MACS, magnetic-activated cell sorting; S-ASC, subcutaneous adipose stromal cell; V-ASC, visceral adipose stromal cell. a)p < 0.05,
S-ASC vs. V-ASC.

V-ASCs) were incubated in an adipogenic induction medium
consisting of DMEM/F12, 0.5 mM isobutylmethylxanthine
(Sigma-Aldrich), 50 µM indomethacin (Sigma-Aldrich),
5 mM dexamethasone (Sigma-Aldrich), 10% FBS, and 1% PS.
The medium was changed every second day and the cells
were cultured for 3 weeks. Oil Red O staining was performed
to visualize the lipid droplets. For chondrogenic differentiation, S- and V-ASCs (1106 cells) were cultured in a chondro-
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genic induction medium, consisting of DMEM (HyClone,
Logan, UT) containing 500 ng/mL bone morphogenetic protein 6 (R&D Systems, Minneapolis, MN), 10 ng/mL transforming growth factor 3 (R&D Systems), 100 nM dexamethasone, 50 µg/mL ascorbate-2-phosphate (Sigma-Aldrich), 40 µg/mL proline (Sigma-Aldrich), 100 µg/mL pyruvate (Sigma-Aldrich), 1 mixture of recombinant human
insulin, transferrin, and sodium selenite liquid media

Boyun Kim, ASC Facilitates Migration of Ovarian Cancer Cells

(Sigma-Aldrich), 10% FBS, and 1% PS. After 3 weeks, deposition of sulfated glycosaminoglycans was detected with
toluidine blue. For osteogenic differentiation, the cells were
cultured in an osteogenic induction medium consisting of
DMEM/F12 supplemented with 1 nM dexamethasone, 10
mM -glycerolphosphate (Sigma-Aldrich), 50 µM ascorbate2-phosphate, 10% FBS, and 1% PS. After 3 weeks, calcium
accumulation was visualized with Alizarin Red S.
6. Measurement of relative cell growth
The conditioned medium (CM) was collected from 2103
cells/cm2 of ASCs cultured for 48 hours. The SKOV3 cells
were seeded onto 96-well plates to determine their cell
growth in S-ASC–CM, V-ASC–CM, and control medium.
The proliferation of SKOV3 and ascites cells in S-ASC–CM
and V-ASC–CM was compared with the control medium.
After plating for 24 hours, the ascites cells were cultured in
S-ASC–CM and V-ASC–CM and control medium for 7 days.
The cultured cells were treated (37°C, 3 hours) with 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT, 50 µL; Amresco, Solon, OH). After incubation, MTT
was solubilized with dimethyl sulfoxide at room temperature for 30 minutes. The absorbance was measured spectrophotometrically at 540 nm.

10. Western blotting
The cultured SKOV3 were harvested and lysed with the
protein extraction buffer. The proteins were separated on a
6% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane. The membrane was blocked with 5% skim milk in Tris-buffered saline
containing 0.1% Tween 20 (TBS-T) and incubated (overnight,
4°C) with the primary antibodies. After washing three times
with TBS-T, the membrane was incubated with peroxidaseconjugated secondary antibody and visualized using a western blot detection kit (Ab Frontier, Seoul, Korea).
11. Statistical analysis
The data are presented as mean±standard error of mean of
four ASC samples (n=4). One-way ANOVA and a Student’s
t test were used for statistical analyses. Significant differences
among the experimental groups were analyzed using
Scheffe’s post hoc test. All analyses were conducted using
IBM SPSS ver. 20 (IBM Co., Armonk, NY).

Results

7. Wound healing assay
The SKOV3 cells were cultured in 6-well plates for 24
hours. After the complete medium was changed to ASCs-CM
or control medium, the cell layer was scraped with a pipette
tip to produce a wound. The wound closure distance was
measured using ImageJ software.
8. Migration assay
To assess the influence of the ASCs on the migratory ability
of SKOV3 and ascites cells, the Boyden chamber with a transparent PET membrane (8 µm pore size; BD Biosciences) was
used. The cancer cells were seeded onto the inserts, and the
inserts were then transferred to ASC-CM or control medium.
After 24 hours (48 hours for ascites cells), the migratory cells
were fixed with 4% formaldehyde, and stained with 0.5%
crystal violet.
9. Depletion of secreted IL-6

1. ASCs isolated from subcutaneous and visceral fat depots
share similar features to MSCs
S- and V-ASCs exhibited a similar morphology to that of
MSCs with a fibroblast-like shape (Fig. 1B). The adipogenic,
osteogenic, and chondrogenic differentiation assays were
performed to confirm the differentiation abilities of ASCs.
S- and V-ASCs formed lipid droplets, sulfated glycosaminoglycans, and accumulated calcium in the cytoplasm under
the adipogenic, chondrogenic, and osteogenic differentiation
conditions, respectively (Fig. 1C). No differences in morphology and differentiation ability were observed between S- and
V-ASCs. On the other hand, the colony-forming ability of
S-ASCs was higher than V-ASCs (Fig. 1D). S- and V-ASCs
expressed CD73, CD90, CD105, and CD166, but did not
express the hematopoietic and endothelial cell markers
(CD45 and CD31), CD34, and HLA-DR (Fig. 2). These results
show that CD45 and CD31-negative ASCs have similar characteristics to the MSCs, and subcutaneous fat contains more
ASCs than visceral fat.

The control medium and ASCs-CM were incubated with
500 ng/mL of a goat polyclonal anti–recombinant human (rh)
IL-6 (R&D Systems, Minneapolis, MN) or a normal goat IgG
control (R&D Systems) on a shaker at 4°C for 3 hours. The
media were used in the migration assays, as described above.
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Fig. 2. S- and V-ASCs express specific surface markers of MSCs. The S- and V-ASCs were labeled with CD45, CD73, CD90,
and CD166 antibodies conjugated to PE and with CD31, CD34, CD105, and HLA-DR antibodies conjugated to FITC at passage
3. The labeled ASCs were analyzed by flow cytometry. IgG1-conjugated to PE and to FITC were used as the isotype controls.
Both S- and V-ASCs expressed CD90, CD166, CD73, and CD105, but did not express CD45, CD31, CD34, and HLA-DR.
S-ASC, subcutaneous adipose stromal cell; V-ASC, visceral adipose stromal cell; MSC, mesenchymal stem cell; PE, phycoerythrin; FITC, fluorescein isothiocyana.
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Fig. 3. Conditioned media from S- and V-ASCs promote the migration of ovarian cancer cells. (A) SKOV3 cells were cultured
in S-ASC–CM and V-ASC–CM for 24, 48, 72, and 96 hours. The relative cell growth of the SKOV3 cells in S-ASC–CM and
V-ASC–CM compared to the control medium was determined using an MTT assay. (B) The migration of SKOV3 cells was
determined using a Boyden chamber assay. (C) The wound healing ability of SKOV3 cells was verified by measuring the
wound closure distance in 12 hours. S-ASC, subcutaneous adipose stromal cell; V-ASC, visceral adipose stromal cell; CM,
conditioned media; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide; S, S-ASC–CM; V, V-ASC–CM.
a)
p < 0.05, control vs. S vs. V.

2. ASC-CM enhances the migratory ability of ovarian cancer cells with no difference between S-ASC–CM and
V-ASC–CM
The proliferation of SKOV3 cells was not influenced by the
presence of S-ASC–CM and V-ASC–CM compared to control

the medium (Fig. 3A). However, the SKOV3 cells migrated
more readily across the membrane of the insert in S-ASC–
CM and V-ASC–CM than in the control medium (Fig. 3B),
and the wound healing ability was also increased in ASCCM relative to the control (Fig. 3C). Overall, these results
suggest that certain paracrine factors secreted from S- and VVOLUME 49 NUMBER 2 APRIL 2017
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Fig. 4. S- and V-ASCs enhance the migration of ovarian cancer cells through an IL-6–mediated pathway. (A) Messenger
RNA expression of adipokines including IL-6, TNF-, adiponectin, and leptin was measured by RT-PCR. GAPDH was used
as a reference gene. (B) An ELISA assay was conducted to detect the secretory IL-6 present in the control medium, S-ASC–
CM, V-ASC–CM, and subcutaneous and visceral differentiated adipocytes (S- and V-adipo–CM). Complete medium was
used as a control. (C) SKOV3 cells were cultured in S-ASC–CM and V-ASC–CM with or without anti–IL-6 Ab (500 ng/mL).
The migration ability was determined using a Boyden chamber assay. Control medium with rh–IL-6 (50 ng/mL) was used
as a positive control. S-ASC, subcutaneous adipose stromal cell; V-ASC, visceral adipose stromal cell; IL-6, interleukin 6;
TNF-, tumor necrosis factor ; RT-PCR, reverse transcription polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; ELISA, enzyme-linked immunosorbent assay; CM, conditioned media; rh, recombinant human; S,
S-ASC–CM; V, V-ASC–CM; ns, not significant; Ctrl, control. a)p < 0.05.

ASCs may regulate the migration of ovarian cancer cells, but
the difference in their fat origin does not affect the migration
of ovarian cancer cells.
3. IL-6 enhances the migration of ovarian cancer cells
The mRNA expression of several adipokines including
IL-6, tumor necrosis factor , adiponectin, and leptin were
screened to determine the cancer-promoting effects of ASCs.
As shown in Fig. 4A, IL-6 was strongly expressed in S- and
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V-ASCs, but the expression of the other adipokines was
either marginal or undetectable. The concentration of secretory IL-6 was higher in ASC-CM than in adipocytes CM and
control medium (Fig. 4B). However, there was no difference
between the S- and V-ASCs with respect to their effects on
the proliferation and migration of cancer cells. To determine
if IL-6 present in ASC-CM influences the migratory ability of
SKOV3 cells, the anti–IL-6 antibody was added to ASC-CM.
The anti–IL-6 antibody decreased the number of migratory
cells present at the bottom of the Boyden chamber inserts
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western blot analysis (Fig. 5D). Silencing STAT3 using
siRNA2 reduced the migration of SKOV3 cells (Fig. 5E).
These results support the finding that IL-6 secreted from
ASCs may promote the migration of ovarian cancer cells
through the activation of JAK2/STAT3.
5. IL-6/JAK2/STAT3 pathway activated by ASCs enhances
the proliferation and migration of ovarian cancer patientderived ascites cells

STAT3
GAPDH

S-ASC–CM V-ASC–CM

Fig. 5. (Continued from the previous page) (F) After treating
SKOV3 with S-ASC–CM and V-ASC–CM containing
either 1 µM WP1066 or 2 µM TG101348, the inhibition of
p-JAK2, total JAK2, p-STAT3, and total STAT3 protein levels was confirmed by western blot analysis. IL-6, interleukin 9; ASC, adipose stromal cell; rh, recombinant
human; S-ASC, subcutaneous adipose stromal cell;
V-ASC, visceral adipose stromal cell; CM, conditioned
media; Scrb RNA, scrambled RNA; GAPDH, glyceraldehyde 3-phosphate dehydrogenase. a)p < 0.05, mock vs. WP
vs. TG in S-ASC–CM, b)p < 0.05, in V-ASC–CM.

The proliferation of ascites cells was significantly increased
in ASC-CM compared to that in the control medium
(Fig. 6A). Similar to the SKOV3 cells, ASC-CM increased the
migration of ascites cells, which was related to the IL-6/
JAK2/STAT3 pathway (Fig. 6B). The relationship between
IL-6 and the migration of ascites cells was determined by
small molecular inhibitors of JAK2 and STAT3 (WP1066 and
TG101348). The migration of ascites cells was inhibited when
either inhibitor was used (Fig. 6C). Therefore, the ASCs
enhance the proliferation and migration of ascites cells via
the IL-6/JAK2/STAT3 pathway.

Discussion
(Fig. 4C). These results suggest that IL-6 from the ASCs may
play an important role in the migration of ovarian cancer
cells.
4. JAK2/STAT3 signaling is activated by IL-6 secreted from
ASCs in ovarian cancer cells
The activation of the JAK2/STAT3 pathway in response to
IL-6 secreted from ASCs was evaluated. The levels of phosphorylated JAK2 and STAT3 in SKOV3 cells, but not the total
JAK2 and STAT3, were increased in 30 minutes, and then
started to decrease in 1 hour (Fig. 5A). To confirm that the
IL-6 from ASCs affects JAK2/STAT3 signaling in SKOV3
cells, an anti–IL-6 neutralizing antibody was added to ASCCM. The addition of IL-6 to the control medium activated
JAK2 and STAT3 in the SKOV3 cells as did the ASC-CM, and
JAK2/STAT3 activation was attenuated by the anti–IL-6 neutralizing antibody (Fig. 5B). To confirm the relationship
between JAK2/STAT3 and the migration of ovarian cancer
cells, the SKOV3 cells were treated with a JAK2/STAT3
inhibitor (WP1066) and JAK2 inhibitor (TG101348). Both
treatments reduced the number of migratory cells along with
the inhibition of phosphorylated JAK2 and STAT3 (Fig. 5C
and F). In addition, the inhibition of endogenous STAT3
using siRNA1 and 2 specific to STAT3 was confirmed by
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Two types of ASCs were isolated from the subcutaneous
and visceral fat depots to determine if the anatomical location of the fat depots affects the functional difference of ASCs
because it has been reported that the different physiological
effects of S- and V-adipocytes are related to their anatomical
distribution [15]. ASCs depending on an individual’s fat distribution are distinct with respect to their genome-wide
mRNA expression profile, proliferative activity, and differentiation potential [16,17]. The genome-wide expression profiles of primary preadipocytes from abdominal subcutaneous, mesenteric, and omental fat depots are also distinct,
while their morphological features are similar [18]. On the
other hand, ASCs obtained from subcutaneous, visceral, and
omental adipose tissue from the same subject share the typical markers with MSCs, and their ultrastructural features
and the pattern of cytokine secretion are similar [16,19]. In
line with previous studies, significant differences in the phenotypic character and in the secretion of cytokines, including
IL-6, were not observed between S- and V-ASCs. Therefore,
the cancer-promoting stimulation of ASCs may be independent of the fat depot. A possible reason for the discrepancy
between these findings and previous studies would be that
only IL-6 was focused without excluding the involvement of
other inflammatory cytokines/chemokines. Another reason
may be related to the use of cellular models derived from
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Fig. 6. ASCs enhance the proliferation and migration of ovarian cancer cells isolated from the ascites of an ovarian cancer
patient through activation of the IL-6/JAK2/STAT3 pathway. (A) Ascites cells were cultured in S-ASC–CM and V-ASC–
CM for 7 days. The proliferation of ascites cells was determined by an MTT assay. (B) Ascites cells were cultured in ASCCM with or without anti–IL-6 Ab (500 ng/mL), and in the control medium with rh–IL-6 (50 ng/mL) and/or anti–IL-6 Ab.
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hours were treated with WP1066 and TG101348. Migration was determined using a Boyden chamber assay. ASC, adipose
stromal cell; IL-6, interleukin 9; S-ASC, subcutaneous adipose stromal cell; V-ASC, visceral adipose stromal cell; CM, conditioned media; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide; rh, recombinant human; Ctrl, control; S,
S-ASC–CM; V, V-ASC–CM. a)p < 0.05.

subjects with a different body mass index, sex, or other diseases. Visceral adipose tissue with a higher percentage of
large adipocytes is functionally distinct from the subcutaneous one in insulin resistance, free fatty acid generation,
and glucose uptake [20]. Unlike the differentiated adipocytes, the fate of ASCs is not fully determined because ASCs
are undifferentiated cells. Therefore, the physiological functions of S- and V-ASCs may be similar to MSCs rather than
adipocytes. These findings showed that S- and V-ASCs share
the expression of surface markers, differentiation abilities,
and gene expression of adipokines. Moreover, the anatomical
origin or distribution of ASCs is not be a critical factor for

stimulating the growth or migration of ovarian cancer cells.
Therefore, regardless of the ASC origins, a quantitative
increase in ASCs by obesity and vice versa could enhance the
proliferation or migration of ovarian cancer cells.
ASCs have the features of multipotent MSCs providing
tumor cells with a functionally and structurally supportive
environment through the establishment of the pre-metastatic
niche, causing the induction of the metastatic phenotypes
[21,22]. ASCs also promote the progression of prostate cancer, and stimulate the migration and invasion of estrogen
receptor-negative breast cancer [12,23]. Recently, Nowicka et
al. [24] suggested that ASCs derived from omental fat tissue
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contribute to the proliferation and migration of ovarian cancer cell lines through the metabolic support of ASCs to ovarian cancer cells. The present findings also showed that S- and
V-ASCs contribute to the increased migration of ascites cells
from ovarian cancer patients. Interestingly, ASCs enhanced
the proliferation of patient-derived ascites cells, but not
SKOV3. SKOV3 is frequently used as an in vitro model
instead of primary tumor cells, but Domcke et al. [25]
reported that SKOV3 has an overall genomic difference from
the high grade serous ovarian cancer. For this reason, there
could be a proliferative difference between SKOV3 and
ascites cells.
ASCs as well as adipocytes secrete many cytokines and
chemokines [9]. The mRNA of IL-6 among several cytokines
is strongly expressed in S- and V-ASCs. The IL-6 cytokine
family is involved in various biological responses, such as
inflammation, immune reaction, and oncogenesis by regulating growth and differentiation. The binding of the ligand
to its common receptor subunit gp130 activates the JAK/
STAT pathway, which plays a central role in tumor cell
migration. In a previous study, the IL-6 receptor (IL-6R) was
strongly expressed in SKOV3 cells and exogenous IL-6 stimulated STAT3 activation, increasing SKOV3 migration.
STAT3 was activated through the direct activation of EGFR
or IL-6R or the indirect induction of the IL-6R pathway in
high-grade ovarian carcinomas [26]. In these findings, the
IL-6–induced ovarian cancer cell migration was hampered
by blocking IL-6R with an IL-6 antibody or applying specific
inhibitors of STAT3 and JAK2, suggesting that IL-6 can play
a key role in the proliferation and migration of ovarian cancer cells. ASCs were found to express IL-6 mRNA and secrete
the IL-6 protein without any extrinsic stimulation. Based on
these results, it was concluded that the enhanced migration
and proliferation of ovarian cancer cells is due partially to
activation of the JAK2/STAT3 pathway by ASCs-derived
IL-6. JAK2 is involved in the progression and drug-response
of ovarian cancer. In our previous study, the next-generation
sequencing data showed that the JAK/STAT pathways were
amplified in primary and metastatic tumor clusters [27].
Other studies also reported that JAK2/STAT3 is activated in
high-grade ovarian carcinomas compared to normal ovaries

and benign tumors, and is involved in cancer progression
and EMT [26]. Moreover, the efficacy of cisplatin is dependent on the JAK2 activity [28]. In addition, it was reported that
CA125 is a useful predicting marker of ovarian cancer at
advanced stages [29]. This can bind JAK2 and activate
STAT3, highlighting the importance of JAK2 in the pathogenesis of CA125-expressing cancers [30]. Therefore, targeting JAK2 using several inhibitors might be an important
therapeutic strategy to mitigate the dissemination of ovarian
cancer.

Conclusion
This paper provided direct experimental evidence that
IL-6 secreted from ASCs activates the JAK2/STAT3 pathway
and contributes to ovarian cancer progression. Targeting
both ovarian cancer cells and supportive stromal cells in adipose tissue could be a new approach for ovarian cancer therapy.

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This research was supported by the Priority Research Centers Program (2009-0093820), the Pioneer Research Center
Program (2012-0009555), the Canadian Institutes of Health
Research (MOP-126144), and the National Institutes of
Health (CA116984 and CA123233).

References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin. 2011;61:69-90.
2. Lowe KA, Chia VM, Taylor A, O'Malley C, Kelsh M,
Mohamed M, et al. An international assessment of ovarian
cancer incidence and mortality. Gynecol Oncol. 2013;130:

348

CANCER RESEARCH AND TREATMENT

107-14.
3. Lengyel E. Ovarian cancer development and metastasis. Am J
Pathol. 2010;177:1053-64.
4. Naora H. Heterotypic cellular interactions in the ovarian
tumor microenvironment: biological significance and thera-

Boyun Kim, ASC Facilitates Migration of Ovarian Cancer Cells

peutic implications. Front Oncol. 2014;4:18.
5. Naora H, Montell DJ. Ovarian cancer metastasis: integrating
insights from disparate model organisms. Nat Rev Cancer.
2005;5:355-66.
6. Nieman KM, Kenny HA, Penicka CV, Ladanyi A, Buell-Gutbrod R, Zillhardt MR, et al. Adipocytes promote ovarian cancer metastasis and provide energy for rapid tumor growth.
Nat Med. 2011;17:1498-503.
7. Gilbert CA, Slingerland JM. Cytokines, obesity, and cancer:
new insights on mechanisms linking obesity to cancer risk and
progression. Annu Rev Med. 2013;64:45-57.
8. Trayhurn P, Beattie JH. Physiological role of adipose tissue:
white adipose tissue as an endocrine and secretory organ. Proc
Nutr Soc. 2001;60:329-39.
9. Kilroy GE, Foster SJ, Wu X, Ruiz J, Sherwood S, Heifetz A, et
al. Cytokine profile of human adipose-derived stem cells:
expression of angiogenic, hematopoietic, and pro-inflammatory factors. J Cell Physiol. 2007;212:702-9.
10. Trayhurn P. Endocrine and signalling role of adipose tissue:
new perspectives on fat. Acta Physiol Scand. 2005;184:285-93.
11. Wang M, Crisostomo PR, Herring C, Meldrum KK, Meldrum
DR. Human progenitor cells from bone marrow or adipose tissue produce VEGF, HGF, and IGF-I in response to TNF by a
p38 MAPK-dependent mechanism. Am J Physiol Regul Integr
Comp Physiol. 2006;291:R880-4.
12. Prantl L, Muehlberg F, Navone NM, Song YH, Vykoukal J,
Logothetis CJ, et al. Adipose tissue-derived stem cells promote
prostate tumor growth. Prostate. 2010;70:1709-15.
13. Karnoub AE, Dash AB, Vo AP, Sullivan A, Brooks MW, Bell
GW, et al. Mesenchymal stem cells within tumour stroma promote breast cancer metastasis. Nature. 2007;449:557-63.
14. Klopp AH, Zhang Y, Solley T, Amaya-Manzanares F, Marini
F, Andreeff M, et al. Omental adipose tissue-derived stromal
cells promote vascularization and growth of endometrial
tumors. Clin Cancer Res. 2012;18:771-82.
15. Bjorntorp P. The regulation of adipose tissue distribution in
humans. Int J Obes Relat Metab Disord. 1996;20:291-302.
16. Baglioni S, Cantini G, Poli G, Francalanci M, Squecco R, Di
Franco A, et al. Functional differences in visceral and subcutaneous fat pads originate from differences in the adipose stem
cell. PLoS One. 2012;7:e36569.
17. Perrini S, Ficarella R, Picardi E, Cignarelli A, Barbaro M, Nigro
P, et al. Differences in gene expression and cytokine release
profiles highlight the heterogeneity of distinct subsets of adipose tissue-derived stem cells in the subcutaneous and visceral adipose tissue in humans. PLoS One. 2013;8:e57892.
18. Tchkonia T, Lenburg M, Thomou T, Giorgadze N, Frampton
G, Pirtskhalava T, et al. Identification of depot-specific human

fat cell progenitors through distinct expression profiles and
developmental gene patterns. Am J Physiol Endocrinol Metab.
2007;292:E298-307.
19. Kipps E, Tan DS, Kaye SB. Meeting the challenge of ascites in
ovarian cancer: new avenues for therapy and research. Nat
Rev Cancer. 2013;13:273-82.
20. Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and functional differences. Obes Rev. 2010;11:11-8.
21. Coffelt SB, Marini FC, Watson K, Zwezdaryk KJ, Dembinski
JL, LaMarca HL, et al. The pro-inflammatory peptide LL-37
promotes ovarian tumor progression through recruitment of
multipotent mesenchymal stromal cells. Proc Natl Acad Sci U
S A. 2009;106:3806-11.
22. Lis R, Touboul C, Mirshahi P, Ali F, Mathew S, Nolan DJ, et
al. Tumor associated mesenchymal stem cells protects ovarian
cancer cells from hyperthermia through CXCL12. Int J Cancer.
2011;128:715-25.
23. Walter M, Liang S, Ghosh S, Hornsby PJ, Li R. Interleukin 6
secreted from adipose stromal cells promotes migration and
invasion of breast cancer cells. Oncogene. 2009;28:2745-55.
24. Nowicka A, Marini FC, Solley TN, Elizondo PB, Zhang Y,
Sharp HJ, et al. Human omental-derived adipose stem cells
increase ovarian cancer proliferation, migration, and chemoresistance. PLoS One. 2013;8:e81859.
25. Domcke S, Sinha R, Levine DA, Sander C, Schultz N. Evaluating cell lines as tumour models by comparison of genomic
profiles. Nat Commun. 2013;4:2126.
26. Colomiere M, Ward AC, Riley C, Trenerry MK, CameronSmith D, Findlay J, et al. Cross talk of signals between EGFR
and IL-6R through JAK2/STAT3 mediate epithelial-mesenchymal transition in ovarian carcinomas. Br J Cancer. 2009;
100:134-44.
27. Lee JY, Yoon JK, Kim B, Kim S, Kim MA, Lim H, et al. Tumor
evolution and intratumor heterogeneity of an epithelial ovarian cancer investigated using next-generation sequencing.
BMC Cancer. 2015;15:85.
28. Song H, Sondak VK, Barber DL, Reid TJ, Lin J. Modulation of
Janus kinase 2 by cisplatin in cancer cells. Int J Oncol. 2004;
24:1017-26.
29. Kim HS, Choi HY, Lee M, Suh DH, Kim K, No JH, et al. Systemic inflammatory response markers and CA-125 levels in
ovarian clear cell carcinoma: a two center cohort study. Cancer
Res Treat. 2016;48:250-8.
30. Lakshmanan I, Ponnusamy MP, Das S, Chakraborty S, Haridas D, Mukhopadhyay P, et al. MUC16 induced rapid G2/M
transition via interactions with JAK2 for increased proliferation and anti-apoptosis in breast cancer cells. Oncogene. 2012;
31:805-17.

VOLUME 49 NUMBER 2 APRIL 2017

349

pISSN 1598-2998, eISSN 2005-9256
https://doi.org/10.4143/crt.2016.067

Cancer Res Treat. 2017;49(2):350-357

Open Access

Original Article

Efficacy and Safety of Regorafenib in Korean Patients with Advanced
Gastrointestinal Stromal Tumor after Failure of Imatinib and Sunitinib:
A Multicenter Study Based on the Management Access Program

Myoung Kyun Son, MD1
Min-Hee Ryu, MD1
Joon Oh Park, MD2
Seock-Ah Im, MD3
Tae-Yong Kim, MD3
Su Jin Lee, MD2
Baek-Yeol Ryoo, MD1
Sook Ryun Park, MD1
Yoon-Koo Kang, MD, PhD1

Department 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, Cancer Research Institute,
Seoul National University College of
Medicine, Seoul, Korea
1

+ Correspondence:
+ + + + + + +Yoon-Koo
+ + + +Kang,
+ + +MD,
+ PhD
++++
+ Department
+ + + + +of+Oncology,
+ + + + Asan
+ + Medical
+ + + +Center,
+++
+ University
+ + + + of
+ Ulsan
+ + +College
+ + +of+Medicine,
+++++++
+ + + + + + +43-gil,
+++++++++++++
+ 88+ Olympic-ro
+ + + + + + + Songpa-gu,
+++++++++++
Seoul
05505,
Korea
++++++++++++++++++++
+ Tel:
+ +82-2-3010-3230
+++++++++++++++++
+ Fax:
+ +82-2-3010-8772
+++++++++++++++++
+ E-mail:
+ + + ykkang@amc.seoul.kr
++++++++++++++++
++++++++++++++++++++
+ Received
+ + + +February
+ + + +12,+2016
++++++++++
+ Accepted
+ + + + June
+ + 25,
+ 2016
++++++++++++
+ Published
+ + + + Online
+ + + July
+ +19,+ 2016
+++++++++
++++++++++++++++++++

Purpose
The aim of this study was to confirm the efficacy and safety of regorafenib for advanced
gastrointestinal stromal tumors (GISTs) reported in the GRID phase III trial in Korean
patients.
Materials and Methods
Fifty-seven Korean patients with advanced GIST who experienced both imatinib and sunitinib
failure were enrolled in the management access program between December 2012 and
November 2013 and treated with regorafenib (160 mg orally once daily in a 3 weeks on
/1 week off).
Results
None of the patients achieved a complete or partial response while 25 patients (44%)
showed stable disease for  12 weeks. With a median follow-up of 12.7 months (range, 0.2
to 27.6 months), the median progression-free survival and overall survival were 4.5 months
(95% confidence interval [CI], 3.8 to 5.3) and 12.9 months (95% CI, 8.1 to 17.7), respectively. Interestingly, 15 patients (26%) experienced an exacerbation of their cancer-related
symptoms (abdominal pain in eight and abdominal distension in five) during the rest period
for regorafenib, but all were ameliorated upon the resumption of regorafenib. The most
common grade 3 or 4 adverse event was a hand-foot skin reaction (25%). The regorafenib
dose was reduced in 44 patients (77%) due to toxicity, which manifested mainly as a handfoot skin reaction (n=31).
Conclusion
This study confirmed the efficacy and safety of regorafenib for advanced GIST after imatinib
and sunitinib failure in Korean patients. Considering the exacerbation of the cancer-related
symptoms observed during the rest periods, further exploration of the continuous dosing
schedule of regorafenib is warranted in future clinical trials.

Introduction
Gastrointestinal stromal tumors (GIST) are the most common sarcomas of the gastrointestinal tract [1]. Activating
mutations of KIT are observed in approximately 85% of
GISTs and activation of the KIT signaling pathway is
enhanced, which is responsible for the emergence of malig-
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nant GISTs [2]. Mutations in the genes encoding plateletderived growth factor receptor  (PDGFRA) were later suggested to be another mechanism underlying the malignant
GIST tumorigenesis observed [3]. These genetic mechanisms
in GISTs are responsible for and can predict their response
to imatinib, which was the first tyrosine kinase inhibitor
(TKI) approved for the treatment of GIST that has activity
against KIT, PDGFRA, and ABL [4]. Although imatinib has
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been shown to improve the progression-free survival (PFS)
and overall survival (OS) remarkably, and has shown partial
response (PR) and stable disease (SD) in 54% and 28% of
patients with advanced or metastatic GISTs, respectively
[5,6], most patients eventually develop resistance to imatinib
and progress [7]. Sunitinib, a multitarget TKI that has shown
a longer PFS (27 weeks) compared to the placebo arm (6
weeks) in a randomized phase III trial [8], was approved for
the second-line treatment in patients with GIST experiencing
imatinib failure; however, resistance to sunitinib also developed in most patients [9]. Therefore, a new TKI is needed to
overcome the drug resistance as treatment for patients with
disease progression.
Regorafenib is a multikinase inhibitor that has demonstrated activity against a range of targets, including KIT,
PDGFRA, vascular endothelial growth factor receptor, RAF1,
BRAF, RET, and fibroblast growth factor receptor in in vitro
analyses [10]. In a multicenter phase II trial of regorafenib in
34 patients with GIST, who had suffered treatment failure
after using imatinib and sunitinib for a median of 21 months
(range, 1 to 79 months) and 13 months (range, 2 to 55
months), respectively, four patients showed a PR and 22
patients showed SD [11]. In an international, multicenter,
randomized, placebo-controlled, phase III trial (GRID), 199
patients with metastatic or unresectable GISTs were randomized to either regorafenib or a placebo after the failure of imatinib and sunitinib [12]. The median PFS was 4.8 months for
regorafenib, which was significantly longer than that of 0.9
months in the placebo group. The most common side effects
of regorafenib were hand-foot skin reactions (HFSRs), diarrhea, hypertension, and fatigue. Based on that study, regorafenib was approved by the Food and Drug Administration
in February 2013 for metastatic or unresectable GIST after
imatinib and sunitinib. Subgroup analysis evaluating Japanese patients in the phase III GRID trial reported that HFSR
and maculopapular rash were observed more frequently in
Japanese patients than in the overall population [13].
The present study examined the efficacy and safety of
regorafenib in Korean patients with advanced GIST who
either progressed or could not tolerate the toxicity of imatinib
and sunitinib.

Materials and Methods
1. Study design and participants
A total of 57 patients with advanced GIST that was refractory or intolerant to imatinib and sunitinib treatments from
three Korean institutions (Asan Medical Center, Samsung

Medical Center, and Seoul National University Hospital)
were enrolled in the management access program (MAP) for
regorafenib between December 2012 and November 2013.
The purpose of the MAP was to provide unapproved medications for patients in need before commercial access. This
is a prospective study, where the patients enrolled in MAP
were followed up with planned visits or an additional phone
call when necessary and the data for toxicity, response, medication compliance, and survival were collected prospectively.
The eligibility criteria for the MAP included age  18 years,
a histologically confirmed metastatic and/or unresectable
GIST, prior failure (progression or intolerance) of at least
imatinib and sunitinib, an Eastern Cooperative Oncology
Group (ECOG) performance status of  1, and an adequate
bone marrow, liver, and renal function as assessed in a laboratory test. In addition, before entering the program,
women of childbearing age and men had to agree to use
adequate contraception until at least 8 weeks after the last
dose of regorafenib. The key exclusion criteria included prior
treatment with regorafenib, congestive heart failure with a
 New York Heart Association class 2, unstable angina
(angina symptoms at rest) or new-onset angina (within the
last 3 months), cardiac arrhythmias requiring anti-arrhythmic therapy (beta blockers or digoxin were permitted),
uncontrolled hypertension defined as a systolic blood pressure > 140 mm Hg or diastolic pressure > 90 mm Hg despite
the optimal medical management, and a major surgical procedure, open biopsy, or significant traumatic injury within
28 days prior to starting regorafenib.
2. Medications
The patients received oral regorafenib at 160 mg once daily
in a 3 week on/1 week off schedule, every 4 weeks. The medication was continued until unmanageable toxicity, disease
progression, or consent withdrawal had occurred. Regorafenib was allowed to continue after disease progression if
a clinical benefit was evident to the treating physician. Medication was delayed or the dose was reduced to manage any
clinically significant drug-related toxicity according to the
investigator’s decision. Dose re-escalation was allowed after
resolution of toxic effects.
3. Response and toxicity evaluation
The tumor response was assessed using computed tomography or MRI after the first cycle, and then after every two
cycles of study medication (i.e., 4 weeks, 12 weeks, and 20
weeks after commencing regorafenib). The investigators
evaluated the tumor responses according to the Response
Evaluation Criteria in Solid Tumors ver. 1.1.
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History taking, physical examination, checking vital signs,
and laboratory evaluation were performed every cycle to
monitor the toxicity and safety. The toxicity was assessed
according to the National Cancer Institute Common Terminology Criteria for Adverse Events ver. 4.0.
4. Statistical analysis
The PFS (time from study entry to disease progression or
death from all-causes before progression) and OS (time from
study entry to death from all-causes) were calculated using
the Kaplan-Meier method and compared among the different
subgroups using a log-rank test. Multivariate analysis using
the Cox proportional hazard model was performed to obtain
the hazard ratio (HR) and 95% confidence interval (CI) values. Variables that showed statistical significance in univariate analysis and/or were considered to be significant in
previous studies were included in multivariate analysis.
A p-value < 0.05 was considered significant. Statistical analysis was performed using the SPSS ver. 21.0 for Windows
(IBM Co., Armonk, NY).

Results
1. Baseline characteristics
Table 1 lists the baseline clinical characteristics of the 57
enrolled patients. Five patients with an ECOG performance
status of 1 at enrollment experienced a worsening of their
performance status, which was probably caused by rapid
tumor progression, and a showed an ECOG performance status of 2 when starting regorafenib. The median time using
imatinib and sunitinib was 40 months (range, 9 to 114
months) and 8 months (range, 1 to 44 months), respectively.
At the data cutoff date (July 15, 2015), 14 patients (25%) were
continued on regorafenib. Of these, eight were receiving
regorafenib after disease progression due to an evident clinical benefit. The median time using regorafenib was 4.7
months (range, 0.9 to 27.1 months). Forty-three patients
(75%) discontinued regorafenib due to disease progression
(n=27), death (n=10), adverse events (n=4), or consent withdrawal (n=2).
2. Efficacy
The first tumor response assessed after commencing regorafenib was SD, progressive disease, and not evaluable in 46,
six, and five patients, respectively. Twenty-five patients
(44%) had SD for  12 weeks, and none achieved a complete
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Table 1. Baseline patient characteristics
Characteristic

No. (%)

Age, median (IQR, yr)
Sex
Man
Woman
ECOG PS
1
2
Primary site
Stomach
Small bowel
Rectum
Others
Primary kinase mutation
KIT exon 9
KIT exon 11
Wild type
Unknown
Prior failed TKI
Imatinib
Sunitinib
Nilotinib
Dovitinib
Metastatic site
Any
Liver
Peritoneum
Lung
Others

56 (50-62)
34 (60)
23 (40)
52 (91)
5 (9)
13 (23)
36 (63)
3 (5)
5 (9)
11 (19)
34 (60)
1 (2)
11 (19)
57 (100)
57 (100)
2 (4)
6 (11)
57 (100)
40 (70)
44 (77)
8 (14)
15 (26)

IQR, interquartile range; ECOG PS, Eastern Cooperative
Oncology Group performance status; TKI, tyrosine kinase
inhibitor.

response or PR. Ten patients could not be evaluated for the
response as they had died before 12 weeks of tumor assessment (n=7), resection of the target lesions due to bleeding
(n=1) and perforation (n=1), and radiofrequency ablation for
liver metastasis (n=1).
Fig. 1 presents the Kaplan-Meier curves of the PFS and OS
outcomes. With a median follow-up of 12.7 months (range,
0.2 to 27.6 months), the median PFS was 4.5 months (95% CI,
3.8 to 5.3). The median OS was 12.9 months (95% CI, 8.1 to
17.7).
Patients with a liver metastasis had a significantly shorter
PFS and OS according to both univariate (Fig. 2) and multivariate (Table 2) analysis. No differences in the PFS and OS
were evident between patients with a primary KIT exon 11
mutation, a primary KIT exon 9 mutation or wild type in univariate analysis (Fig. 2) or multivariate Cox-proportional
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Fig. 1. Progression-free survival (PFS) (A) and overall survival (OS) (B) for the entire study population.

Table 2. Multivariate analysis for the PFS and OS
Variable
Age  60 yr
Male
ECOG PS 2
Small bowel primary
Liver metastasis

PFS

OS

HR (95% CI)

p-value

HR (95% CI)

p-value

1.05 (0.55-2.02)
1.16 (0.61-2.22)
3.21 (0.88-11.64)
1.03 (0.53-2.00)
2.28 (1.09-4.76)

0.873
0.648
0.077
0.931
0.028

1.28 (0.59-2.79)
1.72 (0.81-3.68)
5.92 (1.94-18.08)
1.14 (0.55-2.37)
3.72 (1.49-9.26)

0.532
0.161
0.002
0.728
0.005

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative
Oncology Group performance status.

hazard analysis (PFS: HR, 0.62; 95% CI, 0.26 to 1.50; OS: HR,
0.83; 95% CI, 0.32 to 2.13). All 36 deaths encountered during
the present study were due to disease progression.
3. Safety
During a median of five treatment cycles (range, 1 to 29
cycles), 55 patients (97%) experienced drug-related toxicity
(Table 3). Thirty patients (53%) experienced grade 3 adverse
events; the most common were HFSR (25%), hypertension
(7%), and skin rash (7%). Of these 30 patients with grade 3
adverse events, 21 (70%) experienced a down-grading of
their toxicity level to grade 2 or lower, mostly by dose reduction (in 19 patients). An improvement in grade 3 toxicity was
not assessable in eight patients (27%, 8/30) because of the
short follow-up period after its appearance. No patient

experienced grade 4 toxicity, and there were no treatmentrelated deaths. Regorafenib was dose-reduced in 44 patients
(77%) for the following reasons: HFSR (n=31), fatigue (n=5),
hypertension (n=4), skin rash (n=4), and vomiting (n=2). The
majority of patients (82%, 36/44) underwent a dose reduction within two treatment cycles (after one cycle, 26 patients;
after two cycles, 10 patients). Dose reduction was down to
120 mg once daily in 27 patients (61%, 27/44) and to 80 mg
once daily in 17 patients (39%, 17/44). The dose was reduced
to 80 mg after a median of three treatment cycles (range, 1 to
7 cycles) after an initial dose reduction to 120 mg. After a
dose reduction, 33 patients (75%, 33/44) experienced an
improvement of their toxicity symptoms. Of these, 29
patients (88%, 29/33) experienced this improvement during
the cycle when the regorafenib dose was reduced. Of the 44
patients who required a regorafenib dose reduction, the dose
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Fig. 2. Progression-free survival (PFS) by liver metastasis (A), overall survival (OS) by liver metastasis (B), PFS by primary
tumor genotype (C), and OS by primary tumor genotype (D). The p-values were obtained using the log-rank test.

was re-escalated after sustained improvement in the toxicity
impacts in 12 patients (27%). This dose re-escalation was performed after a median of two cycles (range, 1 to 7 cycles) had
elapsed since a dose reduction. Of these 12 patients, three
patients tolerated the escalation, and eight patients required
a re-reduction due to a return to the toxicity levels that
caused the previous dose reduction in six patients and
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another toxicity in two patients. A dose escalation from 120
to 160 mg was achieved in eight patients, two of whom (25%)
tolerated this higher dose. One of the four patients who
received a dose escalation from 80 to 120 mg tolerated this
regimen. The tolerability of a dose escalation could not be
assessed in one patient because of the short follow-up
period.
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Table 3. Adverse events occurring in  5% of patients
Toxicity
Any event
Hand-foot skin reaction
Fatigue
Oral mucositis
Alopecia
Hoarseness
Anorexia
Hypertension
Thrombocytopenia
Skin rash
Diarrhea
Myalgia
Constipation
Nausea
Sensory neuropathy
Headache
Limb edema
Weight loss
Vomiting
Insomnia
Dyspnea
Fever
Dry mouth
Facial edema
Taste alteration

Any grade

Grade 3

55 (96)
47 (82)
31 (54)
25 (44)
20 (35)
19 (33)
17 (30)
16 (28)
16 (28)
15 (26)
14 (25)
12 (21)
10 (18)
9 (16)
8 (14)
6 (11)
5 (9)
5 (9)
4 (7)
3 (5)
3 (5)
3 (5)
3 (5)
3 (5)
3 (5)

30 (53)
14 (25)
2 (4)
0(
0(
0(
1 (2)
4 (7)
0(
4 (7)
0(
1 (2)
0(
0(
0(
0(
1 (2)
0(
1 (2)
0(
0(
0(
0(
0(
0(

symptoms included the additional medication (n=6), continuation of regorafenib during the rest periods (n=5), and
observation (n=4). The additional medications involved pain
killers for abdominal pain (n=4), stool softeners for constipation (n=1), and an appetite enhancer for poor oral intake
(n=1). The four patients who received pain killers experienced an improvement in their symptoms with these medications, while the two patients on the other medications did
not show this improvement. The exacerbation of symptoms
was resolved in all five patients given regorafenib during the
rest period. The exacerbated symptoms in these five patients
were abdominal pain (n=3), abdominal distension (n=2),
extremity edema (n=1), palpable abdominal mass (n=1), and
poor oral intake (n=1). The regorafenib dose taken in the rest
period was the same as that taken in the medication period.
Two patients continued regorafenib in the rest period due to
an exacerbation of abdominal pain despite the increase in
pain killers. One patient complained of an exacerbation of
HFSR after a continuation of the regorafenib during the rest
periods, which were improved by a dose reduction. The
other four patients did not complain of any exacerbation of
their treatment-related symptoms after the continuation of
regorafenib during the rest period. All four patients in the
observation scheme continued to complain of an exacerbation of their symptoms during the rest period.

Values are presented as number (%).

Discussion
4. Rest period symptom exacerbation
Fifteen patients (26%) experienced an exacerbation of their
cancer-related symptoms during the rest period in the regorafenib regimen. Symptom exacerbation in the rest period
was considered to be present when the symptoms occurred
after stopping regorafenib during the rest period and
improved with the restarting of regorafenib during the medication period. The exacerbation of these symptoms started
after a median of three cycles (range, 1 to 11 cycles) of regorafenib and improved during the regorafenib medication
period. The median time to symptom exacerbation during
the rest period was the third day of the rest period (range,
2nd to 7th) in the 10 patients, whose onset date of symptom
exacerbation was available. The exacerbated symptoms
included abdominal pain (n=8), abdominal distension (n=5),
palpable abdominal mass (n=2), poor oral intake (n=2), constipation (n=1), fatigue (n=1), and nausea (n=1). Most
patients experienced grade 1 (n=6) or grade 2 (n=7) symptoms, and two patients complained of exacerbated grade
3 symptoms. Interventions following the exacerbation of

Regorafenib has shown similar clinical efficacy to that of
the GRID trial in Korean patients with advanced GIST who
experienced treatment failure at least with imatinib and sunitinib. In accordance with previous studies [11,12], this clinical
benefit in the present study population was attributed
mainly to disease control rather than tumor reduction. After
failure with imatinib and sunitinib, the patients with an
advanced GIST have few therapeutic options and can generally be treated with a palliative aim. The resumption of imatinib can be one option and has shown a longer PFS (1.8
months; HR, 0.48; 95% CI, 0.28 to 0.82) than that in the
placebo groups (0.9 months) in patients with advanced GIST
after failure with imatinib and sunitinib (RIGHT study) [14].
Regorafenib has shown a longer PFS (4.5 months in this
study and 4.8 months in GRID trial) than that in the RIGHT
study imatinib retrial group (1.8 months) and in the placebo
groups in the RIGHT or GRID trial (0.9 months) [12,14]. The
role of regorafenib was supported further by recent analysis
that suggested a survival benefit for regorafenib in GIST with
a correction for the impact of cross-over in the GRID trial
[15]. The median OS was reported to be 17.4 months in this
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updated OS analysis of the GRID phase III trial [15], and 12.9
months in the current study. Furthermore, one study suggested that the quality of life was similar in patients with
advanced GIST in both the regorafenib and placebo groups
[16].
The present study population had similar treatmentrelated toxicity profiles to those of the previous phase II and
phase III GRID trials but a lower incidence of hypertension
and diarrhea (49% and 40% in GRID trial vs. 28% and 25%
in this study) [11,12]. HFSR was the toxicity observed most
frequently and the most common reason for dose reduction
in the present study. The incidence of HFSR in the study population (82%) was higher than that in the regorafenib group
in the GRID trial (56%) [12] but was similar to that in the
regorafenib group in the GRID trial Japanese subgroup (92%)
[13]. The toxicity was managed successfully with a dose
reduction. Therefore, only four patients discontinued regorafenib due to the drug-related adverse events.
The exacerbation of cancer-related symptoms during the
rest period was troublesome in approximately 25% of the
study patients. A continuation of regorafenib during the rest
period was an effective way of improving these symptoms.
All five patients who received a continuation of regorafenib
during the rest period experienced an improvement in their
symptoms, and only one of these cases complained of a temporary exacerbation of their drug-related toxicity. Although
in most cases, pain killers were found to be effective in controlling the exacerbation of abdominal pain during the rest
period, a continuation of regorafenib through a rest period
can reduce the level of abdominal pain when pain killers are
ineffective. A similar case of a patient with rectal GIST, who
complained of pelvic pain during a 1-week break period of
regorafenib and then experienced an improvement of their
pain with continuously administered regorafenib, was
reported recently in Japan [17]. Additional medications were

not found to be effective in controlling the exacerbation of
their cancer-related symptoms during the rest period. Furthermore, symptoms, such as abdominal distension and palpable abdominal masses, were believed to be related to
tumor progression. In addition, symptom control by the continuation of regorafenib during the rest period suggests that
tumor progression can occur during the rest period and a
continuous dosing schedule can prevent disease exacerbation during the rest period with an intermittent dosing
schedule. Tumor cell regrowth induced by the removal of
regorafenib [18] as well as the clinical efficacy and tolerability
of once-daily continuous dosing of regorafenib [19] were
reported in other malignancies. A future study will evaluate
the continuous regorafenib regimens in the patients with
GIST will strengthen these findings.

Conclusion
Regorafenib has shown similar clinical efficacy to that in
the GRID trial in Korean patients with advanced GISTs after
a failure of imatinib and sunitinib. The toxicity could be controlled successfully with a dose reduction in these cases. The
exacerbation of their cancer-related symptoms during the
rest periods is manageable with the continuation of regorafenib.
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Purpose
Prolactinoma (prolactin-secreting pituitary adenoma) is one of the most common estrogenrelated functional pituitary tumors. As an agonist of the dopamine D2 receptor, bromocriptine is used widely to inhibit prolactinoma progression. On the other hand, it is not always
effective in clinical application. Although a dopamine D2 receptor deficiency contributes to
the impaired efficiency of bromocriptine therapy to some extent, it is unknown whether
there some other underlying mechanisms leading to bromocriptine resistance in prolactinoma treatment. That is the main point addressed in this project.
Materials and Methods
Human prolactinoma samples were used to analyze the S-phase kinase associated protein
2 (SKP2) expression level. Nutlin-3/adriamycin/cisplatin-treated GH3 and MMQ cells were
used to analyze apoptosis in SKP2 overexpression or knockdown cells. SKP2 expression
and the interaction partners of SKP2 were also detected after a bromocriptine treatment in
293T. Apoptosis was analyzed in C25 and bromocriptine-treated GH3 cells.
Results
Compared to normal pituitary samples, most prolactinoma samples exhibit higher levels of
SKP2 expression, which could inhibit apoptosis in a p53-dependent manner. In addition,
the bromocriptine treatment prolonged the half-life of SKP2 and resulted in SKP2 overexpression to a greater extent, which in turn compromised its pro-apoptotic effect. As a result,
the bromocriptine treatment combined with C25 (a SKP2 inhibitor) led to the maximal apoptosis of human prolactinoma cells.
Conclusion
These findings indicated that SKP2 inhibition sensitized the prolactinoma cells to bromocriptine and helped promote apoptosis. Moreover, a combined treatment of bromocriptine and
C25 may contribute to the maximal apoptosis of human prolactinoma cells.

Introduction
Pituitary prolactinoma, which is also known as prolactinsecreting pituitary adenoma, is one of the most common
pituitary tumors that occurs in almost 0.4% of the general
population [1]. As an estrogen-related functional tumor,
pituitary prolactinoma is featured for hyperprolactinemia
owing to the dysfunction of lactotrophic cells in the anterior
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pituitary gland [2]. In addition, gene mutations in lactotrophic cells were reported to play a critical role in prolactinoma tumorigenesis [3], which is accompanied by
dysregulation and over-activation in multiple signaling pathways, such as Ras/mitogen-activated protein kinase, phosphoinositide 3-kinase, and transforming growth factor 
cascades. The abnormities of these pathways further contribute to prolactinoma formation and pathological hyperprolactinemia [3]. In addition, estrogen hypersecretion can
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induce pituitary hyperplasia, lactotrophic prolactin (PRL)
oversynthesis, and even estrogen-related tumors by binding
to the estrogen receptors [4,5]. As estrogen receptor expression in prolactinoma is much higher than that of other pituitary tumor types [6], the most efficient way for prolactinoma
therapy at present is dopamine agonists, in which bromocriptine is used most widely. In principle, bromocriptine
binds to the dopamine D2 receptor on pituitary epithelial
cells to inhibit PRL secretion and tumor cell growth [7,8]. On
the other hand, although bromocriptine has been proven to
inhibit prolactinoma progression by blocking the dopamine
D2 receptor, it is not always effective in clinical applications.
Bromocriptine resistance has been observed in 5%-18%
patients with prolactinoma [9,10]. Although it has been
reported that a dopamine D2 receptor deficiency or the
impaired binding to the D2 receptor contributes to bromocriptine resistance [11], the precise molecular mechanism
about bromocriptine resistance in prolactinoma is not completely understood. Recently, it was reported that the lower
efficiency of bromocriptine therapy might be correlated with
the abnormal expression of some proteins, such as PRDM2
and ESM1 [12,13]. Therefore, this study examined whether
some specific overexpressed oncogenes compromise the proapoptosis effect of bromocriptine in prolactinoma. From this
aspect, new strategies are needed to sensitize bromocriptine
in promoting the apoptosis of PRL-secreting pituitary cells.
Apoptosis induction is one of the most important strategies
for tumor therapy. Among the apoptosis-inducing factors,
p53 is the most famous. Previous studies have shown that
p53 transactivates a broad range of proapoptotic proteins to
promote cell apoptosis, such as Bax, Bid, Puma, 14-3-3, and
p21 [14,15]. Although p53 expression is reported to be associated with the tumor invasiveness in pituitary tumors [16],
there are few reports on the role of p53-dependent apoptosis
in pituitary tumor therapy [17].
As a proto-oncoprotein, S-phase kinase associated protein
2 (SKP2) is overexpressed in a variety of human cancers,
including lymphomas, prostate cancer, colorectal cancer,
melanoma, pancreatic cancer, and breast carcinoma [18]. On
the other hand, the role of SKP2 in pituitary tumors, especially prolactinoma, is not completely understood. SKP2 is
the key component of the SKP1–Cullin1–F-box (SCF) E3 ligase complex [19], which is crucial for cell cycle progression
by targeting p27. Furthermore, several other substrates of
SKP2 have been verified, such as p21, p57, and c-Myc, most
of which are tumor suppressor proteins [18]. Note that the
anaphase-promoting complex (APC), a pivotal E3 ligase that
is activated by interacting with Cdh1, functions in degrading
SKP2 [20]. Therefore, the protein stability of SKP2 remains
when it interacts with cullin 1 (Cul1) and forms the SKP2
containing SCF (SKP1–Cul1–F-boxSKP2) complex. Alternatively, SKP2 can be degraded in the APCCdh1 complex. In

addition, accumulating evidence shows that SKP2 is
involved in regulating cellular apoptosis in a range of human
cancer cells by suppressing the p53 or p27 pathway [21].
Based on these findings, this study examined whether SKP2
could participate in prolactinoma cell apoptosis and act as a
candidate target gene for prolactinoma therapy.
In this study, two well-known PRL-secreting rat pituitary
cell lines, GH3 and MMQ, were used to study the probable
mechanism that coordinates SKP2 expression and bromocriptine therapy in prolactinoma. This study first identified
that prolactinoma samples have high protein levels of SKP2,
which inhibit GH3 and MMQ cell apoptosis in a p53-dependent manner. In addition, bromocriptine treatment prolonged the half-life of SKP2, which resulted in SKP2 overexpression to a greater extent. As the overexpression of SKP2
compromised bromocriptine-induced apoptosis, a combination of bromocriptine treatment and SKP2 inhibitor C25
induces the maximal apoptosis. These results indicate that
Skp2 knockdown sensitized bromocriptine in promoting the
apoptosis of PRL-secreting pituitary cells.

Materials and Methods
1. Pituitary tumors samples
All the pituitary adenoma samples were obtained from the
Department of Neurosurgery, Shanghai Institute of Neurosurgery, Changzheng Hospital, Second Military Medical
University (Shanghai, China). Pituitary tumors (n=81)
removed at transsphenoidal surgery were classified histologically using hematoxylin and eosin and immunohistochemical hormone staining. Benign adenomas were categorized
as growth hormone–secreting tumors (n=19), adreno-corticotropic-hormone–secreting tumors (n=13), prolactinomas
(n=23), and non-functioning pituitary adenomas (NFPAs;
n=26). The pituitaries removed at autopsy were verified by
the Forensic Authentication Center of Changzheng Hospital
and used as normal controls (n=4). Table 1 lists the patients
and sample characteristics. The definition of high or low
SKP2 expression in Table 2 was based on immunohistochemistry staining, and representative staining pictures are shown
in Supplementary Fig. S1. Scores 0 and 1 were defined as low
SKP2 expression; scores of 2 and 3 were defined as high SKP2
expression.
2. Material and reagents
Bromocriptine mesylate was purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). Nutlin-3, doxycycline, proVOLUME 49 NUMBER 2 APRIL 2017
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Table 1. Clinical characteristics of the pituitary adenoma samples
Pituitary adenoma subtype
Knosp score
0
1
2
3
4
Hardy-Wilson grade
I
II
III
IV
Tumor volume (cm3)
<1
 1 and < 2
 2 and < 3
3
Sex
Male
Female
Age (yr)
30-40
40-50
50-60
60-70
> 70
PRL (ng/mL)
35-100
100-200
> 200
Total

GH

PRL

NFPA

ACTH

4 (21.1)
3 (15.8)
5 (26.3)
3 (15.8)
4 (21.1)

1 (4.3)
0(
1 (4.3)
2 (8.7)
19 (82.6)

2 (7.7)
6 (23.1)
8 (30.8)
6 (23.1)
4 (15.4)

1 (7.7)
0(
1 (7.7)
6 (46.1)
5 (38.5)

8 (42.1)
4 (21.1)
2 (10.5)
5 (26.3)

3 (13)
16 (69.6)
4 (17.4)
0(

1 (3.8)
6 (23.1)
10 (38.5)
9 (34.6)

2 (15.4)
4 (30.8)
5 (38.5)
2 (15.4)

1 (5.3)
6 (31.6)
5 (26.3)
7 (36.8)

0(
7 (30.4)
11 (47.8)
5 (21.7)

3 (11.5)
6 (23.1)
3 (11.5)
14 (53.8)

2 (15.4)
3 (23.1)
5 (38.5)
3 (23.1)

7 (36.8)
12 (63.2)

3 (13)
20 (87.0)

18 (69.2)
8 (30.8)

8 (61.5)
5 (38.5)

2 (10.5)
4 (21.1)
8 (42.1)
5 (26.3)
0(

3 (13)
5 (21.7)
8 (34.8)
7 (30.4)
0(

5 (19.2)
5 (19.2)
5 (19.2)
9 (34.6)
2 (7.7)

0(
4 (30.8)
7 (53.8)
2 (15.4)
0(

(((19 (100)

7 (30.4)
10 (43.5)
6 (26.1)
23 (100)

(
((26 (100)

(((13 (100)

Values are presented as number (%). GH, growth hormone; PRL, prolactin; NFPA, non-functioning pituitary adenoma; ACTH,
adreno-cortico-tropic-hormone.

pidium iodide, cycloheximide, adriamycin, and cisplatin
were obtained from Sigma-Aldrich (St. Louis, MO). G418 sulfate was supplied by Life Technologies (Grand Island, NY).
C25 was purchased from Xcess Biosciences Inc. (San Diego,
CA). The luciferase activity was determined using a DualLuciferase Reporter Assay System (Promega, Madison, WI).
The Skp2 siRNA for rat Skp2, p53 shRNA for rat p53, and caspase 2 siRNA for rat caspase 2 were supplied by Santa Cruz
Biotechnology.
3. Plasmids
3xflag-Skp2, Myc-Cul1, Myc-CDH1, and HA-Ubiquitin
were cloned from the rat cDNA library and verified by
sequencing. A reporter containing the p53-binding site
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placed upstream of the firefly luciferase gene (PG13-Luc) and
reporters containing a mutation on p53-binding site (MG15Luc) were acquired from Addgene (Cambridge, MA).
4. SKP2 inducible system
The doxycycline-inducible SKP2 expression lentiviral systems were constructed according to the instructions of
Lentiviral Tet-On 3G Inducible Expression Systems (Clontech, Mountain View, CA). The GH3 cells were infected with
the above virus and a stable Tet-On inducible cell line was
selected by G418 addition according to the manufacturers’
instructions.

2
3
0
5
0
4
1
0
2
3
4
1

3
15
0
3
10
5
0
18
15
3

Low

6
12

High

SKP2

> 0.990

0.040

0.023

> 0.990

> 0.990

p-value

4
1

4
1

1
0
1
4

4
2

3
2

High

SKP2

8
6

8
6

0
6
4
3

3
10

3
11

Low

GH

0.603

0.603

0.061

0.129

0.262

p-value

2
8

7
3

0
1
1
8

3
7

6
4

High

5
11

9
7

3
5
2
6

5
11

6
10

Low

SKP2

NFPA

0.668

0.683

0.159

> 0.990

0.422

p-value

2
2

0
4

0
3
1
0

4
1

1
3

High

4
5

2
7

2
0
4
3

5
3

3
6

Low

SKP2

ACTH

Pearson’s chi-square test. PRL, prolactin; GH, growth hormone; NFPA, non-functioning pituitary adenoma; ACTH, adreno-cortico-tropic-hormone.

Age (yr)
< 50
 50
Sex
Male
Female
Size (cm3)
<1
 1 and < 2
 2 and < 3
3
Knosp score
0-2
3-4
Hardy-Wilson grade
I-II
III-IV

Variable

PRL

Table 2. Relationship between SKP2 and the clinicopathological features in pituitary adenomas (n=81)

> 0.990

> 0.990

0.026

> 0.990

> 0.990

p-value
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5. Immunoblot analysis
The cell and tissue protein were prepared with 1% NP-40
cell lysis buffer (50 mM Tris HCl [pH 8.0], 120 mM NaCl, 1%
NP-40) containing 1 mM dithiothreitol, and phosphatase
inhibitor cocktails I and II (Sigma). The protein was subjected
to sodium dodecyl sulfate polyacrylamide gel electrophoresis for further analysis. The following lists the primary antibody information: anti-SKP2 (H435, Santa Cruz Biotechnology), anti-p53 (FL-393, Santa Cruz Biotechnology), anticleaved caspase 3 (ab2302, Abcam, Cambridge, MA), anti–
cytochrome C (ab13575, Abcam), anti-Bax (N-20, Santa Cruz
Biotechnology), anti–cleaved poly(ADP-ribose) polymerase
(PARP; 9545, Cell Signaling Technology, Beverly, MA), antiactin (I-19, Santa Cruz Biotechnology), anti-Flag (F7425,
Sigma-Aldrich), anti–c-Myc (9E10, Santa Cruz Biotechnology), anti-p21 (ab18209, Abcam), anti-Puma (ab9643,
Abcam), and anti-Mdm2 (SMP14, Santa Cruz Biotechnology). The quantified relative ratios of remaining SKP2 were
obtained by densitometry using Image J software, and the
data at 0 hour was set to 1.
6. Generation of stable p53 knockdown GH3 cell line
The synthetic sequences targeting either the rat p53 gene
were inserted into pLVX-IRES-Neo plasmid (Clontech). A
lentivirus was then generated using lentiviral packaging
systems (Clontech) and the GH3 cells were infected with the
p53 knockdown lentivirus. A stable cell line was generated
and cultured by the addition of G418 to select a positive
stable knockdown clone. The core sequences for targeting
p53 was 5-GGTGGAAGGAAATCCGTAT-3. The expression of p53 in stable knockdown cell lines was confirmed by
immunoblotting and real-time polymerase chain reaction
(PCR).
7. Co-immunoprecipitation assay
All the co-immunoprecipitation steps were performed at
4°C. The cells were washed three times and then lysed in 1%
NP-40 cell lysis buffer for 30 minutes. The cell extracts were
centrifuged to obtain the supernatant. The supernatant was
then added with the indicated antibody overnight, and then
incubated with Protein A/G Plus Agarose (Santa Cruz
Biotechnology) for 5 hours. The immunoprecipitate was
washed three times in cell lysis buffer, followed by immunoblotting analysis.
8. Cell culture and transfection
The rat GH3 and MMQ pituitary adenoma cell line was
obtained from the American Type Cell Collection. The GH3
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and MMQ cells were propagated in the F12K medium
(Invitrogen, Carlsbad, CA) supplemented with 2.5% fetal
bovine serum, 15% horse serum, 100 units/mL penicillin,
and 100 units/mL streptomycin. All cell lines were cultured
at 37°C in a humidified atmosphere containing 5% CO2. The
cells were transfected with the control or Skp2 siRNA using
Lipofectamine 2000 (Invitrogen) according to the manufacturer’s instructions. Forty-eight hours after transfection, the
cells were collected and the transfection efficiency was
determined by quantitative real-time PCR.
9. Analysis of cell apoptosis and cell number
The caspase 3/7 activity was determined using a CaspaseGlo 3/7 Assay Kit (Promega) according to the instructions
supplied, the final relative caspase 3/7 activity was normalized to the viable cell number determined using a CellTiterFluor Cell Viability Assay kit (Promega). Cell apoptosis was
detected using an Annexin V-FITC Apoptosis Detection Kit
(Sigma-Aldrich) according to the manufacturer’s instructions
and determined by fluorescence-activated cell sorting. For
cell number analysis, 1103 GH3 cells were seeded in each
well of a 96-well plate and the number of viable cells were
assessed using a CellTiter-Fluor Cell Viability Assay Kit
(Promega).
10. Quantitative real-time PCR
The total cellular RNA was extracted using TRIzol (Invitrogen) according to the manufacturer’s protocol, and the
quantity and quality were measured by spectrophotometry.
The reverse transcription (RT) reactions were performed
with 1 µg of RNA using the RT reagents (Takara, Dalian,
China) to synthesize cDNA according to the manufacturer’s
instructions. Quantitative PCR was performed according to
the manufacturer’s instructions using a SYBR green mixture
(TOYOBO, Osaka, Japan).
11. Statistics
Each experiment was performed independently in triplicate. All the data are expressed as the means±standard deviation. The statistical significance of the differences between
the groups was analyzed by a Student’s t test using SPSS ver.
10.0 (SPSS Inc., Chicago, IL), except in Table 2 where a Pearson’s chi-square test was used.
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PRL

40

20

0

–20

Normal

GH

ACTH

NEPA

PRL

B
Normal

GH

ACTH

NFPA

PRL
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Fig. 1. SKP2 was up-regulated in pituitary prolactinoma. (A) Real-time RT-PCR analysis for SKP2 expression in normal and
different types of adenomatous pituitary tissues as indicated. (B) Representative western blotting showing protein expression
of the SKP2 in pituitary adenoma samples. Samples with the two highest SKP2 gene expressions in Fig. 1A of each group
were selected for protein analysis. (C) Immunohistochemistry of PRL and normal pituitary adenoma samples to detect the
level of SKP2. SKP2, S-phase kinase associated protein 2; RT-PCR, reverse transcription polymerase chain reaction; PRL,
prolactin; GH, growth hormone; ACTH, adreno-cortico-tropic-hormone; NFPA, non-functioning pituitary adenoma.
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Fig. 2. SKP2 overexpression suppresses apoptosis through p53 in GH3 cells. (A) GH3 cells infected with a lentiviral vector
stably expressing the rat SKP2-inducible system. SKP2 was induced by 1 µg/mL doxycycline for 24 hours, and cells were
then lysed and collected for immunoblotting analysis. (B, C). Twenty-four hours after inducing SKP2, the cells were treated
with 5 µM nutlin-3 for 48 hours, and then lysed and collected either for immunoblotting analysis using the antibodies as
indicated (B) or for quantitative real-time PCR analysis (C). (Continued to the next page)
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Fig. 2. (Continued from the previous page) (D) Twenty-four hours after inducing SKP2 expression, a reporter containing a synthetic p53-binding site (p53-luc) or reporter containing a mutation on the p53-binding site (p53MUT-luc) was transfected
into the GH3 cells, together with a control reporter containing renilla luciferase. Twelve hours after transfection, the cells
were treated with different concentrations of nutlin-3, as indicated for 48 hours, and the cells were then lysed and collected
for luciferase activity analysis. (E) Twenty-four hours after SKP2 induction, the cells were treated with 10 µM nutlin-3 for 48
hours; apoptosis was determined and is shown by measuring the relative caspase 3/7 activity. SKP2, S-phase kinase associated protein 2; PCR, polymerase chain reaction; Dox, doxycycline. *p < 0.05, **p < 0.01, ***p < 0.001; ns, no significance.

the GH and adreno-cortico-tropic-hormone pituitary tumors
compared to their respective normal pituitary controls.
(Fig. 1A). As the SKP2 gene was enhanced dramatically in
PRL at the mRNA level, SKP2 protein expression was next
examined in the same samples. To this end, the samples with

the top two levels of SKP2 expression at the mRNA level in
Fig. 1A were chosen to analyze SKP2 protein expression in
each group. Consistently, expression of the SKP2 protein was
much higher in PRL than that in any other groups (Fig. 1B
and C). In addition, the relationship between the clinicoVOLUME 49 NUMBER 2 APRIL 2017
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pathological features and SKP2 expression was analyzed and
4
a clear correlation between SKP2 expression and prolactinoma tumor size was observed (Table 2). Collectively, these
2
results suggest that both mRNA and protein expression of
SKP2 were overexpressed
greatly in pituitary prolactinoma.
0
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Adriamycin
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Although SKP2 was also
overexpressed
in NFPA,
this study
focused on PRL, in which the SKP2 expression level was
up-regulated the highest among the different kinds of pituitary tumors.
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Fig. 3. Skp2 knockdown synergizes with DNA damage induction agents to promote apoptosis in PRL-secreting pituitary
cells. (A, B) Twenty-four hours after doxycycline addition, the GH3 cells were treated with 1 µg/mL adriamycin for 48 hours
followed by either immunoblotting analysis using the antibodies as indicated (A) or real-time PCR analysis (B). (C) Twentyfour hours after SKP2 induction, the cells were treated with 1 µg/mL adriamycin or 5 µg/mL cisplatin for 48 hours
E in GH3
cells, followed by relative caspase 3/7 activity determination. (D) A control or Skp2 siRNA was transfected into the wildMMQ
GH3
type GH3 cells and stable p53 knockdown
GH3 cells. Forty-eight hours after transfection,
the cells were lysed and collected
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Fig. 3. (Continued from the previous page) (E, F) Twenty-four hours after transfection of the control or Skp2 siRNA, the cells
were treated with 1 µg/mL adriamycin or 5 µg/mL cisplatin for 48 hours in the GH3 cells or MMQ cells (E), or indicated
adriamycin concentration in wild-type GH3 cells and stable p53 knockdown GH3 cells (F), followed by a determination of
the relative caspase 3/7 activity. SKP2, S-phase kinase associated protein 2; PRL, prolactin; PCR, polymerase chain reaction;
Dox, doxycycline; DMSO, dimethyl sulfoxide; si-CTR, control siRNA. *p < 0.05, **p < 0.01, ***p < 0.001; ns, no significance.

pathway [21], the changes in the p53 target genes in SKP2
inducible GH3 cells were next examined. Interestingly, SKP2
overexpression in GH3 cells suppressed the protein expression of the p53 target genes, including Puma, Bax, Mdm2, and
p21 (Fig. 2B, lanes 1 and 3). Consistent with previous reports,
the expression of p53 and its target genes in GH3 cells was
up-regulated by a nutlin-3 treatment, a compound that activates p53 selectively by stabilizing its protein expression [21].
On the other hand, SKP2 overexpression significantly suppressed the protein expression of the p53 target genes
(Fig. 2B, lanes 2 and 4) under nutlin-3 stimulation. In addition, the mRNA levels of the p53 target genes, such as Bax,

Puma, 14-3-4, p21, and Mdm2 were all down-regulated by
SKP2 overexpression regardless of the presence of nutlin-3
stimulation (Fig. 2C). In GH3 cells, the induced SKP2 overexpression suppressed the activity of a reporter containing
p53-response elements both with and without nutlin-3 stimulation, but this suppressive effect was lost in the cells transfected with a reporter containing the mutant p53-response
elements (Fig. 2D). These results suggest that SKP2 suppresses the transactivation of p53. As p53 is the central node
of apoptosis regulation [23], this study tested whether SKP2
overexpression affects apoptosis in GH3 cells. The activities
of caspase 3/7, the key markers of apoptosis [24], were
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Fig. 4. Bromocriptine stabilizes SKP2 expression by inhibiting SKP2 ubiquitination and degradation. (A, B) SKP2 expression
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attenuated significantly in the SKP2-overexpressed GH3 cells
both with or without the nutlin-3 treated treatment (Fig. 2E).
Furthermore, the DNA damaging agent, adriamycin, could
also increase the expression of p53, Puma, and proapoptosis
protein BAX, cleaved caspase 3. This enhancement, however,
was abrogated by the overexpression of SKP2 (Fig. 3A). The
overexpression of SKP2 also inhibits Puma and p21 mRNA
expression with or without adriamycin stimulation (Fig. 3B).
Similarly, either the adriamycin- or cisplatin-induced caspase
3/7 cleavage was also inhibited significantly by SKP2 overexpression (Fig. 3C). Overall, the overexpression of SKP2
suppresses PRL-secreting pituitary cell apoptosis in a p53dependent manner.
3. Skp2 knockdown synergizes with the DNA damage
induction agents to promote apoptosis in PRL-secreting
pituitary cells
Next, this study examined whether the knockdown of Skp2
promotes apoptosis in GH3 cells. Consistent with this

hypothesis, a significant increase in caspase 3/7 activity was
observed in the Skp2 knockdown GH3 cells (Fig. 3D and E).
Furthermore, the knockdown of Skp2 also increased the caspase 3/7 activity in MMQ cells, which is another rat pituitary
cell line secreting only PRL (Fig. 3E). These results suggest
that Skp2 knockdown promotes pituitary cell apoptosis.
DNA damage–induced cancer cell apoptosis is one of the
most efficient ways of cancer therapy. Therefore, this study
examined whether the knockdown of Skp2 and the induction
of DNA damage contributes to cell apoptosis synergistically.
As shown in Fig. 3E, increased caspase 3/7 activity was
observed when the pituitary cells were treated with adriamycin or cisplatin alone. Interestingly, the knockdown of
Skp2 could robustly enhance the adriamycin or cisplatininduced caspase 3/7 activity (Fig. 3E). In addition, a stable
p53 knockdown GH3 cell line (GH3/p53kd), in which only
~10% of p53 expression was observed compared to the wildtype GH3 cells, was constructed to determine if the promotion of DNA damage–induced apoptosis by Skp2 knockdown
is mediated by the p53 pathway (data not shown). Surprisingly, the knockdown of Skp2 specifically enhanced the adriamycin-induced caspase 3/7 activity only in the wild-type
GH3 cells, but not in the GH3/p53kd cells (Fig. 3D and F),
indicating that Skp2 knockdown promotes DNA damage–
induced apoptosis in a p53 dependent manner. Collectively,
these results indicate that the knockdown of Skp2 synergizes
with the DNA damage induction agents to promote apoptosis in PRL-secreting pituitary cells.
4. Bromocriptine promotes SKP2 expression by inhibiting
ubiquitination and degradation
As one of the most widely used dopamine agonists in prolactinoma therapy, bromocriptine can effectively induce
apoptosis in pituitary cells [25]. Based on the results that the
knockdown of Skp2 is beneficial to apoptosis, this study next
examined whether bromocriptine mediated pituitary cell
apoptosis is caused by downregulating SKP2. Surprisingly,
upon the bromocriptine treatment, the SKP2 protein level in
GH3 cells was up-regulated robustly (Fig. 4A). On the other
hand, no changes in Skp2 mRNA expression were observed
(Fig. 4B). Therefore, this study examined whether bromocriptine affects SKP2 degradation in pituitary cells. Consistent
with this hypothesis, the bromocriptine treatment prolonged
the SKP2 half-life significantly (Fig. 4C). The underlying
mechanism through which bromocriptine inhibited SKP2
degradation was next examined. Previous studies showed
that SKP2 is degraded mainly by the APC, which is a pivotal
E3 ligase that is activated by binding with Cdh1 [20]. In contrast, the protein stability of SKP2 remains when it interacts
with Cul1 and forms the SKP1–Cul1–F-boxSKP2 complex,
which is essential for the ubiquitination of a broad range of
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proteins [26]. The apparently opposite destiny of SKP2
prompted an examination determine if the interaction
between SKP2 and Cul1 or Cdh1 was affected by the bromocriptine treatment. In Fig. 4D, the interaction between
SKP2 and Cul1 was increased dramatically by bromocriptine
in a dose dependent manner by MG132 addition. In contrast,
bromocriptine abrogated the interaction between SKP2 and
Cdh1 in a dose dependent manner (Fig. 4E). These results
suggest that the bromocriptine treatment promotes SKP2 and
Cul1 interaction and suppresses the interaction between
SKP2 and Cdh1. In other words, bromocriptine reduces the
degradation of SKP2 through its effect on the interaction balance between SKP2 with Cul1 or Cdh1. Consistent with these
results, bromocriptine inhibited SKP2 ubiquitination
robustly (Fig. 4F). These results support the hypothesis that
bromocriptine inhibits the ubiquitination and degradation of
SKP2 in pituitary cells.
5. Inhibition of SKP2 sensitize bromocriptine-induced
apoptosis in GH3 cells
Based on previous results, the bromocriptine treatment
enhanced the protein expression of SKP2, which might in
turn impair its pro-apoptosis effect. Therefore, this study
examined whether a combination of a bromocriptine treatment with Skp2 knockdown could induce the maximum
apoptosis in prolactinoma cells. Chan et al. [27] reported that
C25, a small compound, could specifically inhibit the SKP2
activity, but not other SCF complexes. Consistent with this
report, the expression of SKP2 in GH3 cells was inhibited significantly by the C25 treatment (Fig. 5A). Either bromocriptine or the C25 treatment alone could enhance the apoptosis
activity in GH3 cells, as revealed by the increased expression
of apoptosis markers, such as cleaved caspase 3, cytochrome
C, Bax, and cleaved PARP (Fig. 5A, lanes 2 and 3). Surprisingly, the expression of these pro-apoptosis proteins was
increased to the greatest extent when bromocriptine was
combined with a C25 treatment (Fig. 5A, lane 4). In addition,
C25-induced GH3 cell apoptosis could be enhanced significantly by a combined treatment of bromocriptine in a dosedependent manner (Fig. 5B). In contrast, the number of
viable cells was the lowest when GH3 cells were treated with
C25 and the maximal dose of bromocriptine simultaneously
(Fig. 5C). These results suggest that SKP2 overexpression in
prolactinoma samples might be a potential factor that compromises the pro-apoptotic effects of bromocriptine on prolactinoma therapy. The doxycycline-inducible SKP2 expressing GH3 cells were used to test the hypothesis. It was
found that bromocriptine increased the expression of multiple apoptosis markers, such as cleaved caspase 3, cytochrome
C, Bax, and cleaved PARP (Fig. 5D, lanes 1 and 2). In contrast,
the apoptosis activity in GH3 cells was inhibited dramatically

by the overexpression of SKP2 regardless of the bromocriptine treatment (Fig. 5D, lanes 3 and 4). Furthermore, the percentage of apoptotic cells was decreased significantly by
SKP2 overexpression regardless of the bromocriptine treatment (Fig. 5E). Consistently, the decline of the bromocriptine-induced cell number could be rescued markedly by
SKP2 overexpression (Fig. 5F). In summary, bromocriptineinduced apoptosis in GH3 cells could be enhanced further
by the inhibition of SKP2. In contrast, the overexpression of
SKP2 compromised the bromocriptine-induced apoptosis in
GH3 cells.

Discussion
This study first identified that SKP2 is overexpressed in
prolactinoma subtype samples. Moreover, overexpressed
SKP2 inhibits apoptosis in PRL-secreting cells through the
p53 pathway. Second, the relationship between bromocriptine therapy and SKP2 in PRL-secreting pituitary cells was
examined. As a bromocriptine treatment prolonged the halflife of SKP2 and resulted in SKP2 overexpression at the same

Bromocriptine

+

C25

SKP2

p53

Bax
Pituitary prolactinoma
Apoptosis

Fig. 6. Schematic model. Schematic model showing how
SKP2 overexpression compromised the bromocriptineinduced apoptosis by inhibiting the p53 pathway and the
inhibition of SKP2 by C25 sensitizes the bromocriptineinduced apoptosis in PRL-secreting pituitary cells. SKP2,
S-phase kinase associated protein 2; PRL, prolactin.
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time, the pro-apoptosis effect of bromocriptine was compromised to a certain extent. Third, a combination of the SKP2
inhibitor, C25, and bromocriptine resulted in the maximal
apoptosis in GH3 cells, indicating SKP2 inhibition synergizes
with bromocriptine in promoting the apoptosis of PRLsecreting cells.
SKP2 is overexpressed in many cancer cells [18]. In this
study, both the mRNA and protein levels of SKP2 are overexpressed in pituitary adenoma samples, particularly in prolactinoma, with more than 10-fold up-regulation. In addition,
SKP2 regulates apoptosis in PRL-secreting pituitary cells in
a p53-dependent manner. Therefore, these results indicate
that SKP2 might be a powerful target for prolactinoma therapy in the future.
Therefore, this study examined the potential mechanism
through which the SKP2 protein level was modulated by the
bromocriptine treatment. Interestingly, the bromocriptine
treatment ameliorated the protein degradation of SKP2
significantly. The SKP2 protein was reported to be stable in
the SCFSKP2 complex. In contrast, it was degraded in the
APCCdh1 complex [26]. Therefore, this study examined
whether the interaction “switch” of SKP2 between APCCdh1
and SCFSKP2 is regulated by the bromocriptine treatment.
Consistent with this hypothesis, after the bromocriptine
treatment, SKP2 interacted with Cul1 but not Cdh1, so that
the protein stability of SKP2 remained in GH3 cells.
As a dopamine agonist, bromocriptine was reported to
inhibit PRL secretion to shrink the tumor volume and induce
apoptosis in GH3 cells [28]. On the other hand, SKP2 overexpression compromised the bromocriptine-induced apoptosis in prolactinoma cells. In other words, high levels of
SKP2 expression in prolactinoma may be a challenge for
effective bromocriptine therapy. Based on these results, a
more efficient way was developed to induce PRL-secreting
cell apoptosis, which is a combination of C25-induced SKP2
inhibition and bromocriptine treatment. This combination
significantly induced cell apoptosis and decreased the number of cancer cells. Overall, this research not only provides
direct evidence that SKP2 inhibition sensitizes the bro-

mocriptine-induced apoptosis in pituitary cells (Fig. 6), but
also provides new view sights into bromocriptine therapy
for prolactinoma.

Conclusion
SKP2 overexpression compromised the bromocriptineinduced apoptosis in prolactinoma cells. In contrast, SKP2
inhibition sensitized the prolactinoma cells to bromocriptine
and helped promote apoptosis. These data, therefore, suggested that a combined treatment of bromocriptine and SKP2
inhibitor C25 might be an effective therapy for human pituitary prolactinoma.
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Induction of Apoptosis in Intestinal Toxicity to a Histone Deacetylase
Inhibitor in a Phase I Study with Pelvic Radiotherapy

Purpose
When integrating molecularly targeted compounds in radiotherapy, synergistic effects of
the systemic agent and radiation may extend the limits of patient tolerance, increasing the
demand for understanding the pathophysiological mechanisms of treatment toxicity. In this
Pelvic Radiation and Vorinostat (PRAVO) study, we investigated mechanisms of adverse
effects in response to the histone deacetylase (HDAC) inhibitor vorinostat (suberoylanilide
hydroxamic acid, SAHA) when administered as a potential radiosensitiser.
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Materials and Methods
This phase I study for advanced gastrointestinal carcinoma was conducted in sequential
patient cohorts exposed to escalating doses of vorinostat combined with standard-fractionated palliative radiotherapy to pelvic target volumes. Gene expression microarray analysis
of the study patient peripheral blood mononuclear cells (PBMC) was followed by functional
validation in cultured cell lines and mice treated with SAHA.
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Results
PBMC transcriptional responses to vorinostat, including induction of apoptosis, were confined to the patient cohort reporting dose-limiting intestinal toxicities. At relevant SAHA concentrations, apoptotic features (annexin V staining and caspase 3/7 activation, but not
poly-(ADP-ribose)-polymerase cleavage) were observed in cultured intestinal epithelial cells.
Moreover, SAHA-treated mice displayed significant weight loss.
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Conclusion
The PRAVO study design implemented a strategy to explore treatment toxicity caused by an
HDAC inhibitor when combined with radiotherapy and enabled the identification of apoptosis
as a potential mechanism responsible for the dose-limiting effects of vorinostat. To the best
of our knowledge, this is the first report deciphering mechanisms of normal tissue adverse
effects in response to an HDAC inhibitor within a combined-modality treatment regimen.

Introduction
Combined-modality therapies comprise the future of cancer medicine, and recent developments in radiobiology have
made integration of molecularly targeted therapeutics in
clinical radiotherapy increasingly conceivable [1]. One example is the combination of radiation with histone deacetylase
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(HDAC) inhibitors. Inhibition of HDAC enzymes increases
histone acetylation, leading to modification of chromatin
structure and changes in gene expression [2,3]. However, the
exact mechanisms by which this class of drugs enhances therapeutic DNA-damaging effects, including those from radiation, remain to be understood. Nevertheless, it is assumed
that they comprise cell cycle arrest, DNA damage repair and
apoptosis [4-6]. Adding to the complexity of HDAC inhibitor
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mechanisms is the fact that they are not solely targeting histones, but also other signalling proteins [7]. While histone
acetylation occurs in both normal and tumour cells, it has
been contended that HDAC inhibitors selectively affect the
latter [8-10].
Within the context of combined-modality therapy, the
enhanced efficacy of radiation combined with a radiosensitising agent may reflect a therapeutic dose at the brink of
patient tolerance. Furthermore, evaluating the treatment toxicity that arises from the systemic component (e.g., the
radiosensitiser) is challenging, especially if its toxicity profile
is indistinguishable from normal tissue effects in the radiotherapy target volume [11]. In this context, sampling of a
non-irradiated surrogate tissue may enable investigation of
the targeted agent’s mechanism-of-action which is both separate from radiation-induced molecular perturbations and
representative of normal tissue responses to the particular
compound.
The Pelvic Radiation and Vorinostat (PRAVO) study for
symptom palliation in advanced gastrointestinal cancer was
first to evaluate the therapeutic use of an HDAC inhibitor in
clinical radiotherapy [12]. This phase I study evolved from a
preclinical investigation of tumour radiosensitisation by
HDAC inhibitors in experimental colorectal carcinoma
(CRC) models [13-16]. Sequential patient cohorts were
exposed to escalating doses of vorinostat combined with
fractionated radiotherapy to pelvic target volumes. Because
common side effects of vorinostat single-agent therapy
include intestinal toxicities [17], the primary objective of this
study was to determine tolerability to vorinostat in combination with pelvic radiation [12,18]. In addition, the peripheral blood mononuclear cells (PBMC) of patients were
sampled before and after vorinostat administration to
explore molecular markers of vorinostat action through
PBMC gene expression analysis. We previously showed that
the expression kinetics of several genes encoding DNA damage response factors involved in clinical radiation sensitivity
[19] reflected the appropriate timing of vorinostat administration in the fractionated radiotherapy protocol [20].
To better understand mechanisms of normal tissue adverse
events, the PBMC gene expression profiles were reanalyzed
with respect to vorinostat dose and reported toxicities within
the study protocol as assessed by the Common Terminology
Criteria for Adverse Events (CTCAE) scoring. Vorinostatspecific dose-limiting toxicity (DLT) in terms of CTCAE
grade 3 intestinal adverse events was observed at a dose of
400 mg [12,18], and the present analysis revealed significant
alterations in gene expression solely in this patient cohort.
Because induction of genes involved in cell death processes
was amongst the major PBMC responses, the hypothesis that
apoptosis might be a fundamental process in vorinostatinduced toxicity was tested experimentally in vitro using

both normal and CRC cell lines, and further functional endpoints were examined in an in vivo mouse model. In particular, the use of intestinal epithelial cells was considered
essential in the light of the reported intestinal events [12,18].

Materials and Methods
1. Ethics, consent, and permissions
This PRAVO study (ClinicalTrials.gov NCT00455351) was
approved by the Institutional Review Board and the
Regional Committee for Medical and Health Research Ethics
(reference number REK S-06289) and performed in accordance with the Helsinki Declaration. Written informed consent was required for participation. Housing and all procedures involving research animals were developed according to protocols approved by the Animal Care and Use Committee at the Department of Comparative Medicine, Oslo
University Hospital (reference number 885-2616-2919-29283688), in compliance with the National Committee for Animal Experiments’ guidelines on animal welfare.
2. Patients and study objectives
The principal eligibility criterion was histologically confirmed pelvic carcinoma scheduled to receive palliative
radiation to 30 Gy in 3-Gy daily fractions. Other details
regarding eligibility are given in the initial report [12]. This
dose-escalation study adopted a phase I conventional 3+3
expansion cohort design in which patients with advanced
gastrointestinal carcinoma were enrolled onto four sequential dose levels of vorinostat (Merck & Co., Inc., Whitehouse
Station, NJ), starting at a daily dose of 100 mg with dose
escalation in increments of 100 mg, given 3 hours (at 9 AM)
before the daily radiotherapy fraction (at 12 PM) [20]. The primary objective was to determine the tolerability to vorinostat, defined by the DLT and maximum-tolerated dose, when
administered concomitantly with palliative radiation to
pelvic target volumes. Amongst secondary objectives was
the identification of possible biomarkers of treatment toxicity. The study data describing patient treatment tolerability,
tumour histone acetylation following vorinostat administration and radiologic treatment response, as well as the initial
exploration of mechanisms of vorinostat activity, have been
reported previously [12,18,20].
3. Patient blood sampling and RNA isolation
Peripheral blood was drawn on PAXgene Blood RNA
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Tubes (Qiagen Norge, Oslo, Norway) and collected at baseline (before commencement of the treatment) and on-treatment (day 3), 2 hours (at 11 AM) and 24 hours (at 9 AM) after
the patient received the preceding daily dose of vorinostat
(at 9 AM) [20]. A full set of three samples was obtained from
14 of the 16 evaluable study patients. The tubes were stored
at –70°C until analysis. Total RNA from PBMC was isolated
using a PAXgene Blood RNA Kit (Qiagen) according to the
manufacturer’s protocols. RNA concentration and quality
were assessed using a NanoDrop 1000 and Agilent 2100
Bioanalyzer (Thermo Fisher Scientific Norway, Oslo, Norway).
4. Gene expression microarray analysis
Gene expression analysis was performed using Illumina
Human WG-6 v3 Expression BeadChip arrays with 48,000
probes (Illumina, Inc., San Diego, CA), as previously
described [20]. The primary array data are available in the
Gene Expression Omnibus data repository under accession
number GSE46703. Following quality control and pre-processing of the array data, including log2 transformation, differential gene expression analysis of PBMC samples taken
before and after vorinostat administration was conducted
using the significance analysis of microarrays algorithm and
by applying the setting of paired-comparisons with a false
discovery rate of 5% [21]. Cluster analysis of the differentially
expressed genes was conducted by employing the Euclidean
distance method and using the R software v3.1.1 and the
pheatmap package (http://cran.r-project.org/web/packages/pheatmap). Gene ontology analysis of the differentially
expressed genes was performed using the Database for
Annotation, Visualization, and Integrated Discovery (DAVID)
v6.7 software [22].
5. Cell cultures
Rat intestinal epithelial cells (IEC-6) were purchased from
the American Type Culture Collection (ATCC, Manassas,
VA) and grown in high glucose (4.5 g/L) Dulbecco’s modified Eagle’s medium (Sigma Aldrich, Schnelldorf, Germany)
supplemented with 0.1 U/mL bovine insulin (Sigma
Aldrich) and 10% foetal bovine serum (Sigma Aldrich). IEC6 cells were used between passages 17 and 21. Human BJ
fibroblasts were purchased from ATCC and grown in Eagle’s
minimum essential medium modified (ATCC) supplemented with 10% serum. The human CRC cell lines HCT-116
and HT29 were originally purchased from ATCC, and the
identities of our laboratory’s versions were confirmed by
short tandem repeat analysis. These cell lines were kept as
previously described [15]. All cell cultures were maintained
in a humidified atmosphere under 5% CO2 at 37°C. Treat-
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ment with suberoylanilide hydroxamic acid (SAHA; Cayman Chemical, Ann Arbor, MI), the active component of
vorinostat, or vehicle (dimethyl sulfoxide) was administered
for 24 or 48 hours.
6. Immunoblot analysis
Protein lysates from both floating and adherent cells (cell
cultures) were prepared as previously described [23]. Intestines (mice experiments) were homogenised with a FastPrep24 instrument (MP Biomedicals, http://www.mpbio.com)
three times for 30 seconds each using ceramic beads (MP Biomedicals) and RIPA buffer (Sigma Aldrich) to obtain protein
lysates. Equal amounts of protein (20 µg for cell culture
lysates and 30 µg for tissue extracts) were separated by
4%-12% NuPAGE Bis-Tris gels (Life Technologies, Carlsbad,
CA), transferred by electrophoresis to an Immobilon membrane (Millipore Corporation, Billerica, MA), and probed
with the following antibodies: anti-acetyl-histone H3, anti–
poly-(ADP-ribose) polymerase (PARP), and anti–heat shock
protein 70 (Hsp70; Cell Signaling Technology Europe, B.V.,
Leiden, The Netherlands) and anti–-tubulin (Calbiochem/
EMD Chemicals, Inc., San Diego, CA). The peroxidise activity was visualised using SuperSignal West Dura Extended
Duration Substrate (Thermo Fisher Scientific Norway). A
sufficient amount of lysate from each sample was prepared
to run on two gels, and the two blotting membranes were
considered identical; thus, proteins of the same size (kDa)
were visualised on different membranes. All experiments
were performed at least three times.
7. Flow cytometry analysis of cell death
Cells were seeded in flasks and allowed to grow overnight
before medium change and treatment with SAHA or vehicle.
Both floating and adherent cells were harvested and stained
using the Annexin V Alexa Fluor 488 and propidium iodide
(PI) kit (Life Technologies). The samples were analyzed with
a FACS Diva flow cytometer (Becton Dickinson, http://
www.bd.com), and data processing was performed with the
commercially available FlowJo v7 software (Tree Star, Inc.,
Ashland, OR). A total of 10,000 cells were analyzed per sample. Cells were considered as early or late apoptotic if they
were annexin-V+/PI– or annexin-V+/PI+, respectively, and
necrotic if they were annexin-V–/PI+.
8. Analysis of caspase 3/7 activity
Cells were seeded in 96-well plates and allowed to grow
overnight before changing the medium and treating the samples with varying concentrations of SAHA or vehicle. Caspase 3/7 activity was measured using a Caspase-Glo 3/7
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Table 1. Study patients in the present report
Vorinostat dose (mg daily)

Age (yr)

Sex

Dose-limiting toxicity

200
200
200
300
300
300
300
400
400
400
400
400
400

49
64
66
66
77
81
82
45
55
62
75
83
85

Female
Female
Female
Female
Male
Female
Male
Female
Male
Male
Female
Female
Female

Diarrhoea, fatigue, hypokalemia
Diarrhoea, anorexia, hyponatremia
-

Assay kit (Promega, Madison, WI), and chemiluminescence
readings were obtained with Fujifilm FLA-5100 (Fujifilm
Corporation, Tokyo, Japan).

lifescience.com). Sections from each group were examined
and representative images of intestinal sections were taken
for each mouse.

9. Animal experiments

11. Statistical analysis

Locally bred immunocompetent BALB/c mice, 6-8 weeks
old, were allowed to acclimatise for approximately one week
before the start of the study. Food and water were supplied
ad libitum. SAHA (Selleckchem, Houston, TX) was dissolved
in hydroxypropyl--cyclodextrin solution (Sigma Aldrich) at
a 1:5 molar ratio. Thirteen mice, five in each treatment group
and three in the control group, were administered with either
SAHA or vehicle once daily for five consecutive days via oral
gavage. The weight of each individual mouse was measured
every 24 hours and compared to the starting weight. On day
5 of treatment and 3 hours after the last drug or vehicle
administration, the mice were sacrificed and organs were collected for further analysis.

Differences between treatment groups were identified by
t tests, with p < 0.05 considered statistically significant.

10. Immunohistochemistry
Intestinal sections were opened longitudinally, rinsed in
saline and fixed in formalin. Sections were then rolled in a
“Swiss roll” fashion (luminal side outwards) and embedded
in paraffin [24] before standard staining with hematoxylin
and eosin and examination by a specialist bowel pathologist.
A TACS 2 TdT-Fluor In Situ Apoptosis Detection Kit (Trevigen, Gaithersburg, MD) was used according to the manufacturer’s instructions to detect apoptotic cells based on terminal
deoxynucleotidyl transferase dUTP nick end labelling
(TUNEL). Tissue slides were viewed using an IX81 inverted
fluorescencent microscope (Olympus, http://www.olympus-

Results
1. The PRAVO study: vorinostat toxicity
Of 16 eligible study patients, three reported study-specific
DLTs, one at the 300 mg dose level of vorinostat and two at
400 mg. These DLTs were all CTCAE grade 3 intestinal and
related adverse events [12]. PBMC samples were not available from two cases at the 300 mg dose level, including the
patient that experienced DLT [20]. However, in this case, the
DLT was determined as an adverse radiation-induced effect
rather than a toxic effect caused by vorinostat [18], so no
information about the molecular mechanisms of vorinostatspecific toxicity from PBMC was lost from further analysis.
In contrast, all of the DLT events reported at the 400 mg dose
level were interpreted as true vorinostat-induced side effects
[18]. Since the first study patient who was enrolled (at the
100 mg dose level) experienced no higher than CTCAE grade
1 side effects during the complete follow-up period [12],
enrolment onto the next dose level (200 mg) proceeded
directly, in accordance with common manner of conduct of
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Table 2. Significantly altered genes in peripheral blood
mononuclear cells 2 hours after vorinostat administration
Gene

Fold-changea)

q-valueb)

4.2
3.8
3.5
3.5
3.2
3.1
3.1
3.0
3.0
2.7
2.7
2.6
2.6
2.6
2.5
2.5
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.40
0.40
0.40
0.40
0.40
0.40

4.1
1.6
4.1
3.3
1.6
2.8
7.7
4.7
9.4
4.7
0
5.9
3.7
4.1
4.1
2.8
0
6.7
7.7
5.9
7.7
0
0
1.5
1.6
0.72
0.72
2.8
2.7

HSPA1B
PHF13
PTTG1
ING2
C17ORF91
TNFRSF12A
SPATA2L
PTTG3P
PTTG1
ADRB2
ZC3H12A
MSH6
C16ORF61
GADD45B
CKS2
ZNF791
SGK
DEFA3
DEFA1B
DEFA1
LOC653600
ZC3HC1
GIMAP8
MS4A7
MYC
IL27RA
PDK4
MYC
CYP1B1

2
1
0
–1
–2

a)

Fold-change from baseline expression, b)q-value represents an adjusted p-value, the lowest false discovery rate
at which the gene is deemed to have changed significantly.

studies with this design. Gene expression data from the single patient at the lowest dose level were omitted from further
analysis. Table 1 shows the study population that remained
for investigations in the present report.
2. Transcriptional responses to vorinostat
We previously analyzed gene expression array data from
study patients’ PBMC sampled at baseline and on-treatment
two and 24 hours after the patients had received the daily
dose of vorinostat. Since vorinostat-induced tumour histone
acetylation was observed at all dose levels (100-400 mg daily)
[12], array data from each of the time points, regardless of
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Baseline

Vorinostat
(2 hours)

Fig. 1. Heat-map presentation of differentially expressed
transcripts in peripheral blood mononuclear cells sampled
at baseline (before commencement of study treatment)
and 2 hours after administration of vorinostat (400 mg),
with colours representing high (red) to low (blue) levels
of log2-transformed data and asterisks indicating the two
patients who experienced intestinal dose-limiting toxicities.
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Table 3. Enriched biological processes in peripheral blood mononuclear cells 2 hours after vorinostat administration
(400 mg)
Gene ontology
(GO) term
Induced process
GO:0051276
chromosome
organisation

p-value

1.510-5

GO:0008219
cell death

3.110-5

GO:0016265
death

3.610-5

GO:0006325
chromatin
organisation
GO:0006915
apoptosis

1.210-4

Repressed process
GO:0006396
RNA processing

1.810-4

6.710-8

GO:0006350
transcription

3.310-7

GO:0016071
mRNA
metabolic process
GO:0006351
transcription,
DNA-dependent
GO:0032774
RNA biosynthetic
process

2.710-6

1.810-5

2.210-5

Gene

UTP3, HIST2H2AA3, ING2, RBM4, CBX4, CBX3, TERF2IP, PTTG1, HIST2H4A, CBX6,
BRPF1, TSPYL2, SMARCD2, H2AFZ, HIST3H2A, BCOR, KDM5B, BUB3, PINX1, MLL,
MSH3, HIST1H1C, TAF5, PTTG3P, NASP, H2AFJ, DAPK3, C20ORF20, JMJD6, BCORL1,
RRS1, H3F3B, SETD8, RBM14
MICB, PPARD, HRAS, TNF, TNFRSF12A, PMAIP1, MTP18, PDCD1, GLRX2, SETX, RRAGC,
BAG5, BAK1, HTRA2, TARDBP, DAD1, ZC3H12A, PSENEN, BMF, CASP2, TRAF4, MLL,
SRA1, TBRG4, POLB, DAPK3, ELMO2, PLEKHF1, TNFRSF10C, TNFRSF10B, AKTIP, JMJD6,
TDP1, BAX, SLC5A8, APAF1, HSPD1, GADD45B, CLN8, PPP1R15A, UBA52, MAP3K11
MICB, PPARD, HRAS, TNF, TNFRSF12A, PMAIP1, MTP18, PDCD1, GLRX2, SETX, RRAGC,
BAG5, BAK1, HTRA2, TARDBP, DAD1, ZC3H12A, PSENEN, BMF, CASP2, TRAF4, MLL,
SRA1, TBRG4, POLB, DAPK3, ELMO2, PLEKHF1, TNFRSF10C, TNFRSF10B, AKTIP, JMJD6,
TDP1, BAX, SLC5A8, APAF1, HSPD1, GADD45B, CLN8, PPP1R15A, UBA52, MAP3K11
UTP3, HIST2H2AA3, ING2, RBM4, CBX4, CBX3, HIST2H4A, CBX6, BRPF1, TSPYL2,
SMARCD2, H2AFZ, HIST3H2A, BCOR, KDM5B, MLL, HIST1H1C, TAF5, NASP, H2AFJ,
DAPK3, C20ORF20, BCORL1, JMJD6, H3F3B, SETD8, RBM14
HRAS, PPARD, TNF, TNFRSF12A, PMAIP1, MTP18, PDCD1, GLRX2, RRAGC, BAG5, BAK1,
HTRA2, DAD1, ZC3H12A, PSENEN, BMF, CASP2, TRAF4, MLL, SRA1, TBRG4, DAPK3,
ELMO2, PLEKHF1, TNFRSF10C, TNFRSF10B, AKTIP, JMJD6, BAX, SLC5A8, APAF1,
HSPD1, GADD45B, PPP1R15A, UBA52
RNASEN, RNASEL, CRNKL1, GAR1, DICER1, DUSP11, POLR2C, XAB2, EXOSC10, INTS9,
SFRS6, RBM4B, SFRS4, DHX38, AGGF1, QTRTD1, TRMT5, RBM10, RBM28, GEMIN4,
DUS3L, RBM22, PPP2R1A, RBM23, CSTF2, C1ORF25, DDX1, HEATR1, CDC5L, SF3A1,
TRMT61A, RBMX, URM1, PHAX, PPIE, PPP1R8, GTF2F1, CPSF3, CWC22, UTP14A, TRUB2,
RPP40, RBM16, DUS2L, KIAA1429
CNOT2, MED24, APOBEC3G, GTF2IRD2B, EPC1, EPC2, OLIG1, ZNF593, ZNF45, ZHX2,
ZNF37A, ZNF193, MGA, DEAF1, ZNF613, TH1L, KEAP1, XAB2, SMARCB1, ZNF329, LEO1,
ZNF426, RNF14, SETDB1, TAF4, IKZF3, IKZF1, RFX5, MAFB, KLF11, SUV39H1, KAT5,
HOXB2, ZNF211, ZNF317, GTF2F1, DNMT1, KLF2, ZNF85, TAF1C, CRCP, CTCF, ZEB2,
DMAP1, RFXANK, ZKSCAN4, C10ORF137, ZNF350, ASH2L, CCDC101, E4F1, MKL1, MYC,
ELP3, MTERF, GMEB2, GMEB1, ZNF543, ZNF142, CDK7, MCM2, CDC5L, ZNF689, ZNF688,
ZNF140, PCGF1, ZFP37, MED6, ZNF341, ZNF134, NCOA5, NCOA6, ZNF274, ING3, NMI,
ZNF559, ZNF805, NFYC, HCFC1, ZNF35, ZNF366, ZNF653, POLR2C, CCDC59, ZNF32,
ZNF708, ECD, ZNF473, GTF3C6, THAP1, GTF3C2, ERCC3, GTF3C1, TRIP11, ZNF605,
GTF3C3, ZNF565, CEBPB, HSFX1, L3MBTL2, ZNF260, ZNF23, IRF9, PHF17, ADNP2,
RPAP1, UBTF, ZNF362, SP2, PPP1R8, RBM16, VPS25
RNASEL, C17ORF71, CRNKL1, XAB2, POLR2C, ZFP36L1, EXOSC10, SFRS6, DCPS, RBM4B,
SFRS4, DHX38, RBM10, RBM28, GEMIN4, RBM22, RBM23, CSTF2, DDX1, ZHX2, CDC5L,
SF3A1, RBMX, PHAX, PPIE, PPP1R8, DCP1A, GTF2F1, CPSF3, CWC22, RBM16, KIAA1429
DEAF1, TAF1C, NMI, CRCP, MED24, HCFC1, POLR2C, ASH2L, ECD, GTF3C6, ERCC3,
GTF3C2, MYC, TRIP11, GTF3C1, GTF3C3, TAF4, MTERF, CEBPB, GMEB2, KLF11, CDK7,
IRF9, GTF2F1, NCOA6, RBM16
DEAF1, TAF1C, NMI, CRCP, MED24, HCFC1, POLR2C, ASH2L, ECD, GTF3C6, ERCC3,
GTF3C2, MYC, TRIP11, GTF3C1, GTF3C3, TAF4, MTERF, CEBPB, GMEB2, KLF11, CDK7,
IRF9, GTF2F1, NCOA6, RBM16
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the actual vorinostat dose, were analyzed to identify generic
molecular indicators of HDAC inhibitor activity [20].
However, we investigated responses at each of the individual dose levels in the current study. Differential expression analysis revealed that profound transcriptional responses were only seen in patients who received the highest
dose of vorinostat (i.e., the dose level at which DLTs were
reported), and that these gene expression alterations were
transient and observed only two hours after the patients had
received the drug (i.e., they were restored to baseline at the
24-hour sampling point). Specifically, the number of genes
significantly altered two hours after vorinostat administration was 1,294 in the 400 mg cohort, but only five and six in
the 200 mg and 300 mg cohorts, respectively. Table 2 lists
transcripts that were regulated by 2.5-fold or more, where
HSPA1B, encoding a major member of the Hsp70 protein
family that has been suggested to promote immunogenic cell
death following therapeutic cell stresses [25], showed the
greatest induction in the patient cohort. Fig. 1 illustrates clustering of patients and differentially regulated genes in the
highest dose cohort. Gene ontology analysis of the differentially expressed genes showed significant over-representation of a designated repertoire of biological processes (Table 3).
In general terms, induced genes were over-represented in
chromatin organisation and cell death categories, with the
latter including pro-apoptotic factors, whereas repressed
genes were over-represented in gene transcription and RNA
processing categories.

HCT-116
0 2.5
24

24

3. SAHA-induced apoptosis
Because induction of HSPA1B and other genes involved in
cell death processes was amongst the major PBMC responses
at the 400 mg dose level of vorinostat, we investigated
whether similar endpoints might be observed in relevant
experimental models. To accomplish this, rat IEC-6 intestinal
epithelial cells, human BJ fibroblasts and two human CRC
cell lines (HCT-116 and HT29) were exposed to SAHA for 24
and 48 hours. Acetylation of histone H3 was observed with
a concentration of 2.5 µM, closely corresponding to the peak
plasma concentration (approximately 600 ng/mL) observed
after oral intake of vorinostat (molecular weight 264 g/mol)
[26], as well as with the supra-pharmacologic concentration
of 20 µM for comparison (Fig. 2). Interestingly, 2.5 µM SAHA
for 24 hours caused a significant increase in the percentage
of apoptotic phenotypes (annexin-V+/PI–, which is regarded
as reversible, and annexin-V+/PI+, which is considered irreversible). This was observed in both CRC cell lines and normal intestinal epithelial cells. In contrast, the BJ fibroblasts
showed no enhancement of these features (Fig. 3). Moreover,
assessment of the caspase 3/7 activity as an apoptotic readout revealed significant induction in the CRC cell lines and
the normal intestinal epithelial cells following treatment with
2.5 µM and higher concentrations of SAHA for 24 hours,
while induction of caspase 3/7 activity was only seen at 20
µM in BJ cultures (Fig. 4). Furthermore, as shown in Fig. 2,
there was no sign of PARP cleavage in BJ cells; however, in
the CRC cell lines, this late-stage apoptotic endpoint was
elicited in response to both 2.5 µM and 20 µM SAHA, which
was also the case in the IEC-6 cells treated with the higher of
the two concentrations.

HT29

2.5

20

20

48

24

48

0 2.5
24

24

BJ

2.5

20

20

48

24

48

0 2.5
24

24

IEC-6

2.5

20

20

0

2.5

2.5

20

20

SAHA (µM)

48

24

48

24

24

48

24

48

Time (hr)
Ac-H3
PARP
Cleaved PARP

Amido Black

Fig. 2. Immunoblot analysis of histone H3 acetylation (Ac-H3) and poly-(ADP-ribose) polymerase (PARP) cleavage in human
colorectal carcinoma cells (HCT-116 and HT29), human BJ fibroblasts, and rat intestinal epithelial cells (IEC-6) following
suberoylanilide hydroxamic acid (SAHA) treatment; Amido Black total protein staining as loading controls.
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Fig. 3. Flow cytometry histograms (A, B, D, E, G, H, J, K), with bi-exponentially transformed annexin-V/propidium iodide
(PI) data, displaying early apoptosis (lower right rectangles), late apoptosis (upper right rectangles), and necrosis (upper
left rectangles) in human colorectal carcinoma cells (A-F), human fibroblasts (G-I), and rat intestinal epithelial cells (J-L)
treated with suberoylanilide hydroxamic acid (SAHA, 2.5 µM for 24 hours), with corresponding quantifications (average
values and standard error of the mean; *p < 0.05, **p < 0.01, ***p < 0.001) of at least three experiments (C, F, I, L).
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Discussion

Relative caspase 3/7 activity

15

10

5

0

HCT-116

HT29

BJ

IEC-6

Fig. 4. Caspase 3/7 activity in human colorectal carcinoma cells (HCT-116 and HT29), human BJ fibroblasts,
and rat intestinal epithelial cells (IEC-6) following exposure to suberoylanilide hydroxamic acid (0.1, 2.5, 5.0, 10,
and 20 µM; columns from left to right) for 24 hours.
Results were normalised to the respective controls (given
the values of 1) and displayed as average values and standard error of the mean of at least three experiments with
three technical replicates.

4. In vivo SAHA effects
Following daily SAHA (100 or 200 mg/kg) or vehicle
administration for 5 days, intestinal sections were collected
3 hours after the last treatment and evaluated for possible
organ effects. All of the 13 mice used in this experimental
setup accomplished the planned course. As shown in Fig. 5,
SAHA-induced histone acetylation was observed in the
intestinal tissue sections. In addition, there was a decline in
intestinal expression of the full-length PARP protein, but no
evidence of cleaved PARP in one of two investigated mice
from the 200 mg/kg group, as well as a slight increase in
intestinal Hsp70 expression in both of the investigated mice
from the 100 mg/kg group. Moreover, compared with the
control group, mice in the 200 mg/kg group showed a significant decrease in body weight with nadir at the start of
treatment day 3. However, blinded histopathologic evaluation of tissue rolls of intestinal sections that were sampled
3 hours after drug administration on day 5 revealed no signs
of tissue damage, such as epithelial ulceration, erosion, or
apoptosis. Finally, TUNEL staining of the sections did not
reveal evident changes in DNA fragmentation, which, if
present, would have reflected a fulminant apoptotic response
in the epithelial lining of the intestinal crypts or villi.
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The PRAVO study for symptom palliation in advanced
bowel cancer was conducted to determine tolerability to the
combination of vorinostat with radiation to pelvic target volumes. Because of overlapping and therefore possible synergistic toxicities by the two therapeutic components, the study
design implemented a strategy to identify the mechanisms
of vorinostat action separately to explore the contribution of
this modality within the overall toxicity profile dominated
by radiation effects. Using gene expression array analysis of
surrogate tissue (PBMC) from study patients, the induction
of genes implicated in cell death processes was observed
among the top five transcriptional responses at the vorinostat
dose level causing CTCAE grade 3 intestinal adverse events.
Early apoptotic features at a relevant drug concentration
were confirmed as functional endpoints in normal intestinal
epithelial cells grown in culture, while treated mice showed
significant loss of body weight. These experimental data collectively indicate that intestinal epithelial apoptosis may be
one fundamental mechanism in the reported DLTs from
vorinostat.
Vorinostat-induced transcriptional responses in PBMC
involved genes related to chromatin organisation, cell death,
gene transcription, and RNA processing, reflecting known
molecular signatures of HDAC inhibitors. For example, some
of the genes induced in cell death categories included proapoptotic factors that are implicated in HDAC inhibitorinduced apoptosis [9,27]. The observation that such transcriptional responses were induced in PBMC led to the
hypothesis that vorinostat might cause cell death-related
phenotypic effects in both normal and cancer cells. Normal
intestinal epithelial cells may represent a relevant experimental model for testing acute intestinal-related toxicities, and
we used this model together with normal fibroblasts and
CRC cell lines to validate the array findings. In all cell line
models, histone acetylation was observed following incubation with the pharmacologically relevant SAHA concentration of 2.5 µM [26], clearly indicating that the compound had
inhibited its targets at this concentration. Various functional
readout assays indicated that apoptotic indicators were
observed in the CRC cell lines and the normal intestinal
epithelial cells. This was in contrast to the fibroblasts, which
showed no appearance of these apoptotic phenotypes, concordant with previously reported data [9]. However, a shortcoming of utilising fibroblasts is that the model is more
relevant for studying late, as opposed to early adverse effects
of radiation, which might be the case for other agents as well.
Nevertheless, the results of this study support the notion
that vorinostat may induce apoptosis in both normal and
malignant epithelial cells of the intestinal mucosal lining.
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Fig. 5. In vivo intestinal effects of suberoylanilide hydroxamic acid (SAHA) in mice treated for five consecutive days and
sacrificed on day 5, 3 hours after the oral administration, in terms of histone H3 acetylation (Ac-H3), poly-(ADP-ribose) polymerase (PARP), and heat shock protein 70 (Hsp70) protein expression, verified by immunoblot analysis with -tubulin
expression as a loading control (shown for two mice in each treatment group) (A), body weight change relative to the start
of experiment on day 1 (group average values with standard error of the mean; *p < 0.05, **p < 0.01) (B) and histology of
tissue rolls of intestinal sections stained with hematoxylin and eosin (H&E) or terminal deoxynucleotidyl transferase dUTP
nick end labelling (TUNEL) (all images shown are at 10 magnification and representative of each treatment group) (C).
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However, upon treatment of mice with SAHA, even though
intestinal histone acetylation was observed together with a
hard clinical endpoint (weight loss), no morphological or
functional signs of apoptotic damage were detected in the
epithelial lining of the intestinal crypts or villi. It is worth
noting that detection of apoptosis in the intestinal tract could
be hindered by the fact that intestinal epithelial cells are shed
into the luminal space at the end of their life cycle and not
processed by detectable phagocytosis as in other tissues [28].
Alternatively, the intestinal apoptotic response may not have
reached an irreversible and complete stage. Notably, the
transcriptional response of PBMC following administration
of 400 mg vorinostat was transient at 2 hours, but not
retrieved as a long-term effect (i.e., at 24 hours). Additionally,
in contrast to the CRC cell lines, late-stage apoptotic PARP
cleavage was not observed in the IEC-6 cells in response to
incubation with the pharmacologically relevant SAHA concentration of 2.5 µM. Similarly, no PARP cleavage, but a
decline in the full-length PARP protein and a small increase
in the Hsp70 protein associated with therapy-induced
immunogenic cell death [25] were observed in intestinal tissue from SAHA-treated mice. The observed endpoints in
study patients [12,18] and SAHA-treated mice likely reflected
reversible normal tissue responses to the treatment [11],
which might have been caused by transient and repeat early
apoptotic effects in the intestinal epithelium. Recently, SAHA
was shown to repress intestinal crypt cell proliferation in
experimental models [29], which may be a central manifestation of toxicity to the drug. Finally, the clinical toxicities
must also be interpreted in a wider mechanistic context.
Acute radiation-induced adverse effects are commonly
manifested within a short time of the treatment completion,
typically in tissues with a hierarchical proliferative structure
such as the mucosal linings of the intestinal tract [30].
Because of the additional complexity of biological responses
to injuries in combined-modality treatments, correlative biomarker studies should preferably be conducted within the
context of prospective assessments of side effects [11]. Nevertheless, biomarker development studies could be challenging given the multiplicity of molecular responses to radiation, which justifies the application of multiplex technologies and matched computational tools. Ideally, when searching for biomarkers of treatment toxicity, the normal tissue
that best manifests the actual clinical phenotype should be
analyzed for causative mechanisms of treatment severity at
the individual level. However, since that normal tissue may
not always be readily available, a surrogate tissue is commonly accepted as being more feasible for correlative mechanistic analysis at the study population level. Any candidate
biomarkers could then be phenotypically validated using relevant preclinical assessment tools, as illustrated in the present study.
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Nevertheless, there are limitations to analysing PBMC as
target tissue for the systemic agent in the context of concomitant radiotherapy. For example, the possibility of additional
systemic effects of the local radiation must be considered.
However, in this study, exposed PBMC was sampled both at
9 AM and 11 AM on day 3 [20]. If radiation exposure (daily at
12 PM) [20] had caused molecular perturbations in PBMC,
both on-treatment sampling points would likely have displayed differentially expressed genes (compared to baseline)
that reflected the two radiation fractions already given. This
was not the case as only PBMC collected at 11 AM, 2 hours
after vorinostat administration (and solely at the 400 mg dose
level), was different from baseline.

Conclusion
The PRAVO study design enabled the identification of
vorinostat-induced transcriptional responses, with apoptosis
among the major processes, in surrogate tissue from patients
at the dose that caused intestinal DLTs. Moreover, in preclinical models, apoptotic phenotypes in cultured intestinal
epithelial cells and weight loss in mice following administration of the compound were observed as functional endpoints,
which may point to one major pathophysiological mechanism for the intestinal toxicities of vorinostat. This combined
clinical safety and translational approach for studying systemic normal tissue responses together with the organ-confined adverse effects in response to radiation may form a
template for future early-phase clinical trials assessing molecularly targeted therapeutics combined with radiotherapy.
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Underexpression of HOXA11 Is Associated with Treatment Resistance
and Poor Prognosis in Glioblastoma

Purpose
Homeobox (HOX) genes are essential developmental regulators that should normally be in
the silenced state in an adult brain. The aberrant expression of HOX genes has been associated with the prognosis of many cancer types, including glioblastoma (GBM). This study
examined the identity and role of HOX genes affecting GBM prognosis and treatment
resistance.
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Materials and Methods
The full series of HOX genes of five pairs of initial and recurrent human GBM samples were
screened by microarray analysis to determine the most plausible candidate responsible for
GBM prognosis. Another 20 newly diagnosed GBM samples were used for prognostic validation. In vitro experiments were performed to confirm the role of HOX in treatment resistance. Mediators involved in HOX gene regulation were searched using differentially
expressed gene analysis, gene set enrichment tests, and network analysis.
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Results
The underexpression of HOXA11 was identified as a consistent signature for a poor prognosis among the HOX genes. The overall survival of the GBM patients indicated a significantly favorable prognosis in patients with high HOXA11 expression (31±15.3 months)
compared to the prognoses in those with low HOXA11 expression (18±7.3 months, p=0.03).
When HOXA11 was suppressed in the GBM cell lines, the anticancer effect of radiotherapy
and/or temozolomide declined. In addition, five candidate mediators (TGFBR2, CRIM1,
TXNIP, DPYSL2, and CRMP1) that may confer an oncologic effect after HOXA11 suppression
were identified.
Conclusion
The treatment resistance induced by the underexpression of HOXA11 can contribute to a
poor prognosis in GBM. Further investigation will be needed to confirm the value of HOXA11
as a potential target for overcoming the treatment resistance by developing chemo- or radiosensitizers.
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Introduction

Materials and Methods

Homeobox (HOX) genes are essential developmental regulators that control a wide range of processes, including
apoptosis, differentiation, motility, and angiogenesis [1]. In
humans, there are four HOX clusters (A, B, C, and D), and
39 HOX genes have been identified [1]. The HOX genes are
normally active during embryogenesis, but most are not
expressed or are expressed at very low levels in an adult
brain [2]. On the other hand, several studies have indicated
aberrant expression of the HOX genes in brain tumors as well
in as other cancers from various organs [3-6]. Moreover, there
is growing clinical evidence of a prognostic effect of HOX
gene expression in several cancers [7-10].
Aberrantly expressed HOX genes in cancer cells have multicapacity functions, including metastasis, tumor growth,
anti-apoptosis, and differentiation suppression [1]. The overexpression of multiple HOX genes have been observed in
glioblastoma (GBM) cell lines and primary astrocytoma [4].
In addition, some studies have shown that the HOX genes
are important in the treatment resistance of GBM [11-13]. On
the other hand, the precise mechanism showing the role of
HOX genes and their functional relevance in glioma cells is
unclear. GBMs, similar to other cancers, harbor a cell subpopulation with a stem cell-like capacity that is associated
with the development of a tumor progeny and treatment
resistance [9,14,15]. Given the roles of HOX genes in development and organogenesis, it has been postulated that a portion of the relative expression of HOX genes is integral to
stem cell activity, specifically self-renewal, tissue specificity,
and quiescence [1]. Among the HOX genes, the HOXA cluster is important in human embryonic stem cell differentiation
[16]. Collectively, these results suggest that HOX genes are
plausible candidates as biomarkers for assessing the prognosis of GBM and a credible target for overcoming the treatment resistance in GBM.
HOX genes were previously reported to be the genes of
interest related to GBM recurrence and treatment resistance
[17]. Moreover, a mechanism through which the HOXA10
gene affects temozolomide (TMZ) resistance in GBM cell
lines was reported [12]. HOXA10 induces the transcription
of early growth response 1, which results in phosphatase and
tensin homolong (PTEN) and Rad51 paralogs. As a result,
the homologous recombination DNA repair system with
Rad51 genes can protect cancer cells from TMZ-induced
cytotoxicity [12].
In the present study, this research was extended to another
HOX gene, HOXA11, and its role in GBM prognosis was
examined.

1. Patient samples and cell lines
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Fresh frozen tumor tissue samples of five GBM patients,
in whom of pairs of initial and recurrent samples were available for screening, and another 20 newly diagnosed GBM
patients for validation were used in this study. All patients
were managed using a standard GBM treatment protocol of
concurrent radiotherapy and TMZ treatment, followed by
adjuvant TMZ as a primary treatment. The tumor tissues
were obtained during surgery, snap-frozen in liquid nitrogen, and stored at 80°C prior to use. The study was
approved by an institutional review committee.
The human glioma U251, U373, and LN18 cell lines were
purchased from the American Type Culture Collection
(Manassas, VA), and cultured in Dulbecco's modified Eagle's
medium containing 10% fetal bovine serum and 5% antibiotics (streptomycin) in a humidified atmosphere containing
5% CO2 and 95% air at 37°C.
2. Reverse transcription polymerase chain reaction
The cell lines were lysed with TRIzol (Life Technologies,
Carlsbad, CA), and RNA isolation was performed using an
RNeasy Mini Kit (#74104, Qiagen, Valencia, CA). The total
RNA was treated with DNase and then quantified by spectrophotometry. In addition, cDNA was synthesized from
1 µg of the total RNA using a reverse transcription kit
(#205311, Qiagen) according to the manufacturer’s protocol.
The primers used were designed using an online primerBLAST tool (http://www.ncbi.nlm.nih.gov/tools/primerblast/). The primer sequences for HOXA11 were 5'-GATTTCTCCAGCCTCCCTTC-3' (forward) and 5'-AGAAATTGGACGAGACTGCG-3' (reverse). Using these primers, a
reverse transcription polymerase chain reaction (RT-PCR)
was performed for 35 cycles. Each cycle was comprised of
95°C for 30 seconds, 62°C for 30 seconds, and 72°C for 45 seconds with each primer set. The RT-PCR products were
resolved by 2% agarose gel electrophoresis.
3. Western blot
The whole protein extracts from the tissue samples were
prepared using a PRO-PREP lysis buffer (#17081, iNtRon
Biotechnology, Seongnam, Korea), and the protein concentrations were determined using a bicinchoninic acid protein
assay (#23227, Thermo Fisher Scientific, Waltham, MA). The
proteins were separated using 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis, followed by blotting
onto nitrocellulose membranes, and probing with the anti-
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bodies against HOXA11 (#SC-48542, 1:500 dilution, Santa
Cruz Biotechnology, Santa Cruz, CA). The blotted membranes were then incubated with the goat anti-rabbit IgG secondary antibody for 1 hour. Subsequently, the membranes
were incubated in an Amersham ECL-prime solution
(#RPN2232, GE Healthcare Life Sciences, Pittsburgh, PA) in
the dark for 1 minute and exposed under FluorChemHD2
(Cell Biosciences, Santa Clara, CA) for visualization. Only the
samples with a consistent result from repeated experiments
were selected for analysis. The densities of the bands were
measured using free image analyzer software (ImageJ V1.8x,
National Institutes of Health, http://rsb.info.nih.gov/ij/).
The results are presented as the mean±standard error of
mean calculated from independent samples.
4. RNA interference
To knock down HOXA11 expression in cells, small interfering RNA (siRNA) experiments were performed using
commercially available sequences targeting HOXA11
(#SASI-Hs01-00110410, #SASI-Hs01-00110413, and #SASIHs01-00110417, Sigma Aldrich, St. Louis, MO) as well as with
the non-targeting control siRNA (#D-001610-01-05, Dharmacon, Lafayette, CO). When the cells reached 70%-80% confluence, they were transfected with siRNA under the most
efficient transfection condition, as determined by the NEON
Transfection system (#MPK5000, Life Technologies). The
cells were cultured in media without antibiotics to increase
the siRNA transfection efficiency for 24 hours.
5. Cell viability analysis after drug and radiation treatment
The control and transfected cells were grown on 96-well
plates at a density of 4103 cells per well for 24 hours. Subsequently, the cells were either treated with TMZ (#ALX-420044-M100, Enzo Life Sciences, Farmingdale, NY) to a final
concentration of 300 µg/mL for 24 hours or irradiated with
4 MV X-rays from a linear accelerator (Clinac 4/100, Varian
Medical Systems, Palo Alto, CA) at a dose rate of 10.0
Gy/min. For the combination treatment, the cells were irradiated first and then treated with TMZ.
Cell viability analysis was performed using a Colorimetric
Cell Counting Kit-8 (CCK; Dojindo Molecular Technologies,
Kumamoto, Japan). The number of viable cells was quantified according to the manufacturer’s instructions by reading
the ultraviolet absorption spectra at 450 nm on a microplate
2 hours after adding 10 µL of a CCK solution per well. All
experiments were conducted in triplicate.
6. Microarray
For tissue sample analysis, the total RNA was extracted

from the tissue samples using the mirVana miRNA Isolation
Kit (#AM1560, Ambion, Austin, TX) for microarray analysis
after quantification and qualification. The total RNA quality
was determined using an Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA). The cut off RNA integrity
number for RNA used in RNA amplification was 7.0 or
above. The cRNA was produced using an Illumina TotalPrep
RNA Amplification Kit (#IL1791, Ambion) according to the
provided protocol. The cRNA was used for hybridization to
a human HT12-v4 Illumina Beadchip gene expression array
(Illumina, San Diego, CA) according to the manufacturer’s
protocol. The arrays were scanned and the fluorescence signals were obtained using an Illumina BeadArray Reader
(BeadStation 500GXDW, Illumina). The signal obtained from
the scanned beadchip was transformed to intensity raw data
using GenomeSortudio software (ver. 2009.1, Illumina) and
was used for further data analysis. The raw data were normalized by applying a log2 transformation, quantile normalization, and gene and array centering. All data processing
was performed using the R/Bioconductor packages (ver.
2.14, http://www.bioconductor.org).
To determine the changes in gene expression before and
after HOXA11 knockdown, the total RNA extracted from the
LN18 cells transduced with siHOXA11 or control siRNA
were analyzed by Affymetrix GeneChip Human Gene 1.0ST
Arrays (Affymetrix, Santa Clara, CA). The RNA was amplified and labeled using a GeneChip WT Sense Target Labeling
and Control Reagents Kit (Affymetrix). The cDNA was synthesized, labeled, and hybridized to the GeneChip array
according to the manufacturer's protocol. The GeneChips
were washed and stained using the GeneChip Fluidics Station 450 (Affymetrix), and then scanned using a GeneChip
Scanner 3000 7G (Affymetrix). The expression data were normalized using the robust multi-array average method.
Affymetrix Expression Console ver. 1.1 (Affymetrix) was
used to compare the group signals, and the data were logtransformed (base 2) for parametric analysis. The differentially expressed genes (DEGs) were identified by significance
analysis of the microarrays method in the R package ‘samr’
(R 2.11.1).
7. Statistical analysis
The data from the experiments were tested for their significance using an unpaired two-tailed Student's t test. An
ANOVA and Student's t test were used to identify the significant differences in cell death rates. Kaplan-Meier curve
analysis was used to generate the overall survival curves.
The differences between the survival curves were analyzed
using a log-rank test. The results were analyzed using IBM
SPSS Statistics software ver. 19.0 (IBM Co., Armonk, NY).
The data are presented as mean±standard deviation for three
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or more separate experiments. A p-value of 0.05 or lower was
considered significant.
For microarray analyses, the false discovery rates (FDRs)
were calculated using three GenePattern software modules
(http://www.broadinstitute.org/cancer/software/genepattern; ComparativeMarkerSelection ver. 10, HierarchicalClustering ver. 6, and HeatMapViewer ver. 13) [18]. The cutoff
value for FDR significance was < 0.05. The significantly regulated genes were subjected to functional gene classification
using the DAVID Bioinformatics Resources annotation tool
(ver. 6.7, http://david.abcc.ncifcrf.gov/) [19]. The selected
gene IDs of the identified DEGs were entered into GeneMANIA software (ver. 3.1.2.8, http://www.genemania.org) for
network analysis [20].

Results
1. Down-regulation of HOXA11 is associated with a poor
prognosis in GBM patients
The relative changes in HOX gene expression in five pairs
of primary and recurrent GBM samples were assessed using
microarray analysis (Fig. 1). Among the 39 HOX genes,
HOXA11 was the only gene that consistently showed a significant down-regulation in the recurrent samples (p=0.046).
The overall survival of a separate set of 20 GBM patients
indicated significantly favorable prognoses in those with
high HOXA11 expression compared to those with low
HOXA11 protein expression (survival, 31±15.3 months with
high HOXA11 expression vs. 18±7.3 months with low
HOXA11 expression, p=0.03; expression status determined
by western blot analysis) (Fig. 2). Therefore, the down-regulation of HOXA11 is associated with a poor prognosis in
GBM patients.
2. Suppression of HOXA11 mediates the treatment resistance in vitro
To confirm the effects of HOXA11 expression on the resistance to the current standard treatment protocol for GBM,
three malignant glioma cell lines (U251, U373, and LN18)
were transduced with HOXA11 siRNA to assess the cell viability. The viable cell fractions were analyzed 72 hours after
treatment with either single or combination applications of
radiation treatment (RT) and TMZ. A significant increase in
the number of cells with HOXA11 suppression after either
RT or TMZ was observed (Table 1, Fig. 3). When HOXA11
was suppressed, the treatment resistance effect was more
pronounced after treatment with a combination of RT and
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Fig. 1. Relative changes in the expression of homeobox
(HOX) genes among five pairs of primary and recurrent
glioblastoma (GBM) samples as determined by microarray
analysis. (A) Heatmap and hierarchical clustering analysis
showed inconsistent results in sequential HOX gene
expression changes between the primary and recurrent
samples, except for HOXA11. (Continued to the next page)
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Fig. 1. (Continued from the previous page) (B) HOXA11 gene is the only HOX gene that was consistently down-regulated in
the recurrent GBM samples compared to primary samples for all five sample pairs.
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Fig. 2. (A) Results of western blot analysis for normalized HOXA11 expression. The patients were grouped according to the
HOXA11 expression macroscopically, and the difference in expression level was confirmed by intensity measurement of the
bands. (B) The overall survival of a separate cohort of glioblastoma patients by HOXA11 expression. The survival was significantly longer in patients with high HOXA11 expression (31±15.3 months) than in those with low HOXA11 expression
(18±7.3 months, p=0.037).
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Table 1. Differences in the survival fraction after the direct inhibition of HOXA11 by siRNA compared with the control in
cells 72 hours after treatment with single or combination applications of RT and TMZ treatments
U251
U373
LN18

RT (%)

TMZ (%)

RT/TMZ (%)

10.6
36.8
7.0

19.7
34.6
24.6

45.5
55.8
29.1

siRNA, small interfering RNA; RT, radiation; TMZ, temozolomide.

U251

Viable cell fraction

1.2

U373

1.2

1.0

1.0

1.0

0.8

0.8

0.8

0.6

0.6

0.6

0.4

0.4

0.4

0.2

0.2

0.2

0

0

Control

RT

TMZ

RT/TMZ

Control

RT

Control

LN18

1.2

TMZ

RT/TMZ

0

Control

RT

TMZ

RT/TMZ

HOXA11 siRNA

Fig. 3. Treatment resistance of glioma cell lines (U251, U373, and LN18) assessed by cell viability tests after the inhibition of
HOXA11 and presented as relative viable cell fractions. Direct inhibition of HOXA11 by small interfering RNA (siRNA)
results in a significant increase in cell survival, 72 hours after single or combination applications of radiation (RT) and temozolomide (TMZ) treatments (*p < 0.05).

TMZ (p=0.022 for RT vs. RT/TMZ and p=0.053 for TMZ vs.
RT/TMZ).
3. Mediators of HOXA11-related oncologic effect
To identify the genes under the regulation of HOXA11, the
microarray expression profiling data of the control LN18
cells was compared with that of the HOXA11-silenced cells
with HOXA11 siRNA. LN18 was chosen because it showed
the most significant decrease in HOXA11 expression after
siRNA transduction among the three cell lines tested. After
normalization of the values and DEG analysis, 11 up-regulated and 51 down-regulated genes that exhibited more than
two-fold changes after HOXA11 suppression were identified
(Fig. 4, Supplementary dataset).
The functional annotation tools within DAVID Bioinformatics Resources (http://david.abcc.ncifcrf.gov/home.jsp)
was then used for gene annotation enrichment analysis for
the identified DEGs [19,21]. Three gene ontology categories
(GO:0040008 regulation of growth, GO:0005739 mitochondrion, and GO:0004157 dihydropyrimidinase activity) were
enriched significantly (EASE score < 0.05) in 11 genes (EI24,
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CRIM1, MUL1, TGFBR2, TXNIP, STXBP1, ELK3, COX7A2,
NRAS, DPYSL2, and CRMP1) among the DEG set (Table 2).
For deeper insight into the HOXA11 regulatory mechanism,
network analysis was performed using GeneMANIA software (ver. 3.1.2.8) [20]. The network was constructed with
the coexpression relationships, which revealed transforming
growth factor, beta receptor 2 (TGFBR2), cysteine rich transmembrane BMP regulator 1 (CRIM1), thioredoxin interacting
protein (TXNIP), dihydropyrimidinase-like 2 (DPYSL2), and
collapsin response mediator protein 1 (CRMP1) genes to be
the key hub regulators associated with HOXA11 suppression
(Fig. 5).

Discussion
HOX genes, which are a cluster of master regulators of embryogenesis, are expressed temporarily during the developmental phase in vertebrates, but they should be silenced in
the adult central nervous system [2,21,22]. Accumulating
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cytochrome c oxidase subunit Vlla polypeptide 2 (liver)
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collapsin response mediator protein 1
chemokine (C-X-C motif) ligand 10
7-dehydrocholesterol reductase
DEAH (Asp-Glu-Ala-His) box polypeptide 33
dihydropyrimidinase-like 2
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eukaryotic translation initiation factor 4A2
"ELK3, ETS-domain protein (SRF accessory protein 2)"
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transmembrane protein 214
"tumor necrosis factor (ligand) superfamily, member 18"
tumor protein p63 regulated 1-like
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Fig. 4. Identification of the HOXA11-regulated genes in LN18 cells. (A) Reverse transcription polymerase chain reaction
results from LN18 cells after HOXA11 knockdown by siRNA. (B) HOXA11-silencing siRNA versus control siRNA transduced
cells compared using Affymetrix GeneChip Human Gene 1.0ST Arrays. The probe sets with fold changes greater than
2-fold are shown. After HOXA11 suppression, 11 up-regulated and 51 down-regulated genes were identified. (C) MA plots
showing the distribution of regulated genes. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IQR, interquartile range;
siRNA, small interfering RNA.
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Table 2. Enriched gene ontology categories in the genes expressed differently after HOXA11 suppression in LN18 cells
Gene ontology
category
GO:0040008
Regulation
of growth

Log2 ratio

Absolute
fold change

0.0390089

–1.01254

2.0174599

NM_004879

EI24

–1.0791

2.1127177

NM_016441

CRIM1

–1.105641

2.1519447

NM_024544

MUL1

–1.645323

3.1281789

NM_001024847

TGFBR2

1.06418

2.0909811

NM_006472

TXNIP

–1.10251
–1.105641

2.1472795
2.1519447

NM_003165
NM_024544

STXBP1
MUL1

–1.191529

2.2839467

NM_005230

ELK3

–1.229528

2.3449026

NM_001865

COX7A2

–1.43432

2.7025475

NM_002524

NRAS

–1.627447
–1.017135

3.0896577
2.0238958

NM_001386
NM_001313

DPYSL2
CRMP1

–1.627447

3.0896577

NM_001386

DPYSL2

GO:0005739
0.0436296
Mitochondrion

GO:0004157
Dihydropyrimidinase
activity

iHOXA11/Control

EASE
score

0.0101296

Gene
accession No.

evidence of the aberrant expression of HOX genes in cancers
suggests that these genes have diverse roles in oncogenesis
[2,3,21-26]. In addition, a relationship between the HOX
genes and treatment resistance or prognosis in cancer has frequently been proposed [9,11,12,27,28]. Several studies have
revealed the tumor suppressor roles of HOX genes in many
cancers [1]. Moreover, there is evidence suggesting that the
restored expression of tumor suppressor HOX genes can
attenuate the cancer progression in vitro and in vivo [29-31].
Experimental evidence of an association between HOXA10
and TMZ resistance in GBM has been presented [12]. Subsequent reports into the oncogenic role of HOXA10 in various
cancers have been published [32-40]. On the other hand,
based on the previous experimental data it is suspected that
HOXA11 acts as a tumor suppressor in opposition to
HOXA10, which prompted a further study of the function of
HOXA11 in GBM.
The present study proposes a tumor suppressor function
of HOXA11 in GBM based on the results from both in vitro
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Gene
symbol

Gene
description
Etoposide induced
2.4 mRNA
Cysteine rich
transmembrane BMP
regulator 1 (chordin-like)
Mitochondrial E3
ubiquitin protein ligase 1
Transforming growth factor,
beta receptor II (70/80kDa)
Thioredoxin interacting
protein
Syntaxin binding protein 1
Mitochondrial E3 ubiquitin
protein ligase 1
ELK3, ETS-domain protein
(SRF accessory protein 2)
Cytochrome coxidase
subunit VIIa
polypeptide 2 (liver)
Neuroblastoma RAS viral
(v-ras) oncogene homolog
Dihydropyrimidinase-like 2
Collapsin response
mediator protein 1
Dihydropyrimidinase-like 2

Cytoband
11q24
2p21

1p36.12
3p22
1q21.1
9q34.1
1p36.12
12q23
6q12

1p13.2
8p22-p21
4p16.1
8p22-p21

experiments and human samples. The role HOXA11 in
diverse cancers has been reported [41-47]. In gastric cancer,
the epigenetic down-regulation of HOXA11 has been related
to carcinogenesis, proliferation, migration, and invasion
[41,42]. Similarly, in lung and ovarian cancers, the down-regulation of HOXA11 was shown to be a poor prognostic factor
[43,44]. In GBM, the epigenetic down-regulation rate of
HOXA11 was reported to be 51%-75%, and HOXA11 was
one of the most frequently methylated genes in GBM [45-47].
The methylation of HOXA11 was associated with older
patient ages and poor survival in GBM [47]. In addition to
the evidence of the epigenetic characteristics of HOXA11 as
a prognostic marker, the present study provides direct evidence of the prognostic value of HOXA11 expression in GBM
samples (Figs. 1 and 2). Based on previous reports and the
results in the present study, it is obvious that HOXA11 is a
tumor suppressor in GBM and other cancers.
Treatment resistance induced by HOXA11 down-regulation, as detected by in vitro experiments in this study, is a
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Fig. 5. Coexpression network incorporating selected gene sets drawn from the functional gene annotation enrichment analysis of differentially expressed genes after HOXA11 suppression. The network was constructed based on coexpression interactions using GeneMANIA software (ver. 3.1.2.8). The key hub regulators associated with HOXA11 suppression are
expressed as black solid circles.

mechanism contributing to a poor prognosis. In addition, this
study detected candidate mediators (TGFBR2, CRIM1,
TXNIP, DPYSL2, and CRMP1) that may impart treatment
resistance after HOXA11 suppression. HOXA11 was
reported to be a tumor suppressor gene that can sensitize a
chemotherapeutic agent in ovarian cancer [48,49]. On the
other hand, there is little direct evidence of treatment resistance induced by HOXA11 suppression in other cancer types.
Nevertheless, these results provide a promising basis for the
development of HOXA11 applications that target chemo- or
radio-sensitizers in GBM. Among the five candidate mediators of HOXA11 suppression-induced oncologic effect, none
have been reported to be associated with a HOXA11 regulatory mechanism. On the other hand, CRMP1 is notable
because it is an invasion-suppressor gene in cancer cells [50].
Recently, it was suggested that decreased CRMP1 expression
in GBMs harboring EGFRvIII positivity is responsible for
promoting invasion [51]. Moreover, those authors proposed
the counter-activation of Rac-1 after CRMP1 suppression as
a mechanistic hypothesis for the invasive phenotype [51].

Other evidence regarding the role of HOXA11 in oncogenesis
includes a report on the regulation of matrix metalloproteinase 2 expression, which can affect cancer cell migration
and invasion [52]. Overall, this study postulates an oncogenic
pathway involving EGFRvIII, HOXA11, CRMP1, and Rac-1
in GBM, which will require further investigation.

Conclusion
The treatment resistance induced by the underexpression
of HOXA11 can contribute to a poor prognosis in GBM. Further investigation will be needed to confirm the value of
HOXA11 as a potential target for overcoming treatment
resistance by developing chemo- or radio-sensitizers.
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Predictive Value of Tertiary Lymphoid Structures Assessed by
High Endothelial Venule Counts in the Neoadjuvant Setting of
Triple-Negative Breast Cancer
Purpose
The tertiary lymphoid structure (TLS) is an important source of tumor-infiltrating lymphocytes
(TILs), which have a strong prognostic and predictive value in triple-negative breast cancer
(TNBC). A previous study reported that the levels of CXCL13 mRNA expression were associated with TLSs, but measuring the gene expression is challenging in routine practice.
Therefore, this study evaluated the MECA79-positive high endothelial venule (HEV) densities
and their association with the histopathologically assessed TLSs in biopsy samples. In
addition, the relationship of TLSs with the CXCL13 transcript levels and clinical outcomes
were examined.
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Materials and Methods
A total of 108 TNBC patients treated with neoadjuvant chemotherapy (NAC) were studied.
The amounts of TILs and TLSs were measured histopathologically using hematoxylin and
eosin–stained slides. The HEV densities and TIL subpopulations were measured by
immunohistochemistry for MECA79, CD3, CD8, and CD20. CXCL13 mRNA expression levels
using a NanoString assay (NanoString Technologies).
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Results
The mean number of HEVs in pre-NAC biopsies was 12 (range, 0 to 72). The amounts of
TILs and TLSs, HEV density, and CXCL13 expression showed robust correlations with each
other. A lower pre-NAC clinical T stage, higher TIL and TLS levels, a higher HEV density, CD20positive cell density, and CXCL13 expression were significant predictors of a pathologic complete response (pCR). Higher CD8-positive cell density and levels of CXCL13 expression
were significantly associated with a better disease-free survival rate.
Conclusion
MECA79-positive HEV density in pre-NAC biopsies is an objective and quantitative surrogate
marker of TLS and might be a valuable tool for predicting pCR of TNBC in routine pathology
practice.

Introduction
Recently, tumor-infiltrating lymphocytes (TILs) have been
strongly associated with the anti-tumor immunity and have
shown prognostic and predictive significance in a range of
types of solid neoplasms [1-4]. Triple-negative breast cancers
(TNBCs) show the poorest prognosis among all breast cancer
│ http://www.e-crt.org │

Key words
Triple-negative breast neoplasms, Immunohistochemistry,
Tertiary lymphoid structure, Prognosis

subtypes; there are no known targeted treatments for this
subgroup of patients. On the other hand, previous studies
have indicated that a large number of TILs are associated
with high response rates to neoadjuvant chemotherapy
(NAC) along with good survival rates in patients with TNBC
[5]. Moreover, accumulating evidence suggests that
immunotherapy might have great potential for treating
TNBCs [6]. Therefore, gaining a better understanding of the
Copyright ⓒ 2017 by the Korean Cancer Association
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mechanism whereby lymphoid cells infiltrate tumors and
interact with malignant cells might facilitate the development of more efficient immunotherapy.
Tertiary lymphoid structures (TLSs) are one of the major
sources of TILs. TLSs are ectopic, vascularized lymphoid formations that can be found in inflamed or tumoral tissues [7].
In breast cancers, TLSs can be observed mainly in areas that
surround the tumor and adjacent normal terminal ductal lobular units [8]. The mechanism whereby TLSs are formed is
not known, but the roles for high endothelial venules (HEVs)
and the chemokine CXCL13 have been suggested [9]. The
HEVs are specialized blood vessels with plump and cuboidal
endothelial cells, which express the peripheral node
addressin (PNAd) and facilitate the extravasation of lymphocytes from the bloodstream and formation of TLSs [10].
Many studies have reported positive correlations between
the TLS components, particularly HEV, and favorable clinical
outcomes in various types of cancer, such as cutaneous
melanoma, non-small cell lung cancer, colorectal carcinoma,
and breast carcinoma [7,11-13]. Gu-Trantien et al. [14]
reported that the infiltration of CXCL13-producing CD4+ follicular helper T cells and a CXCL13 gene expression signature
are related to a longer disease-free survival in breast cancer
patients. A previous study recently suggested that increased
CXCL13 gene expression is predictive of a more frequent
pathologic complete response (pCR) and a good prognosis
in TNBC patients treated with NAC [15].
Despite the clinical significance of TLSs and TILs, they are
difficult to assess in situ. The term TLS can only be used
when the structure exhibits all of the following features: distinct and adjacent T and B cell compartments, fibroblastic
reticular cells, HEVs, activation-induced cytidine deaminase
enzyme expression, and follicular dendritic cells [16]. On the
other hand, in clinical practice, it can be difficult to distinguish simple lymphoid aggregations from true TLSs using
histopathological assessments alone. MECA79, which is an
epitope binding to CD62L and induces TLS formation, can
be used to evaluate TLS, but there has been no trial using
MECA79 in tumor tissues [10]. In addition, measurements of
TILs do not allow for the differentiation of various subpopulations, and there has been no consistent evidence regarding which TIL subpopulation(s) play the dominant role in
anti-tumor immunity and are associated with good clinical
outcomes. Some papers have reported that the presence of
CD8-positive cytotoxic T cells is the most important predictive and prognostic factor in breast cancer [17,18], whereas
others have underscored the significance of B cells [19,20].
Therefore, this study evaluated the amount of TLSs in preNAC core needle biopsies of TNBC by calculating the
MECA79-positive HEV density, measuring the TIL subpopulations by immunohistochemistry (IHC), and using a digital
computer analyzer, and assessed their relationship with
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CXCL13 mRNA expression and the clinical outcomes.

Materials and Methods
1. Patients
A total of 108 patients, who were diagnosed with primary
TNBC, received anthracycline and taxane-based NAC, and
were treated surgically between 2010 and 2012 at the Asan
Medical Center, were enrolled in this study. All patients
received anthracycline and taxane-based regimens, which
included four cycles of 60 mg/m2 adriamycin and 600
mg/m2 cyclophosphamide followed by four cycles of 75
mg/m2 docetaxel. Surgery was performed ~3-4 weeks after
the last chemotherapy cycle. The occurrence of pCR was
defined as the absence of a residual invasive carcinoma in
the breast and regional lymph nodes (ypT0/Tis, N0).
Approval of the study protocol was granted by the Institutional Review Board of the Asan Medical Center (approval
number: 2013-0866).
The patients’ medical records were reviewed to gather
clinical information. The histological parameters were evaluated based on hematoxylin and eosin (H&E)–stained slides
and pathology reports. The clinicopathological parameters
evaluated in each case included the patients’ age at diagnosis, sex, tumor size, histological subtype, histological grade,
pathologic tumor (pT) stage, lymphovascular invasion,
lymph node metastasis, overall tumor stage, the presence or
absence of recurrence, the most recent follow-up date, and
the survival status.
2. Histological evaluations
The entire tumor bed was submitted for a pathological
evaluation. H&E-stained slides of the pre-NAC biopsy and
post-NAC surgery samples of all 108 tumors were reviewed
for a histological diagnosis, subtype and grade, tumor size,
ypT stage, ypN stage, lymphovascular invasion, and responsiveness to chemotherapy. The histological type was defined
based on the 2012 World Health Organization classification
criteria, and the histological grade was assessed using the
modified Bloom-Richardson classification. The Miller-Payne
grade and residual cancer burden (RCB) were also assessed
for their response to chemotherapy [21]. Pre-NAC biopsy
slides were analyzed histopathologically to determine the
level of TILs (this is defined as the mean percentage of
stroma of an invasive carcinoma infiltrated by lymphocytes
and plasma cells in 10% increments; 1% or 5% criteria were
used if less than 10% of stroma was infiltrated by TILs; all
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available full sections were evaluated) [22], the TLSs in the
adjacent tissues, including carcinoma in situ components
(none, little, moderate, or abundant), and the presence or
absence of a germinal center in TLSs. Lymphoid aggregation
with vessels that exhibited HEV-like features (plump,
cuboidal endothelial cells) with or without germinal centers
was considered to be a TLS.

3. Immunohistochemical evaluations
Among the 108 cases, formalin-fixed paraffin-embedded
(FFPE) tissue samples were available for 55 cases, which
were analyzed by IHC and mRNA expression. The FFPE tissue sections were stained using an automatic immunohistochemical staining device (Benchmark XT, Ventana Medical

Table 1. Clinicopathologic characteristics of the tumors according to the availability of FFPE tumor blocks
Parameter
Age (yr)
Clinical tumor stage
T1
T2
T3
T4
Clinical nodal status
N0
N1
N2
N3
Histologic grade
2
3
TIL (%)
TLS
None
Mild
Moderate
Abundant
Germinal center in TLSs
Absent
Present
pCR
Absent
Present
Miller-Payne grade
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
RCB class
0
1
2
3

Tumors without available
FFPE blocks (n=53)

Tumors with available
FFPE blocks (n=55)

p-value

43.9±10.2

41.4±9.6

0.181

4 (7.5)
27 (50.9)
19 (35.8)
3 (5.7)

4 (7.3)
31 (56.4)
18 (32.7)
2 (3.6)

0.942

5 (9.4)
21 (39.6)
12 (22.6)
15 (28.3)

1 (1.8)
27 (49.1)
11 (20.0)
16 (29.1)

0.331

24 (45.3)
29 (54.7)
23.3±20.6

25 (45.5)
30 (54.5)
25.9±21.0

1

9 (22.5)
12 (30.0)
14 (35.0)
5 (12.5)

6 (13.0)
9 (19.6)
18 (39.1)
13 (28.3)

0.198

36 (97.3)
1 (2.7)

44 (95.7)
2 (4.3)

1

37 (69.8)
16 (30.2)

38 (69.1)
17 (30.9)

1

1 (1.9)
2 (3.8)
18 (34.0)
12 (22.6)
20 (37.7)

0(
10 (18.2)
14 (25.5)
13 (23.6)
18 (32.7)

0.115

16 (30.2)
5 (9.4)
20 (37.7)
12 (22.6)

17 (30.9)
1 (1.8)
27 (49.1)
10 (18.2)

0.295

0.471

Values are presented as mean±standard deviation or number (%). FFPE, formalin-fixed paraffin-embedded; TIL, tumor-infiltrating lymphocytes; TLS, tertiary lymphoid structure; pCR, pathologic complete response; RCB, residual cancer burden.
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Systems, Tucson, AZ). The antibodies to CD3 (1:50, Novocastra Laboratories, Newcastle upon Tyne, UK), CD8 (1:400,
Dako, Glostrup, Denmark), CD20 (1:500, Novocastra Laboratories), and MECA79 (1:200, Santa Cruz Biotechnology,
Dallas, TX; recognizes sulfate-dependent carbohydrate epitopes of PNAd expressed in endothelial cells of HEVs), were
used. The total number of MECA79-positive blood vessels in
each slide were counted manually.
The immunostained slides were scanned using a digital
microscopy scanner (Pannoramic 250 FLASH, 3DHISTECH
Ltd., Budapest, Hungary). The entire tumor area was
selected in whole slides. In each case, the images were then
scanned using computer viewer software (Pannoramic
Viewer 1.15.2, 3DHISTECH Ltd.) and the number of CD3-,
CD8-, and CD20-positive lymphocytes were counted in the
tumor area using the NuclearQuant module. The positive cell
densities were calculated by dividing the immuno-positive
cell numbers by the tumor area.

was assayed on a Counter Digital Analyzer (NanoString
Technologies) according to the manufacturer’s instructions.
The data were normalized by scaling with the geometric
mean of the built-in control gene probes for each sample.
Finally, a log transformation (base 2) was performed.
5. Statistical analysis
All statistical analyses were performed using the SPSS ver.
18 (SPSS Inc., Chicago, IL). Wilcoxon signed-rank tests,
Kruskal-Wallis tests, Mann-Whitney U tests, Fisher exact
tests, logistic regression, Spearman’s correlations, and binary
logistic regression were used where appropriate. A threshold
for statistical significance was set to 5%.

Results

4. Gene expression analysis using a NanoString nCounter
system

1. Clinicopathological characteristics of the study cases

The levels of the CXCL13 mRNA transcripts in the FFPE
tissue samples were evaluated by digital transcript counting
(nCounter GX Human Immunology V2 Kit) assay (NanoString Technologies, Seattle, WA) [23]. The total RNA (100 ng)

The patients’ ages ranged from 23 to 70 years (median, 42
years); all patients were women. Among the 108 cases analyzed, eight were cT1 tumors, 58 were cT2 tumors, 37 were
cT3 tumors, and five were cT4 tumors. For the nodal status,

Table 2. Predictive values of TIL, TLS, and other clinicopathological parameters prior to neoadjuvant chemotherapy for a
pathologic complete response in 108 cases
Parameter
Clinical tumor stage
T1
T2
T3
T4
Clinical nodal status
N0
N1
N2
N3
Histologic grade (3 vs. 2)
TIL in biopsies
TLS in biopsies
None
Little
Moderate
Abundant

Univariate analysis
HR

95% CI

Multivariate analysis
p-value

HR

95% CI

p-value

0.067

0.304

0.150
0.092
0.083

0.028-0.816
0.015-0.546
0.006-1.257

0.028
0.009
0.073
0.690

0.294
0.147
0.289

0.046-1.862
0.020-1.094
0.015-5.418

0.193
0.061
0.406
-

1.097
0.875
0.583
1.704
1.025

0.182-6.618
0.129-5.943
0.088-3.880
0.735-3.953
1.005-1.046

0.920
0.891
0.577
0.214
0.016
0.147

1.038

1.012-1.065

0.004
0.925

2.031
2.955
6.500

0.337-12.24
0.559-15.63
1.127-37.48

0.439
0.202
0.036

1.086
1.478
1.721

0.158-7.472
0.248-8.815
0.213-13.92

0.933
0.668
0.611

TIL, tumor-infiltrating lymphocytes; TLS, tertiary lymphoid structure; HR, hazard ratio; CI, confidence interval.
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Table 3. Disease-free survival analyses based on TIL, TLS, and clinicopathological parameters in 108 cases
Parameter
cT stage (T3-4 vs. T1-2)
cN stage (N2-3 vs. N0-1)
Histologic grade (3 vs. 2)
TIL in biopsies
TLS in biopsies
(abundant vs. none to moderate)

Univariate analysis

Multivariate analysis

HR

95% CI

p-value

HR

95% CI

p-value

2.335
1.652
0.796
0.975
0.327

1.252-4.355
0.881-3.096
0.427-1.483
0.957-0.993
0.100-1.074

0.008
0.117
0.473
0.007
0.065

1.877
1.722

0.923-3.813
0.847-3.501

0.082
0.133

0.975
0.624

0.954-0.997
0.164-2.374

0.028
0.489

TIL, tumor-infiltrating lymphocytes; TLS, tertiary lymphoid structure; HR, hazard ratio; CI, confidence interval.
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Fig. 1. High endothelial venules (HEVs) in needle biopsy specimens of triple-negative breast cancer. (A) Representative
microscopic images of HEVs immunohistochemically stained with MECA79 (400). (B) Absolute number and density of
HEVs in tumors (n=55).

there were six cN0 tumors, 48 cN1 tumors, 23 cN2 tumors,
and 31 cN3 tumors. For staging, 37 and 71 were clinical stage
II and III, respectively. pCR was achieved in 33 of 108 tumors
(30.6%). The median patient follow-up duration was 34.9
months (range, 12.0 to 55.8 months). The mean TIL level was
24.6±20.8 (%). Table 1 summarizes the clinicopathological
characteristics of the tumors without and with available
FFPE blocks. No significant differences were observed
between the two groups regarding the patients’ age, clinical
T or N stage, histological grade, TILs, TLSs, pCR rate, MillerPayne grade, or RCB class.
2. Predictive value and prognostic significance of TILs and
TLSs

stage and higher TIL and TLS levels in the pre-NAC biopsy
to be significantly associated with pCR. Multivariate analysis, including the cT stage, TIL, and TLS, showed that only
TIL (hazard ratio [HR], 1.038; 95% confidence interval [CI],
1.012 to 1.065; p=0.004) was an independent predictor of
pCR. In univariate disease-free survival analysis, the cT and
TIL were closely associated with a longer disease-free survival rate (Table 3). On the other hand, the TLS level was not
significantly associated with the patients’ survival. Multivariate analysis, including the cT stage, cN stage, TIL, and TLS,
showed that only TIL (HR, 0.975; 95% CI, 0.954 to 0.997;
p=0.028) was a robust independent prognostic factor for the
disease-free survival.
3. Correlations of various parameters associated with TILs

Based on assessments of the H&E-stained sections, uniand multi-variate analyses were performed to assess the
associations between pCR, TIL, and other established clinicopathological parameters (Table 2). Among the 108 tumors,
univariate logistic regression analysis revealed a lower cT

IHC and gene expression analyses were carried out in 55
cases with available FFPE tissue blocks. The median of the
tissue areas in each slide was 69.46 mm2 (range, 23.47 to
175.33 mm2), whereas the median of the tumor areas was
VOLUME 49 NUMBER 2 APRIL 2017
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Fig. 2. Representative microscopy images of tumor-infiltrating lymphocyte subpopulations in triple-negative breast cancer
sections with immunohistochemical staining.

Table 4. Predictive value for pCR and the prognostic significance of the protein and gene expression of TIL-associated molecules and HEV density in cases with available FFPE tissue blocks
Parameter
HEV density
CD8-positive cell density
CD3-positive cell density
CD20-positive cell density
CXCL13 gene expression

Predictive value for pCR
HR
20.325
1.001
1.003
1.004
1.706

95% CI
1.455-283.857
0.999-1.002
1.000-1.005
1.000-1.007
1.079-2.696

Disease-free survival

p-value

HR

95% CI

p-value

0.025
0.222
0.052
0.037
0.022

0.091
0.998
0.999
0.998
0.634

0.006-1.421
0.996-1.000
0.997-1.001
0.996-1.001
0.478-0.841

0.087
0.037
0.452
0.194
0.002

pCR, pathologic complete response; TIL, tumor-infiltrating lymphocyte; HEV, high endothelial venule; FFPE, formalin-fixed
paraffin-embedded; HR, hazard ratio; CI, confidence interval.

20.92 mm2 (range, 1.23 to 83.15 mm2). The total number of
HEVs in each slide ranged from 0 to 72. Most of the HEVs
were located in the peritumoral areas. The mean MECA79positive HEV density in each slide was 0.169±0.223/mm2
(Fig. 1). Finally, the mean CD3-, CD8-, and CD20-positive cell
densities in the tumor areas of each slide were 357.2±412.2/
mm2, 402.2±382.4/mm2, and 246.8±343.5/mm2, respectively
(Fig. 2). The TIL and TLS levels were correlated based on the
H&E-stained slides, the densities of HEV and TIL subpopulations, and expression levels of the CXCL13 mRNA transcripts using the NanoString method with the pathological
responses to NAC (Supplementary Table 1). The TLS levels
were correlated significantly with the TIL levels, CD3-, CD8-,
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and CD20-positive cell densities, the HEV density, and
expression levels of the CXCL13 mRNA transcripts. The
Miller-Payne grade was significantly correlated with the TLS
level, CD20-positive cell density, HEV density, and expression levels of CXCL13 mRNA transcripts. Finally, the RCB
class was correlated significantly with CXCL13 expression.
4. Predictive value and prognostic significance of the TIL
subpopulations and HEV densities evaluated by IHC
Based on an analysis of the IHC slides, 17 patients (30.1%)
with available FFPE tissue blocks achieved pCR; none of
these patients showed a recurrence during a median follow-

In Hye Song, Tertiary Lymphoid Structure in Neoadjuvant Setting

up period of 31.4 months (range, 21.1 to 53.0 months).
Among the patients without pCR (n=38), approximately half
had disease recurrence (range of recurrence-free survival, 1.5
to 19.7 months). CD20-positive cell density (HR, 1.004; 95%
CI, 1.000 to 1.007; p=0.037), HEV density (HR, 20.325; 95%
CI, 1.455 to 283.857; p=0.025), and the levels of the CXCL13
mRNA transcripts (HR, 1.706; 95% CI, 1.079 to 2.696;
p=0.022) were correlated significantly with pCR. In survival
analysis, the CD8-positive cell density and levels of the
CXCL13 mRNA transcripts were closely associated with the
disease-free survival (Table 4).

Discussion
To the best of the authors’ knowledge, the current study is
the first to identify and measure the TLSs in biopsy specimens in an NAC setting, and evaluate their predictive value.
Several reports have indicated a prognostic value for the
presence of TLSs in cancers [7,11-14]. On the other hand, no
studies have assessed this in the context of NAC, which is
performed frequently in the treatment of breast cancer. In the
present study, both higher levels of TLSs represented by
MECA79-positive HEV densities and higher levels of TILs in
the H&E slides were found to be predictors of pCR.
In previous studies, the optimal way to measure the TLSs
is controversial. Currently, measurements of TILs are generally performed based on visual assessments of the H&Estained sections, which is an inexpensive, simple, and
versatile method that is often easier to perform than complementary methods, such as IHC [22]. In H&E-stained tissues,
however, it can be difficult to distinguish lymphoid aggregates from true TLSs and it is particularly challenging to
quantify the amount of TLSs. In addition, there have been
trials in which dendritic cell–lysosomal associated membrane
protein (DC-LAMP)–positive dendritic cells were counted as
surrogate markers for TLSs [11]. This represents a quantitative and objective method compared to simple visual assessments, even though counting a large number of small
dendritic cells by microscopy is quite demanding. In addition, the TLSs show a wide spatial heterogeneity in tumor
tissues, and may therefore, be underrepresented when measured in small core needle biopsy specimens or with tissue
microarrays [22]. This can be problematic for breast cancers
because many breast cancer patients only receive neoadjuvant systemic therapy after a needle biopsy, which represents the only tissue reference available for determining the
drug regimens and assessing responses. Previously, the
expression of immune-related genes in pre-NAC biopsies
obtained from TNBC patients was investigated and the

expression of the CXCL13 mRNA transcripts, which encodes
a potent B cell-attracting chemokine that contributes to TLS
formation in inflammatory and cancerous settings, was
found to be a predictor of pCR, which indicates a better prognosis in TNBC patients [15]. On the other hand, it can be easy
to under or overestimate gene expression analyses of each
biopsy specimen because the proportion of tumor versus
normal tissues in a biopsy specimen is not considered. Furthermore, gene expression analysis is expensive and can be
cumbersome to perform in daily pathology practice.
Despite these difficulties, the present study obtained some
important findings based on MECA79 IHC staining. The
number of MECA79-positive HEVs were counted in each
slide and the HEV density was calculated. This quantitative
method is easier than counting DC-LAMP because of the
small number of HEVs. The HEV density was positively correlated with the amount of TLSs measured by assessing the
H&E slides, and a greater HEV density was not only a predictor of pCR, but was also associated with a better diseasefree survival. HEVs contribute to TIL infiltration, and
consequently to anti-tumor immunity, so cancer immuntherapy approaches have been proposed, in which the
endothelial cell properties are modified to increase immune
cell infiltration [24]. Hopefully, the discovery of a method to
increase HEV in the peritumoral areas will be beneficial for
the development of treatment strategies for breast cancer,
along with many other cancer types.
Finally, the densities of the TIL subpopulations were measured based on IHC staining for CD3, CD8, and CD20, along
with a digital microscopic scanner and automated analysis
software. Several studies used IHC to evaluate the TIL subpopulations in breast cancer [7,20,25-27]. On the other hand,
most of those studies used semiquantitative methods for the
measurements because fully quantitative methods are often
difficult and time-consuming due to the large number of
TILs. Using automated computer software, quantified the
cell densities were more accurately and the inter-observer
bias was avoided. A higher CD20-positive cell density was
found to be a predictor of pCR, whereas a higher CD8-positive cell density was associated with a better disease-free survival. CD8-positive cytotoxic T lymphocytes exhibit antitumor effects via direct tumor cell lysis and interferon 
release, which are strongly associated with better therapeutic
responses and enhanced patient survival [17,26]. In contrast,
the effects of B cells on the tumors remain the subject of
debate. Some studies have reported that B-cell infiltration is
associated with a good prognosis [20,25]. The possible mechanisms whereby B cells might mediate improved anti-tumor
responses have been suggested, such as the generation of
anti-tumor antibodies, the secretion of proimmunogenic
cytokines and chemokines, antigen presentation to T cells,
and direct cytotoxicity via granzyme B production [28]. NevVOLUME 49 NUMBER 2 APRIL 2017
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ertheless, more study will be needed to explore how the
immune components interact in response to tumors.
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Conclusion
The density of MECA79-positive HEV is an easy to assess
and accurate surrogate marker of TLS in needle biopsies of
TNBC. Moreover, it is positively correlated with pCR in the
context of NAC. Overall, approaches to increase HEV may
be beneficial in cancer immunotherapy.
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Comparison of Clinical Outcomes of BRCA1/2 Pathologic Mutation,
Variants of Unknown Significance, or Wild Type Epithelial Ovarian
Cancer Patients
Purpose
The purpose of this study was to investigate the clinical features of epithelial ovarian cancer
(EOC) patients according to BRCA1/2 mutation status (mutation, variant of uncertain significance [VUS], or wild type).

Kyung Jin Eoh, MD1
Hyung Seok Park, MD2,3
Ji Soo Park, MD, PhD2,4
Seung-Tae Lee, MD, PhD2,5
Jeongwoo Han, MD, PhD2,6
Jung-Yun Lee, MD, PhD1
Sang Wun Kim, MD, PhD1
Sunghoon Kim, MD, PhD1
Young Tae Kim, MD, PhD1
Eun Ji Nam, MD, PhD1,2

Materials and Methods
We analyzed 116 patients whose BRCA1/2 genetic test results were available for mutation
type and clinical features, including progression-free survival (PFS), overall survival (OS),
and response rate. These characteristics were compared according to BRCA1/2 mutation
status.
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Results
Thirty-seven (37/116, 31.9%) BRCA1/2 mutations were identified (BRCA1, 30; BRCA2, 7).
Mutation of c.3627_3628insA (p.Leu1209_Glu1210?fs) in BRCA1 was observed in five
patients (5/37, 13.5%). Twenty-five patients had BRCA1/2 VUSs (25/116, 21.6%). Personal
histories of breast cancer were observed in 48.6% of patients with BRCA1/2 mutation
(18/37), 16.0% of patients with BRCA1/2 VUS (4/25), and 7.4% of patients with BRCA wild
type (4/54) (p < 0.001). Patients with BRCA1/2 mutation showed longer OS than those
with BRCA1/2 wild type (p=0.005). No significant differences were detected in PFS, OS, or
response rates between patients with BRCA1/2 VUS and BRCA1/2 mutation (p=0.772,
p=0.459, and p=0.898, respectively).
Conclusion
Patients with BRCA1/2 mutation had longer OS than those with BRCA1/2 wild type. Patients
with BRCA1/2 mutation and BRCA1/2 VUS displayed similar prognoses.
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Introduction
Epit helial ovarian cancer (EOC) remains the gynecological
cancer with the highest mortality because over two-thirds of
patients have advanced disease upon diagnosis [1]. Only 10%
of cases are due to an inherited predisposition, while the
majority are attributable to alterations in BRCA1 and BRCA2,
which present the strongest risk factors for breast and ovarian cancers [2]. Indeed, studies of lifetime risk of ovarian cancer have revealed that it ranges from 39% to 54% in women
identified as having a BRCA1/2 mutation, with lower risk
associated with BRCA2 mutation than BRCA1 [3].
Most patients with BRCA1/2 mutations have a demonstrably more favorable outcome than those with sporadic ovarian cancers [4,5]. However, the mechanism of this purported
survival advantage conferred by BRCA1/2 mutation is not
entirely clear. Some have speculated that it results from a
greater susceptibility to chemotherapy owing to a significantly higher growth fraction in BRCA1/2 -associated malignancies [6]. However, others have not been able to confirm
the significant survival advantage conferred by BRCA1/2
mutations, specifically in terms of long term overall survival
(OS) [7,8]. Indeed, poorer survival for patients with BRCA1/2
mutations has been reported [9,10], although it remains
unclear why different investigators have noted such varying
effects of BRCA1/2 alterations on survival.
Several previous studies of BRCA1/2 and EOC have been
conducted in Korea, and BRCA1/2 mutations were found in
33% of patients with a strong family history of EOC [11,12].
Possible candidates of a founder mutation in Korea have also
been reported [13]. Moreover, a large, prospective, nationwide study of Korean breast cancer patients and their
BRCA1/2 status suggested that BRCA1 mutation has a signif-

icant negative impact on survival [14]. However, only a few
studies have analyzed the effects of BRCA1/2 mutation status
on the clinical prognosis of EOC patients of Asian ethnicity
[15]. Furthermore, clinical features of EOC patients who have
a BRCA1/2 variant of uncertain significance (VUS), which is
a gene mutation that has an unknown effect on protein function, have not been reported to date [16]. The potential for an
alternate interpretation of a BRCA1/2 VUS over time carries
with it possible disparate clinical implications. Thus, characterization of patients with BRCA1/2 VUS is required for counseling and follow-up.
Therefore, this study was conducted to investigate clinical
features of EOC patients according to BRCA1/2 mutation status (BRCA1/2 mutation vs. BRCA1/2 VUS vs. BRCA1/2 wild
type), including survival.

Materials and Methods
1. Patient selection and pathologic review
The study protocol was approved by the Institutional
Review Board. During the review of medical records, we
obtained data describing several patient characteristics,
including age at diagnosis, histologic type, and surgical stage
as classified by the International Federation of Gynecology
and Obstetrics criteria.
A patient selection diagram is shown in Fig. 1. A total of
711 patients were pathologically confirmed to have EOC
from January 1999 to May 2015. Of these, 595 had uninformative BRCA1/2 mutation statuses and were therefore
excluded. A BRCA1/2 genetic test was performed for the

Patients were diagnosed as
ovarian carcinoma
(1999-2015) (n=711)

Patients underwent
BRCA1/2 mutation test (n=116)

BRCA1/2 mutation
(BRCA1, 30; BRCA2, 7) (n=37)

BRCA1/2 VUS
(BRCA1, 16; BRCA2, 10) (n=25)

Wild type (n=54)

Fig. 1. Patient selection diagram. VUS, variant of uncertain significance.
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Table 1. Patient characteristics
Characteristic
Age
Mean±SD
Stage FIGO
I-II
III-IV
NI
Histology
Serous
Mucinous
Endometrioid
Clear cells
Others
NI
Grade
02-1
3
NI
Optimal surgery
Yes
No
NI
Personal history of breast cancer
Yes
No
NI
Family history of breast/ovarian cancer
Yes
No
NI

Overall
BRCA1/2
population (n=116) mutation (n=37)

BRCA1/2
VUS (n=25)

BRCA1/2
wild type (n=54)

p-value

52.2±11.4

52.4±9.3

52.0±11.6

52.2±12.8

0.99a)

21 (18.1)
94 (81.0)
1 (0.9)

2 (5.4)
34 (91.9)
1 (2.7)

6 (24.0)
19 (76.0)
0(

13 (24.1)
41 (75.9)
0(

0.059b)

91 (78.4)
8 (6.9)
5 (4.3)
5 (4.3)
3 (2.6)
4 (3.4)

32 (86.5)
0(
0(
0(
2 (5.4)
3 (8.1)

18 (72.0)
2 (8.0)
2 (8.0)
1 (4.0)
1 (4.0)
1 (4.0)

41 (75.9)
6 (11.1)
3 (5.6)
4 (7.4)
0(
0(

0.198b)

45 (38.8)
60 (51.7)
11 (9.5)

9 (24.3)
23 (62.2)
5 (13.5)

10 (40.0)
14 (56.0)
1 (4.0)

26 (48.1)
23 (42.6)
5 (9.3)

0.260b)

82 (70.7)
22 (19.0)
12 (10.3)

22 (59.5)
11 (29.7)
4 (10.8)

20 (80.0)
0(
5 (20.0)

40 (74.1)
11 (20.4)
3 (5.6)

0.130b)

26 (22.4)
89 (76.7)
1 (0.9)

18 (48.6)
18 (48.6)
1 (2.7)

4 (16.0)
21(84.0)
0(

4 (7.4)
50 (92.6)
0(

< 0.001b)

47 (40.5)
65 (56.0)
4 (3.4)

18 (48.6)
16 (43.2)
3 (8.1)

9 (36.0)
15 (60.0)
1 (4.0)

20 (37.0)
34 (63.0)
0(

0.299b)

Values are presented as number (%). VUS, variant of uncertain significance; SD, standard deviation; FIGO, International Federation of Gynecology and Obstetrics; NI, not indicated. a)ANOVA test, b)Chi-square Pearson’s test.

remaining 116 patients. A gynecologic oncology team at a
single institute conducted all procedures, and a dedicated
radiologist at the same institute reviewed all data from
imaging studies (e.g., magnetic resonance imaging and computed tomography). From 2011, neoadjuvant chemotherapy
followed by interval debulking surgery was introduced in
our institution, and 39 out of the 116 patients received this
treatment. All 116 patients were treated with platinum based
chemotherapy. These patients were analyzed for mutation
type and clinical features including family history, personal
breast cancer history, progression-free survival (PFS), OS,
and response rate.
The response rate was determined using the Response
Evaluation Criteria in Solid Tumors system. Specifically, we
analyzed PFS and OS in patients with BRCA1/2 mutation and
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compared these data with those of patients with BRCA1/2
wild type and VUS. PFS was defined as the period in months
between the dates of diagnosis and relapse or last contact.
OS was defined as the period in months between the dates
of diagnosis and death or last contact.
2. Direct sequencing
Genetic testing for BRCA1 and BRCA2 (accession numbers
NM_007294 and NM_000059, respectively) mutations was
performed using direct sequencing as previously described
[12]. The genetic mutations analyzed were confined to deleterious mutations such as frameshift or nonsense mutations.
Variations were described following the nomenclature system of the Human Genome Variation Society (http://www.
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Table 2. Overall response rates after first chemotherapy in BRCA1/2-positive and sporadic epithelial ovarian cancer patients
BRCA1/2 mutation
BRCA1/2 VUS
BRCA1/2 wild type

No. of patients

Complete and partial response

p-value

37
25
54

31 (83.8)
22 (88.0)
46 (85.2)

0.898a)

Values are presented as number (%). VUS, variant of uncertain significance. a)Chi-square Pearson’s test.

hgvs.org/mutnomen) and the conventional nomenclature
system from the Breast Cancer Information Core (BIC;
http://research.nhgri.nih.gov/bic/).
3. Statistical analysis
Statistical analysis was performed using IBM SPSS ver.
20.0 (IBM Corp., Armonk, NY). A Kolmogorov-Smirnov test
was used to verify standard normal distributional assumptions. Patient clinical features including response rate, PFS,
and OS were analyzed using an ANOVA test, a Pearson’s
chi-squared test, and Kaplan-Meier survival analysis. A
p-value of less than 0.05 was regarded as statistically significant.

Results
1. Patient characteristics
Patient characteristics are shown in Table 1. Among the
116 EOC patients who underwent BRCA1/2 gene tests by the
polymerase chain reaction–denaturing high performance liquid chromatography–sequencing method, 37 (37/116, 31.9%)
BRCA1/2 mutations were identified (BRCA1, 30; BRCA2, 7).
In addition, 25 patients with BRCA1/2 VUSs were identified
(25/116, 21.6%) and two different types of BRCA1/2 VUS
were found simultaneously in one patient.
No significant differences were detected in terms of mean
age, International Federation of Gynecology and Obstetrics
stage, cancer histology, grade, and performance of optimal
surgery. Personal histories of breast cancer were observed in
48.6% of patients with BRCA1/2 mutation (18/37), 16.0% of
patients with BRCA1/2 VUS (4/25), and 7.4% of those with
wild type (4/54) (p < 0.001). A family history of BRCA1/2associated cancer was present in 48.6% of patients with
BRCA1/2 mutation (18/37), 36.0% of those with BRCA1/2
VUS (9/25), and 37% of BRCA1/2 patients with BRCA wild
type (20/54) (p=0.299).

2. Response rates and survival
The response rate was 83.8% in patients with BRCA1/2
mutation (31/37), 88.0% in patients with BRCA1/2 VUS
(22/25), and 85.2% in patients with BRCA1/2 wild type
(46/54). No significant differences were detected between
the three groups (p=0.898) (Table 2).
The median PFS was 17, 14, and 13 months for patients
with BRCA1/2 mutation, VUS, and wild type, respectively.
Patients with BRCA1/2 mutation had longer PFS than those
with BRCA1/2 wild type, although this difference did not
achieve statistical significance (p=0.071). No significant differences were detected in terms of PFS between patients with
BRCA1/2 VUS and BRCA1/2 mutation or wild type (p=0.772
and p=0.455, respectively) (Fig. 2).
The median OS was 33, 24, and 17 months in patients with
BRCA1/2 mutation, VUS, and wild type, respectively.
Patients with BRCA1/2 mutation showed longer OS than
those with BRCA1/2 wild type (p=0.005). No significant differences were detected in OS between patients with BRCA1/2
VUS and BRCA1/2 mutation or wild type (p=0.459 and
p=0.211, respectively) (Fig. 3).
3. Frequently observed BRCA1/2 alterations
Frequently observed BRCA1/2 alterations in this study are
presented in Tables 3 and 4. The c.3627_3628insA (p.Leu1209
_Glu1210?fs) alteration in BRCA1 (exon 11) was recurrent in
five patients (5/37, 13.5%). Among the 25 patients with
BRCA1/2 VUS, c.8187G>T (p.Lys2729Asn) mutation in
BRCA2 (exon 18) was present in four (4/25, 16%). All of the
frequently observed alterations were reported in the Breast
Cancer Information Core database.

Discussion
In the present study, we investigated the impact of
BRCA1/2 mutation status on the clinical features of EOC
patients. Patients with BRCA1/2 mutation had improved OS
VOLUME 49 NUMBER 2 APRIL 2017
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Fig. 2. Progression-free survival (PFS) curves according
to BRCA1/2 mutation status. Median PFS was 17 months
for BRCA1/2 mutation patients, 14 months for BRCA1/2
variant of uncertain significance (VUS) patients, and 13
months for BRCA1/2 wild type patients. A log-rank test
revealed longer PFS for BRCA1/2 mutation than wild type
patients; however, this was not statistically significant
(p=0.071). No differences were detected between BRCA1/2
wild type and VUS (p=0.455) or BRCA1/2 mutation and
VUS (p=0.772).
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Fig. 3. Overall survival (OS) curves according to BRCA1/2
mutation status. Median OS was 33 months for BRCA1/2
mutation patients, 24 months for BRCA1/2 variant of
uncertain significance (VUS) patients, and 17 months for
BRCA1/2 wild type patients. A log-rank test revealed significantly longer OS for BRCA1/2 mutation than wild type
patients (p=0.005). No differences were detected between
BRCA1/2 wild type and VUS (p=0.211) or BRCA1/2 mutation and VUS (p=0.459).

Table 3. Frequently observed BRCA1/2 mutations
Gene
BRCA1
BRCA1
BRCA1
BRCA1
BRCA1
BRCA2

Site
Exon 11
Exon 7
Exon 10
Exon 11
Exon 11
Exon 15

Mutation

Mutation type

c.3627_3628insA (p.Leu1209_Glu1210?fs)
c.390C>A (p.Tyr130Ter)
c.1399A>T (p.Lys467Ter)
c.4041_4042delAG (p.Arg1347_Gly1348ArgAsnfs)
c.3442delG (p.Glu1148Argfs)
c.7480C>T (p.Arg2494Ter)

Frameshift
Nonsense
Nonsense
Frameshift
Frameshift
Nonsense

No. (%) (n=37) BIC data
5 (13.5)
3 (8.1)
2 (5.4)
2 (5.4)
2 (5.4)
2 (5.4)

Yes
Yes
Yes
Yes
Yes
Yes

BIC, Breast Cancer Information Core.

Table 4. Frequently observed BRCA1/2 VUSs
Gene
BRCA2
BRCA1
BRCA1

Site
Exon 18
Exon 16
Exon 16

Mutation

Mutation type

No. (%) (n=25)

BIC data

Missense
Missense
Missense

4 (16.0)
3 (12.0)
2 (8.0)

Yes
Yes
Yes

c.8187G>T (p.Lys2729Asn)
c.5339T>C (p.Leu1780Pro)
c.4883T>C (p.Met1628Thr)

VUS, variant of uncertain significance; BIC, Breast Cancer Information Core.
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as compared to those with BRCA1/2 wild type. However, no
significant differences in PFS and response rates were
detected between the groups included in this study. BRCA1/2
mutation and VUS patients had similar prognoses. Greater
sensitivity to platinum-based chemotherapy among patients
with BRCA1/2 mutation was not identified in this study. To
the best of our knowledge, this is the first study that compared the clinical outcomes of EOC patients with BRCA1/2
mutation, VUS, and wild type.
A favorable prognosis for patients with BRCA1/2 mutation
over that of patients with BRCA1/2 wild type was identified
in this study, although no significant difference was detected
in PFS. The underlying mechanism of BRCA1/2 mutation
conferring a favorable prognosis remains unclear. The main
function of BRCA1/2 proteins is to promote DNA doublestrand break repair via homologous recombination. BRCA1
has been implicated in many cellular functions, including
DNA repair, the maintenance of genomic integrity, and cell
cycle checkpoint control [17,18]. The main function of BRCA2
appears to involve interaction with RAD51 during homologous recombination DNA repair [19]. Cells with mutated
BRCA1/2 proteins may therefore be rendered less capable of
repairing chemotherapy-induced DNA damage, potentially
leading to an improved response to treatment. This is known
as 'synthetic lethality,' i.e., the enhanced lethality of DNAdamaging agents.
Our data failed to show significantly longer PFS or a better
response rate to chemotherapy in patients with BRCA1/2
mutation over those of patients with BRCA1/2 VUS or wild
type. To explain the discrepancy between our data and those
of prior studies, a more complex model is necessary to clarify
specific mechanisms of BRCA1/2 dysfunction that result in
better outcomes for EOC patients. It is estimated that approximately 50% of sporadic EOCs show BRCA1 or BRCA2 dysfunction through different mechanisms. Tumors that share
molecular features of BRCA1/2-mutant tumors (i.e., BRCAness) could also emerge in this process that affects or is
affected by normal BRCA1/2 gene function [20,21]. Previous
studies reported that low BRCA1 or BRCA2 expression in
sporadic EOC could confer similar effects on prognosis as
BRCA1 or BRCA2 mutation. Specifically, low BRCA1 expression measured by reverse transcription polymerase chain
reaction was shown to be a positive prognostic factor for both
OS and PFS in patients with sporadic EOCs [22]. This finding
indicates that low BRCA1 expression status in sporadic EOC
has a similar impact on prognosis as germline BRCA1/2
mutation. Therefore, if “BRCAness” could be measured
quantitatively in our study, a precise comparison between
“BRCAness” positive and negative groups would possible.
Interpretation of the clinical implications of BRCA1/2 VUS
remains challenging because misperception by a physician
regarding the implications of VUS could lead to inappropri-

ate risk-reducing surgery, neglect, or providing misinformation to patients. Myriad Genetic Laboratories (Salt Lake City,
UT) reported that about 7% of their molecular diagnoses of
hereditary breast and ovarian cancer are linked to VUSs
[23,24], and these alterations have been identified more commonly in African-American than in Hispanic populations
[25,26]. However, few reports have analyzed VUS prevalence
in Asian patients. Additionally, limited information is available regarding the clinical features of EOC patients with
BRCA1/2 VUS.
Despite the possibility of selection bias, 21.6% of patients
(25/116) who underwent BRCA1/2 genetic tests were found
to have BRCA1/2 VUS. Among patients with BRCA1/2 VUS,
16% (4/25) had a personal history of double primary breast
cancer and 36% (9/25) had a family history of breast or ovarian cancer in first-degree relatives. One of the VUSs found in
this study (BRCA1 c.5339T>C) is highly suspected to be a
deleterious mutation based on the patients’ family histories
of BRCA1/2-associated cancer, personal histories of breast
cancer, and population frequency.
Identification of founder mutations is required to improve
the quality of genetic counseling. Moreover, using a more
specific approach to molecular testing leads to greater costeffectiveness. If we can recognize differences in susceptibility
due to a specific founder mutation, it will be possible to
define the role of risk reducing surgery. Frequently observed
alterations in this study are presented in Tables 3 and 4. Studies to identify founder mutations have been conducted in
Asian countries [27], and one report analyzed possible candidates of a founder mutation in Korea [13]. However, specific mutations that account for a high frequency of cases,
such as that observed in the Ashkenazi Jewish population,
have not yet been discovered. The frequently observed
BRCA1/2 alterations found in this study were not identified
in a previous study conducted in Korea. Accordingly, an
investigation including a larger number of cases must be
analyzed to provide accurate information regarding the frequency of founder mutations.
It should be noted that this study had several limitations.
Specifically, it included a small number of patients with
BRCA1/2 mutations because of the low rate of genetic testing,
had a retrospective design with the possibility of selection
bias, and a short follow-up period. Moreover, 595 patients
declined BRCA1/2 genetic testing. Conversely, a previous
report showed few barriers to participating in genetic counseling and BRCA1/2 testing in Western countries, with a testing rate of 81% [28]. The low rate of genetic testing (16.3%,
116/711) in the present study may be the result of low public
awareness regarding its availability. In addition, this study
included patients representative of a cancer center population, and all study participants had been affected by EOC.
Thus, our findings may not apply to patients who have not
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had cancer and are undergoing genetic testing due to family
history alone.
Routine tests for BRCA1/2 germline mutation status in
patients with EOC may be warranted, as it has been demonstrated that a deficiency in the BRCA1/2 gene confers substantial sensitivity to a chemotherapeutic agent, namely
poly(ADP-ribose) polymerase-1 (PARP) inhibitor (olaparib)
[29]. Further research is required to determine whether
application of this agent to EOCs with pathologic BRCA1/2
VUS is beneficial or not. Some patients with BRCA1/2 VUS
may be responsive to treatment with PARP inhibitors, which
results in synthetic lethality of cells that have deficient
homologous recombination or double-strand DNA repair.
This might improve survival among such patients. Further
prospective cohort studies with longer follow-up periods as
well as “BRCAness” quantification are needed to enable a
precise understanding of the role of BRCAness on the clinical
features of EOC patients.

Conclusion
Our study provides useful data for counseling EOC
patients with BRCA1/2 mutation, VUS, and wild type.
Patients with BRCA1/2 mutation had more favorable prognosis, or significantly longer OS than those with BRCA1/2
wild type, while they have similar prognoses as patients with
BRCA1/2 VUS.
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Purpose
The objective of this multicenter phase II study was to evaluate the efficacy and safety of
irinotecan and cisplatin combination chemotherapy in metastatic, unresectable esophageal
cancer.
Materials and Methods
Patients were treated with irinotecan 65 mg/m2 and cisplatin 30 mg/m2 on days 1 and 8
of each 21-day treatment cycle. The primary endpoint was response rate, and secondary
endpoints were survival, duration of response, initial metabolic response rate, and toxicity.
Results
A total of 27 patients with squamous cell histology were enrolled in the study. The median
age of the patients was 61 years. The objective response rate of the 20 patients in the perprotocol group was 30.0% (90% confidence interval [CI], 13.2 to 46.9). The median followup duration was 10.0 months, and the median progression-free survival and overall survival
were 4.5 months (95% CI, 1.6 to 6.2) and 8.8 months (95% CI, 4.7 to 10.5), respectively.
Four of 13 patients (30.8%) evaluated showed initial metabolic response. The median
duration of response for partial responders was 5.0 months (range, 3.4 to 8.0 months). The
following grade 3/4 treatment-related hematologic toxicities were reported: neutropenia
(40.7%), anaemia (22.2%), and thrombocytopenia (7.4%). Two patients experienced febrile
neutropenia. The most common grade 3/4 non-hematologic toxicities were asthenia
(14.8%) and diarrhoea (11.1%).
Conclusion
Irinotecan and cisplatin combination chemotherapy showed modest anti-tumour activity
and manageable toxicity for patients with metastatic, unresectable esophageal cancer.

Introduction
Esophageal cancer is a devastating disease, being the sixth
leading cause of cancer deaths worldwide [1] and the
eleventh leading cause of cancer deaths in Korea [2]. The
incidence of adenocarcinoma in esophageal cancer is gradually increasing in Western countries, but squamous cell carcinoma remains the most predominant histology in Asia. At
the time of diagnosis, approximately half of esophageal can-
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cer patients present with metastatic disease, which is associated with a poor prognosis. The 5-year overall survival (OS)
for all esophageal cancer patients ranges from 15% to 25%
[3].
The most widely used chemotherapy regimen for metastatic, unresectable esophageal cancer is 5-fluorouracil plus cisplatin, which is based on a small, randomized phase II study
that showed higher response rates with 5-fluorouracil plus
cisplatin than with cisplatin alone in advanced squamous cell
esophageal cancer [4]. Prospective studies of 5-fluorouracil–

Copyright ⓒ 2017 by the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

│ http://www.e-crt.org │

Miso Kim, Irinotecan and Cisplatin for Esophageal Cancer

based combination chemotherapy regimens have demonstrated response rates ranging from 20% to 50%, but longterm outcomes are unsatisfactory.
Irinotecan, a topoisomerase I inhibitor, is active against
esophageal cancer, and several studies of single-agent
irinotecan for advanced or metastatic esophageal cancer
resulted in response rates of 10% to 20% [5,6]. Due to this limited efficacy of single-agent irinotecan, phase II studies of
irinotecan combined with fluorouracil, docetaxel, or cisplatin
were performed, and these studies showed activity in firstline and refractory settings [7-12]. A response rate of 57% was
observed in chemotherapy-naïve advanced esophageal cancer patients treated with weekly irinotecan and cisplatin for
4 weeks followed by a 2-week rest period [10]. While this
result was encouraging, two-thirds of the patients experienced a dose delay or shortening of treatment because of significant hematologic toxicities. Subsequent studies of combination therapy with modified weekly irinotecan and cisplatin showed conflicting results. Specifically, both demonstrated favourable response rates, but one was associated
with reduced hematologic toxicities [13] and the other
showed a high hematologic toxicity profile [9]. Irinotecan
and cisplatin combination therapy is considered an alternative to 5-fluorouracil plus cisplatin, but most studies of
irinotecan and cisplatin have been phase II trials with small
sample sizes been conducted in Western populations, which
have higher incidences of adenocarcinoma than Asian populations. Therefore, we conducted a multicenter phase II clinical trial to evaluate the efficacy and safety of irinotecan and
cisplatin combination chemotherapy for metastatic, unresectable esophageal cancer patients in Korea.

Materials and Methods
1. Study design and patients
We conducted an open-label, single-arm, multicenter,
phase II study to evaluate the combination of irinotecan and
cisplatin in metastatic, unresectable esophageal cancer. The
protocol was approved by the institutional review boards of
participating institutions and registered at http://www.cris.
nih.go.kr (No. KCT0000670). Written informed consent was
obtained from all patients before enrollment, and this trial
was conducted according to the principles of the Declaration
of Helsinki.
We included patients who met the following eligibility criteria: age of at least 20 years; histologically or cytologically
confirmed diagnosis of metastatic or unresectable esophageal
cancer (adenocarcinoma or squamous cell carcinoma); cancer

that was not curable by radical surgery with curative radiotherapy or concurrent chemoradiotherapy; clear radiologic
evidence of disease progression after chemotherapy or local
therapy (radiotherapy or surgery); measurable lesions on
computed tomography (CT) or magnetic resonance imaging
(MRI) as defined by Response Evaluation Criteria in Solid
Tumors (RECIST) ver. 1.1; Eastern Cooperative Oncology
Group performance status of 0 or 1; adequate hematologic
function (absolute neutrophils count [ANC]  1,500/mm3,
platelets  100,000/mm3, hemoglobin  9.0 g/dL); adequate
renal function (creatinine  1.5 times the upper limit of normal); and adequate hepatic function (total bilirubin  1.5
times the upper limit of normal and aminotransferase and
alanine aminotransferase  3.0 times the upper limit of normal); and recovery from adverse events related to previous
chemotherapy or local therapy (i.e., grade 0 or 1 at baseline).
2. Treatment schedule and dosage modifications
Patients were treated with palliative first-line irinotecan
65 mg/m2 for over 3 hours and cisplatin 30 mg/m2 over 60
minutes intravenously on days 1 and 8 of each 21-day treatment cycle. Chemotherapy was continued for a maximum of
six cycles because of the cumulative toxicity of cisplatin.
Dosage modifications were made on the basis of adverse
events. The irinotecan dose was reduced to 55 mg/m2 in the
event of grade 3 febrile neutropenia, grade 2-4 neutropenia,
or grade 2-4 thrombocytopenia. If patients had grade 4 febrile
neutropenia, the irinotecan dose was reduced to 45 mg/m2
or permanently discontinued. The irinotecan dose was
reduced to 55 mg/m2 in the event of grade 3 or 4 nausea,
vomiting, diarrhoea, or oral mucositis. The next cycle was
started when hematologic toxicity was resolved to an ANC
greater than 1.0109/L and platelet count greater than
50109/L and when nonhematologic toxicities had recovered
to grade 2 or lower. The cisplatin dose was reduced to 20
mg/m2 in the event of grade 2 peripheral neuropathy or
nephrotoxicity (creatinine clearance [CrCl], 30 to 60 mL/
min). Patients who experienced grade 3 or 4 peripheral neuropathy, grade 3 or 4 ototoxicity, grade 3 or 4 cardiac toxicity,
or severe nephrotoxicity (CrCl < 30 mL/min) were discontinued from the study. Primary prophylactic use of granulocyte-colony stimulating factor (G-CSF) was not permitted,
but therapeutic use of G-CSF was allowed after neutropenia
was diagnosed. The intention-to-treat (ITT) population
included all subjects who received at least one dose of chemotherapy. The per-protocol (PP) population included
evaluable patients who completed at least two cycles of chemotherapy and underwent a response assessment with the
same modality at baseline and after two cycles of chemotherapy, as well as those who showed confirmed disease progression before the completion of two cycles of chemotherapy.
VOLUME 49 NUMBER 2 APRIL 2017
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3. Assessment of tumour response and toxicity
A CT scan or MRI scan was obtained at baseline and
repeated every two cycles of chemotherapy to assess tumour
response. Patients underwent positron emission tomography–computed tomography (PET-CT) at baseline and after
two cycles of chemotherapy to assess initial metabolic
response, which was defined as a reduction of at least 30%
in maximum standard uptake values (SUVmax) between
baseline and after two cycles of chemotherapy. Tumour
response was determined according to RECIST, ver. 1.1 [14].
Toxicity was assessed before every cycle of chemotherapy
using the National Cancer Institute Common Terminology
Criteria for Adverse Events, ver. 4.0.
4. Statistical analysis
The primary endpoint of this study was response rate. Secondary endpoints were progression-free survival (PFS), OS,
duration of response, and initial metabolic response rate
according to PET-CT. We assumed response rates of 20%
(H0) with 5-fluorouracil plus cisplatin combination
chemotherapy and 40% (H1) with irinotecan and cisplatin
combination chemotherapy with a one-sided alpha of 10%
and a power of 80%. Considering a drop-out rate of 10%, a
total of 27 patients were required for this study. Survivals
were estimated using the Kaplan-Meier method and the logrank test was employed to compare survival between
patients with and without initial metabolic response.

Results
1. Patient characteristics
Between September 2012 and March 2015, we enrolled a
total of 27 patients from seven centres. Baseline characteristics of the patients are summarized in Table 1. Sixteen
patients received planned chemotherapy and four showed
confirmed disease progression before completion of two
cycles of chemotherapy. Seven patients were excluded from
analysis for the following reasons: death before the first
tumour assessment (n=3), unacceptable toxicity (n=2), and
withdrawal (n=2). Overall, we were able to assess 20 patients
for the PP analysis of efficacy.
2. Efficacy
We assessed the efficacy within the PP population (n=20).
No patients achieved a complete response, but six achieved
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Table 1. Baseline characteristics
Characteristic
Age, median (range, yr)
Sex
Male
Female
ECOG performance status
0
1
Location
Cervical
Upper thoracic
Middle thoracic
Lower thoracic
Unknown
Histology
Squamous cell carcinoma
Adenocarcinoma
Differentiation
Well differentiated
Moderately differentiated
Poorly differentiated
Unknown
Disease status
Initial metastatic
Recurrent after curative treatment
Prior chemotherapy
Yes
No
Prior radiotherapy
Yes
No

No. (%) (n=27)
61 (44-83)
26 (96.3)
1 (3.7)
1 (3.7)
26 (96.3)
1 (3.7)
10 (37.0)
6 (22.2)
6 (22.2)
4 (14.8)
27 (100)
0(
2 (7.4)
16 (59.3)
5 (18.5)
4 (14.8)
16 (59.3)
11 (40.7)
12 (44.4)
15 (55.6)
14 (51.9)
13 (48.1)

ECOG, Eastern Cooperative Oncology Group.

Table 2. Tumour response
Response
CR
PR
SD
PD
Response rate (CR+PR)
Disease control rate (CR+PR+SD)

No. (%) (n=20)
0(
6 (30.0)
9 (45.0)
5 (25.0)
6 (30.0)
15 (75.0)

CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease.
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Fig. 1. Progression-free survival for the per protocol population.
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Fig. 2. Overall survival for the per protocol population.

Table 3. Treatment-related toxicity
Toxicity
Anemia
Neutropenia
Thrombocytopenia
Asthenia
Fatigue
Anorexia
Nausea
Vomiting
Diarrhoea

Total (n=27)

Grade 1

Grade 2

Grade 3

Grade 4

Grade 3/4, n (%)

7
17
3
4
4
12
11
6
16

0
0
1
0
2
6
7
4
8

1
6
0
0
2
5
3
2
5

6
9
0
4
0
1
1
0
3

0
2
2
0
0
0
0
0
0

6 (22.2)
11 (40.7)
2 (7.4)
4 (14.8)
0(
1 (3.7)
1 (3.7)
0(
3 (11.1)

a partial response (PR). The objective response rate was
30.0% (90% confidence interval [CI], 13.2 to 46.9) (Table 2)
and the median follow-up duration was 10.0 months. The
median PFS was 4.5 months (95% CI, 1.6 to 6.2) (Fig. 1) and
the median OS was 8.8 months (95% CI, 4.7 to 10.5) (Fig. 2).
The median duration of response for PR patients was 5.0
months (range, 3.4 to 8.0 months). There were no significant
differences in response rate and survivals between the treatment-naïve (i.e., initial metastatic) group and pre-treated (i.e.,
recurrent after curative treatment) group.
Thirteen patients in the PP group agreed to and underwent
a serial PET-CT at baseline and after two cycles of chemotherapy. The mean reduction in SUVmax was 10.6%. Four of
the 13 patients (30.8%) achieved metabolic response. There

were no significant differences in the OS or PFS between
patients with and without initial metabolic response (p=0.51
and p=0.60, respectively).
3. Dose administration and toxicity
The median number of cycles of chemotherapy that
patients received was three (range, 1 to 6), and eight patients
(29.6%) completed six cycles of chemotherapy. A total of 93
chemotherapy cycles were administered, of which 15 (16.1%)
required dose reduction due to toxicities and 45 cycles
(48.4%) were delayed. The mean dose intensities of irinotecan and cisplatin were 77.3% (33.2 mg/m2/wk of 43.0 mg/
m2/wk) and 77.1% (15.4 mg/m2/wk of 20.0 mg/m2/wk) of
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Table 4. Comparison of studies of irinotecan-based chemotherapy for metastatic, unresectable esophageal cancer
Present study
2

Doses and schedules

I 65 mg/m D1, 8
P 30 mg/m2 D1, 8
Every 3 wk

No. of enrolled patients
Disease status

27 (
Metastatic,
unresectable,
chemo-naïve
27 (100)
0(
6/20 (30)
4.5 (
8.8 (
11/27 (41)
3/27 (11)

Squamous cancer
Adenocarcinoma
Response rate
Median PFS (mo)
Median OS (mo)
Grade 3/4 neutropenia
Grade 3/4 diarrhea

Ilson et al. [10]
2

I 65 mg/m
D1, 8, 15, 22
P 30 mg/m2
D1, 8, 15, 22
Every 6 wk
38 (
Metastatic,
unresectable,
chemo-naïve
23 (65.7)
12 (34.3)
20/35 (57)
-(
14.6 (
16/35 (46)
4/35 (11)

Ilson et al. [13]
2

I 65 mg/m
D1, 8
P 30 mg/m2
D1, 8
Every 3 wk
39 (
Metastatic,
unresectable,
chemo-naïve
29 (74.4)
10 (25.6)
10/28 (36)
-(
-(
8/36 (22)
7/36 (19)

Lee et al. [9]
I 65 mg/m2
D1, 8
P 30 mg/m2
D1, 8
Every 3 wk
32 (
Metastatic,
unresectable,
chemo-naïve
32 (100)
0(
10/32 (31)
4.4 (
9.6 (
16/32 (50)
4/32 (12)

Values are presented as number (%). I, irinotecan; P, cisplatin; PFS, progression-free survival; OS, overall survival.

the planned doses, respectively.
Toxicity was assessed by ITT for all 27 patients who
received at least one dose of chemotherapy. Treatmentrelated toxicities ( 10%) are summarized in Table 3. The
most common grade 3/4 hematologic toxicity was neutropenia (40.7%). Two patients (7.4%) experienced febrile neutropenia. The most common grade 3/4 non-hematologic
toxicities were asthenia (14.8%) and diarrhoea (11.1%). Three
patients required hospitalization because of diarrhoea. There
was one treatment-related death caused by pneumonia and
septic shock.

Discussion
This multicenter phase II study of irinotecan and cisplatin
combination chemotherapy for metastatic, unresectable
esophageal cancer demonstrated a response rate of 30.0%
with a median PFS of 4.5 months and a median OS of 8.8
months. Results from similar studies of irinotecan-based
chemotherapy are summarized in Table 4. The efficacy
observed in this study was comparable to that reported in a
previous phase II study of weekly irinotecan and cisplatin
combination in a Korean population [9], as well as other
studies of different combination chemotherapy regimens
including 5-fluorouracil plus cisplatin. Specifically, relative
dose intensities of irinotecan and cisplatin and the toxicity
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profiles observed in our study were similar to those observed
in the phase II study in Korea.
When compared with a previous phase II study that used
a consecutive-weeks treatment schedule [10], this study
required fewer dose reductions (16.1% vs. 20.0%) and fewer
dose delays (48.4% vs. 65.7%). Nevertheless, we observed a
relatively high incidence of grade 3/4 neutropenia of 40.7%
and neutropenic fever in 7.4% of patients. However, all cases
of grade 3/4 neutropenia and febrile neutropenia were
resolved after treatment with appropriate antibiotics and
G-CSF. Although dose reduction at the first cycle of chemotherapy and prophylactic use of G-CSF were not allowed
in this study, both could be considered in patients with risk
factors such as old age, multiple comorbidities, or poor
nutritional status to alleviate the risk of grade 3/4 neutropenia. The incidence of grade 3/4 treatment-related diarrhoea
in this study was 11.1%, which is similar to the incidences
reported in other studies of irinotecan and cisplatin regimens
[9,10].
The predictive and prognostic roles of metabolic response
according to PET-CT in esophageal cancer have been actively
investigated, especially in patients receiving neoadjuvant
treatment [15-19], but the results have been inconsistent. In
this study, initial metabolic response after two cycles of
chemotherapy did not predict outcomes, although we did
observe a mean reduction in SUVmax of 10.6%. Our study
was too small to clearly identify the role of PET-CT in
metastatic, unresectable esophageal cancer because of the
lack of statistical power.

Miso Kim, Irinotecan and Cisplatin for Esophageal Cancer

Although the small sample size is a limitation to this study,
our findings are clinically meaningful. Irinotecan and cisplatin combination is relatively well tolerated as an outpatient-based regimen and would be an effective treatment
option for patients who experience early recurrence after fluorouracil-based chemoradiation. There is increasing evidence that efficacy and toxicity profiles of irinotecan may be
influenced by inter-individual and interethnic variabilities in
genetic polymorphisms [20]. Few studies have investigated
irinotecan-based chemotherapy for Korean esophageal cancer patients, so it is important to validate the regimen and
identify more optimal doses and schedules.
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Feasibility and Efficacy of Eribulin Mesilate in Korean Patients
with Metastatic Breast Cancer: Korean Multi-center Phase IV
Clinical Study Results
Purpose
Eribulin mesilate was approved for the treatment of patients with locally advanced or
metastatic breast cancer (MBC), who had received at least two chemotherapeutic regimens,
including anthracycline and taxane. On the other hand, the efficacy and safety information
of eribulin in Korean patients is limited by the lack of clinical trials.
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Materials and Methods
In this multicenter, open-label, single-arm, phase IV study, locally advanced or MBC patients
were enrolled between June 2013 and April 2014 from 14 centers in Korea. One point four
mg/m2 dose of eribulin was administered on days 1 and 8 of every 21 days. The primary
endpoint was the frequency and intensity of the treatment emergent adverse event. The
secondary endpoint was the disease control rate, which included the rate of complete
responses, partial responses, and stable disease.
Results
A total of 101 patients received at least one dose of eribulin and were included in the safety
set. The patients received a total of 543 treatment cycles, with a median of three cycles
(range, 1 to 31 cycles). The most common adverse event was neutropenia (91.1% of
patients, 48.3% of cycles). The frequent non-hematological adverse events included alopecia, decrease in appetite, fatigue/asthenia, and myalgia/arthralgia. The peripheral neuropathy of any grade occurred in 27 patients (26.7%), including grade 3 in two patients. Disease
control rate was 52.7% and 51.3% of patients in the full analysis set and per-protocol set,
respectively.
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Conclusion
This study demonstrated the feasible safety profile and activity of eribulin in Korean patients
with MBC.
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Introduction
Breast cancer is the most common cancer and the leading
cause of cancer death among women worldwide [1]. Despite
the appropriate treatment, approximately 30% of patients
with breast cancer eventually progress to metastatic disease
[2]. Although there has been considerable progress in the
treatment of advanced or metastatic breast cancer (MBC) [3],
novel therapeutic approaches are still needed to improve the
clinical outcomes for patients with the disease.
Eribulin mesilate, a non-taxane microtubule stabilizer, is
currently approved for the treatment of patients with locally
advanced or MBC, who have progressed after at least two
chemotherapeutic regimens, including anthracycline and
taxane. The phase III EMBRACE study demonstrated the
overall survival benefit of eribulin over the treatment of
physician’s choice by a median of 2.5 months [4]. Although
another phase III study failed to show significant improvements in the overall survival with eribulin versus capecitabine [5], a statistically significant survival benefit was
observed in the data from a pooled analysis of the two phase
III studies in patients with locally advanced or MBC [6]. In
addition, a phase II study of eribulin in Japanese patients
revealed comparable efficacy and safety [7].
Nevertheless, the toxicity profile and efficacy can differ
according to the population and ethnic differences, even if
the agent does not perform as a pharmacogenetics drug by
polymorphism [8-10]. In addition, the effective dose levels of
the anti-cancer drugs can be suboptimal for some populations, particularly in Asian patients [11]. Therefore, eribulin
mesilate needs to be validated for Korean patients. This
paper reports the results from a phase IV study that evaluated the efficacy and safety of eribulin in Korean patients
with locally advanced or MBC.

Oncology Group performance status of 0 to 2.
The key exclusion criteria included the following: patients
who had received chemotherapy, radiation, biologics,
immunotherapy, or hormonal therapy within the previous
3 weeks before treatment (palliative radiation was allowed);
patients with known brain metastases unless treated and stable; patients who had participated in other clinical trials
within 4 weeks before screening; patients who had previously received eribulin.
2. Study design
A multicenter, open-label, single-arm, phase IV clinical
trial was conducted in accordance with the declaration of
Helsinki and approved by the institutional review board of
each center. All procedures were performed according to
local guidelines. Patients provided written informed consent
before administration of the study drug (Clinicaltrial.gov
identifier: NCT01961544).
3. Treatment
The patients received intravenous eribulin 1.4 mg/m2 over
2-5 minutes on days 1 and 8 of every 21 days. The administration of eribulin had to be delayed in cases of an absolute
neutrophil count of less than 1109/L, platelet count of less
than 75109/L, and grade 3 or 4 nonhematological toxicities.
The dose of eribulin was reduced to 1.1 mg/m2 if predefined
hematological toxicity or grade 3/4 nonhematological toxicity occurred after eribulin administration. If any adverse
events recurred despite the previous dose reduction, the
daily dose of eribulin was reduced further to 0.7 mg/m2 and
discontinued if the dose reduction was less than 0.7 mg/m2.
Once the dose was reduced, it could not be increased at
a later date.
4. Toxicity evaluation and assessment of response

Materials and Methods
1. Patient eligibility
Female patients with locally advanced or MBC were eligible for the study. The other key inclusion criteria included
the following: patients who had received two to five prior
chemotherapy regimens for advanced and/or metastatic disease, and prior therapy that included anthracycline and taxane in either the adjuvant or metastatic setting; patients must
have been refractory to the most recent chemotherapy on or
within the previous 6 months; patients with adequate bone
marrow, liver, and renal function; and Eastern Cooperative
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The primary endpoint was the frequency and intensity of
the treatment emergent adverse events (TEAE). The TEAE
were defined as the adverse event started or exacerbated on
or after the first dose of the study drug. The intensity of the
adverse events was classified by National Cancer Institute
Common Terminology Criteria for Adverse Events ver. 4.03.
The causal relationship between the adverse event and study
drug was also evaluated.
Secondary endpoint was the disease control rate (DCR),
which included the rate of complete responses (CRs), partial
responses (PRs), and stable disease (SD). The tumor response
was assessed according to the Response Evaluation Criteria
in Solid Tumors ver. 1.1 [12]. The tumor response assessment
was performed every 9 weeks (±1 week) and at the end of

Yeon Hee Park, Feasibility and Efficacy of Eribulin Mesilate

Enrolment
(n=101)

Received eribulin
(n=101)
Discontinued study treatment (n=101)
Progressive disease (n=88)
Adverse events (n=1)
Protocol violation (n=1)
Physician's decision (n=4)
Withdrew consent (n=7)
Safety population (n=101)
Full analysis set (n=96)
Per-protocol set (n=78)

Fig. 1. Patient enrolment flow diagram.

treatment as well as when disease progression was suspected. The other exploratory endpoints included the objective response rate (ORR; included the rate of CR and PR),
clinical benefit rate (CBR; included the rate of CR, PR and
SD  6 months), and progression-free survival (PFS).
5. Statistical analysis
The primary objective of this study was to examine the rate
of adverse events in Korean subjects. A sample size of 90 was
calculated, assuming the rate of adverse events to be 98.81%
with a standard deviation of 2.25% based on the EMBRACE
study [4]. After considering a dropout rate of 10%, the final
sample size was calculated to be 100.
The primary endpoint was evaluated in the safety set that
comprised of patients who had received at least one dose of
eribulin. The secondary efficacy endpoint was analyzed
using either full analysis set (FAS) or per-protocol set (PPS).
The FAS included patients who had at least one primary
efficacy evaluation after the baseline, while the PPS included
patients without major protocol deviations. The tumor
response rate was presented with a 95% confidence interval
(CI). The PFS was analyzed using the Kaplan-Meier method
and presented with a 95% CI.

Results
The patients were enrolled between June 2013 and April
2014 from 14 institutes in Korea. Fig. 1 shows the flow of
patient enrolment. A total 101 patients received eribulin and
were included in the safety set. Thirteen patients discontinued the study prior to progression due to the withdrawal of
consent (n=7), protocol violation (n=1), adverse events (n=1),
and other reasons (n=4). Five patients were excluded from
FAS because there had been no efficacy evaluation after the
baseline. Eighteen patients were further excluded from PPS
due to inclusion and exclusion criteria deviations (n=10) and
other major protocol deviations (n=9).
Table 1 lists the demographic and baseline characteristics
of the safety set. The median age was 51 years (range, 25 to
79 years). The median number of previous chemotherapy
regimens before study enrolment was four. Other than one
patient, who had a contraindication to anthracycline, all
patients had received taxane- and anthracycline-included
regimens before study enrolment.
In the safety set, a median dose 1.39 mg/m2 (range, 0.71 to
1.44 mg/m2) of eribulin was administered each cycle. The
patients received a median of three cycles (range, 1 to 31
cycles) of eribulin. The median treatment duration was 2.14
months (range, 0.04 to 23.79 months). During treatment, 40
patients (39.6%) experienced a dose delay and 10 patients
(9.9%) experienced a dose reduction due to adverse events.
A total of 982 TEAEs occurred. Among them, 703 events
VOLUME 49 NUMBER 2 APRIL 2017
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Table 1. Demographic and baseline characteristics
Characteristic
Age, median (range, yr)
ECOG performance status
0
1
2
Diagnosis
Metastatic breast cancer
Locally advanced breast cancer
HER2a)
Positive
Negative
ER and PR status
ER and/or PR positive
ER and PR negative
ER, PR, HER2 negative
Most common metastatic sites
Lymph node
Lung
Bone
Liver
Brain
No. of previous chemotherapy regimens
2
3
4
5
6
Median (range)
No. of previous chemotherapy regimens
in advanced setting
2
3
4
5
6
Median
Previous chemotherapyb)
Taxanes
Anthracyclines
Previous surgery
Previous radiotherapy

No. (%) (n=101)
51 (25-79)
30 (29.7)
69 (68.3)
2 (2.0)
99 (98.0)
2 (2.0)
21 (20.8)
80 (79.2)
62 (61.4)
39 (38.6)
30 (29.7)
78 (77.2)
65 (64.4)
57 (56.4)
54 (53.5)
12 (11.9)
1 (1.0)
20 (19.8)
36 (35.6)
21 (20.8)
23 (22.8)
4 (2-8)

28 (27.7)
30 (29.7)
24 (23.8)
18 (17.8)
1 (1.0)
3 (2-8)
101 (100)
100 (99.0)
94 (93.1)
82 (81.2)

ECOG, Eastern Cooperative Oncology Group; HER2,
human epidermal growth factor receptor 2; ER, estrogen
receptor; PR, progesterone receptor. a)Based on local laboratory testing, b)One patient who had not received
anthracycline had a contraindication.
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were deemed to be related or caused by the drug investigated according to the investigator assessment. Table 2 summarizes the adverse events with an incidence greater than
10%. Neutropenia of any grade was the most common TEAE
and occurred in 92 patients (91.1%) (grade 3, 31.7%; grade 4,
57.4%). Anemia of any grade occurred in 12 patients (11.9%)
and thrombocytopenia of any grade occurred in four patients
(4.0%) (no case of grade 3 or 4). Among the non-hematologic
adverse events, alopecia, decrease in appetite, fatigue/asthenia, and myalgia/arthralgia were frequent. Peripheral neuropathy was encountered in 27 patients (26.7%), including
grade 3 in two patients. Pseudomonal sepsis (n=1) was the
only grade 4 adverse event observed in this study other than
neutropenia. Pseudomonal sepsis occurred on day 8 of the
first cycle of eribulin and was resolved with appropriate
management.
A total of 27 serious adverse events (SAE) occurred in 20
patients (19.8%), including two each of neutropenia and pericardial effusion. Nervous system disorders were the most
commonly reported system organ class with regard to SAE
(one event each of consciousness fluctuating, dizziness,
headache, neuropathy peripheral, and syncope). Death
occurred in one patient due to aspiration pneumonia, which
occurred on day 20 of the third cycle of the eribulin treatment. This fatal SAE was considered to be unrelated to eribulin by the investigator.
Table 3 list the response rate evaluated in FAS and PPS. In
FAS, DCR was 52.7% (n=49; 95% CI, 42.1 to 63.1), ORR was
17.2% (n=16), and CBR was 21.5% (n=20). In PPS, DCR was
51.3% (n=39; 95% CI, 39.6 to 63.0), ORR was 17.1% (n=13),
and CBR was 22.4% (n=17). One patient achieved a CR. Overall, 46.2% (n=43) of patients in FAS and 47.4% (n=36) of
patients in PPS had progressive disease. The median PFS was
2.60 months (95% CI, 2.18 to 4.40) in FAS and 2.36 months
(95% CI, 2.10 to 4.32) in PPS.

Discussion
This study examined the safety of eribulin in Korean
patients with locally advanced or MBC. Consistent with previous studies, adverse events observed in safety set were
generally well tolerated [4,5,7].
A phase I study that administered 1.4 mg/m2 of eribulin
on days 1 and 8 of a 21-day cycle identified febrile neutropenia and neutropenia as the dose limiting toxicities [13]. Several phase II and III studies [4,5,7] reported neutropenia as
the most common adverse event, as in this study. Regarding
the absolute incidence, this study identified a notable difference with the results from previous studies that detected
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Table 2. Adverse events with an incidence higher than 10%
No. (%) (n=101)
Hematological
Neutropenia
Anemia
Leukopenia
Nonhematological
Alopecia
Decrease of appetite
Fatigue/Asthenia
Peripheral neuropathya)
Myalgia/Arthralgia
Nausea
Cough
Pyrexia
Headache
Vomiting

All grades

Grade 3

Grade 4

92 (91.1)
12 (11.9)
11 (10.9)

32 (31.7)
3 (3.0)
6 (5.9)

58 (57.4)
0(
0(

46 (45.5)
42 (41.6)
33 (32.7)
27 (26.7)
26 (25.7)
25 (24.8)
19 (18.8)
18 (17.8)
13 (12.9)
11 (10.9)

1 (1.0)
4 (4.0)
2 (2.0)
1 (1.0)
0(
1 (1.0)
0(
1 (1.0)
2 (2.0)

NA
0(
0(
0(
0(
0(
0(
0(
0(
0(

NA, not acquired. a)Peripheral neuropathy includes neuropathy peripheral, peripheral sensory neuropathy, and peripheral
motor neuropathy.

Table 3. Disease control rate
Best overall tumor response
Tumor response
Complete response
Partial response
Stable disease
Progressive disease
Not evaluable
Disease control ratea)
95% Confidence interval

Investigator review
FAS

PPS

1 (1.1)
15 (16.1)
33 (35.5)
43 (46.2)
1 (1.1)
49 (52.7)
42.06-63.14

1 (1.3)
12 (15.8)
26 (34.2)
36 (47.4)
1 (1.3)
39 (51.3)
39.57-62.96

Values are presented as number (%) unless otherwise indicated. FAS, full analysis set; PPS, per-protocol set. a)Disease control
rate included complete response or partial or stable disease.

neutropenia as the most frequent adverse event. The incidence of any grade neutropenia was approximately 50% in
the EMBRACE study [4] and a study by Kaufman et al. [5],
of which the participants comprised mainly of Caucasians at
the baseline. On the other hand, it was above 90% in this
study and in the study by Aogi et al. [7], which enrolled
Asian patients. Similar cases of ethnic differences in the incidence of chemotherapy-induced myelosuppression were
also reported in other types of cancer and chemotherapy settings [14-16]. Genetic polymorphisms of the drug metabolizing enzyme and transporter might have contributed to the

discordant incidence of adverse events between different ethnicities [17].
Another explanation for the higher incidence of neutropenia is the large number of patients who were heavily pretreated; the median number of prior chemotherapeutic
regimens was four (range, 2 to 8). Twenty-three patients
(22.8%) were treated with six or more lines of chemotherapeutic regimens (Table 1).
Although 92 patients (91.1%) experienced neutropenia in
this study, only one patient (1.0%) experienced febrile neutropenia, which was subsequently resolved with the approVOLUME 49 NUMBER 2 APRIL 2017
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priate management. Of 56 patients (55.5%), granulocyte
colony-stimulating factor was required to treat and prevent
neutropenia in 55 (54.5%) and 18 (17.8%) patients, respectively.
Unlike neutropenia, there was no significant difference
among the incidences of peripheral neuropathy from other
studies. The enrolled patients had received taxane- or anthracycline-based chemotherapy before participating in this
study. Despite the repetitive chemotherapy treatment history, peripheral neuropathy of grade 3 or more was infrequent (two events of grade 3 and no grade 4) among the
patients. The unique mechanism of action of eribulin, which
inhibits microtubule polymerization at the plus end while
having no effect on depolymerization, may account for the
relatively low incidence of peripheral neuropathy [18]. A preclinical study reported that eribulin had a lower tendency to
induce new-onset peripheral neuropathy and exacerbate preexisting neuropathy than paclitaxel [19,20]. In a randomized
phase II study that compared the incidence and severity of
eribulin- or ixabepilone-induced peripheral neuropathy, a
lower incidence was recorded in the eribulin arm but the difference was not statistically significant [21].
A relatively lower DCR and shorter PFS in FAS and PPS
were observed in this study compared to those in previous
studies. The lower response rate and shorter PFS compared
to other studies may have resulted from the characteristics
of the study population, which had patients with more previous lines of chemotherapy prior to study participation.
The toxicity profile was consistent with previous phase II
and phase III studies, and no new adverse events were
observed in the Korean patients.

Conclusion
In conclusion, the ESKIMO study demonstrated that eribulin is a safe and effective therapeutic option for locally
advanced or in MBC patients who had received two or more
chemotherapy regimens.
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The Prevalence of Founder Mutations among Individuals from
Families with Familial Pancreatic Cancer Syndrome

Purpose
Familial pancreatic cancer describes families with at least two first-degree relatives with
pancreatic cancer that do not fulfil the criteria of other inherited tumor syndromes with
increased risks of pancreatic cancer. Although much has been learned regarding the
aggregation of pancreatic cancer in some families, the genetic basis for this familial aggregation is poorly understood. This study evaluated the prevalence of 10 Polish founder
mutations in four genes among individuals from families with diagnosed familial pancreatic
cancer syndrome and assessed their possible association with the familial pancreatic cancer
(FPC) risk in Poland.
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Materials and Methods
In this study, 400 FPC individuals and 4,000 control subjects were genotyped for founder
mutations in BRCA1 (5382insC, 4153delA, C61G), CHEK2 (1100delC, IVS2+1G>A,
del5395, I157T), NBS1 (657del5), and PALB2 (509_510delGA, 172_175delTTGT) genes.
Results
A statistically significant association was observed between the 172_175delTTGT mutation
of the PALB2 gene and an increased risk of FPC syndrome (odds ratio [OR], 10.05;
p=0.048). In addition, an increased risk of cancer was observed in the FPC family members
with a BRCA1 mutation (OR, 6.72; p=0.006). Novel associations were found between the
FPC family members with cancer and CHEK2 mutations (OR, 2.26; p=0.008) with a noticeable contribution of the missense variant, I157T of CHEK2 (OR, 2.17; p=0.026).
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Conclusion
The founder mutations in the genes, BRCA1, PALB2, and CHEK2, cause a small percentage
of familial pancreatic cancer syndrome in the Polish population. Following confirmation in
larger studies, these mutations can be added to the panel of genes to be tested in families
with a diagnosis of FPC syndrome.

Introduction
Studies over the past four decades have shown that 3.9%16% of patients with pancreatic cancer (PaCa) have a family
history of the disease, which is referred to as familial pancreatic cancer (FPC) [1]. FPC describes families with at least two
first-degree relatives with confirmed exocrine PaCa that do
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not fulfil the criteria of other inherited tumor syndromes
with increased risks of PaCa, such as Peutz-Jeghers syndrome, hereditary pancreatitis, and hereditary breast and
ovarian cancer. The first studies to explore what is now
referred to as FPC were case reports of families in which
there were multiple cases of PaCa. In 1973, MacDermott and
Kramer [2] described a family, in which PaCa developed in
four out of the six siblings.
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A small fraction of this aggregation can be accounted for
inherited cancer syndromes, including familial atypical multiple-mole melanoma (FAMM), Peutz-Jeghers syndrome,
hereditary breast-ovarian cancer (HBOC), hereditary pancreatitis (HP), and hereditary nonpolyposis colorectal cancer
(HNPCC). These syndromes arise as a result of germline
mutations in the CDKN2A (FAMM), STK11 (Peutz-Jeghers
syndrome), BRCA1, BRCA2, ATM (HBOC), PRSS1 (HP),
MLH1, and MSH2 (HNPCC) genes [3]. In addition, heredity
plays an important role in certain patients with apparently
sporadic PaCa. Many patients with PaCas caused by a
germline mutation in a cancer-causing gene do not have a
pedigree suggestive of a familial cancer syndrome [1].
Although much has been learned over the past few decades
regarding the aggregation of PaCa in some families, the
genetic basis for most of this familial aggregation is still
poorly understood.
Ten founder mutations in four cancer predisposing genes
have been identified in Poland [4-6]. These include three
founder mutations in BRCA1 (5382insC, 4153delA, and
C61G), four in CHEK2 (1100delC, IVS2+1G>A, del5395, and

Table 1. Characteristics of the FPC individuals
Characteristic

No.

All FPC cases
Healthy
FPC individuals with cancer
Age of onset (yr)
< 50
> 50
Birth year
Age at sample, mean (range, yr)
Healthy FPC individuals
FPC cases with cancer
Cancer site among cancer
FPC cases
Pancreas
Breast
Nipple
Uterus
Ovary
Large intestine
Small intestine
Kidney
Melanoma
Thyroid
Cheek
Cancer site unknown

400
295
105

FPC, familial pancreatic cancer.

198 (female 138, male 60)
202 (female 152, male 50)
1921-1968
49.44 (19-91)
46.11 (19-80)
59.13 (30-91)

36
28
9
7
5
4
1
2
2
2
1
8

I157T), one variant allele in NBS1 (657del5), and two in
PALB2 (509_510delGA and 172_175delTTGT) [4-6]. The
results of our previous case/control studies showed that
these mutations in BRCA1, CHEK2, NBS1, and PALB2 are
associated with the cancer risk at different sites of origin
[4-12]. A recent study evaluated the prevalence of these
founder mutations among sporadic PaCa patients and
showed that the risk of sporadic PaCa is associated with the
Slavic founder mutation of NBS1 657del5 (odds ratio [OR],
3.80; p=0.002) [13]. A hereditary predisposition to different
cancers, which is characteristic of the aforementioned genes,
suggests that there could be a potential link between Polish
founder mutations and a predisposition to FPC.
Therefore, the aim of this study was to establish the prevalence of ten Polish founder mutations in BRCA1, CHEK2,
NBS1, and PALB2 among individuals from families with
familial PaCa syndrome and to assess their possible association with the FPC risk in Poland.
A total of 400 individuals from FPC syndrome families
were genotyped and the frequencies of the founder mutations were compared with a set of healthy control subjects
representative of the Polish population.

Materials and Methods
1. Patients
The recruitment of individuals for this study was conducted between 2002 and 2014. The majority (80%) were
patients of our center, living in north-western Poland, as well
as in other cities of the country: Biaystok, Kraków, Lód,
Olsztyn, Opole, Rzeszów, widnica, Zielona Góra, Kielce.
The study involved 400 probands from families with a diagnosis of FPC syndrome, who were either healthy individuals
(n=295) or FPC patients with cancer (n=105). Table 1 lists the
characteristics of the individuals included in the study. Each
of the 400 study participants came from a family, in which
there were two or more cases of PaCa among the first-degree
relatives. All study participants with cancer had a histopathologically confirmed diagnosis of cancer. The mean age
of the participants enrolled in this study was 49.44 years
(range, 19 to 91 years). A family history of cancer was taken
either by the construction of a family tree or the completion
of a standardized questionnaire. This study was conducted
in accordance with the Declaration of Helsinki and all participants signed an informed consent document prior to
donating the blood samples. Furthermore, this study was
approved by the Ethics Committee of the Pomeranian Medical University in Szczecin, Poland.
VOLUME 49 NUMBER 2 APRIL 2017
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2. Population controls
Three control groups were combined. The first consisted
of 2,000 newborn children from 10 hospitals throughout
Poland (Szczecin, Biaystok, Gorzów, Katowice, Wrocaw,
Pozna, Opole, Lód, and Rzeszów) collected between 2003
and 2004. Samples of cord blood from unselected infants
were forwarded to the study center in Szczecin. The second
group was taken from adult patient lists of three family doctors practicing in the Szczecin region. A total of 1,000 controls
were selected at random from the patient lists of these family
doctors. The third group consisted of 1,000 adults from
Szczecin who submitted blood for paternity testing. A sample of DNA was forwarded to the reference laboratory without any identifying information. To ensure comparability of
the control groups, the allele frequencies of the 10 alleles was
computed separately for the adult and neonatal control
groups and compared to determine if there were any differences in allele frequencies.
3. Genotyping
DNA was isolated from 5 to 10 mL samples of peripheral
blood. Ten founder mutations in the BRCA1, CHEK2, NBS1,
and PALB2 genes were genotyped, as described previously
[4,6,9]. Briefly, BRCA1 mutations, 4153delA and 5382insC
were detected using the allele-specific oligonucleotide polymerase chain reaction (PCR), and C61G was detected using
the restriction fragment length polymorphism PCR. The
CHEK2 del5395 was detected using a multiplex PCR reaction.
The IVS2+1G>A and I157T variants in CHEK2 were detected
using restriction fragment length polymorphism PCR analysis, and the 1100delC mutation was analyzed using allelespecific oligonucleotide PCR. The NBS1 mutation was tested
using allele-specific oligonucleotide PCR. The two recurrent
truncating mutations of PALB2 (509_510delGA and 172_
175delTTGT) were detected using a TaqMan assay (Life
Technologies, Carlsbad, CA) using a LightCycler 480 RealTime PCR System (Roche Life Science, Mannheim, Germany). Sanger direct sequencing was undertaken to confirm
the presence of mutations, using a BigDye Terminator v3.1
Cycle Sequencing Kit (Life Technologies), according to the
manufacturer’s protocol. All ten mutations were analyzed
successfully in 398 of the 400 FPC cases (99.5%). The two that
failed to be analyzed due to the poor quality of DNA were
discarded from statistical analysis.
4. Statistical analysis
The prevalence of all mutant alleles in the cases and controls were compared. The ORs were generated from twoby-two tables and the statistical significance was assessed
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using a chi-square or Fisher exact test with a Yates correction.
The ORs were used as the estimates of the relative risk.

Results
A founder mutation in one of the four genes studied was
observed in 44 out of 398 FPC cases (11.06%) and in 283 out
of 4,000 controls (7.08%) (p=0.011; OR, 1.56; 95% confidence
interval, 1.12 to 2.18). Table 2 provides details of the prevalence of founder mutations studied among individuals from
FPC families and in the population control group. In the
group of all FPC individuals, the largest and statistically significant difference compared to the population control group
was observed for PALB2 172_175delTTGT (0.5%; OR, 10.05;
p=0.048). When the genotyping results were classified
according to the health status of the probands, statistically
significant differences were observed for the BRCA1, PALB2
and CHEK2 genes only in the group of FPC cases with cancer. Two (5382insC, C61G) of the three Polish founder BRCA1
mutations were detected in three of the 105 FPC cases with
cancer (2.86%) (OR, 6.72; p=0.006) compared to 17 of the
4,000 controls (0.42%). PALB2 mutations were observed in
two of the 105 FPC cases with cancer (1.90%) (OR, 9.52;
p=0.014) compared to eight of the 4,000 controls (0.20%).
CHEK2 mutations (all four mutations combined) were
detected in 14 of the 105 FPC cases with cancer (13.33%) (OR,
2.26; p=0.008) compared to 236 of the 4,000 controls (5.9%).
The CHEK2 I157T missense mutation contributed the largest
and was present in 11 of the 105 FPC cases with cancer (OR,
2.17; p=0.026) compared to 193 of the 4,000 controls. A single
NBS1 mutation (657del5) was detected in three of the 389
unselected FPC cases (0.75%): two healthy FPC probands
(0.68%), and one of the 105 FPC cases with cancer (0.95%),
compared to 22 of the 4,000 controls (0.55%), but none of the
associations were statistically significant.

Discussion
This study observed a significant correlation between the
prevalence of the Polish founder mutation 172_175delTTGT
of PALB2 gene and the FPC. In addition, an increased incidence of changes was observed in genes BRCA1 (three
founder mutation combined: p=0.006; OR, 6.72) and CHEK2
(four CHEK2 mutations combined: p=0.008; OR, 2.26), particularly the CHEK2 I157T mutation (p=0.03; OR, 2.17)
among the cancer-affected individuals from the FPC syn-

5 (1.26)
3 (0.75)
2 (0.50)
0(
33 (8.29)
8 (2.01)
2 (0.50)
3 (0.75)
3 (0.75)
25 (6.28)

3 (0.75)
3 (0.75)
1 (0.25)
2 (0.50)

9 (0.22)
19 (0.5)
15 (0.4)
193 (4.8)

22 (0.55)
8 (0.20)
6 (0.15)
2 (0.05)

Unselected
FPC case
(n=398)

17 (0.42)
13 (0.32)
3 (0.08)
1 (0.03)
236 (5.9)
43 (1.1)

Control
(n=4,000)

1.37
3.77
1.68
10.05

2.23
1.59
2.01
1.30

2.96
2.32
6.70
.1.41
1.87

OR

0.41-4.60
0.83-11.82
0.17-11.57
1.41-71.58

0.48-10.38
0.47-5.39
0.58-6.98
0.85-2.00

1.09-8.06
0.66-3.18
1.12-40.24
0.96-2.05
0.87-4.01

95% CI

0.871
0.115
0.630
0.048

0.598
0.708
0.477
0.277

0.064
0.362
0.104
0.097
0.164

p-value

2 (0.68)
1 (0.34)
0(
1 (0.34)

1 (0.34)
2 (0.68)
2 (0.68)
14 (4.78)

2 (0.68)
1 (0.34)
1 (0.34)
0(
19 (6.48)
5 (1.71)

Healthy
FPC case
(n=293)

1.24
1.71
6.83

1.52
1.44
1.82
0.99

1.61
1.05
4.55
1.10
1.59

OR

0.29-5.31
0.21-13.70
0.62-75.54

0.19-12.02
0.33-6.20
0.41-8.00
0.57-1.73

0.37-6.99
0.14-8.06
0.47-43.91
0.68-1.78
0.62-4.04

95% CI

0.770
0.611
0.500

0.691
0.956
0.746
0.973

0.855
0.963
0.654
0.797
0.489

p-value

1 (0.95)
2 (1.90)
1 (0.95)
1 (0.95)

1 (0.95)
1 (0.95)
1 (0.95)
11 (10.48)

3 (2.86)
2 (1.90)
1 (0.95)
0(
14 (13.33)
3 (2.86)

FPC case
with cancer
(n=105)

1.73
9.52
6.35
19.05

4.23
2.01
2.54
2.17

6.72
5.86
12.70
2.26
2.66

OR

0.23-12.98
2.00-45.41
0.76-53.24
1.71-211.83

0.53-33.73
0.27-15.13
0.33-19.42
1.15-4.11

1.94-23.30
1.31-26.31
1.31-123.16
1.27-4.01
0.81-8.71

95% CI

0.588
0.014
0.446
0.124

0.628
0.491
0.889
0.026

0.006
0.071
0.211
0.008
0.225

p-value

Values are presented as number (%). Statistically significant associations (p  0.05) are indicated in bold. FPC, familial pancreatic cancer; OR, odds ratio; CI, confidence interval.

Any BRCA1 mutation
5382insC
C61G
4153delA
Any CHEK2 mutation
Any CHEK2
truncating mutations
1100delC
IVS2+1G>A
del5395
CHEK2 I157T
missense mutation
NBS1 mutation
657del5
Any PALB2 mutation
509_510delGA
172_175delTTGT

Mutation

Table 2. Prevalence of the variant alleles in BRCA1, CHEK2, NBS1, and PALB2 among FPC cases
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drome families. The fact that BRCA1 and PALB2 mutations
might be causative of FPC in a small subset of families is relatively new [14-16]. These results confirm this correlation in
Polish families with FPC syndrome. Furthermore, the results
are consistent with the observations that PALB2 and BRCA1
mutations are reported in FPC, especially in the families with
a history of breast cancer [14,15]. Breast cancer was also
observed among the first degree relatives of one of the
PALB2 172_175delTTGT and one of the BRCA1 5382insC
mutation carriers from FPC.
The most valuable observation of the present study is the
increased risk of FPC among carriers of CHEK2 mutations,
particularly the CHEK2 I157T missense variant. CHEK2 is a
human homologue of the yeast Cds1 and Rad53 genes,
which encodes the cell cycle checkpoint kinase. CHEK2 is
activated by ATM dependent phosphorylation in response
to double strand DNA breaks [17,18]. Activated CHEK2
activates p53, which triggers cell cycle arrest at G1 or apoptosis [19,20]. Therefore, CHEK2 plays an important role in the
network of cell cycle regulation and DNA damage repair,
which are crucial processes in preventing cancer development. Four founder alleles of CHEK2 are present in Poland;
three of these result in a truncated CHEK2 protein (1100delC,
IVS2+1G>A and del5395) and the fourth (I157T) is a missense
substitution of an isoleucine by a threonine in exon 3 [9]. The
feature of the founder mutations in the CHEK2 gene is the
multiorgan cancer risk among carriers [8]. Positive associations with protein-truncating alleles in the CHEK2 gene are
observed for cancers of the prostate and thyroid. The large
germline deletion in CHEK2 is associated with an increased
risk of prostate cancer [9]. The missense variant, I157T, is
associated with an increased risk of colon, kidney, prostate,
thyroid, and stomach cancers [8,11]. In light of existing
research, it can be assumed that CHEK2 gene mutations are
more specific to a certain percentage of cancers of the gastrointestinal tract. In a study conducted at our center including 463 individuals, it has been shown that the I157T variant
of CHEK2 increases the risk of colorectal cancer among mismatch repair–negative HNPCC/HNPCC-related families
from Poland (OR, 2.1; p=0.0004) [21]. Polish founder mutations in the CHEK2 gene were also observed in 57 out of 658
unselected patients with gastric cancer (8.7%) compared to
480 out of 8,302 controls (5.8%) (OR, 1.6; p=0.004) [11]. Overall, it can be concluded that FPC is another malignant tumor
from the spectrum of digestive system cancers associated
with mutations of the CHEK2 gene. The results of a previous
study conducted among 383 PaCa cases did not show this
association for sporadic cancers of the pancreas [13]. The current relationship between the CHEK2 mutation and the
occurrence of FPC can be explained by the multiorgan nature
of the familial cancer predisposition of CHEK2 mutations.
Note that among the FPC cancer cases with detected CHEK2
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mutations, there were cases not only with PaCa, but also with
cancer of the breast, cervix, thyroid, and melanoma.
Thus far, the possible relationship between CHEK2 mutations and FPC has not been evaluated extensively. In one
existing German study based on the genotyping of 35
patients from families with FPC syndrome, the CHEK2
1100delC mutation was identified in one out of 35 FPC cases
(3%) [22]. The authors of that study suggested a possible contribution of the CHEK2 mutation in a small subset of FPC
[22]. In addition, it is believed that mutations of the CHEK2
gene, similar to the mutations in the other aforementioned
genes, cause only a small percentage of FPC cases. Therefore,
it can be assumed, that the search for genes that predispose
to FPC, will bring to light new genes, but none of them will
be responsible for a large percentage of families with FPC.
Note that mutation carriers with cancer in the present
study were affected by cancers at different sites (Supplementary Table 1). Among those, CHEK2 mutation carriers had
the largest variety of different neoplasms, i.e., multiple breast
cancers, cervical cancers, and single cases of thyroid cancer,
PaCa, and malignant melanoma. Each of the two PALB2
mutation carriers had either PaCa or breast cancer. Three
BRCA1 carriers with cancer were observed, two of which had
breast cancer and one ovarian cancer. These three BRCA1
mutation carriers had no other family member with breast
and/or ovarian cancer. A single carrier of the NBS1 mutation
was affected by PaCa. The occurrence of PaCa among the
BRCA1 and PALB2 mutation carriers is already known
[14,15]. The nature of the CHEK2 gene as a multiorgan cancer
predisposition gene has been reported [4,5,8-11], which
explains the occurrence of cancer at different sites among the
CHEK2 mutation carriers in the present study. Despite the
single cases of different cancers in these families with PaCa,
they only fulfil the criteria for FPC and did not meet the criteria for any other defined inherited tumor syndrome except
for three carriers of a BRCA1 mutation (HBOC, BRCA1 type).
Our previous study conducted among 383 PaCa patients
reported that the Polish founder mutation in NBS1 (657del5)
is associated with an increased risk of PaCa (OR, 3.80;
p=0.002) [13]. While the results of the current study, including almost 400 cases from FPC families presented here, did
not show a relationship between the NBS1 and FPC syndrome. It might mean that a NBS1 mutation is not associated
with the risk of FPC. On the other hand, it is equally possible
that a relationship between the NBS1 and FPC risk was not
observed because of the relatively small number of cases
with cancer (n=105) present in this study, in addition to the
low penetrance of NBS1 mutation. Indeed, more cases of cancer from FPC families should be analyzed in the future to
resolve this suspicion.
The major limitation of this study was the small number
of cases with cancer from FPC families subjected to genotyp-

Marcin R. Lener, Prevalence of Founder Mutations in FPC

ing. These results should be verified with a larger series of
FPC cases from both the Polish and other populations.

evaluate the utility of testing these genes for FPC in cancer
genetic counselling.

Conclusion

Electronic Supplementary Material

This case control study indicated that mutations in PALB2
(172_175delTTGT) appear to increase the risk of FPC in heterozygous carriers from the Polish population. In addition,
the FPC risk appears to be increased in carriers of BRCA1
(two of the three occurring: 5382insC, C61G) and CHEK2
founder mutations (particularly CHEK2-I157T missense variant). Therefore, in the Polish population, founder mutations
in the genes, BRCA1, PALB2, and CHEK2, cause a small percentage of familial PaCa. Studies in Slavic and other populations should be performed to confirm this association and

Supplementary materials are available at Cancer Research
and Treatment website (http://www.e-crt.org).
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Do Korean Doctors Think a Palliative Consultation Team Would Be
Helpful to Their Terminal Cancer Patients?

Purpose
Hospice and palliative care services (HPC) are not commonly utilized in Korea; however,
palliative care teams (PCTs) have been found to be effective at addressing the shortcomings
in HPC. In this study, we attempted to outline unmet palliative care needs of terminal cancer
patients and the potential benefits of PCTs as perceived by doctors in Korea.
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Materials and Methods
We surveyed 474 doctors at 10 cancer-related academic conferences from June to November 2014 with a self-report questionnaire to assess their perceptions of end-of-life care
needs and the expected effects of PCTs on caring for terminal cancer patients. Among those
surveyed, 440 respondents who completed the entire questionnaire were analyzed.
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Results
In all domains, fewer participants reported satisfaction with palliative care services than
those reporting needs (p < 0.001). The surveyed participants also reported difficulties with
a shortage of time for treatment, psychological burden, lack of knowledge regarding hospice
care, lengths of stay, and palliative ward availability. Multivariate logistic regression analysis
revealed that female doctors (odds ratio [OR], 2.672; 95% confidence interval [CI], 1.035
to 6.892), doctors who agreed that referring my patients to a HPC means I must give up on
my patient (OR, 3.075; 95% CI, 1.324 to 7.127), and doctors who had no experience with
HPC education (OR, 3.337; 95% CI, 1.600 to 7.125) were associated with higher expected
effectiveness of PCT activities.
Conclusion
The PCT activities were expected to fill the doctor’s perceived unmet HPC needs of terminal
cancer patients and difficulties in communications.

Introduction
Palliative care is designed to relieve suffering and improve
the quality of life of patients with life-threatening illnesses
and their caregivers [1]. In 2014, the World Health Organization (WHO) declared strengthening palliative care as a
component of integrated treatment throughout the life
course [1]. Palliative care teams (PCTs) have been proposed
as a recently developed model to improve early access to
│ http://www.e-crt.org │

Key words
Hospices, Palliative care, Referral and consultation, Neoplasms

hospice and palliative care (HPC), offering multi-disciplinary
advisory consultation services through specialized teams of
doctors, nurses, and social workers [2]. PCTs have gradually
spread throughout the United States [2], United Kingdom
[3], Canada [4], Australia [5], German [6], Spain [7], Japan [8],
and Taiwan [9], and their effectiveness has been explored.
Studies suggest that PCTs are effective at addressing the
shortcomings in HPC [10], improving symptom management [11], providing insights into cancer patients and their
diseases [12], clarifying the goals of end-of-life (EOL) care
Copyright ⓒ 2017 by the Korean Cancer Association
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[13], offering better psychosocial and spiritual support [13],
and helping with discharge planning [2,13]. Many studies
have also shown that PCTs increase patient and family satisfaction [14], improve quality of life [15], reduce length of
stays in intensive care units [15], and decrease hospital costs
[14].
In Korea, only 13.8% of all terminal cancer patients who
died in 2014 utilized a hospice and palliative care unit (PCU)
[16]. Since 2005, the Ministry of Health and Welfare of Korea
has financially supported 64 hospitals (1,047 beds) designated to offer HPC [16]. However, the overall infrastructure
and utilization of HPC in Korea has proven insufficient.
According to previous studies, lack of awareness with HPC,
denial of terminal illness, and refusal of medical referral to
HPC from patients and their families have hindered the utilization of HPC in Korea [17-20]. Korean doctors have also
expressed difficulties in communication with patients and
their family members concerning terminal illness, the implications of offering life-sustaining treatments to terminal
patients, and recommendation of HPC upon impending
death [17-19]. Nevertheless, studies have shown that late
referral to palliative care hinders acceptance of death among
terminal cancer patients and their family members [21,22].
As a mediator between medical staff and patients [23], PCTs
can shorten the referral time to HPC, allowing more time to
address the complexity of problems associated with caring
for terminally-ill patients [24]. Indeed, the Mayo Clinic palliative team reported that building a rapport with a patient
and their family via a palliative approach reduced the likelihood of delayed referral, as well as health care-related costs
[25].
Even though recommendations from a doctor are important factors associated with hospice use [26], few studies have
attempted to investigate doctors’ perceptions of terminal
cancer patients’ needs, attitudes toward HPC, and expectations of PCT. Therefore, this study was conducted to identify
needs and unmet needs in EOL care for terminal cancer
patients, and to outline the expected impact of PCTs as perceived by doctors in Korea.

Materials and Methods
1. Study design and population
To identify HPC needs for terminal cancer patients and
expectations regarding PCTs among Korean doctors, we conducted a survey of doctors at 10 cancer-related medical academic conferences from June to November; namely, the
Korean Association for the Study of the Liver, Korean Cancer
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Association, Korean Association for the Study of Lung Cancer, the Korean Society for Head and Neck Oncology, Korean
Breast Cancer Society, the Korean Brain Tumor Society, the
Laparoscopy Society, the Korean Spinal Neurosurgery Society, Korean Clinic Cancer Prevention Society, and the Korean
Bone and Joint Tumor Society. Subjects included in the survey comprised interns, residents, and professional members
of the listed academic societies. This study was approved by
the institutional review board of the National Cancer Center
in Korea, all potential participants provided informed consent before participating in the survey and trained surveyors
assisted the doctors with a self-report questionnaire. Among
1,399 doctors that attended the 10 conferences, 474 participated in the survey (response rate, 33.7%), and 440 doctors
completed the entire questionnaire.
2. Questionnaire
We defined the consultation PCT as follows and specified
it in the questionnaire. “The consultation PCT means that a
multidisciplinary team (doctors, nurses, social workers, etc.)
visits patients who are under medical treatment in a general
unit, not the PCU, and provides the palliative care to them.
It does not change the doctor responsible for the patient;
rather, the PCT provides services such as support with symptom control, psychological, social and spiritual care, EOL
care, bereavement care, communication (goals of EOL,
advance directives), and linkage to hospice and PCUs (or
special hospitals).”
The administered questionnaire was designed to assess
doctor’s perceived terminal cancer patient’s needs and
unmet needs of EOL care and expected effects on PCTs. The
questionnaire consisted of five parts: (1) doctor’s perceived
terminal cancer patients and family’s needs and unmet needs
of end-of life care (16 questions), (2) doctor’s difficulties
associated with EOL care (seven questions), (3) attitudes
toward HPC (seven questions), (4) expected effectiveness of
PCT activities (16 questions), and (5) clinical experiences and
demographics (14 questions).
The following demographic characteristics of the respondents were recorded: sex, age, affiliation with a designated
PCU, percentage of terminal cancer patients treated, specialty, hospital type, education regarding hospice care, and
willingness to seek PCT consultation. Patient-related aspects
of EOL care included control of pain and physical symptoms,
psychological care for the patient and their family, communication, socio-economic care, spiritual care, advanced care
planning, and care for bereaved family members. Need for
and satisfaction with each of these aspects were assessed on
a four-point Likert scale. Physician-related aspects of PCTs
consisted of lack of time for care, psychological burden, lack
of experience or knowledge, and conflicts with hospital
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guidelines regarding admission indications. Difficulties with
and the expected benefits of PCTs were assessed on a fourpoint Likert scale. We also surveyed the attitudes of doctors
toward HPC based on five items, referring my patient to
HPC means giving up on my patient, referring my patient to
HPC causes them to lose hope, I only transfer my patient to
HPC at the time of impending death, care for the dying
patient is my obligation, HPC is a worthwhile activity.

2. Perceived needs and satisfaction with EOL care to terminal cancer patients and their family and expected effectiveness of PCTs activities on EOL care
Doctors expressed that EOL care was most needed to “control pain and physical symptoms” among terminal cancer
patients (p < 0.001). Most of the doctors were unsatisfied,

3. Statistical analysis
Table 1. Demographic characteristics
Needs perceived by doctors in EOL care for terminal cancer patients and the expected effectiveness of PCTs were
analyzed by ANOVA. The reasons for doctors’ difficulties
with EOL care and the expected effectiveness of PCTs were
analyzed by t-tests. Doctors’ attitudes toward HPC were
analyzed as clusters of “expected effectiveness of PCT activities” using two-way chi-squared tests. The “expected effectiveness of PCT activities” was classified according to “satisfaction with EOL care” and “expected effectiveness of PCT
activities on EOL care.” To determine factors potentially
affecting the doctors’ expectations of PCT activities, we also
carried out multivariate logistic regression analysis. Sociodemographic factors (sex, age) were evaluated by covariate
analysis along with doctor’s attitudes toward HPC, such as
grasping pending death, loss of hope, belief that it is a worthwhile activity, hospital type, belief that referring my patients
to a PCU means I must give up on them, hospice education,
percentage of terminal patients treated, affiliation with a designated PCU, specialty, and PCT expectations, as dependent
variables. All statistical analyses were conducted using the
STATA ver. 12 (STATA Corp., College Station, TX). Statistical
significance was set at p < 0.05, and all p-values were twosided.

Results
1. General characteristics
Of the 440 doctors who completed the survey, 341 were
male (77.5%) and 99 were female (22.5%), with a mean age
of 40.7 years. Eighty of the doctors were affiliated with a designated PCU (18.2%), 224 (50.9%) were surgeons, 258 (59.6%)
were employed at a tertiary hospital, and 71 (16.1%) had
undergone HPC education (Table 1).

Variable

No. (%) (n=440)

Sex
Male
Female
Age (yr)
Mean±SD
< 30
30-39
 40
Affiliated with a designated PCU
Yes
No
Proportion of terminal cancer patients
among one’s patients (%)
None
1-9
10-19
20-29
 30
Specialty
Hemato-oncology
Other internal medicine
Surgery
Radiotherapy
Miscellaneous
Hospital type
Tertiary hospital
Secondary hospital
General hospital
Clinic
Long-term care hospital
Others
Experience of hospice and
palliative care education
Yes
No
Willingness to consult with
a palliative care team
Yes
No

341 (77.5)
99 (22.5)
40.7±8.8
38 (8.6)
218 (49.6)
184 (41.8)
80 (18.2)
360 (81.8)

41 (9.1)
193 (44.0)
85 (19.4)
45 (10.4)
75 (17.1)
65 (14.8)
89 (20.2)
224 (50.9)
46 (10.5)
16 (3.6)
258 (59.6)
112 (25.9)
6 (1.4)
1 (0.2)
1 (0.2)
55 (12.7)

71 (16.1)
369 (83.9)

39 (8.9)
401 (91.1)

SD, standard deviation; PCU, hospice and palliative care
unit.
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Table 2. Doctor’s perceived needs and satisfaction with EOL care to terminal cancer patients and expected effectiveness of
PCTs activities

Control of pain and
physical symptoms
Psychological care for
the patient and their family
Communication
Socio-economic care
Spiritual care
Care for dying patients
Advanced care planning
Care for the bereaved

Needs of EOL care
by terminal cancer
patients and
their family

Satisfaction with
EOL care to terminal
cancer patients
and their family

Expected
effectiveness of
PCTs activities
on EOL care

p-value

4.725±0.535a

3.690±0.656b

4.063±0.718c

< 0.001

4.491±0.619a

3.007±0.822b

4.293±0.612c

< 0.001

4.427±0.618a
4.252±0.706a
3.814±0.849a
4.084±0.760a
4.139±0.683a
3.723±0.842a

3.334±0.760b
2.670±0.861b
2.500±0.961b
2.670±0.963b
2.964±0.829b
2.220±0.975b

4.152±0.693c
3.840±0.820c
3.866±0.853a
4.130±0.756a
3.879±0.785c
3.878±0.850c

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Values are presented as mean±standard deviation. Scale: 1, not very much; 2, not much; 3, somewhat; 4, much; 5, very much.
Values within a row with different superscripts (a-c) are different (p < 0.05; one-way ANOVA followed by Bonferroni post
hoc). p-values were determined by ANOVA. EOL, end-of-life; PCT, palliative care team.

Table 3. The reasons for doctor’s difficulties with EOL care to terminal cancer patients and their expected effectiveness of
PCT activities
Cause of doctor's difficulties with EOL care
Lack of time for care
Psychological burden
Lack of experience or knowledge
Conflicts with hospital policy regarding discharge indications

Difficulties in
EOL care

Expected effectiveness
of PCT activities

p-value

3.700±0.411
3.661±0.419
3.152±0.420
3.600±0.408

3.800±0.338
3.893±0.355
4.014±0.327
3.816±0.341

0.061
< 0.001
< 0.001
< 0.001

Values are presented as mean±standard deviation. Scale: 1, not very much; 2, not much; 3, somewhat; 4, much; 5, very much.
p-value by t test. EOL, end-of-life; PCT, palliative care team.

especially with “social and economic care,” “psychological
care,” and “care for the bereaved.” Doctors expected that
PCT activities would have positive effects on EOL care,
especially in “spiritual care,” “care for a dying patient,” and
“care for the bereaved.” However, they expressed that “pain
and symptom control,” “psychologic care,” “communication,” and “social and economic care” in EOL care were still
insufficient (Table 2).
3. Reasons for difficulties in EOL care to terminal cancer
patients and the expected effectiveness of PCT activities
Doctors difficulties with EOL care stemmed from a “lack
of time,” “psychological burden,” and “conflict with hospital
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policy” (p < 0.001). However, they suggested that most of
these difficulties could be overcome by PCTs (Table 3).
4. Doctor’s attitudes toward HPC
Doctors who had positive attitudes toward HPC expected
greater effectiveness for PCT activities (p=0.005). Doctors
who had negative attitudes toward HPC did not expect PCT
activities to be effective. Doctors who disagreed with their
clinical obligation to “care for dying patients,” but agreed
with the value of EOL care expected greater effectiveness of
PCT activities (p=0.005) (Table 4).
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Table 4. Doctor’s attitude toward HPC
No expected
Expected
effectiveness
effectiveness
of PCT activities of PCT activities
(n=47, 10.7%)
(n=392, 89.3%)

Total

Referring my patient to HPC means
“giving up on my patient”
Agree
Disagree
Referring my patient to HPC makes him lose hope
Agree
Disagree
I only transfer my patient to HPC
at the time of impending death
Agree
Disagree
Care for a dying patient is my clinical obligation
Agree
Disagree
Care for terminal cancer patients and
family is a worthwhile activity
Agree
Disagree

p-value

44 (10.0)
396 (90.0)

14 (31.8)
33 (8.3)

30 (68.2)
363 (91.7)

< 0.001

75 (17.0)
365 (83.0)

18 (24.0)
29 (7.9)

57 (76.0)
336 (92.1)

< 0.001

89 (20.3)
351 (79.7)

17 (19.1)
30 (8.5)

72 (80.9)
321 (91.5)

0.004

170 (38.6)
270 (61.4)

26 (15.3)
21 (7.8)

144 (84.7)
249 (92.2)

0.013

196 (44.6)
243 (55.4)

31 (15.8)
16 (6.6)

165 (84.2)
227 (93.4)

0.002

Values are presented as number (%). HPC, hospice and palliative care; PCT, palliative care team.

Table 5. Multiple logistic regression model of factors associated with doctor’s expected effectiveness of palliative care team
activities

Sex
Male
Female
Referring my patient to the hospice and
palliative care means “giving up on my patient”
Agree
Disagree
Experience with hospice and palliative care education
Yes
No

No. (%)

Adjusted
odds ratio

341 (77.5)
99 (22.5)

1
2.672

1.035-6.892

44 (10.0)
396 (90.0)

1
3.075

1.324-7.127

71 (16.1)
369 (83.9)

1
3.337

1.600-7.125

95% CI

Adjusted for attitudes associated with hospice and palliative care such as pending death, loss of hope, and worthwhile
activity, hospital type, age, percentage of terminal cancer patients, designated hospice unit, specialty. CI, confidence interval.
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5. Factors affecting expectations of PCTs
Multivariate logistic regression analysis revealed that
female doctors (odds ratio [OR], 2.672; 95% confidence interval [CI], 1.035 to 6.892), doctors who agreed that “referring
my patients to a HPC” means I must give up on my patient
(OR, 3.075; 95% CI, 1.324 to 7.127), and doctors who had no
experience with HPC education (OR, 3.337; 95% CI, 1.600 to
7.125) were associated with higher expected effectiveness of
PCT activities (Table 5).

Discussion
In this study, we outlined doctors’ perceptions regarding
the unmet EOL care needs of terminal cancer patients and
the expected effectiveness of PCT activities. Our findings
suggested that most doctors were frustrated with EOL care
in areas of physical pain control, psychosocial care, communication, socioeconomic care, spiritual care, care for dying
patients, bereavement care, after-discharge care, and longterm care services for terminally-ill cancer patients. Nevertheless, the surveyed doctors expected that adoption of PCTs
would help improve services in these areas.
The participants in the present study expressed that they
believed EOL care would likely improve if PCTs are adopted;
however, doing so is not likely to satisfy all unmet needs.
According to a study by Pantilat at al. [27], implementation
of PCTs did not improve pain or depression and did not
reduce symptom severity among chronic patients relative to
routine care, although it did help patients overcome dyspnea
and anxiety and improved their spiritual well-being. Rabow
et al. [28] suggested that PCTs do not improve pain, depression, or quality of life among patients. Upon referral to a
PCT, patients are generally assessed by a social worker with
physician review, rather than direct examination by a physician, which could explain why primary care physicians tend
not to follow PCT recommendations. Therefore, as the effectiveness of PCTs may differ among various clinical settings
(e.g., payment systems, patient type [inpatients, outpatients,
emergency room patients], and hospital protocols), we suggest the need for more strenuous assessment of the effectiveness of PCTs and identification of the potential limitations
and obstacles to EOL care through PCTs to improve quality
of life and palliative care services for terminal cancer
patients.
PCTs are expected to have positive effects on care settings
in which doctors themselves are required to provide palliative care services to their patients. Since the effects of and
experiences with PCTs have mostly been studied in terms of
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patients and hospital care, little research has been conducted
to outline its effects on medical staff. However, one qualitative study by Enguidanos et al. [29] conducted among physicians and nurses working in cooperation with PCTs found
that PCT consultation services reduced the medical staff’s
burden and workload, allowing them to be faster and more
efficient. In the present study, doctors in Korea asserted that
the implementation of PCTs would likely improve difficulties they had experienced with administering palliative care
to their patients.
In terms of the doctors’ attitudes and expectations regarding the role of PCTs, those that stated “referring my patients
to the hospice unit means I must give up on them,” “referring
my patients to the hospice unit causes them to lose hope,”
and “I only transfer my patients to the hospice unit upon
impending death” were associated with positive attitudes
towards hospice palliative care and tended to have higher
expectations for PCTs. Doctors who expressed that “terminal
care is my obligation” and “terminal care is a worthwhile
activity” had negative attitudes towards hospice palliative
care, although they appeared to have high expectations for
PCTs. The present study indicated that most of the doctors
did not regard health care services for terminal cancer
patients or EOL care as their duty or a valuable effort.
Instead, they tended to focus their patients’ full recovery and
the consumption of health care resources. According to
another Korean study, the majority of health care providers
(67.2%) answered that they wished there was another doctor
who could take care of their terminal cancer patients until
death, and nearly half of them (45.3%) did not provide any
EOL care to such patients [17]. Meanwhile, previous studies
have shown that doctors are significantly associated with
both length of hospital stay and patient choices [30] at the
point of referral to palliative care [31]. This suggests that, in
terms of providing palliative care services at acute care centers, wider use of PCTs, and educating health care providers
regarding their roles will help improve EOL for terminal cancer patients.
We found that several factors heightened expectations
among doctors regarding the benefits of PCTs in caring for
terminally-ill cancer patients; namely, female, denial that
referring my patients to the hospice means I must give up on
them, and lack of education regarding HPC. The notion that
female doctors prefer PCTs more than male doctors was also
reported by Roter and Hall [32], who found that female
physicians show a better affinity for collaborative models of
the patient-physician relationship than their male counterparts. Female physicians also tend to spend more time with
their patients, are more likely to hold discussions regarding
psychosocial context with their patients, and more often
address feelings and emotions [32]. Therefore, female physicians would more likely place an emphasis on palliative care

Hye-Young Shim, Palliative Consultation Team

in the terminal care phase, including care for the dying
patient, family care, and psychological and mental care, raising expectations for PCTs. In addition, individuals who were
opposed to HPC because they feel it suggests they must give
up on their patients showed lower expectations for PCTs. In
our experience, PCTs can help doctors develop a caring attitude toward terminally ill patients; accordingly, curricula to
cultivate related skills are needed in a variety of complementary medical settings.
Participants that did not agree with this notion expressed
greater expectations for PCTs. As another study suggests,
recognition and affirmation of the usefulness of HPC among
doctors enables earlier palliative care intervention [33]. Thus,
we assume that a positive attitude among doctors toward
palliative care would further expand the role of PCTs in caring for terminally-ill cancer patients. Finally, physicians who
had not received education regarding HPC reported greater
expectations for PCTs than those who had received such
education. This may be because, lacking sufficient training,
they would face difficulties in caring for end-stage patients,
which were recorded in our study. Thus, as part of a multiinterdisciplinary approach, PCTs may warrant a greater role
in caring for terminally-ill cancer patients.
The strength of our study lies in that we surveyed a large
number of doctors from different areas throughout Korea,
targeting their experiences with palliative care. This allowed
us to discern the likely roles of PCTs in meeting the palliative
care needs of end-stage cancer patients in Korea. However,
it is also necessary to discuss obstacles to the introduction of
PCTs in Korea and tasks that await tackling based on the
experiences of countries that have already introduced PCTs.
First, a protocol should be developed to facilitate referral
to PCTs early in the course of treatment. Reville et al. [34]
reported that patients were referred to PCTs at too late of a
stage because they were not ready to receive palliative care
services. They also reported that patients thought that palliative care could not be performed along with care aimed at
prolonging their lives [33]. To provide quality care, referral
to PCTs at appropriate times is very important, and a referral
protocol that facilitates this should be developed.
Second, in acute care wards, patients should be helped to
overcome their prejudice against palliative care so that
become more accepting of it. A study conducted by Smith et
al. [24] found that, since referral to PCTs could cause a psychological burden to patients and their families, doctors
ended up referring their patients at later stages. In Korea,
24.0% of doctors responded that later referrals stemmed from
a reluctance to tell their patients that they had terminal cancer [17]. In Taiwan, one study showed that more than 50% of
all cancer patients did not clearly understand their terminal
condition when consulting with hospital-based PCTs [35].
However, palliative care focuses on patient autonomy and

respect for their free will. To resolve this clinical dilemma,
hospital-based PCTs must assume a responsibility for assisting medical staff in communicating with the patient’s family
and building mutual trust to inform patients about their terminal illness [35].
Third, in all care settings, collaboration and open communication among medical staff are required. PCTs usually only
visit a patient two or three times per week and are sometimes
not able to communicate effectively with hospital staff [9].
Indeed, hospital-based PCT members often make up for a
lack of conversation by writing notes in medical charts.
Health professionals in acute hospital settings may often
overlook these messages, resulting in mismanagement of any
problems a patient may be experiencing [21,35]. To resolve
communication issues, hospital-based PCTs and acute hospital wards should use the same standard assessment tools,
hold regular meetings, and increase their frequency of visiting patients [9].
Fourth, for PCTs to provide quality services, institutions
should provide sufficient human resources and training and
hold meetings and educational seminars with doctors who
request support [36,37]. In a Japanese study, 30% of all designated cancer hospitals in Japan reported that PCT consultation services were unavailable for more than 50% of the
business hours on weekdays [8]. Another study found that
job statements lacked sufficient detail on the required roles
and activities of PCTs in palliative care [37]. To improve the
activities of PCTs, we held educational workshops for an
interdisciplinary team at the National Cancer Center [38].
However, standardized educational resources for training
PCTs are needed in Korea, so that the delivery, development,
and methods thereof are consistent.
Nevertheless, our study has a few limitations that warrant
consideration. First, since the respondents comprised doctors
in attendance at 10 conferences, we could not survey the
opinions of those who were not present. Thus, the results
may not sufficiently represent the opinions of all doctors in
Korea. Second, the low response rate may suggest that those
who participated in the survey were more interested in palliative care than those who refused, which may indicate the
possibility of selection bias. Third, since the survey was
administered as a self-report questionnaire, it was difficult
to incorporate opinions about satisfaction with palliative care
in clinical settings in which the respondents actually administered care. Future qualitative interview surveys should
investigate the reasons why the reported needs failed to be
met. Fourth, this survey included questions selected by
research teams instead of those with validation scales; therefore, the validity and reliability of the questions might not be
high.
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Conclusion
This study surveyed Korean doctors to examine unmet
needs and satisfaction with palliative care services in Korea,
as well as the expected benefits of PCTs. In doing so, we
identified several patient- and physician-related aspects in
which PCTs may be effective at improving palliative care.
Future studies are needed to assess the relationship of costeffectiveness, patient and family quality of life, and doctor
satisfaction with implementation of PCTs for early intervention in end-stage cancer patients.
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Purpose
ETV6/RUNX1 (+) acute lymphoblastic leukemia (ALL), which is the most common genetic
subtype of pediatric ALL, has a favorable prognosis. In this study, we analyzed the outcome
of ETV6/RUNX1 (+) ALL patients treated at our institution with the aim of identifying significant prognostic variables.
Materials and Methods
Sixty-three patients were diagnosed with ETV6/RUNX1 (+) ALL from 2005 to 2011. Prognostic variables studied included minimal residual disease (MRD) as detected by
ETV6/RUNX1 (+) fusion, and the presence of additional cytogenetic abnormalities.
Results
The 5-year event-free survival was 84.1±4.6%, with 10 patients relapsing at a median of
28.3 months from diagnosis for a 5-year cumulative incidence of relapse of 15.9±4.6%.
Multivariate analysis revealed that the presence MRD, as detected by real-time quantitative-polymerase chain reaction or fluorescence in situ hybridization for ETV6/RUNX1 fusion
at end of remission induction, and the presence of additional structural abnormalities of
12p (translocations or inversions) negatively affected outcome. Despite treatment such as
allogeneic hematopoietic cell transplantation, eight of the 10 relapsed patients died from
disease progression for overall survival of 82.5±6.9%.
Conclusion
ETV6/RUNX1 (+) ALL may be heterogeneous in terms of prognosis, and variables such as
MRD at end of remission induction or additional structural abnormalities of 12p could define
a subset of patients who are likely to have poor outcome.

Introduction
The ETV6/RUNX1 rearrangement, t(12;21)(p13;q22), is the
most common recurrent genetic abnormality in childhood
acute lymphoblastic leukemia (ALL) [1]. Patients with this
abnormality are known to have favorable outcome, with
event-free survival (EFS) ranging from 80% to 97% reported
in recent studies [2-5].
Although children with ETV6/RUNX1 rearrangement may
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be broadly categorized as a subgroup of precursor B ALL
with good prognosis, the subgroup itself could be heterogeneous in terms of additional chromosomal and genetic
abnormalities found concurrent with ETV6/RUNX1. Additional chromosomal abnormalities found in patients with
ETV6/RUNX1 include loss of the second ETV6 allele, gain of
RUNX1, duplication of the derivative chromosome 21, MLL
aberrations, and deletion of 9p, with conflicting reports on
the prognostic relevance of specific abnormalities [6-12]. Furthermore, recent genome wide and exome analyses have
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revealed that each ETV6/RUNX1 patient could have multiple
mutations, underscoring the heterogeneity of this ALL subtype [13,14]. Importantly, this genetic heterogeneity may
influence overall treatment response and survival, resulting
in differing outcomes for specific patients.
Few studies of children with ETV6/RUNX1 (+) ALL from
Korea have been conducted. Whether the outcome of this
pediatric ALL subgroup is similar to that reported from other
countries, and the important factors that influence outcome
are largely unknown. In this study, we reviewed the outcome
of children with ETV6/RUNX1 (+) ALL treated at our institution over 10 years and attempted to identify significant
prognostic factors with regards to survival.

Materials and Methods
1. Patients
All patients diagnosed with ETV6/RUNX1 (+) ALL from
January 2005 to December 2011 at the Department of Pediatrics, The Catholic University of Korea were included in the
initial study cohort. Positivity for the cryptic ETV6/RUNX1
rearrangement was confirmed by either fluorescence in situ
hybridization (FISH) or reverse-transcriptase polymerase
chain reaction screening at diagnosis as previously reported
[15]. A chromosomal study of metaphase bone marrow (BM)
cells was also conducted for each patient using conventional
G-banding analysis to identify cytogenetic abnormalities in
addition to the cryptic ETV6/RUNX1 rearrangement.
During the study period, a total of 65 patients were diagnosed with ETV6/RUNX1 (+) ALL. Excluding one patient
who was transferred to another institution for further treatment after achieving complete remission (CR), and one
patient who received allogeneic hematopoietic cell transplantation (HCT) in first CR due to concurrent hypodiploidy, the
final study cohort consisted of 63 patients who received
chemotherapy only as first-line treatment (Table 1).
2. Treatment regimen
The major characteristics of our institution’s treatment regimen have been reported previously [16]. Patients were classified as low, standard, high, or very high risk according to
institution criteria (Supplementary Table 1). With regards to
the chemotherapy regimen, all patients received uniform
remission induction and consolidation chemotherapy. Afterwards, low and standard risk patients received one phase
each of interim maintenance and delayed intensification,
while high and very high risk patients received two phases

Table 1. Main characteristics of the study cohort
Factor

Study cohort (n=63)

Sex
Male/Female
Age at diagnosis (yr)
Median (range)
Initial WBC count (/mm3)
Median (range)
 50,000/> 50,000
and  100,000/> 100,000
Initial CNS involvement
Yes/No
NCI risk group
Standard/High
Prephase steroid responsea)
Good/Poor
MRD at end of induction (TP1)
Yes/No
MRD at end of consolidation (TP2)
Yes/No
Overall risk group
Low/Standard
High/Very high

37 (59)/26 (41)
4.7 (1.8-13.6)
11,300 (1,000-269,380)
53 (84)/7 (11)/3 (5)

0 (0)/63 (100)
48 (76)/15 (24)
61 (97)/2 (3)
6 (10)/56 (90)
2 (3)/60 (97)
39 (62)/3 (5)
15 (24)/6 (10)

Values are presented as number (%) unless otherwise
indicated. WBC, white blood cell; CNS, central nervous
system; NCI, National Cancer Institute; MRD, minimal
residual disease; TP1, time point 1; TP2, time point 2.
a)
Good steroid response was defined as a peripheral blast
count of < 1,000/mm3 after 1 week of prephase steroid
treatment.

each of interim maintenance and delayed intensification
before maintenance chemotherapy (Supplementary Tables 2-7).
During maintenance treatment, all patients received high
dose methotrexate at 12 weekly intervals. None of the
patients received prophylactic cranial irradiation in first CR.
As an adjustment of institution protocol, all patients diagnosed from January 2009 onwards received prednisolone
during all phases of steroid treatment (n=31), whereas previously dexamethasone had been administered (n=32).
3. Measurement of minimal residual disease
A BM study was conducted at the end of induction, end of
consolidation, prior to each phase of delayed intensification,
and at the start and end of maintenance treatment. In these
studies, positivity for ETV6/RUNX1 rearrangement was
measured using real-time quantitative-polymerase chain
reaction (RQ-PCR) and FISH.
The ETV6/RUNX1 fusion transcript was measured by
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RQ-PCR using the ETV6/RUNX1 Quantification kit (Biosewoom Inc., Seoul, Korea). The samples were assayed on an
ABI-Prism 7500/7500 Fast Real-Time PCR System (Applied
Biosystems, Foster City, CA). The relative expression level of
the gene of interest was calculated using the 2–Ct method
by normalizing to the geometrical mean of ABL1 as a stable
reference gene and presented relative to the control. FISH
testing was conducted using ETV6/RUNX1 translocation,
dual fusion probe (Cytocell, Cambridge, UK). Pretreatment
and hybridization were performed in accordance with the
manufacturer’s recommendation.
Consistent with a previous study that found patients who
relapsed had RQ-PCR levels between 10–4 and 10–2 at the end
of remission induction [17], patients with RQ-PCR  110–3
(the midpoint of 10–4 and 10–2) at end of induction (day 30,
time point 1 [TP1]), or  110–4 at end of consolidation (day
85, time point 2 [TP2]) were considered to have minimal
residual disease (MRD [+]). Also, patients with  0.5% cells
containing the ETV6/RUNX1 rearrangement among the 200400 interphase cells examined using FISH at either TP1 or
TP2 were also considered to be positive for MRD. Patients
who were MRD (+) at TP1 were classified and treated as high
risk, even if all other parameters indicated low or standard
risk.
Of note, RQ-PCR measurement of ETV6/RUNX1 was
incorporated into our diagnostic methodology in 2007, prior
to which only FISH had been used and precluding the use of
RQ-PCR in all patients of the cohort. Of the 63 patients in the
study cohort, 27 and 29 were evaluated for ETV6/RUNX1
using RQ-PCR at TP1 and TP2, respectively. Also, 60 patients
each were tested using FISH at TP1 and TP2. Overall, 62
patients each were evaluated for MRD at TP1 and TP2 using
RQ-PCR or FISH.
4. Definition of study parameters and endpoints
The EFS and overall survival (OS) of the study cohort were
analyzed. EFS was defined as the time from diagnosis of ALL
to the last follow-up in CR or the first event that included
relapse, primary refractory disease, death, or secondary
malignancy. OS was defined as the time from diagnosis of
ALL to last follow-up or death from any cause.
The following factors were analyzed for their impact on
EFS: patient sex, age at diagnosis, initial white blood cell
(WBC) count, type of steroid used for treatment, response to
prephase steroid treatment, risk group according to National
Cancer Institute (NCI)/ Rome criteria based on age and initial WBC count [18], and presence of MRD at either end of
induction or end of consolidation. Because of the reported
high incidence of an abnormal karyotype in conjunction with
the ETV6/RUNX1 rearrangement in ETV6/RUNX1 (+) ALL
patients [6], the presence of a complex karyotype was studied
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as a cytogenetic variable potentially influencing EFS. Chromosome 12 has been reported to be the most frequently
involved additional cytogenetic abnormality, most often
manifesting as deletion of the remaining TEL on 12p [6,7].
Hence, deletion of 12p (del(12p)) and structural abnormalities (defined as translocations or inversions, not additions or
deletions) involving 12p in addition to ETV6/RUNX1 were
also evaluated for prognostic significance. A complex karyotype was defined as a karyotype with three or more structural or numerical abnormalities, as previously described
[19].
5. Statistical analysis
Univariate study of impact of clinical and cytogenetic factors on EFS was conducted with the Kaplan-Meier method
and comparisons were made with the log-rank test. Collinearity among variables found to be significant in the univariate study was assessed by checking the variance inflation
factor (VIF) and the tolerance statistic. A multivariate study
was done with Cox proportional hazard regression for variables found significant in the univariate study. Incidence of
relapse was calculated with the cumulative incidence function. p-values of < 0.05 were considered significant.

Results
1. Cytogenetic studies
Of the 63 patients in the cohort, a complex karyotype was
found in 30 (48%), while deletion of the remaining 12p was
observed in 14 patients (22%). Abnormalities involving MLL
were found in six patients (10%) (deletion 5, addition 1).
Structural abnormalities involving 12p in addition to ETV6/
RUNX1, defined as translocations or inversions, were also
found in six patients (10%) (Table 2).
2. Response to initial treatment and MRD
All patients achieved CR at the end of 4 weeks of remission
induction chemotherapy. Of the 62 patients who were evaluated for MRD at TP1 and TP2, six (10%) and two (3%)
patients were found to be MRD (+) at TP1 and TP2, respectively (Table 1). At TP1, four patients were diagnosed as
MRD (+) by RQ-PCR, and two patients by FISH. At TP2, two
patients were found to be MRD (+) by RQ-PCR.
Of the 27 patients who had MRD measured at TP1 using
RQ-PCR, 19 were detected at < 10–4 (70%), four were detected
at 10–4, three were detected at 10–3, and one patient was found
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Table 2. BM karyotypes of ETV6/RUNX1 (+) ALL patients with additional structural abnormalities (translocations or inversions) involving 12p
No.

Karyotype

1
2
3

46,XX[8].ish t(12;21)(p13;q22)(ETV6+,RUNX1+;RUNX1)[8]/46,idem,t(6;12)(q21;p13)[12]
46,XY[10].ish t(12;21)(p13;q22)(ETV6+,RUNX1+;RUNX1)[10]/46,idem,t(8;12)(q13;p13)[10]
46,XX[3].ish t(12;21)(p13;q22)(ETV6+,RUNX1+;RUNX1)[2]/46,XX,i(21)(q10)[8].
ish t(12;21)(p13;q22)(ETV6+,RUNX1+;RUNX1),ider(21)(q10)t(12;21)[6]/
45,XX,der(12)t(12;18)(p11.2;q11.2),-18,i(21)(q10)[12].ish
t(12;21)(p13;q22)(ETV6+,RUNX1+;RUNX1),ider(21)(q10)t(12;21)[10]/47,XX,+mar[7]
46,XY[4].ish t(12;21)(p13;q22)(ETV6+,RUNX1+;RUNX1+)[4]/
46,idem,der(12)t(12;14)(p11.2;q11.2)del(14)(q13q24),t(12;22)(q12;p13),del(14)(q24)[16]
46,XY[12].ish t(12;21)(p13;q22)(ETV6+,RUNX1+;RUNX1)[12]/46,idem,inv(12)(p13q13)[8]
46,XX[14].ish t (12;21)(p13;q22)(ETV6+,RUNX1+;RUNX1)[14]/46,idem,t(2;12)(q11.2;p13)[16]

4
5
6

BM, bone marrow; ALL, acute lymphoblastic leukemia.
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Fig. 1. (A) Event-free survival (EFS) of the ETV6/RUNX1 (+) acute lymphoblastic leukemia (ALL) cohort. (B) EFS of the
ETV6/RUNX1 (+) ALL cohort according to overall risk group.

to be polymerase chain reaction (PCR) positive at 10–2. Of the
29 patients who had MRD measured at TP2 using RQ-PCR,
27 were detected at < 10–4 level (93%) and two were found to
be PCR positive at 10–4. Among the four patients who were
PCR positive at  10–3 at TP1, and hence MRD (+) according
to the study definition, all but one were detected at < 10–4,
and hence MRD (–), at TP2.
Of the 60 patients who were evaluated by FISH at TP1, two
were MRD (+) at 2.5% and 0.5% of cells counted. These two
patients had not been evaluated by RQ-PCR. None of the
patients evaluated by FISH at TP2 were found to have MRD.

3. Event-free survival
The 5-year EFS for the ETV6/RUNX1 (+) ALL cohort was
84.1±4.6% (53/63) (Fig. 1A). All events were relapses that
occurred at a median of 28.3 months from diagnosis (range,
10.4 to 39.4 months). The EFS differed according to overall
patient risk group, with low risk patients having 89.7±4.9%
EFS and very high risk patients having 50.0±20.4% EFS
(p=0.055) (Fig. 1B). Univariate analysis of prognostic factors
for EFS revealed that only MRD at TP1 and the presence of
additional 12p structural abnormalities had a significant
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Table 3. Univariate study of factors influencing EFS
Factor

Patient (n=63)

Event (n=10)

p-value

37/26

8/2

0.121

58/5

9/1

0.836

53/10

7/3

0.156

48/15

6/4

0.185

32/31

4/6

0.488

61/2

9/1

0.112

6/56

4/5

< 0.001

2/60

0/10

0.548

30/33

7/3

0.134

14/49

1/9

0.336

6/57

3/7

0.003

Sex
Male/Female
Age at diagnosis
< 10 yr/ 10 yr
Initial WBC count
< 50,000/ 50,000
NCI risk group
Standard/High
Steroid utilized for treatmenta)
Dexamethasone/Prednisolone
Prephase steroid responseb)
Good/Poor
MRD at TP1
Yes/No
MRD at TP2
Yes/No
Complex karyotype
Yes/No
Additional del(12p)
Yes/No
Additional 12p structural abnormalityc)
Yes/No

EFS, event-free survival; WBC, white blood cell; NCI, National Cancer Institute; MRD, minimal residual disease; TP1, time
point 1; TP2, time point 2. a)Type of steroid utilized during acute lymphoblastic leukemia treatment, b)Good steroid response
was defined as a peripheral blast count of < 1,000/mm3 after 1 week of prephase steroid treatment, c)Additional translocations
or inversions involving 12p.

Table 4. Multivariate study of factors influencing EFS
Factor
MRD at TP1
No
Yes
Additional 12p structural abnormalitiesa)
No
Yes

Hazard ratio (95% CI)

p-value

1(
17.54 (3.83-80.29)

< 0.001

1(
13.06 (2.59-65.89)

0.002

EFS, event-free survival; CI, confidence interval; MRD, minimal residual disease; TP1, time point 1. a)Additional translocations
or inversions involving 12p.

impact, with the presence of either predicting worse outcome
(Table 3, Supplementary Fig. S1). Among the four patients
who were MRD (+) at TP1 and subsequently relapsed, none
were found to be MRD (+) at TP2. Of note, all patients who
had MRD < 10–3 at TP1, and were hence MRD (–) according
to the study definition, survived event-free. Of the three
patients with additional 12p structural abnormalities who
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relapsed, two died from disease progression.
Multivariate analysis revealed that both MRD at TP1 (hazard ratio [HR], 17.54; 95% confidence interval [CI], 3.83 to
80.29; p < 0.001) and the presence of additional 12p structural
abnormalities (HR, 13.06; 95% CI, 2.59 to 65.89; p=0.002) had
a significant negative impact on EFS (Table 4). Tests indicated limited collinearity between the two significant vari-
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ables (average VIF, 1.006; average tolerance, 0.994).
Overall, 10 of 63 patients relapsed, nine in the BM and one
with isolated central nervous system (CNS) relapse, resulting
in a 5-year cumulative incidence of relapse of 15.9±4.6%. All
but one of the patients relapsed prior to completion of
planned chemotherapy. None of the patients in the cohort
died in remission.
4. Treatment of relapsed patients
All nine patients with BM relapse underwent allogeneic
HCT after achieving second CR, four from matched sibling
donors, four from unrelated donors, and one from a haploidentical family donor. Eight of nine patients subsequently
relapsed at a relatively short period from transplant (median
time to relapse, 4.9 months; range, 2.0 to 12.0 months). All
eight patients died of disease progression at a median of 11.0
months from HCT (range, 3.8 to 20.0 months). One of the
nine patients survives without event 14.2 months after HCT.
One patient who showed isolated CNS relapse 32.5 months
since diagnosis received craniospinal irradiation and intensified systemic and intrathecal chemotherapy, and survives
in second remission 32.2 months since relapse. The 8-year OS
of the ETV6/RUNX1 (+) ALL cohort was 82.5±6.9% (55/63).

Discussion
Here, we report the outcome and prognostic factors for
ETV6/RUNX1 (+) ALL in Korean children treated at a single
institution. The 5-year EFS for our study cohort was 84.1±
4.6%, which is lower than results reported previously by
other institutions [2,5]. Disparities in outcome between our
ETV6/RUNX1 (+) ALL patients and those previously reported also included the time to event and final OS. Relapses
occurred at a short median of 28.3 months from diagnosis,
with nine of the 10 patients relapsing prior to treatment completion, while the Nordic Society of Pediatric Hematology
and Oncology study noted that many of their patients experienced a late relapse [3]. Moreover, previous studies
reported an OS greater than 90%, indicating that a significant
portion of relapsed patients were cured with further therapy
[2,3,5]. One study that focused on relapsed ETV6/RUNX1 (+)
ALL patients found a median time to relapse from diagnosis
of 42.5 months, and a significantly better OS after relapse for
ETV6/RUNX1 (+) patients compared with those who were
ETV6/RUNX1 (–) [20]. This experience contrasts with both
the shorter time to relapse in our patients, and the poor outcome of our 10 relapsed patients, only two of whom currently survive in remission, despite treatment with allogeneic

HCT in nine patients with BM relapse. Although validation
from a larger cohort is necessary, our results indicate the possibility of a subgroup of ETV6/RUNX1 (+) ALL with guarded
prognosis who may relapse early and may not be cured
despite intensive treatment subsequent to relapse. Identifying prognostic factors that define this subgroup may help
clarify the heterogeneity of ETV6/RUNX1 (+) ALL patients
and improve their overall outcome.
Among variables that influence EFS, we found MRD at
TP1, which is at end of remission induction, as detected by
RQ-PCR for the ETV6/RUNX1 transcript or by FISH, as well
as additional structural abnormalities involving 12p in the
karyotype to be significant. Few studies have investigated
the role of RQ-PCR measurement of the ETV6/RUNX1 transcript as a means of detecting MRD [21,22]. One study found
that four relapsed patients of a cohort of 57 with ETV6/
RUNX1 (+) ALL were MRD (+) as detected by RQ-PCR for
the ETV6/RUNX1 transcript at the end of remission induction [17]. Three of the four patients had MRD between 10–4
and 10–2, while one relapsed patient had a low level of MRD
at < 10–4. In our study, the cut-off level of 10–3 at TP1 significantly predicted EFS. Whether a lower level of MRD at this
treatment point better defines a subset of patients with poor
prognosis will require a study of a greater number of
patients. However, it is important to note that all of the 23
patients with MRD < 10–3 at TP1 in our cohort currently survive event-free. In contrast to the prognostic relevance of
MRD at TP1, MRD detected at TP2 failed to have significance.
Additional genetic abnormalities found in the ETV6/
RUNX1 (+) ALL blast may also aid in defining patients with
poor outcome. Several studies have reported deletion of the
non-translocated ETV6 allele as a recurrent abnormality
occurring in conjunction with ETV6/RUNX1 [6-9]. In our
cohort, del(12p) was found in 14 patients (22%), but was not
found to affect EFS. Abnormalities involving 12p have been
reported to be the most common additional structural aberrations in ETV6/RUNX1 (+) ALL patients [6]. To verify the
impact of these abnormalities separately from del(12p), we
narrowly redefined structural abnormalities of 12p as
translocations or inversions. Although we only identified six
patients with such additional abnormalities, it is important
to note that three of these patients relapsed, and two subsequently died from disease progression.
It is important to note that this study has several limitations. RQ-PCR based MRD monitoring was only conducted
in a subgroup of the study cohort, with the remaining
patients analyzed by FISH, resulting in lack of a uniform
method of testing for MRD. Moreover, only 10 patients in the
cohort of 63 patients relapsed, giving a cumulative incidence
of 15.9%. As ETV6/RUNX1 (+) ALL is known to have favorable outcome, a study of a larger number of patients is
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required to more accurately validate the prognostic factors,
that is MRD at end of remission induction and the presence
of additional 12p structural abnormalities, underlined in this
study. Finally, our data collection and analysis were limited
by the retrospective nature of this study.

Conclusion
In summary, our ETV6/RUNX1 (+) ALL cohort had a
5-year EFS of 84.1%. Relapses occurred relatively early during the course of treatment, and eight of ten relapsed patients
died of disease progression, despite therapeutic measures
such as allogeneic HCT. Significant MRD at the end of remission induction chemotherapy and the presence of additional
structural abnormalities of 12p in the karyotype in the form
of translocations or inversions adversely affected EFS. Larger

scale studies will be necessary to confirm the factors that
characterize a potential subset of ETV6/RUNX1 (+) ALL with
poor outcome, and to improve the survival of this heterogeneous subtype of childhood ALL.
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Purpose
Letrozole showed efficacy and generally favorable toxicities, along with the convenience of
oral administration in postmenopausal patients with hormone receptor (HR)–positive
metastatic breast cancer (MBC). To the best of our knowledge, there have been no reports
of the clinical outcomes in Korean patients, although letrozole is widely used in practice.
Therefore, this study was conducted to affirm the efficacy and toxicities of letrozole in Korean
patients.
Materials and Methods
This study retrospectively analyzed 84 HR-positive MBC patients who had been treated with
letrozole from January 2001 to December 2012. Clinicopathological characteristics and
treatment history were extracted from medical records. All patients received 2.5 mg letrozole
once a day until there were disease progressions or unacceptable toxicity. Progression-free
survival (PFS) was the primary endpoint, and secondary endpoints were overall survival
(OS), objective response rate (ORR), and toxicity.
Results
The median age of the subjects was 59.3 years. Letrozole treatment resulted in a median
PFS of 16.8 months (95% confidence interval [CI], 9.8 to 23.8) and a median OS of 56.4
months (95% CI, 38.1 to 74.7). The ORR was 36.9% for the 84 patients with measurable
lesions. Multivariate analysis revealed symptomatic visceral disease (hazard ratio, 3.437;
95% CI, 1.576 to 7.495; p=0.002) and a disease-free interval  2 years (hazard ratio, 2.697;
95% CI, 1.262 to 5.762; p=0.010) were independently associated with shorter PFS. However, sensitivity to adjuvant hormone treatment was not related to PFS. Letrozole was generally well tolerated.
Conclusion
Letrozole showed considerable efficacy and tolerability as a first-line treatment in postmenopausal patients with HR-positive MBC.

Key words
Letrozole, Hormone receptor-positive, Metastatic breast cancer,
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Introduction
Breast cancer is the second most common cancer worldwide, with more than one million new cancer cases annually
[1]. Breast cancer is also a major cancer in Korea [2]. Metastatic breast cancer (MBC) accounts for 20%-30% of all breast
cancer cases and remains incurable; therefore, systemic therapy plays an essential role in the treatment of MBC. Among
systemic therapies, endocrine therapy (ET) is the mainstay
of treatment for patients with hormone receptor (HR)–positive MBC. Because ET is as effective as chemotherapy but less
toxic, it should be recommended first in patients with HRpositive MBC except in cases of rapidly progressive disease
[3].
Aromatase inhibitors (AIs) are commonly used in practice
in adjuvant and palliative settings. AIs inhibit the aromatase
enzyme, resulting in interruption of estrogen synthesis and
suppression of tumor growth [4-7]. Currently, there are three
clinically available third-generation AIs; two reversible nonsteroidal AIs, letrozole and anastrozole; and one irreversible
steroidal AI, exemestane. All three agents are at least as
effective as tamoxifen in postmenopausal patients with HRpositive MBC [4-6]. A randomized phase III clinical trial to
compare letrozole with tamoxifen as first-line treatment
showed that letrozole was superior to tamoxifen in terms of
objective response rate (ORR), time to progression, and overall survival (OS) [6]. However, the majority of trials for AIs
were conducted in Western patients. For this reason, there
has been no satisfactory clinical data describing letrozole,

particularly in Korean patients. Therefore, we investigated
the efficacy and toxicity of letrozole as a first-line treatment
for postmenopausal patients with HR-positive MBC.

Materials and Methods
1. Study population
We searched all patients who received letrozole as a palliative treatment regardless of ordinal lines of therapy
between January 2001 and December 2012 (Fig. 1). A total of
407 patients met these criteria. Among the 407 patients, 230
who received prior chemotherapy and 90 treated with a second or further lines of treatment were excluded from our
analysis. Menopause was defined as follows: prior bilateral
oophorectomy, age > 60 years, age < 60 years with amenorrhea for 12 or more months in the absence of chemotherapy,
tamoxifen, toremifene, ovarian suppression, or follicle-stimulating hormone/estradiol in the postmenopausal range [7].
This protocol was reviewed and approved by the Institutional Review Board of Seoul National University Hospital
(SNUH) (IRB No. 1411-038-624). The recommendations of the
Declaration of Helsinki were also observed.

Metastatic breast cancer patients treated
with letrozole monotherapy at SNUH
From January 2001 through December 2012 (n=407)
Maintenance letrozole after
cytotoxic chemotherapy (n=230)
Palliative letrozole treatment (n=177)
Treated at 2nd or more line (n=90)
Patients received letrozole treatment
at 1st line (n=87)
Follow-up loss before
response evaluation (n=3)
A total of analyzed patients (n=84)

Fig. 1. CONSORT diagram of patients included in analysis. SNUH, Seoul National University Hospital.
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2. Data collection
We reviewed the medical records of all patients for the following characteristics: age, disease status, HR status, human
epidermal growth factor receptor 2 (HER-2) status, Ki-67 status, adjuvant treatments, date of recurrence, cancer antigen
15-3 level, number of metastatic organs, and dominant
metastatic site. estrogen receptor (ER) or progesterone receptor (PR) positivity was defined as staining for ER or PR
 1% of tumor cells by immunohistochemistry (IHC). HER-2
positivity was defined as an IHC of 3+ or 2+ and HER-2 fluorescence in situ hybridization–positive. The high level of
Ki-67 was defined as an IHC of Ki-67  14% of tumor cells
[8]. The treatment response was evaluated according to the
Response Evaluation Criteria in Solid Tumors ver. 1.1. The
grading of toxicity was recorded according to the National
Cancer Institute Common Toxicity Criteria for Adverse
Events (NCI-CTCAE) ver. 4.0. ET-sensitive was defined as a
relapse after  1 year of completion of adjuvant ET. Diseasefree interval (DFI) was calculated from the day of curative
resection to the date of tumor recurrence. Progression-free
survival (PFS) was measured from the first day of letrozole
treatment until tumor progressions or death of any cause. OS
was calculated from the first day of letrozole treatment to
patient death or the last date of follow-up. ORR was defined
as the proportion of patients with either a complete response
or a partial response. The clinical benefit rate (CBR) was
defined as the proportion of patients achieving the best overall response of complete response, partial response, or stable
disease lasting for at least 6 months.
3. Treatment and follow-up
All patients received 2.5 mg letrozole once a day until disease progression or withdrawal due to toxicity or patient’s
decision. Tumor response was evaluated using the appropriate imaging modalities at least every 2 months in the first 6
months and every 3 months thereafter, or whenever there
was clinical evidence of disease progression.
4. Statistical analysis
Categorical variables were compared with the Pearson’s
chi-square test or Fisher exact test, as appropriate. PFS and
OS were calculated using the Kaplan-Meier method. The logrank test was used to compare the probability of survival
between subgroups. Multivariate analysis was performed
using the Cox proportional hazards model, and hazard ratios
were calculated using a 95% confidence interval. Two-sided
p-values of < 0.05 were considered significant. All analyses
were conducted using the PASW ver. 18.0 software package
(SPSS Inc., Chicago, IL).
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Results
1. Clinicopathological characteristics
A total of 84 patients with measurable disease were
included in our study. Baseline characteristics of the entire
study population are summarized in Table 1. The mean age
at diagnosis of the metastatic or recurrent disease was
59.3±10.5 years (median, 59.3 years; range, 36.4 to 85.7 years).
Overall, 54 patients (64.3%) had both ER- and PR-positive
tumor, while 27 (32.1%) and three (3.6%) had ER-positive
/PR-negative tumor and ER-negative/PR-positive tumor,
respectively. Seven patients (8.3%) had HER2-positive breast
cancer. Among 46 patients in whom Ki-67 could be determined, 10 (11.9%) had a high level of Ki-67. Moreover, 34
patients (40.5%) had bone-dominant metastasis and 21
patients (25.0%) had lymph node or soft tissue metastasis.
Among 48 patients who received adjuvant tamoxifen,
14 (29.2%) had ET-sensitive tumors.
2. Prior treatment
A total of 74 patients (88.1%) underwent curative surgery.
Adjuvant ET data were insufficient for 26 patients; therefore,
only 48 (64.9%) received tamoxifen as an adjuvant ET. Moreover, only three patients received anastrozole following
tamoxifen as sequential treatment, while 58 (78.4%) received
adjuvant chemotherapy. Additionally, 60 patients (81.1%)
had a DFI > 2 years, and 14 patients (29.2%) were ET-sensitive in the adjuvant ET group. The median DFI in ET-sensitive patients was 8.95 years (range, 6.25 to 18.3 years), while
the median PFS and median OS were longer in the ET
responsive group than the non-responsive group; however,
these differences were not statistically significant (median
PFS, 12.3 vs. 34.1 months; p=0.266; median OS, 52.6 vs. 74.0
months; p=0.262; log-rank test).
3. The efficacy and survival analysis of letrozole
The median follow-up was 71 months, and the median
duration of treatment was 17.1 months. The most common
reasons for discontinuing letrozole were disease progression
(97.6%), followed by drug toxicity (arthralgia grade 3, 2.4%).
The ORR and CBR were 36.9% and 82.1%, respectively
(Table 2). Median PFS and OS were 16.8 months (95% confidence interval [CI], 9.8 to 23.8) and 56.4 months (95% CI, 38.1
to 74.7), respectively (Fig. 2). Shorter PFS and OS were seen
in patients with a DFI  2 years or initial metastasis or symptomatic visceral disease (Fig. 3).
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Table 1. Clinicopathologic characteristics of patients

Table 1. Continued

Characteristic

Characteristic

Total
Age, mean (range, yr)
< 55
 55
Disease status
Relapsed disease
Initially metastatic disease
Hormonal receptor statusa)
ER+, PR+
ER+, PR–
ER–, PR+
HER-2 statusb)
Negative
Positive
Undetermined
Ki-67 statusc)
Low
High
Undetermined
Prior treatment in relapsed cases (n=74)
Surgery (n=74)
No
Yes
Adjuvant chemotherapy (n=74)
No
Yes
Anthracycline based
Anthracycline+Taxane
CMF
Adjuvant radiotherapy (n=74)
No
Yes
Adjuvant hormone treatment (n=74)
Unknown
Yes
Tamoxifen alone
Tamoxifen  Anastrozole
ET-responsiveness (n=48)
No
Sensitive
Disease-free interval (yr) (n=74)
2
>2
CA 15-3 level (U/mL) (n=84)
 30
> 30
Unknown
Measurable disease (n=84)
No
Yes

No. of patients (%)
84
59.3 (36.4-85.7)
29 (34.5)
55 (65.5)
74 (88.1)
10 (11.9)
54 (64.3)
27 (32.1)
3 (3.6)
51 (60.7)
7 (8.3)
26 (31.0)
36 (42.9)
10 (11.9)
38 (45.2)

0
74 (100)
16 (21.6)
58 (78.4)
27 (36.5)
9 (12.2)
31 (41.9)
50 (67.6)
24 (32.4)
26 (35.1)
48 (64.9)
45
3

No. of patients (%)

No. of metastatic organs (n=84)
1
2
Dominant metastatic site (n=84)
Bone
Lymph node or soft tissue
Asymptomatic visceral metastasis
Symptomatic visceral metastasis

13 (15.5)
71 (84.5)
34 (40.5)
21 (25.0)
13 (15.5)
16 (19.0)

ER, estrogen receptor; PR, progesterone receptor; HER2,
human epidermal growth factor receptor 2; CMF, cyclophosphamide+methotrexate+5-fluorouracil; ET, endocrine
treatment; CA 15-3, cancer antigen 15-3; IHC, immunohistochemistry. a) 1% cells were positive for hormone receptor as assessed by IHC staining, b)IHC score 3+ or unequivocal amplification as assessed by fluorescence in situ
hybridization were positive for HER-2 status, c) 14% cells
were high for Ki-67 as assessed by IHC.

Table 2. The best treatment responses to first-line letrozole
Best treatment response
CR+PR
SD
PD
Objective response ratea)
Clinical benefit rateb)

No. of patients (%)
31 (36.9)
47 (56.0)
6 (7.1)
31/84 (36.9)
69/84 (82.1)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. a)Defined as proportion of
patients having the best overall response of either CR or
PR, b)Defined as the proportion of patients having the best
overall response of CR, PR, or SD for at least 6 months.

34 (70.8)
14 (29.2)

4. The univariate and multivariate analysis
14 (18.9)
60 (81.1)
54 (64.3)
19 (22.6)
11 (13.1)
29 (34.5)
55 (65.5)

Subgroup analysis revealed that the ORR for patients with
a DFI > 2 years was significantly higher than that of patients
with a DFI  2 years (43.3% vs. 14.3%, p=0.044) (Table 3). Univariate analysis revealed that short DFI ( 2 years), initial
metastasis and symptomatic visceral metastasis were significantly associated with short PFS (Table 4). However, ETresponsiveness did not affect PFS. Upon multivariate analysis, short DFI ( 2 years), initial metastasis and symptomatic
visceral metastasis also significantly influenced PFS (Table 4).
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Median PFS, 16.8 mo
Median OS, 56.4 mo

Proportion (%)

0.8
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0.4

0.2
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Survival (mo)

Fig. 2. Progression-free survival (PFS) and overall survival
(OS) of first-line letrozole treatment.

5. Toxicity
The observed toxicity in our study was limited, with most
adverse events being mild to moderate. Only two patients
discontinued letrozole due to general weakness and arthralgia. Evaluation of bone health was available for 31 patients.
Only one patient (3.2%) had a left proximal humerus fracture
related to osteoporosis, while two (6.4%) had newly detected
osteoporosis while using letrozole as defined by the NCICTCAE ver. 4.0.

Discussion
Upon meta-analysis [3], AIs showed similar efficacy and
less toxicity than chemotherapy. The phase III trials [5,6,9]
demonstrated that anastrozole or letrozole was superior to
tamoxifen as a first-line treatment in postmenopausal
patients with MBC. Based on both meta-analysis and phase
III trials, anastrozole or letrozole is the standard first-line
therapy in postmenopausal patients with HR-positive MBC.
However, most AI trials in MBC have been tested in Western
patients, not Asian patients, and there have not been any
data relevant to AIs generated in HR-positive MBC to date,
particularly in Korean patients. Moreover, only 40% of
Korean patients with breast cancer are postmenopausal [10],
which seems to be lower than in Western countries. As a
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result, it is not easy to perform a large-scaled study for AIs,
particularly in Korean postmenopausal patients. To the best
of our knowledge, even though this is a retrospective analysis, our study has the largest scale of analysis for letrozole as
a first-line treatment in Korean postmenopausal patients
with HR-positive MBC.
In our study, PFS, OS, and ORR were 16.8 months, 56.4
months, and 36.9%, respectively, which is more favorable
than in other studies. Moreover, short DFI and symptomatic
visceral metastasis were significantly related to poorer clinical outcomes (Table 4, Fig. 3). Unfortunately, we found no
DFI data in phase III trials of and therefore could not compare them with our study directly. It is important to point
out that even in the PO25 study [11], only the median DFI
(5.9 years) was given. In our study, categorization of DFI was
based on two years and the median DFI was 6.1 years (range,
0.1 to 37.4 years). Moreover, it is difficult to compare these
values directly, because no previous studies divided patients
into symptomatic and asymptomatic visceral metastasis.
Rather, most studies conducted to date have used nonvisceral and visceral metastases to separate the dominant metastasis. Particularly, in visceral metastasis, only liver involvement was considered, not the symptoms. Therefore, our
study is unique in that it confirms symptoms as an important
factor.
A randomized phase III (PO25) trial to compare letrozole
with tamoxifen in postmenopausal patients with MBC
showed better clinical benefits in letrozole [6,11]. ORR
appeared to be similar between our study and the PO25
study. However, PFS and OS in our study were better than
in other trials, including the PO25 study. This result may
have occurred because the proportion of patients with initial
metastasis at diagnosis was much lower than in other phase
III studies (Table 5), and most enrolled subjects were recurrent cases (88.1%) in the present study. The disease burden
of recurrent cases may have been smaller at the time of diagnosis since it was detected early through routine regular follow-up examination. The rate of dominant visceral metastasis was greater in the PO25 study (43%) than in our study
(34.6%). Moreover, there were fewer patients with relatively
adverse dominant metastatic sites such as liver involvement
in this study (Table 5). In addition, one prior chemotherapy
regimen for the treatment of metastatic disease was permitted in the PO25 trial, whereas our patients received letrozole
treatment as their first-line therapy in the metastatic setting.
It is also possible that the patients who were selected to be
treated with first-line ET instead of chemotherapy had a
tumor with a more indolent nature. Therefore, our results
may show better survival than those of previous studies.
Even in the group with visceral metastasis, patients with
no symptoms had a median PFS four times longer (40.6
months vs. 8.8 months) and a median OS three times longer
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Fig. 3. Progression-free survival (PFS) (A) and overall survival (OS) (B) based on disease-free interval (DFI). Median PFS for
initial metastasis, DFI  2 years and DFI > 2 years: 9.3 months vs. 11.2 months vs. 22.8 months, p=0.004, log-rank test; median
OS: 32.4 months vs. 44.9 months vs. 74.0 months, p=0.001, log-rank test. PFS (C) and OS (D) based on subgroups of dominant
metastatic sites. Median PFS for bone, lymph nodes (LNs) or soft tissues, asymptomatic visceral metastasis, and symptomatic
visceral metastasis: 18.5 months vs. 17.8 months vs. 40.6 vs. 8.8 months, p=0.002, log-rank test; median OS: 67.8 months vs.
56.4 months vs. 89.5 vs. 24.2 months, p=0.004, log-rank test.

(89.5 months vs. 24.2 months) than those with symptoms
(Fig. 3). Moreover, patients with a DFI  2 years or initial
metastatic diseases also showed shorter survival than those
without. Cytotoxic chemotherapy may be preferred for
patients of a relatively young age, with short DFI, with initial
metastasis or in need of rapid symptom control. Therefore,

any of the third generation AIs may be used for front-line
treatment of HR-positive MBC in postmenopausal patients
without visceral crisis [12,13]. Treatment decisions are based
on symptoms and disease severity (e.g., impending visceral
crisis), DFI, patient age, performance status, sites of disease
and comorbidities. Other important concerns include patient
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Table 3. Treatment responses in patient subgroups
Prognostic factor
Age (yr) (n=84)
< 55
 55
Hormone receptor statusb) (n=84)
Both receptors positive
Only one receptor positive
HER-2 statusc) (n=84)
Negative
Positive
Undetermined
Ki-67 statusd) (n=84)
Low
High
Undetermined
Disease status (n=74)
Disease-free interval  2 yr
Disease-free interval > 2 yr
No. of metastatic organs (n=84)
1
2
Dominant metastatic site (n=84)
Bone
Lymph node or soft tissue
Asymptomatic visceral metastasis
Symptomatic visceral metastasis
ET-responsiveness (n=48)
No
Sensitive

Objective
response

p-valuea)

Clinical
benefit

p-valuea)

8/29 (27.6)
23/55 (41.8)

0.199

23/29 (79.3)
46/55 (83.6)

0.623

20/54 (37.0)
11/30 (36.7)

0.973

44/54 (81.5)
25/30 (83.3)

0.832

15/51 (29.4)
2/7 (28.6)
14/26 (53.8)

0.098

42/51 (82.4)
5/7 (71.4)
22/26 (84.6)

0.720

10/36 (27.8)
3/10 (30.0)
18/38 (47.4)

0.194

30/36 (83.3)
8/10 (80.0)
31/38 (81.6)

0.964

2/14 (14.3)
26/60 (43.3)

0.044

11/14 (78.6)
50/60 (83.3)

0.702

3/13 (23.1)
28/71 (39.4)

0.355

11/13 (84.6)
58/71 (81.7)

1.000

9/34 (26.5)
11/21 (52.4)
6/13 (46.2)
5/16 (31.3)

0.217

29/34 (85.3)
18/21 (85.7)
12/13 (92.3)
10/16 (62.5)

0.136

11/34 (32.4)
7/14 (50.0)

0.251

27/34 (79.4)
13/14 (92.9)

0.407

Values are presented as number (%). HER-2, human epidermal growth factor receptor 2; ET, endocrine treatment; IHC,
immunohistochemistry. a)Chi-square test, b) 1% cells were positive for hormone receptors as assessed by IHC staining, c)IHC
score 3+ or unequivocal amplification as assessed by fluorescence in situ hybridization were positive for HER-2 status, d) 14%
cells were high for Ki-67 as assessed by IHC.

preferences, maintaining or improving quality of life, and
minimizing treatment toxicities. Even if patients had symptoms or metastatic diseases initially, an anti-hormone therapy would be useful when tumor tissues were revealed as
strongly ER positive or it is difficult to proceed with
chemotherapy because of old age. In our study, although
patients had the above risk factors, they were treated with
ET if they were elderly, had lower Eastern Cooperative
Oncology Group performance scores, or did not want
chemotherapy. To date, there has been no evidence of concurrent cytotoxic chemotherapy and cytostatic ET resulting
in improved survival among advanced breast cancer
patients. Therefore, we recommend ET and chemotherapy
be performed sequentially to fit individual patients’ situa-
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tions.
Endocrine resistance is a critical issue for patients with HRpositive MBC. Some tumors harbor intrinsic resistances to
endocrine agents, and in the metastatic setting, all tumors
ultimately acquire resistance to ET. In this study, there were
no statistically significant differences in treatment response
and survival between patients who had recurred after  1
year of completion of adjuvant ET and those who had not.
Patients with previous ET (tamoxifen) were included in the
Phase III trials shown in Table 5, and third generation AIs
drew favorable clinical outcomes. Moreover, the past tamoxifen treatment history did not affect the AI effect in any of
the studies summarized in Table 5. There are different resistance mechanisms of tamoxifen and letrozole in genome-wide
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Table 4. Univariate and multivariate analyses of predictive factors for progression-free survival
Prognostic factor
Age (yr) (n=84)
< 55
 55
Hormone receptor statusb) (n=84)
Both receptors positive
One receptor positive only
HER-2 statusc) (n=84)
Negative
Positive
Undetermined
Ki-67 statusd) (n=84)
Low
High
Undetermined
Disease status (n=84)
Disease-free interval > 2 yr
Disease-free interval  2 yr
Initially metastatic disease
No. of metastatic organs (n=84)
1
2
Dominant metastatic site (n=84)
Bone
Lymph node or soft tissue
Asymptomatic visceral metastasis
Symptomatic visceral metastasis
ET-responsiveness (n=48)
No
Sensitive

Univariate

Multivariate
a)

HR (95% CI)

p-value

HR (95% CI)

p-valuea)

1(
1.073 (0.652-1.765)

0.782

1(
1.085 (0.590-1.998)

0.793

1(
1.067 (0.649-1.753)

0.798

1(
1.285 (0.738-2.240)

0.375

1(
1.134 (0.664-1.936)
1.977 (0.829-4.716)

0.291
0.644
0.124

1(
0.709 (0.279-1.804)
0.790 (0.437-1.426)

0.642
0.471
0.434

1(
1.474 (0.709-3.065)
0.903 (0.540-1.512)

0.401
0.299
0.699

1(
1.964 (0.735-5.247)
1.457 (0.784-2.708)

0.341
0.178
0.234

1(
2.051 (1.095-3.840)
2.907 (1.376-6.140)

0.004
0.025
0.005

1(
2.697 (1.262-5.762)
2.519 (1.113-5.703)

0.009
0.010
0.027

1(
1.675 (0.797-3.523)

0.174

1(
1.635 (0.733-3.646)

0.230

1(
1.380 (0.756-2.519)
0.813 (0.389-1.696)
3.077 (1.584-5.975)

0.002
0.294
0.581
0.001

1(
1.122 (0.552-2.282)
0.721 (0.331-1.572)
3.437 (1.576-7.495)

0.004
0.750
0.411
0.002

1(
0.680 (0.351-1.317)

0.252

1(
0.749 (0.352-1.597)

0.455

HR, hazard ratio; CI, confidence interval; HER-2, human epidermal growth factor receptor 2; ET, endocrine treatment; IHC,
immunohistochemistry. a)Cox proportional hazard model, b) 1% cells were positive for hormone receptor as assessed by
IHC staining, c)IHC score 3+ or unequivocal amplification as assessed by fluorescence in situ hybridization were positive for
HER-2 status, d) 14% cells were high for Ki-67 as assessed by IHC.

analysis [14]; therefore, these findings suggest that there no
cross-resistance between these mechanisms. However, the
mechanisms underlying resistance to ET are complex [15].
Recent studies of PALOMA-1 [16], and Turner et al. [17]
demonstrated that endocrine monotherapy had limited efficacy in patients with disease progression after previous
exposure to ET, irrespective of clinically or molecularly
defined endocrine sensitivity, suggesting a need for the routine use of more effective combination regimens. In our
study, the clinical outcomes with no statistically significant
difference according to ET-responsiveness might have
occurred because of the relatively small sample sizes. Therefore, further studies and validation are warranted.

It should be noted that our study had the following limitations. First, the retrospective design made it difficult to
compare functional status, symptoms, and toxicity profiles
among patients. Second, the enrolled patients were selected
from a single institution in Korea, and the relatively small
sample size may limit the statistical power to derive significant outcomes and correct the differences in subgroup characteristics. Despite these limitations, our analysis investigated a homogeneous patient population with a large case
series of postmenopausal women treated with the first line
letrozole that were regularly evaluated during and after
treatment.
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Table 5. Phase III trials using AIs as first-line treatment in postmenopausal patients with MBC
Bonneterre
et al. [5]

Nabholtz
et al. [9]

Mouridsen
et al. [6,18]

Our study

Design

Phase III

Phase III

Phase III

Population

Europe,
Australia,
New Zealand,
South America,
South Africa
Anastrozole
(n=340)
67 (34-91)

USA,
Canada

Europe,
North America,
South America,
South Africa,
India, Egypt, Israel
Letrozole
Letrozole
(n=453)
(n=84)
65 (31-96)
59 (36-86)

Investigating agent
Age, mean (range, yr)
Disease status at first diagnosis
Initial metastasis (%)
Relapse (%)
Overall response rate (%)
Median time to progression (mo)
Nonvisceral metastasis, n (%)
Median TTP (mo)
Viscera metastasis without liver involvement, n (%)
Median TTP (mo)
Viscera metastasis with liver involvement, n (%)
Median TTP (mo)

48 (
52 (
32.9 (
8.2 (
237 (69.7)
71 (20.9)
32 (9.4)
-

Anastrozole
(n=171)
68 (
30 (
69 (
21 (
11.1 (
88 (51.5)
70 (40.9)
13 (7.6)
-

32 (
68 (
32 (
9.4 (
258 (57)
10.9 (
135 (29.8)
11.9 (
60 (13.2)
3.8 (

Retrospective
analysis
Korea

12 (
88 (
37 (
16.8 (
55 (65.5)
18.1 (
26 (31)
16.8 (
3 (3.6)
10.0 (

AI, aromatase inhibitor; MBC, metastatic breast cancer.
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DNA Methyltransferase Gene Polymorphisms for Prediction of
Radiation-Induced Skin Fibrosis after Treatment of Breast Cancer:
A Multifactorial Genetic Approach
Purpose
This study was conducted to investigate the role of four polymorphic variants of DNA methyltransferase genes as risk factors for radiation-induced fibrosis in breast cancer patients.
We also assessed their ability to improve prediction accuracy when combined with mitochondrial haplogroup H, which we previously found to be independently associated with a
lower hazard of radiation-induced fibrosis.
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Materials and Methods
DNMT1 rs2228611, DNMT3A rs1550117, DNMT3A rs7581217, and DNMT3B rs2424908
were genotyped by real-time polymerase chain reaction in 286 Italian breast cancer patients
who received radiotherapy after breast conserving surgery. Subcutaneous fibrosis was
scored according to the Late Effects of Normal Tissue–Subjective Objective Management
Analytical (LENT-SOMA) scale. The discriminative accuracy of genetic models was assessed
by the area under the receiver operating characteristic curves (AUC).
Results
Kaplan-Meier curves showed significant differences among DNMT1 rs2228611 genotypes
in the cumulative incidence of grade  2 subcutaneous fibrosis (log-rank test p-value=
0.018). Multivariate Cox regression analysis revealed DNMT1 rs2228611 as an independent protective factor for moderate to severe radiation-induced fibrosis (GG vs. AA; hazard
ratio, 0.26; 95% confidence interval [CI], 0.10 to 0.71; p=0.009). Adding DNMT1
rs2228611 to haplogroup H increased the discrimination accuracy (AUC) of the model from
0.595 (95% CI, 0.536 to 0.653) to 0.655 (95% CI, 0.597 to 0.710).
Conclusion
DNMT1 rs2228611 may represent a determinant of radiation-induced fibrosis in breast
cancer patients with promise for clinical usefulness in genetic-based predictive models.

Introduction
Adjuvant radiotherapy (RT) after conservative surgery for
early stage breast cancer is a standard of care that is well tolerated by the patients in terms of compliance and risk of
adverse effects. In most cases, breast cancer patients have a
long life expectancy with a risk of late normal tissue complications that may continue to accumulate years after treatment concludes. For this reason, late effects remain impor-
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tant health concerns for long-term survivors [1]. Common
late toxicity manifestations in the breast include fibrosis,
cutaneous atrophy and skin telangiectasia [2]. In particular,
fibrosis is the development of excess fibrous connective tissue due to fibroblasts proliferation because of tissue injury.
This leads to breast indurations, and in some cases to unfavorable cosmetic outcome [3]. There is considerable interindividual variability in the development of late toxicity,
which depends on RT parameters such as total dose, dose
per fraction, irradiated volume, and dose inhomogeneity [4],
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as well as on patient related factors such as age and life style
factors [5]. In the last decade, several studies have suggested
that development of late normal tissue complications in the
breast after RT is at least in part genetically determined [6].
Currently, clinical radiosensitivity is nowadays regarded as
a complex polygenic trait resulting from the combined effects
of multiple factors, each with relatively modest effects [7].
Therefore, an approach based on the combination of multiple
genetic factors into a genetic risk score (GRS) may be an
attractive strategy for prediction of adverse RT effects.
DNA methylation is an epigenetic mechanism established
and maintained by a family of DNA methyltransferase
(DNMT) enzymes that catalyze the addition of a methyl
group to cytosine residues, using S-adenosylmethionine as
the methyl group donor [8]. DNA methylation generally
occurs on cytosine residues located in CpG dinucleotides
within the promoter region, resulting in chromatin compaction and gene silencing [9]. Three active DNMTs have
been described in mammals: DNMT1 is required for maintenance of methylation through generations, while DNMT3A
and DNMT3B are mainly involved in establishment of de
novo DNA methylation patterns [10]. In vitro and in vivo
experimental evidence suggests that enzymes of the methylation machinery play a role in fibrogenesis and radiation
response. For instance, upregulation of DNMT1 has been
detected in the fibrotic tissue of the skin, kidneys, lungs, and
liver [11], whereas activation of myofibroblasts or hepatic
stellate cells can be reversed via inhibition of DNMT1 by
DNA-demethylating drugs or by specific siRNA shutdown
[12]. In addition, reduction of global methylation levels has
been reported after irradiation, probably due to decreased
expression of DNMT1, DNMT3A, and DNMT3B [13].
Despite evidence of involvement of DNA methylating
enzymes in fibrogenesis and radiation response, no information is currently available regarding whether common
genetic variants of DNMTs genes contribute to the development of radiation-induced fibrosis in cancer patients. However, recent in vitro studies suggest that mitochondria are the
primary loci of RT effects [14], and that mitochondrial DNA
haplogroups differently affect mRNA expression of DNMT1,
DNMT3A, and DNMT3B, [15] as well as global DNA methylation levels [16].
In the present study, we assessed the role of four single
nucleotide polymorphisms (SNPs) of DNMT genes (DNMT1
rs2228611, DNMT3A rs1550117, DNMT3A rs7581217, and
DNMT3B rs2424908) as risk factors for subcutaneous fibrosis
in a cohort of Italian breast cancer patients who received RT
after breast conserving surgery. In addition to DNMT SNPs,
we evaluated the predictive role of XRCC1 rs2682585, which
was previously reported to be associated with the Standardized Total Average Toxicity (STAT) score, an index of overall
toxicity combining skin toxicities and fibrosis of the breast

[17]. We also assessed the ability of the aforementioned SNPs
to improve prediction accuracy when combined with mitochondrial haplogroup H, which we recently found to be
independently associated with a lower hazard of radiationinduced fibrosis in breast cancer patients [18].

Materials and Methods
1. Study subject and data collection
This study included 286 Caucasian patients affected by histologically confirmed breast cancer who underwent conservative surgery and adjuvant RT from 1989 to 2010 at our
Department of Radiotherapy. Study details were described
in full in our prior publication [18]. Briefly, RT consisted of
two opposite tangential wedged beams, followed by a boost
on the tumor bed. Radiation therapy was planned on computed tomography slices in all cases. Patients underwent
whole breast RT with conventional fractionation to a total
dose of 50 Gy followed by boost dose on the tumor bed in
cases of invasive tumors. At the time of patient recruitment,
a peripheral blood sample was taken and stored at 4°C until
analysis. During annual follow-up visits (last update on January 2015), radiation oncologists evaluated the appearance
of subcutaneous and cutaneous late toxicities, with particular
attention to the onset of fibrosis. Toxicity was scored according to the Late effects of Normal Tissue-Subjective Objective
Management Analytical (LENT-SOMA) [19] scale. Patients
with moderate to severe fibrosis ( grade 2) were referred to
as the "radiosensitive group" and compared to patients with
no or minimal fibrotic reactions (grade 0-1, control group).
This study was approved by the local Ethics Committees of
our University Hospital and met the requirements of the
Declaration of Helsinki. Informed consent was obtained from
all patients before participation in the study.
2. Genotyping
Determination of SNPs was conducted on genomic DNA
by real-time polymerase chain reaction (PCR) using the following TaqMan Pre-Designed SNP Genotyping assays
(Applied Biosystems, Milan, Italy): C_27838930_10 (DNMT1
rs2228611); C_8722920_10 (DNMT3A rs1550117); C_7863728_10
(DNMT3A rs7581217); C_16013055_10 (DNMT3B rs2424908);
and C_16269889_10 (XRCC1 rs2682585). Real-time PCR
amplification and detection was performed in 96-well PCR
plates using a CFX Connect Real-Time PCR Detection System
(Bio-Rad, Milan, Italy).
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3. Statistical analysis
Each polymorphism was tested for deviation from the
Hardy-Weinberg equilibrium (HWE) by use of Pearson’s chisquared test as implemented in Finetti’s program (http://ihg.
gsf.de/cgi-bin/hw/hwa1.pl). For the selected polymorphisms, we considered the co-dominant, dominant, and
recessive modes of inheritance. The time to event end-point
(grade  2 fibrosis) was calculated from the first session of
RT, and patients not experiencing the end-point were censored at the last follow-up performed. The cumulative incidence of grade  2 fibrosis was calculated by the KaplanMeier method and comparisons between genotype groups
were performed using the log-rank test. Univariate Cox
regression analyses were performed to calculate the hazard
ratio (HR) and the 95% confidence interval (CI) to evaluate
the influence of genotypes on grade  2 fibrosis risk. Multivariate adjustments were made for the mitochondrial haplogroup (H vs. non-H) and clinical variables having a cut-off
p-value of < 0.20 in univariate Cox analysis (body mass
index, breast diameter, adjuvant treatment, dose per fraction,
radiation quality, acute skin toxicity, and postsurgical complications) [18]. To avoid the risk of over-fitting biases [20],
only significant genetic factors were considered for construction of a GRS. To accomplish this, the Cox proportional hazard regression coefficient of each genetic factor was converted into an integer risk score by rounding the quotient
and dividing the regression coefficient by a single constant.
The final risk score represented the sum of integer coefficients. Discrimination capabilities of genetic models were
assessed using the area under the receiver operating characteristic curve (ROC). The area under the ROC curve and comparisons between ROC curves were calculated using the
method described by DeLong et al. [21]. All statistical analyses were performed using MedCalc ver. 13.3.3 (MedCalc
Software, Mariakerke, Belgium) software. Because of the
exploratory nature of this study, we reported nominal statistical associations (p < 0.05). Adjusted p-values based on the
Bonferroni correction were also considered to avoid chance
findings due to multiple testing of five SNPs, and the significance was lowered to p < 0.01.

Results
1. Single locus analysis
Overall, 51 of the 286 participants (17.8%) experienced
moderate to severe fibrosis (LENT-SOMA  grade 2), while
235 patients (82.2%) had no or minimal fibrosis (LENT-
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Fig. 1. Kaplan-Meier plot of cumulative grade  2 radiation-induced fibrosis in breast cancer patients by DNMT1
rs2228611 genotypes (p=0.018, log-rank test).

SOMA grade 0-1). Detailed demographic and clinical data in
the whole cohort of breast cancer patients and following
stratification according to their radiosensitive status have
been reported elsewhere [18]. The distributions of genotype
frequencies for the polymorphisms analyzed were in HWE
(all p > 0.05). For the entire set of breast cancer patients, frequencies of minor variant alleles were 0.48 (DNMT1
rs2228611G), 0.09 (DNMT3A rs1550117A), 0.35 (DNMT3A
rs7581217T), 0.14 (DNMT3B rs2424908T), and 0.22 (XRCC1
rs2682585). Kaplan-Meier curves for DNMT1 rs2228611
showed differences among genotypes in the cumulative
incidence of grade  2 subcutaneous fibrosis (log-rank test
p-value=0.018) (Fig. 1). Univariate Cox regression analysis
revealed that DNMT1 rs2228611 was associated with a lower
risk of grade  2 fibrosis under either the codominant (GG
vs. AA: HR, 0.26; 95% CI, 0.10 to 0.70; p=0.007) or the recessive contrast (GG vs. AA+AG: HR, 0.31; 95% CI, 0.12 to 0.78;
p=0.013) (Table 1). Multivariate Cox regression analysis
adjusted for mitochondrial haplogroup (H vs. non-H) and
clinical confounding factors revealed DNMT1 rs2228611 as
an independent protective factor for moderate to severe
radiation-induced fibrosis (GG vs. AA: HR, 0.26; 95% CI, 0.10
to 0.71; p=0.009; GG vs. AA+AG: HR, 0.29; 95% CI, 0.12 to
0.75; p=0.011) (Table 1). Conversely, none of the other DNMT
SNPs (Table 1), nor XRCC1 rs2682585 (Table 2) were associated with radiation-induced fibrosis of the breast upon both
univariate or multivariate Cox regression analysis. It is worth
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Table 1. Association analysis between polymorphisms of DNA methyltransferase genes and risk of grade  2 radiationinduced fibrosis (LENT-SOMA scale) in breast cancer patients
SNP
DNMT1 rs2228611 A>G
Codominant model
AA
AG
GG
Dominant model
AA
AG+GG
Recessive model
AA+AG
GG
DNMT3A rs7581217 C>T
Codominant model
CC
CT
TT
Dominant model
CC
CT+TT
Recessive model
CC+CT
TT
DNMT3A rs1550117 G>A
Codominant model
GG
GA
AA
Dominant model
GG
GA+AA
Recessive model
GG+GA
AA
DNMT3B rs2424908 C>T
Codominant model
CC
CT
TT
Dominant model
CC
CT+TT
Recessive model
CC+CT
TT

Unadjusted analysis

Adjusted analysis

Grade 0-1,
n (%)

 Grade 2,
n (%)

HR (95% CI)

p-value

HR (95% CI)a)

p-value

63 (26.8)
108 (46.0)
64 (27.2)

20 (39.2)
26 (51.0)
5 (9.8)

1 (reference)
0.75 (0.42-1.34)
0.26 (0.10-0.70)

0.34
0.007

1 (reference)
0.83 (0.45-1.52)
0.26 (0.10-0.71)

0.54
0.009

63 (26.8)
172 (73.2)

20 (39.2)
31 (60.8)

1 (reference)
0.58 (0.33-1.01)

0.056

1 (reference)
0.61 (0.34-1.10)

0.1

171 (72.8)
64 (27.2)

46 (90.2)
5 (9.8)

1 (reference)
0.31 (0.12-0.78)

0.013

1 (reference)
0.29 (0.12-0.75)

0.011

98 (41.7)
106 (45.1)
31 (13.2)

23 (45.1)
24 (47.1)
4 (7.8)

1 (reference)
0.95 (0.54-1.68)
0.60 (0.21-1.71)

0.86
0.34

1 (reference)
0.89 (0.49-1.61)
0.65 (0.22-1.92)

0.7
0.44

98 (41.7)
137 (58.3)

23 (45.1)
28 (54.9)

1 (reference)
0.87 (0.50-1.51)

0.63

1 (reference)
0.85 (0.48-1.50)

0.57

204 (86.8)
31 (13.2)

47 (92.2)
4 (7.8)

1 (reference)
0.61 (0.22–1.69)

0.34

1 (reference)
0.70 (0.25–1.95)

0.49

191 (81.3)
41 (17.4)
3 (1.3)

46 (90.2)
5 (9.8)
0(

1 (reference)
0.60 (0.24-1.51)
NC

0.28
NC

1 (reference)
0.58 (0.22-1.54)
NC

0.28
NC

191 (81.3)
44 (18.7)

46 (90.2)
5 (9.8)

1 (reference)
0.55 (0.22-1.38)

0.21

1 (reference)
0.57 (0.22-1.49)

0.25

232 (98.7)
3 (1.3)

51 (100)
0(

1 (reference)
NC

NC

1 (reference)
NC

NC

176 (74.9)
52 (22.1)
7 (3.0)

36 (70.6)
14 (27.5)
1 (2.0)

1 (reference)
1.16 (0.63-2.15)
0.95 (0.13-6.88)

0.63
0.96

1 (reference)
1.17 (0.61-2.22)
0.83 (0.11-6.20)

0.64
0.86

176 (74.9)
59 (25.1)

36 (70.6)
15 (29.4)

1 (reference)
1.15 (0.63-2.09)

0.66

1 (reference)
1.13 (0.61-2.11)

0.69

228 (97.0)
7 (3.0)

50 (98.0)
1 (2.0)

1 (reference)
0.91 (0.13-6.56)

0.93

1 (reference)
0.81 (0.11-5.98)

0.83

LENT-SOMA, Late Effects of Normal Tissue–Subjective Objective Management Analytical; SNP, single nucleotide polymorphism; HR, hazard ratio; 95% CI, 95% confidence interval; NC, not calculated. a)Adjusted by mitochondrial haplogroup
(H vs. non-H), body mass index, breast diameter, adjuvant treatment, dose per fraction, radiation quality, acute skin toxicity,
and postsurgical complications.
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Table 2. Association analysis between XRCC1 rs2682585 and risk of grade  2 radiation-induced fibrosis (LENT-SOMA
scale) in breast cancer patients
Model
Codominant
GG
GA
AA
Dominant
GG
GA+AA
Recessive
GG+GA
AA

Unadjusted analysis

Adjusted analysis

Grade 0-1,
n (%)

 Grade 2,
n (%)

HR (95% CI)

p-value

HR (95% CI)a)

146 (62.1)
75 (31.9)
14 (6.0)

31 (60.8)
17 (33.3)
3 (5.9)

1 (reference)
1.01 (0.56-1.82)
1.14 (0.35-3.71)

0.97
0.83

1 (reference)
1.13 (0.62-2.05)
0.99 (0.30-3.31)

0.7
0.99

146 (62.1)
89 (37.9)

31 (60.8)
20 (39.2)

1 (reference)
1.03 (0.59-1.80)

0.92

1 (reference)
1.10 (0.63-1.94)

0.73

221 (94.0)
14 (6.0)

48 (94.1)
3 (5.9)

1 (reference)
1.13 (0.35-3.63)

0.83

1 (reference)
0.96 (0.29-3.13)

0.94

p-value

LENT-SOMA, Late Effects of Normal Tissue–Subjective Objective Management Analytical; HR, hazard ratio; CI, confidence
interval. a)Adjusted by mitochondrial haplogroup (H vs. non-H), body mass index, breast diameter, adjuvant treatment, dose
per fraction, radiation quality, acute skin toxicity, and postsurgical complications.

Table 3. Coefficients and risk points of each genetic predictor for grade  2 fibrosis in Cox regression models
Predictor
Model 1
Mitochondrial haplogroup
H
Non-H
Model 2
Codominant contrast of DNMT1 rs2228611
GG
AG
AA
Model 3
Recessive contrast of DNMT1 rs2228611
GG
AA+AG
Model 4
Mitochondrial haplogroup
H
Non-H
Codominant contrast of DNMT1 rs2228611
GG
AG
AA
Model 5
Mitochondrial haplogroup
H
Non-H
Recessive contrast of DNMT1 rs2228611
GG
AA+AG

HR, hazard ratio; CI, confidence interval.
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Beta

HR (95% CI)

p-value

Risk score

Reference
0.71

1(
2.04 (1.12-3.72)

0.02

0
1

Reference
1.05
1.34

1(
2.87 (1.11-7.44)
3.82 (1.44-10.12)

0.031
0.007

0
1
1

Reference
1.16

1(
3.21 (1.28-8.06)

0.013

0
1

Reference
0.77

1(
2.16 (1.18-3.94)

0.013

0
1

Reference
1.05
1.41

1(
2.86 (1.10-7.41)
4.10 (1.54-10.88)

0.0031
0.005

0
1
2

Reference
0.74

1(
2.09 (1.15-3.80)

0.017

0
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Fig. 2. Receiver operating characteristic curve curves for
prediction of grade  2 radiation-induced fibrosis based
on different combinations of DNMT1 rs2228611 and/or
mitochondrial haplogroup H, as described in Table 3.
Model 5 vs. model 1, p=0.053; model 5 vs. model 3,
p=0.009; model 5 vs. model 4, p=0.93. Model 2 is not
shown since it is equivalent to model 3. AUC, area under
the receiver operating characteristic curves; CI, confidence
interval.

noting that mitochondrial haplogroup H emerged as a significant protective factor in these multivariate models when
DNMT1 rs2228611 was considered under the codominant
(HR, 0.48; 95% CI, 0.26 to 0.88; p=0.018) or the recessive mode
of inheritance (HR, 0.48; 95% CI, 0.26 to 0.89; p=0.019).
2. GRS analysis
To understand the joint effects of genetic markers on individual risk of grade  2 fibrosis, we built a GRS for grade  2
fibrosis based on different combinations of DNMT1 rs2228611
and/or mitochondrial haplogroups according to five Cox
regression models, as shown in Table 3. Model 1 included
mitochondrial haplogroups only (H vs. non-H), model 2 and
model 3 comprised the codominant or the recessive contrast
of rs2228611, respectively, model 4 combined mitochondrial
haplogroup H with the codominant contrast of DNMT1
rs2228611 and model 5 incorporated mitochondrial haplogroup H with the recessive contrast of DNMT1 rs2228611.
We then performed ROC curve analyses to determine the
performance of the five models at discriminating patients
with or without grade  2 fibrosis (Fig. 2). The lowest discrimination accuracy, quantified by area under the receiver
operating characteristic curves (AUC), was obtained for
models 2 and 3, which were based on the two contrasts of

Cumulative hazard of grade ≥ 2 fibrosis (%)
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Fig. 3. Kaplan-Meier plot of cumulative grade  2 radiation-induced fibrosis in breast cancer patients by sum risk
scores based on model 5, which combines mitochondrial
haplogroup H with the recessive contrast of DNMT1
rs2228611 (p trend=0.0005, log-rank test).

rs2228611 (both AUC, 0.587; 95% CI, 0.28 to 0.645), and the
highest was observed for model 5, which included the combination of mitochondrial haplogroup H with the recessive
contrast of rs2228611 (AUC, 0.655; 95% CI, 0.597 to 0.710).
Thus, based on the results shown in Fig. 2, adding the recessive contrast of DNMT1 rs2228611 to haplogroup H determined an increase of the discrimination accuracy from 0.595
(95% CI, 0.536 to 0.653) to 0.655 (95% CI, 0.597 to 0.710).
When applying the score developed in model 5, the proportion of patients with grade  2 radiation-induced fibrosis for
each score group showed an increasing trend from lower to
higher sum risk scores: 3.4% (score 0), 10.0% (score 1), 14.0%
(score 2), and 27.3% (score 2). The Kaplan-Meier analysis of
model 5 revealed that patients with an increasing sum risk
score showed a trend towards higher frequencies of grade
 2 fibrosis (p trend=0.0005) (Fig. 3).

Discussion
In the present study, we tested whether the occurrence of
radiation-induced fibrosis in breast cancer patients could be
at least partially explained by genetic variability in DNMT
VOLUME 49 NUMBER 2 APRIL 2017
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genes, which encode for epigenetic enzymes known to be
involved in fibrogenesis and radiation response [11,12]. To
accomplish this, we investigated the association between common polymorphisms in DNMT1, DNMT3A, and DNMT3B
genes and the risk of subcutaneous fibrosis in a cohort of
breast cancer survivors who received RT after breast-conserving surgery. Multivariate Cox analysis revealed DNMT1
rs2228611GG genotype as an independent predictor of lower
risk for radiation-induced skin fibrosis. To the best of our
knowledge, this is the first study to suggest that genetic variability at the DNMT1 locus contributes to the development
of late normal tissue complications after radiation therapy,
which further supports the importance of DNMT1 on fibrogenesis and wound healing after radiation exposure [12]. It
is worth noting that XRCC1 rs2682585, previously reported
to be associated with an overall toxicity score combining skin
toxicities and fibrosis of the breast [17], was not found to be
correlated with fibrosis alone in the present study.
SNPs in DNMTs genes have primarily been investigated
as risk factors for cancer susceptibility given that aberrant
DNA methylation is one of the earliest molecular events during carcinogenesis [22]. In addition, since SNPs in DNMTs
genes influence DNA methylation at global and gene-specific
levels, they have also been also investigated as susceptibility
factors for common complex diseases other than cancer [23].
Among the SNPs investigated in the present study, DNMT3A
rs1550117 and DNMT3B rs2424908 have been associated with
a lower cancer risk, as shown by recent meta-analyses [24,25].
With regard to DNMT1 rs2228611, the DNMT1 rs2228611GG
genotype has been reported to be associated with a higher
risk of ovarian cancer [26]. Although DNMT1 rs2228611 is a
synonymous SNP located in exon 17, it has a possible splice
regulatory function with A>G resulting in gaining of three
exonic splicing enhancer binding motifs [23]. In addition,
DNMT1 rs2228611 has significant modifying effects on the
inverse relationship between LINE-1 methylation, a marker
of global methylation, and cadmium exposure in Argentinean women [27], suggesting a possible role in regulating
the methylation level in response to environmental cues.
Reactive oxygen species (ROS) caused by radiation could
be a common trigger mechanism in both fibrosis and radiation response. In oxygenated tumor and normal cells, mitochondria play a major role in the generation of ROS and
appear to be the primary loci of RT effects [14]. Conversely,
mitochondrial polymorphisms defining major haplogroups
have been suggested to alter oxidative phosphorylation coupling as well as ROS production [28]. In addition, cybrids
containing mitochondrial haplogroup H have lower levels of
DNMT1, DNMT3A, and DNMT3B and global methylation
than those with mitochondrial haplogroup J [15]. Based on
our previous findings highlighting a protective role of mitochondrial haplogroup H on radiation-induced fibrosis [18],
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we built a GRS based on its combination with DNMT1
rs2228611. In line with the concern recently raised for high
risk of over-fitting and false positive results of multifactorial
genetic models [20], for the GRS construction we only considered DNMT SNPs significantly associated with radiationinduced fibrosis, rather than using the total number of
putative risk alleles. Our results provided evidence of an
increased discrimination accuracy when DNMT1 rs2228611
was combined with mitochondrial haplogroup H, suggesting
potential usefulness of rs2228611 in genetic-based models for
prediction of radiation-induced skin fibrosis. In addition, the
method used for weighting predictors, which was based on
Cox hazard regression coefficients, can be easily applied for
inclusion of clinical factors as well. Unfortunately, none of
the clinical or dosimetric variables analyzed emerged as
independent predictors for grade  2 fibrosis, as we reported
in our previous analysis [18].
Our findings should be interpreted in light of the following
limitations and considerations. First, the lack of a second
cohort of breast cancer patients precluded the possibility of
validating DNMT1 rs2228611 as a predictive factor for radiation-induced fibrosis. Thus, our results need to be interpreted
cautiously because of the small sample size and risk of false
positive findings given that very few radiogenomic studies
with a candidate gene approach have been replicated in
independent cohorts [17]. Second, in the present study we
did not evaluate gene polymorphisms involved in enzymatic
DNA demethylation, such as the ten-eleven translocation
(TET) protein family, which are known to play a role in
fibrogenesis [29]. Therefore, a more comprehensive investigation of genes encoding epigenetic enzymes should be conducted to develop and validate a clinically useful geneticbased model for prediction of radiation-induced skin fibrosis. Third, the predictive performance of the genetic model,
based solely on rs2228611 and haplogroup H, is rather modest. However, this is expected for complex polygenic traits
such as clinical radiosensitivity, which is probably the result
of the combined effects of multiple polymorphic loci [7]. In
addition, further investigation in cellular and in vivo animal
models is still required to provide mechanistic insights into
the protective role of rs2228611GG on radiation-induced
fibrosis.

Conclusion
Our findings support a protective effect of the DNMT1
rs2228611GG genotype on the risk of radiation-induced
fibrosis in breast cancer patients. In addition, we provide
evidence that inclusion of DNMT1 rs2228611 in a genetic-
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based model has the potential to increase prediction accuracy
for radiation-induced fibrosis. However, further investigation to provide mechanistic insights into the role of DNMT1
rs2228611 in fibrogenesis and radiation response is warranted. In addition, a more comprehensive investigation of
the role of germline polymorphisms should be conducted to
develop and validate a clinically useful genetic-based model
for prediction of radiation-induced fibrosis after treatment
of breast cancer.
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Long-Term Outcome of Distal Cholangiocarcinoma after
Pancreaticoduodenectomy Followed by Adjuvant Chemoradiotherapy:
A 15-Year Experience in a Single Institution
Purpose
This study was conducted to evaluate the long-term outcome in patients undergoing pancreaticoduodenectomy (PD) followed by adjuvant chemoradiotherapy for distal cholangiocarcinoma (DCC) in a high-volume center and to identify the prognostic impact of
clinicopathologic factors.
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Materials and Methods
A total of 132 consecutive patients who met the inclusion criteria were retrieved from the
institutional database from January 1995 to September 2009. All patients received adjuvant
treatments at a median of 45 days after the surgery. Median follow-up duration was 57
months (range, 6 to 225 months) for all patients and 105 months for survivors (range, 13 to
225 months).
Results
The 5-year locoregional recurrence-free survival (LRRFS), distant metastasis-free survival
(DMFS), disease-free survival (DFS), and overall survival (OS) rates were 70.7%, 55.7%,
49.4%, and 48.1%, respectively. Univariate analysis revealed poorly differentiated (P/D)
tumors and lymph node (LN) metastasis were significantly associated with DMFS and OS.
Additionally, preoperative carbohydrate antigen 19-9 level was significantly correlated with
DFS, LRRFS, and DMFS. Upon multivariate analysis for OS, P/D tumors (p=0.015) and LN
metastasis (p=0.003) were significant prognosticators that predicted inferior OS. Grade
3 or higher late gastrointestinal toxicity occurred in only one patient (0.8%).
Conclusion
Adjuvant chemoradiotherapy after PD for DCC is an effective and tolerable strategy without
significant side effects. During long-term follow-up, we found that prognosis of DCC was
mainly influenced by histologic differentiation and LN metastasis. For patients with these
risk factors, further research should focus on improving adjuvant strategies as well as other
treatment approaches.

Introduction
Extrahepatic bile duct (EHBD) cancer is an uncommon disease in Western countries; however, about 5,000 cases are
newly diagnosed every year in Korea (crude incidence rate,
10.6 per 100,000 in 2013) [1]. Although there have been considerable advancements in surgical management and multi│ http://www.e-crt.org │

Key words
Distal cholangiocarcinoma, Pancreaticoduodenectomy,
Adjuvant chemoradiotherapy

disciplinary approaches, its aggressive nature has not been
changed. Despite curative resection, which is typically pancreaticoduodenectomy (PD) for distal EHBD, more than half
of patients can experience recurrence pancreaticoduodenectomy, leading to poor overall 5-year survival rates ranging
from 20% to 50% [2-7]. Because there have been no randomized trials, adjuvant strategies for EHBD cancer following
resection have been controversial, particularly with respect
Copyright ⓒ 2017 by the Korean Cancer Association
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to the application of postoperative radiotherapy. However,
as we previously reported, our institution has consistently
provided adjuvant chemoradiotherapy (CRT) for locoregionally advanced diseases (T2-4 or node positive) and microscopic residual disease (R1 resection) after surgery [8].
Tumor location is of clinical importance and may affect
survival outcomes. Distal cholangiocarcinoma (DCC) is
defined as bile duct tumors between the cystic duct and the
ampulla of Vater (except Klatskin tumors and ampulla of
Vater cancer), which include mid common bile duct tumors
(between the junction with the cystic duct and the junction
with the pancreas) and distal (intrapancreatic) bile duct
tumors. DCC usually shows improved outcomes compared
with perihilar tumors, which may be because of earlier clin-

ical symptoms. Nevertheless, its prognosis remains poor.
Moreover, the prognostic factors for these rare tumors have
not been widely established because they only comprise
about 30% of EHBD cancer occurrences [9,10]. Many previous studies showed weakness in heterogeneous treatments
and insufficient follow-up duration [2-7]. Therefore, we evaluated the long-term outcome of patients undergoing PD followed by adjuvant CRT for DCC in a high-volume center to
identify the prognostic impact of clinicopathological factors.

Patients with extrahepatic bile duct adenocarcinoma who underwent curative resection
(no R2 resection) followed by adjuvant chemoradiotherapy (n=251)
Klatskin tumor (n=89)
Diffuse bile duct tumor (n=14)
Distal cholangiocarcinoma (n=148)
Bile duct resection only (n=16)
Distal cholangiocarcinoma with pancreaticoduodenectomy (analyzed) (n=132)

Split course adjuvant radiotherapy with
concurrent chemotherapy (n=103)
Concurrent 5-FU (n=102)
Concurrent capecitabine (n=1)
No maintenance chemotherapy (n=19)
Poor performance status (n=7)
Disease progression (n=5)
Patient's refusal (n=4)
Unknown (n=3)

Maintenance chemotherapy (n=84)
Monthly 5-FU (n=48)
Weekly 5-FU (n=7)
FL (n=23)
UFT-E (n=4)
Capecitabine (n=1)
TS-1 (n=1)

Continuous course adjuvant radiotherapy with
concurrent chemotherapy (n=29)
Concurrent 5-FU (n=28)
Concurrent capecitabine (n=1)

No maintenance chemotherapy (n=13)
Poor performance status (n=5)
Disease progression (n=3)
Patient's refusal (n=5)

Maintenance chemotherapy (n=16)
Monthly 5-FU (n=12)
FL (n=3)
TS-1 (n=1)

Fig. 1. CONSORT diagram of study patients. 5-FU, 5-fluorouracil; FL, 5-fluorouracil+leucovorin; UFT-E, enteric-coated tegafur/uracil.

474

CANCER RESEARCH AND TREATMENT

Byoung Hyuck Kim, Long-Term Outcome of Distal Cholangiocarcinoma

Materials and Methods
1. Study population
In our institution, most patients with resected EHBD cancer received adjuvant CRT (except those who had pT1N0 disease with R0 resection, poor performance status, or refused
further treatment). Therefore, we searched for consecutive
patients who underwent curative resection (except R2 resection) followed by adjuvant CRT for EHBD cancer from January 1995 to September 2009 in the institutional database of
Seoul National University Hospital. Initially, 251 patients
were found; however, 89 with Klatskin tumors, 14 with diffuse bile duct tumors, and 16 who only underwent bile duct
resection were serially excluded (Fig. 1). As a result, a total
of 132 DCC patients treated with PD followed by adjuvant
CRT were eligible for this analysis. Institutional review board
approval (H-1403-047-565) was obtained before data collection.
2. Surgery and adjuvant treatments
Resections included PD or pylorus-preserving PD, each of
which were combined with regional lymph node (LN) dissection. TNM stage was re-evaluated during data collection
according to the American Joint Committee on Cancer staging, seventh edition.
All patients received adjuvant treatments at a median of
45 days after surgery (range, 24 to 89 days). Preoperative
chemotherapy or radiotherapy was not performed. In 103
patients, a total of 40 Gy in daily fractions of 2 Gy was delivered to the tumor bed and regional LNs (pericholedochal,
retrocaval, and aortocaval). Patients had 2 weeks of planned
rest after 20 Gy. Concomitant 5-fluorouracil (5-FU, 500 mg/
m2/day intravenous bolus) was administered for the first 3
days of each 2 weeks of radiotherapy. A continuous course
of radiotherapy was administered to 29 patients with a
median dose of 50.4 Gy (range, 50 to 55.8 Gy) at 1.8-2.0 Gy
per fraction. Concomitant fluoropyrimidine-based chemotherapy (intravenous 5-FU, 500 mg/m2/day or oral capecitabine) was administered during the first 3 days of the first
and fifth week of radiotherapy. 5-FU–based maintenance
chemotherapy was also administered to 100 patients after the
completion of radiotherapy. Of the 100 patients, 60 patients
received 5-FU (500 mg/m2/day) for 5 days every 4 weeks,
26 received 5-FU with leucovorin for 5 days every 4 weeks,
seven received 5-FU (500 mg/m2) once weekly, four received
enteric-coated tegafur/uracil, two were administered had
TS-1, and one received oral capecitabine. Maintenance
chemotherapy was not offered to 32 patients because of poor
performance status after CRT (n=12), patient refusal (n=9),

disease progression (n=8), or for unknown reasons (n=3).
3. Assessment of recurrence and toxicity
All patients were regularly followed up for surveillance
for recurrence. Patient follow-up was completed by May
2014. Routine exams including appropriate imaging methods
(abdomino-pelvic computed tomography [CT], ultrasonography, or magnetic resonance imaging) and serum tumor
marker (carbohydrate antigen 19-9 [CA 19-9]) assessment
were performed at prespecified intervals (typically every
3 months up to 2 years, followed by every 6 months) or when
there were any suspicious findings suggestive of recurrence.
Most recurrences were clinically diagnosed by imaging studies such as CT on a region of interest and/or positron emission tomography without pathologic confirmation. Recurrence patterns were classified as locoregional recurrence
(LRR), distant metastasis (DM), or both. LRR was defined as
recurrence in the tumor bed, anastomosis sites, or regional
LN area. DM was defined as recurrence in the nonregional
LN area or in other organs. Peritoneal seeding was determined by expert radiologists based on the results of CT
analysis of ascites, thickening of the peritoneum (either
smooth or nodular), or scalloping of the liver or splenic surface. Treatment toxicities caused by primary surgery or
adjuvant CRT were also evaluated retrospectively through
medical records. Gastrointestinal radiation toxicity was evaluated using the Radiation Therapy Oncology Group (RTOG)
criteria.
4. Statistical analyses
Locoregional recurrence-free survival (LRRFS), distant
metastasis-free survival (DMFS), disease-free survival (DFS),
and overall survival (OS) were measured from the day of
surgery to the time of LRR, DM, any failure or death from
any causes, respectively, during the follow-up period.
Patients who were alive or free of recurrence were censored
at the time of the last follow-up. The actual survival rates
were determined by the Kaplan-Meier method and compared using the log-rank test. The Cox proportional hazards
model was used for multivariate analysis to estimate the hazard ratio and to adjust for potential confounding factors. Factors found to be significant upon univariate analysis or
thought to be clinically relevant were subjected to both forward and backward stepwise selection multivariate analysis.
A p-value of < 0.05 was considered statistically significant.
The differences in characteristics between groups were compared using a chi-square test. Data were analyzed using the
SPSS ver. 18.0.1 (SPSS Inc., Chicago, IL).
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Table 1. Summary of patient characteristics
Characteristic
Age (yr)
 60
< 60
Sex
Male
Female
Performance (ECOG)
0-1
2
Tumor location
Mid common bile duct
Distal (intrapancreatic) bile duct
Type of surgery
Pancreaticoduodenectomy
Pylorus-preserving
pancreaticoduodenectomy
Residual disease
R0
R1
Histologic differentiation
W/D, M/D
P/D
Unknown
Tumor size (cm)
2
<2
Unknown
Pathologic T stage
T1-2
T3
Lymph node metastasis
Yes
No
Overall stage
T1N0
T1N1
T2N0
T2N1
T3N0
T3N1
Perineural invasion
Yes
No
Unknown
Preoperative CA19-9 (U/mL)
 37
< 37
Unknown

No. (%) (n=132)
82 (62.1)
50 (37.9)
92 (69.7)
40 (30.3)
111 (84.1)
21 (15.9)
65 (49.2)
67 (50.8)
46 (34.8)
86 (65.2)

118 (89.4)
14 (10.6)
109 (82.6)
19 (14.4)
4 (3.0)
90 (68.2)
41 (31.1)
1 (0.7)
51 (38.6)
81 (61.4)
43 (32.6)
89 (67.4)
2 (1.5)
2 (1.5)
34 (25.8)
13 (9.8)
53 (40.1)
28 (21.2)
103 (78.0)
28 (21.2)
1 (0.7)
71 (53.8)
35 (26.5)
26 (19.7)

ECOG, eastern cooperative oncology group; W/D, welldifferentiated; M/D, moderately-differentiated; P/D,
poorly-differentiated; CA19-9, carbohydrate antigen 19-9.
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Results
1. Patient and tumor characteristics
Overall patient and tumor characteristics are shown in
Table 1. The median age of all patients was 62 years (range,
34 to 77 years). Over half of all patients (61.4%) had T3 disease; however, no patients had T4 disease. The median tumor
size was 2 cm (range, 0.8 to 8.5 cm). Resection margins were
microscopically involved by invasive carcinoma in 14
patients (10.6%), despite the absence of macroscopic residual
lesions during PD. Pathologically, tumors were identified as
well-differentiated (W/D) adenocarcinoma in 15 patients,
moderately differentiated (M/D) adenocarcinoma in 94
patients, and poorly differentiated (P/D) adenocarcinoma in
19 patients. The median number of LNs dissected during surgery was 15 (range, 1 to 45). LN metastases were observed
in 43 patients (32.6%). In these patients, the median number
of metastatic LNs was one (range, 1 to 9), and only nine
patients had four or more LN metastases.
2. Recurrence patterns and a case of delayed recurrence
Median follow-up duration was 57 months (range, 6 to 225
months) for all patients and 105 months for survivors (range,
13 to 225 months). Overall, 66 patients (50.0%) experienced
recurrences. LRR occurred in 34 patients (25.8%) and DM
occurred in 58 patients (43.9%). Time to recurrence was similar between patients with LRR (median, 13 months) and DM
(median, 12 months). Only 13 patients (9.8%) had an initial
isolated local recurrence. In patients with DM, the most common site was the liver (30 patients, 51.7%), followed by peritoneal seeding (18 patients, 31.0%), nonregional LNs (three
patients, 5.2%), and others.
Of the 57 patients who did not develop recurrence during
the first 5 years after surgery, only one developed late recurrence at 121 months after surgery. After a pylorus-preserving
PD for mid common bile duct tumor (pT3N1M0-R1), she was
disease-free for 121 months before LRR (hepaticojejunostomy
site) and DM (liver and nonregional LN) were detected
simultaneously. She refused further treatments and died
5 months later.
3. Analysis of LRRFS, DMFS, DFS, and OS
During the follow-up period, 89 patients (67.4%) died. The
5-year LRRFS, DMFS, DFS, and OS rates were 70.7%, 55.7%,
49.4%, and 48.1%, respectively (Fig. 2). Among all patients,
the 10-year OS was 34.1% with 19 actual 10-year survivors
(14.4%). Among the group of recurred patients, median OS
after recurrence was 7 months (range, 1 to 78 months).
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Fig. 2. Locoregional recurrence-free survival (A), distant metastasis-free survival (B), disease-free survival (C), and overall
survival (D) in patients treated with pancreaticoduodenectomy followed by adjuvant chemoradiotherapy for distal cholangiocarcinoma.

The results of the univariate analyses of LRRFS, DMFS,
DFS, and OS are shown in Table 2. Upon univariate analysis,
P/D tumors and LN metastasis were significantly associated
with DMFS and OS, but not with LRRFS. Preoperative CA
19-9 level was also significantly correlated with DFS
(p=0.014), LRRFS (p=0.006), and DMFS (p=0.032). R1 resection had marginal significance for LRRFS (p=0.077) and OS
(p=0.067), but not for DMFS (p=0.312). Unusually, patients
with poor performance status showed better survival out-

comes without statistical significance (Table 2); however, this
seemed due to several characteristic imbalances between the
two groups (Supplementary Table 1).
Multivariate analysis incorporating residual disease, LN
metastasis, and histologic differentiation demonstrated that
P/D tumors (hazard ratio [HR], 2.015; p=0.015; backward
selection) and LN metastasis (HR, 1.933; p=0.003; backward
selection) were significant prognosticators that predicted
inferior OS (Table 3). The 5-year OS rates of patients with
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67.4
72.8
67.0
80.5
72.3
69.5
72.6
50.0
67.1
72.8
71.6
68.1
72.1
68.0
72.5
57.3
68.8
74.1
57.5
87.0
72.0
70.4
72.4
61.5

111
21
65
67
118
14
51
81
90
41
89
43
109
19
103
28
71
35
24
108
100
29

5-Yr
LRRFS (%)

50
82

No. of
patients

0.122

0.991

0.006

0.768

0.240

0.344

0.926

0.606

0.077

0.905

0.190

0.552

p-value

56.0
50.4

53.6
56.1

49.7
70.8

52.1
66.8

59.1
31.3

66.2
33.2

51.4
64.1

52.7
57.5

57.0
41.3

52.7
58.5

52.6
71.4

49.9
59.1

5-Yr
DMFS (%)

0.341

0.842

0.032

0.143

0.025

< 0.001

0.306

0.675

0.312

0.657

0.219

0.275

p-value

49.8
44.1

50.0
49.3

41.8
68.1

45.0
63.6

51.6
31.3

58.7
29.9

47.7
52.0

43.6
53.1

51.7
26.8

45.5
53.1

45.4
71.4

44.1
52.6

5-Yr
DFS (%)

0.266

0.877

0.014

0.106

0.090

0.001

0.657

0.286

0.104

0.455

0.107

0.387

p-value

48.5
44.8

52.3
47.2

45.1
64.8

42.7
67.0

51.0
31.6

53.9
36.0

47.8
47.7

45.1
50.1

51.3
21.4

43.1
53.2

44.6
66.7

44.0
50.7

5-Yr
OS (%)

0.185

0.685

0.097

0.191

0.007

0.001

0.526

0.563

0.067

0.094

0.108

0.775

p-value

LRRFS, loco-regional relapse-free survival; DMFS, distant metastasis-free survival; DFS, disease-free survival; OS, overall survival; ECOG, Eastern Cooperative
Oncology Group; W/D, well-differentiated; M/D, moderately-differentiated; P/D, poorly-differentiated; CA19-9, carbohydrate antigen 19-9.

Age (yr)
< 60
 60
Performance (ECOG)
0-1
2
Tumor location
Mid
Distal
Residual disease
R0
R1
T stage
T1-2
T3
Tumor size (cm)
2
<2
Lymph node metastasis
No
Yes
Histologic differentiation
W/D, M/D
P/D
Perineural invasion
Yes
No
Preoperative CA19-9 (U/mL)
 37
< 37
Surgery-radiotherapy interval (day)
 56
< 56
Maintenance chemotherapy
Yes
No

Variable

Table 2. Univariate analysis for LRRFS, DMFS, DFS, and OS
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Table 3. Results of multivariate analysis of prognostic factors for the overall survival
Backward selection

Variable
Histological differentiation
W/D, M/D
P/D
Lymph node metastasis
No
Yes
Residual disease
R0
R1

Forward selection

Hazard ratio

95% CI

p-value

Hazard ratio

95% CI

p-value

1
2.015

1.148-3.535

0.015

1
1.865

1.073-3.241

0.027

1
1.933

1.245-3.001

0.003

1
1.951

1.257-3.031

0.003

1
1.824

0.955-3.482

0.069

-

-

-

CI, confidence interval; W/D, well-differentiated; M/D, moderately-differentiated; P/D, poorly-differentiated.
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Fig. 3. Overall survival curves according to histologic differentiation (A) and N stage (B). W/D, well-differentiated; M/D,
moderately differentiated; P/D, poorly differentiated.

W/D-M/D tumors and P/D tumors were 51.0% and 31.6%,
respectively (p=0.007) (Fig. 3A). The 5-year OS rates of
patients with N0 and N1 disease were 53.9% and 36.0%,
respectively (p=0.001) (Fig. 3B). Multivariate analysis of LN
metastasis, preoperative CA 19-9 level, and histologic differentiation for DMFS revealed that LN metastasis was the only
significant prognosticator that predicted inferior DMFS (HR,
2.345; p=0.005; backward selection) (Fig. 4), while preoperative CA 19-9 level and histologic differentiation had borderline significance (Table 4). In addition, multivariate analysis
of LRRFS including preoperative CA 19-9 level and residual

disease revealed that preoperative CA 19-9 (HR, 3.898;
p=0.011; backward selection) was an independent adverse
predictor, whereas R1 resection was not (p=0.305).
4. Treatment toxicities
Treatment toxicities were also comprehensively evaluated
using retrospective medical records. Following PD, the most
common complication was delayed wound healing (seven
patients, 5.3%), although stomy site leakage (four patients),
fluid collection (three patients), postoperative cholangitis
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Distant metastasis-free survival

1.0

N0
N1

resection because of an adhesive ileus at 43 months after the
end of a radiotherapy session, without evidence of LRR.

0.8

0.6

Discussion

0.4

This retrospective study was conducted to evaluate the
long-term outcome of DCC in patients who underwent PD
followed by adjuvant CRT. Although our study only analyzed a selected group of patients, the results suggest that
adjuvant CRT for DCC following PD is an effective and tolerable treatment strategy without significant side effects.
As expected, long-term survival was still unsatisfactory;
nevertheless, our finding of a 5-year OS rate of 48.1% was
comparable or slightly better than the results of previously
reported studies [2-5,7,11]. Tumor differentiation and LN
metastases were identified as important predictors of survival in our study, as demonstrated in other studies
[2-5,7,12]. In particular, a meta-analysis conducted by Zhou
et al. [13] revealed that LN metastasis was associated with
shorter OS (risk ratio, 2.35; 95% confidence interval, 1.89 to
2.93; p < 0.0001). Most studies included in this meta-analysis
reported that LN metastasis has a powerful negative effect
on survival. In our study, the frequency of LN metastasis was
32.6%, and patients with LN metastasis had worse survival
rates than those without it (5-year OS, 53.9% vs. 36.0%;
p=0.001). Node-positive disease appeared to be incurable
even after adjuvant CRT; however, the LN-positive group in
our study was relatively favorable, with only a median of
one metastatic LN. The dissection of regional LNs in our
patients (median number, 15) appears to be sufficient accord-
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Fig. 4. Distant metastasis-free survival curves according
to N stage.

(two patients), intra-abdominal abscess (two patients), postoperative bleeding (one patient), and postoperative pancreatitis (one patient) were also observed.
During CRT, acute gastrointestinal toxicity occurred in 88
patients (66.7%), with RTOG grade 1 being observed in 37
(28.0%) and grade 2 in 51 (38.6%) patients. The most common
acute symptoms were nausea and abdominal pain, which
were tolerable and alleviated after supportive treatments.
Grade 3 or higher toxicity did not occur during CRT. During
follow-up, only one patient (0.8%) experienced grade 3 late
gastrointestinal toxicity. This patient underwent small bowel

Table 4. Results of the multivariate analysis of prognostic factors of distant metastasis-free survival
Variable
Histological differentiation
W/D, M/D
P/D
Lymph node metastasis
No
Yes
Preoperative CA19-9 (U/mL)
< 37
 37

Backward selection

Forward selection

Hazard ratio

95% CI

p-value

Hazard ratio

95% CI

p-value

1
1.839

0.921-3.671

0.084

-

-

-

1
2.345

1.289-4.267

0.005

1
2.730

1.517-4.914

0.001

1
1.913

0.944-3.875

0.072

-

-

-

CI, confidence interval; W/D, well-differentiated; M/D, moderately-differentiated; P/D, poorly-differentiated; CA19-9, carbohydrate antigen 19-9.
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ing to a recent study that evaluated the optimal extent of LN
dissection in cholangiocarcinoma and suggested that a total
LN count of 11 or more be used as the threshold for recommendation of DCC [14]. Therefore, the number of metastatic
LNs in our patients may not be an underestimated value. The
poor outcome after surgery and adjuvant CRT suggests that
approaches other than upfront surgery may need to be considered, especially in cases of LN-positive disease at the time
of preoperative work-up. Even after curative resection, there
may be a need for more effective adjuvant strategies for
patients with LN metastasis.
A positive resection margin has been considered as an
adverse prognostic factor in some studies [6,7,11,13]; however, its prognostic impact has not been fully determined
because of inconsistent results among studies and diverse
definitions. Incidences of a positive resection margin in
EHBD cancer after curative resection can vary from 10% to
as high as 70%, which can be explained by differences
between surgeons regarding the principle of the operation
or the definition of a positive resection margin, such as
whether to include carcinoma in situ [15-19]. Despite the controversy, the effects of R1 resection on survival outcomes was
not significant in our DCC patients who underwent adjuvant
CRT. Previous studies of adjuvant CRT also demonstrated
that a comparison between patients with R0 and R1 resection
showed no significant differences in OS and LRRFS [20,21].
These findings corresponded with the results of our study.
Therefore, adjuvant CRT may improve outcome with R1
resection in EHBD cancer and also in DCC.
Our study had a LRR rate of 25.8%, lower than the
reported range from 35% to 74% even after complete resection in the previous studies [3,7,22,23], demonstrating the
important role of radiotherapy in terms of locoregional control. However, the major pattern of failure was shifted to DM,
as we previously reported for EHBD cancer patients who
underwent adjuvant CRT [8]. Even after maintenance
chemotherapy, the DM rate was too high, which worsened
patient survival and quality of life. Conversely, in the era of
targeted therapy, newly developed targeted agents and
immunotherapeutic agents have shown some promising
results [24,25]. Therefore, to treat DM, which is not well controlled by conventional chemotherapy, and to further
improve treatment outcome of this lethal disease, our efforts
should be focused on incorporating new chemotherapeutic
agents in a combined perioperative approach with radiotherapy.
To the best of our knowledge, no randomized controlled
trials have evaluated the role of adjuvant CRT in EHBD cancer and in DCC. Given the lack of evidence supporting the
application of adjuvant CRT, our favorable long-term results
could help researchers establish the application of adjuvant
CRT. A recent multicenter study in Korea also demonstrated

that adjuvant CRT was associated with significantly
improved relapse-free survival and OS in patients with
R0-resected DCC [26]. Moreover, our findings showed that
acute gastrointestinal toxicity caused by adjuvant radiotherapy was mild, and that late toxicity (grade 3 or more) only
occurred in one patient (0.8%), even after a long-term followup. Other recent studies also reported that few cases of
severe gastrointestinal complications were associated with
radiotherapy [21,27]. Unlike perihilar tumors, radiosensitive
adjacent organs such as the liver may be less affected by
adjuvant radiotherapy in the case of DCC. Recent advances
in radiotherapy techniques may further lower its unintended
toxicity. However, further prospective trials are needed to
evaluate the efficacy and safety of adjuvant CRT for DCC.
For a median follow-up of 57 months, about three-fifths of
our patients had a recurrence but recurrence 5 years after
surgery was rarely observed. These results were somewhat
different from those of a previous study by Jang et al. [28],
who reported that late recurrence after 5 years was not
uncommon in EHBD cancer. However, about one-third of
the patients in that study received hepatobiliary resection or
bile duct resection for proximal EHBD tumor, while only
one-third of the patients received adjuvant treatments.
Unfortunately, further comparison of this aspect with other
retrospective series was difficult because a limited number
of studies have mentioned late recurrences after 5 years, possibly due to insufficient follow-up. Furthermore, some studies have suggested that late recurrence likely resulted from
residual carcinoma in situ after resection, which had less
malignancy and slower growth than invasive carcinoma
[19,29]. However, the effects of residual carcinoma in situ on
postoperative recurrence or survival have not been described
in most studies and thus remain unclear. Accordingly, further studies of the characteristics of late recurrence after PD
are required for the adequate management of DCC patients
during a long-term follow-up.
It should be noted that there are several limitations to this
study. Specifically, its retrospective nature might be a significant weakness; however, we thought that it would be difficult to conduct a prospective study because of the rarity of
DCC. Moreover, although our institution offered adjuvant
CRT to almost all patients who underwent PD, the patients
evaluated in this study were selected ones who both underwent surgery and received adjuvant therapy. In addition,
treatment-related toxicity might be underestimated because
it was not considered prospectively. Finally, heterogeneous
details of adjuvant CRT during a relatively long study period
(for example, radiotherapy dose or type of maintenance
chemotherapy) might also influence clinical outcomes.
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Conclusion
In conclusion, we reported the actual long-term outcome
of DCC in patients who underwent PD followed by adjuvant
CRT. During long-term follow-up, we found that prognosis
of DCC after PD was mainly influenced by histologic differentiation and LN metastasis. For patients with these risk factors, further research should focus on improving adjuvant
strategies as well as other treatment approaches.
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Young Age Is Associated with Increased Locoregional Recurrence in
Node-Positive Breast Cancer with Luminal Subtypes

Purpose
The effects of biological subtypes within breast cancer on prognosis are influenced by age
at diagnosis. We investigated the association of young age with locoregional recurrence
(LRR) between patients with luminal subtypes versus those with nonluminal subtypes.
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Materials and Methods
Medical records of 524 breast cancer patients with positive lymph nodes between 1999 and
2010 were reviewed retrospectively. All patients received curative surgery and adjuvant
chemotherapy based on contemporary guidelines. Radiation was delivered for patients who
underwent breast conserving surgery or those who had four or more positive lymph nodes
after mastectomy. Adjuvant hormone therapy was administered to 413 patients with positive
hormone receptors according to their menstrual status.
Results
During median follow-up of 84 months, the 10-year locoregional recurrence-free survival
rate (LRRFS) was 84.3% for all patients. Patients < 40 years showed significantly worse
10-year LRRFS than those  40 years (73.2% vs. 89.0%, respectively; p=0.01). The negative
effect of young age on LRRFS was only observed in luminal subtypes (69.7% for < 40 years
vs. 90.8% for  40 years; p < 0.01). Multivariate analysis using luminal subtypes  40 years
as a reference revealed luminal subtypes < 40 years were significantly associated with
increased risk of LRR (hazard ratio, 2.33; p < 0.01).
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Conclusion
Young breast cancer patients with positive lymph nodes had a higher risk of LRR than those
aged  40 years. This detrimental effect of young age on LRR was confined in luminal subtypes.

Introduction
Gene expression profiling identifies that breast cancer is a
heterogeneous disease with at least four biological subtypes,
representing distinct treatment responses and prognosis
[1,2]. Because of its time-consuming process, cost-effectiveness and technical limitations of microarray on formalinfixed, paraffin-embedded tissue, gene expression profiling is
difficult to apply routinely in clinical practice. Instead, a sim-
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plified method using combinations of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor type 2 (HER2) measured by immunohistochemistry (IHC) as surrogate markers is widely accepted [3].
These surrogate markers provide prognostic information
similar to that obtained by gene expression profiling [4,5].
However, previous studies have reported conflicting results
when examining the influence of biological subtype as classified by IHC surrogate markers on locoregional recurrence
(LRR), although there is a tendency toward an increased risk
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of LRR in HER2-enriched or triple negative subtypes [6-13].
Young age is well known to be related to poor prognosis
and increased risk of LRR in breast cancer [14,15]. While
investigating the effects of young age, several investigators
found that young age influenced the prognosis of certain
biological subtypes [16-20]. However, due to the retrospective nature of these studies, the results were inconsistent.
While most studies focused on disease free or overall survival rate, the association of young age with LRR according
to biological subtypes has not been sufficiently investigated,
and only a few studies have been published [17,18]. We
hypothesized that LRR in hormone receptor positive subtypes (luminal subtypes) would be significantly influenced
by age after a review of related papers. The purpose of this
study was to compare the effects of young age on LRR in
luminal subtypes and nonluminal subtypes.

Materials and Methods
This retrospective study was approved by the Institutional
Review Board of Ajou University School of Medicine, with a
waiver of informed consent. Medical records of consecutive
breast cancer patients with positive lymph nodes who
received curative surgery and adjuvant chemotherapy at our
institution between 1999 and 2010 were reviewed. Exclusion
criteria for this study included (1) male breast cancer; (2)
patients with distant metastasis at initial diagnosis; (3)
patients who received preoperative treatment; (4) patients
who did not receive adjuvant chemotherapy; (5) patients
without information available for IHC staining; (6) synchronous bilateral invasive breast cancer; (7) a past history of previous malignancies, including metachronous contralateral
breast cancer; and (8) patients without follow-up records.
Using these criteria, 524 patients were identified.
All patients received curative surgery with either breast
conserving surgery (n=237) or mastectomy (n=287). Axillary
lymph node involvement was evaluated, and 22 patients
received only sentinel lymph node biopsy because micrometastases were not found during intraoperative frozen
biopsy.
All patients also received adjuvant chemotherapy. A taxane-based regimen was administered to 464 patients (88.5%).
Of the remaining 60 patients, 48 received anthracyclinebased chemotherapy, while the others received six cycles of
cyclophosphamide, methotrexate, and fluorouracil. All
patients with positive hormone receptor status received
adjuvant endocrine therapy for 5 years, with the regimen
determined by menopausal status.
Adjuvant radiotherapy was performed in 407 patients

(77.7%) who received breast conserving surgery or had  4
positive lymph nodes after mastectomy. Patients with T1-2
primary tumor and 1-3 positive lymph nodes after mastectomy did not receive postmastectomy radiotherapy. The
ipsilateral breast or chest wall was irradiated using a tangential field with a median dose of 45 Gy in 1.8 to 2 Gy per fraction. An electron beam boost was delivered to tumor beds or
surgical scars with 10 to 18 Gy in 2 to 2.5 Gy per fraction. The
supraclavicular lymph node area was irradiated with a
median dose of 45 Gy in patients with multiple positive
lymph nodes. Internal mammary nodal irradiation was not
performed routinely.
The results of IHC staining were obtained by pathologic
reports. HER2+ was defined as an IHC score of 3+ or 2+ with
gene amplification via fluorescent in situ hybridization
(FISH). If the results of FISH were not available, an IHC score
of 2+ was regarded as negative (n=22). Based on the results
of IHC staining, patients were first dichotomized into luminal subtypes versus nonluminal subtypes, then classified into
four subtypes: luminal A (ER or PR+, and HER2–), luminal
B (ER or PR+, and HER2+), HER2-enriched (ER–, PR–, and
HER2+), and triple negative (ER–, PR–, and HER2–).
1. Endpoints and statistics
The primary end-point of the present study was to investigate the effect of young age on LRR according to hormone
receptor status. Comparison of locoregional outcomes
between two age groups according to each biological subtype and identification of prognostic factors were the secondary end-points. The chi-square or Fisher exact tests were used
to compare the clinical, disease and treatment-related variables between two age groups in this study, which were
defined as < 40 years and  40 years. LRR was defined as the
first tumor recurrence in the ipsilateral breast or chest wall,
axillary lymph node, internal mammary lymph node and/or
the infra-/supraclavicular lymph node area. The locoregional recurrence-free survival rate (LRRFS), defined as the
period from the date of surgery to the date of diagnosis with
LRR on imaging work-up, was calculated using the KaplanMeier method. The univariate log-rank test and multivariate
Cox proportional hazard models were used to identify prognostic factors. Statistical analyses were performed using
R software ver. 3.2.3 (https://cran.r-project.org/) and IBM
SPSS statistics for Windows ver. 20.0 (IBM Corp., Armonk,
NY).

VOLUME 49 NUMBER 2 APRIL 2017

485

Cancer Res Treat. 2017;49(2):484-493

Table 1. Patient characteristics
Variable
Type of operation
Breast conserving
Mastectomy
pT stage
1-2
3-4
pN stage
1
2
3
AJCC stage
II
III
No. of dissected LN, mean
Lymph node ratio
< 0.2
 0.2
Resection margin (mm)
2
<2
Histologic grade
Low
Intermediate
High
Unknown
Biological subtype
Luminal A (ER or PR+, HER2–)
Luminal B (ER or PR+, HER2+)
HER2 (ER–, PR–, HER2+)
TN (ER–, PR–, HER2–)
Adjuvant radiotherapy
No
Breast/Chest wall only
Breast/Chest wall+SCL
Breast/Chest wall+SCL+IMN
Adjuvant trastuzumaba)
No
Yes

Age < 40 yr (n=129)

Age  40 yr (n=395)

p-value

53 (41.1)
76 (58.9)

184 (46.6)
211 (53.4)

0.31

113 (87.6)
16 (12.4)

360 (91.1)
35 (8.9)

0.30

75 (58.1)
23 (17.8)
31 (24.0)

241 (61.0)
87 (22.0)
67 (17.0)

0.17

75 (58.1)
54 (41.9)
20.8 (

241 (61.0)
154 (39.0)
20.1 (

0.61

72 (55.8)
57 (44.2)

236 (59.7)
159 (40.3)

0.47

105 (81.4)
24 (18.6)

326 (82.5)
69 (17.5)

0.77

9 (7.0)
44 (34.1)
70 (54.3)
6 (4.7)

34 (8.6)
155 (39.2)
189 (47.8)
17 (4.3)

0.62

65 (50.4)
43 (33.3)
12 (9.3)
9 (7.0)

239 (60.5)
66 (16.7)
43 (10.9)
47 (11.9)

< 0.01

27 (20.9)
21 (16.3)
50 (38.8)
31 (24.0)

90 (22.8)
93 (23.5)
138 (34.9)
74 (18.7)

0.23

50 (90.9)
5 (9.1)

78 (71.6)
31 (28.4)

< 0.01

0.36

Values are presented as number (%). AJCC, American Joint Committee on Cancer; LN, lymph node; ER, estrogen receptor;
PR, progesterone receptor; HER2, human epidermal growth factor receptor type 2; TN, triple negative; SCL, supraclavicular
lymph node area; IMN, internal mammary node area. a)Among 164 HER2-positive patients.
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Table 2. Incidence of locoregional recurrence
Variable
Total
Luminal A
Luminal B
HER2-enriched
Triple negative
Local
Luminal A
Luminal B
HER2-enriched
Triple negative
Regional
Luminal A
Luminal B
HER2-enriched
Triple negative

Age < 40 yr

Age  40 yr

23 (17.8)
12 (18.5)
10 (23.3)
1 (8.3)
0(

35 (8.9)
13 (5.4)
10 (15.2)
7 (16.3)
5 (10.6)

7 (10.8)
3 (7.0)
1 (8.3)
0(

4 (1.7)
4 (6.1)
3 (7.0)
3 (6.4)

6 (9.2)
7 (16.3)
0(
0(

9 (3.8)
7 (10.6)
5 (11.6)
3 (6.4)

Values are presented as number (%). HER2, human epidermal growth factor receptor type 2.

Results
1. Patient characteristics
The information and characteristics for the 524 patients
reviewed for this study are summarized in Table 1. The
median age for the entire patient population was 45 years
(range, 22 to 80 years), with 129 patients (24.6%) less than 40
years. Luminal A subtype was the most common subtype
(n=304, 58.0%), followed by luminal B (n=109, 20.8%), triple
negative (n=56, 10.7%), and HER2-enriched subtype (n=55,
10.5%). No pathological factors except biological subtypes
were significantly different between age groups. More
patients in the older age group received adjuvant trastuzumab. This difference in proportion of patients receiving
adjuvant trastuzumab was significant only in the luminal B
subtype (three patients [7.0%] in < 40 years vs. 19 patients
[28.8%] in  40 years, p < 0.01).
2. Locoregional recurrence
During the median follow up period of 84 months, LRR
developed in 58 patients (11.1%) (Table 2). Of these, LRR
occurred in 23 patients (17.8%) for < 40 years and 35 patients
(8.9%) for  40 years. According to hormone receptor status,
LRR occurred in 45 patients (10.9%) for luminal subtypes
(8.2% for luminal A and 18.3% for luminal B) and 13 patients
(11.7%) for nonluminal subtypes (14.5% for HER2-enriched

and 8.9% for triple negative subtype).
The 10-year LRRFS for all patients was 84.3% (Fig. 1A).
Age was significantly associated with the 10-year LRRFS
(73.2% for < 40 years vs. 89.0% for  40 years, p < 0.01)
(Fig. 1B). In contrast, the 10-year LRRFS was not significantly
different between luminal and nonluminal subtypes (85.0%
vs. 84.3%, respectively; p=0.50) (Fig. 1C). Subgroup analysis
revealed that the 10-year LRRFS for each biological subtype
was 86.6% for luminal A, 77.4% for luminal B, 81.5% for
HER2 and 88.4% for the triple negative subtype (p=0.05)
(Fig. 1D).
The effect of young age on LRRFS was compared between
luminal and nonluminal subtypes. In luminal subtypes, the
10-year LRRFS was significantly lower for patients aged < 40
years when compared to those aged  40 years in the luminal
subtypes (69.7% vs. 90.8%, respectively; p < 0.01). In contrast,
the 10-year LRRFS was 95.0% for patients aged < 40 years
and 82.7% for those  40 years in nonluminal subtypes
(p=0.29) (Fig. 2A and B).
Subgroup analysis to determine the effect of young age on
LRRFS according to each biological subtype revealed that the
10-year LRRFS was 67.5% for < 40 years versus 92.9% for
 40 years in luminal A (p < 0.01), 70.8% for < 40 years versus
82.9% for  40 years in luminal B (p=0.55), 91.7% for < 40
years versus 77.9% for  40 years in HER2-enriched (p=0.42),
and 100% for < 40 years versus 86.7% for  40 years in the
triple negative subtype (p=0.36) (Fig. 2C-F).
In addition to young age, histologic grade and resection
margin < 2 mm were important prognostic factors for LRRFS
upon univariate analysis (all p < 0.01). However, T stage
(1-2 vs. 3-4), N stage (1 vs. 2 vs. 3), type of breast surgery
(breast conserving surgery vs. mastectomy), lymph node
ratio (< 0.2 vs.  0.2), radiation field and use of adjuvant
trastuzumab were not significantly associated with LRRFS
(Table 3). Young age was associated with lower LRRFS upon
multivariate analysis with adjustment of pathological T
stage, nodal status, histologic grade, resection margin status
and biological subtypes (hazard ratio [HR], 1.92; 95% confidence interval [CI], 1.11 to 3.35; p=0.02).
After multivariate analysis, which used luminal subtypes
for  40 years as the reference, luminal subtypes for < 40
years were significantly associated with a lower LRRFS (HR,
2.33; 95% CI, 1.28 to 4.22; p < 0.01) (Table 4). Additional multivariate analysis, which used luminal A  40 years as the reference, revealed that both luminal A (HR, 2.87; 95% CI, 1.29
to 6.37; p=0.01) and luminal B for < 40 years (HR, 3.58; 95%
1.50 to 8.54; p < 0.01) were independent factors for a lower
LRRFS.
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Fig. 1. The 10-year locoregional recurrence-free survival rate for all patients (A), between those aged < 40 years and  40
years (B), between luminal and nonluminal subtypes (C), and between biological subtypes (D).

Discussion
The results of our study showed that young age was significantly associated with lower LRRFS. Young age patients
in our study did not present with any of the high risk pathologic features such as advanced stage or high grade, which
was contrary to earlier studies [21]. Nonetheless, the LRRFS
of young breast cancer patients was significantly lower than
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that of older patients. After adjusting all possible prognostic
factors on LRRFS, including pathological T stage, nodal status, histologic grade, resection margin status and biological
subtypes, young age remained an independent factor on
LRRFS.
More importantly, the negative effect of young age on
LRRFS was observed only in the luminal subtypes. In particular, the LRRFS of luminal A subtype was seriously influenced by young age. In contrast, young age did not have a
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Fig. 2. The 10-year locoregional recurrence-free survival rate between patients aged < 40 years (blue line) and  40 years
(red line) for luminal subtypes (A), nonluminal subtypes (B), luminal A (C), human epidermal growth factor receptor type
2 (HER2)–enriched (D), luminal B (E), and triple negative subtypes (F).
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Table 3. Univariate analysis for LRRFS
Variable
Age (yr)
< 40
 40
Type of breast surgery
Breast conserving surgery
Total mastectomy
T stage
pT1-2
pT3-4
N stage
1
2
3
Lymph node ratio
< 0.2
 0.2
Histologic grade
1 (low)
2 (intermediate)
3 (high)
Resection margin (mm)
<2
2
Biological subtype
Luminal A
Luminal B
HER2-enriched
Triple negative
Radiation field
No
Breast/Chest wall only
Breast/Chest wall+SCL
Breast/Chest wall+SCL+IMN
Adjuvant trastuzumab
No
Yes

10-Yr LRRFS (%) p-value
73.2
89

0.01

86.5
82.5

0.17

84.0
89.0

0.91

85.2
80.4
85.4

0.26

84.9
83.6

0.09

100
87.8
77.5

< 0.01

87.4
69.2

< 0.01

86.6
77.4
81.5
88.4

0.05

79.5
85.7
84
89.1

0.42

76
91.2

0.24

LRRFS, locoregional recurrence-free survival; HER2,
human epidermal growth factor receptor type 2; SCL,
supraclavicular lymph node area; IMN, internal mammary
node area.

significant impact on LRRFS in nonluminal subtypes.
The detrimental effect of young age on the prognosis of
luminal subtypes in our study was concordant with the
results of previous studies [16,22]. For example, Colleoni et
al. [22] reported that the adverse effects of young age on disease-free and overall survival rates was observed mainly in
hormone receptor-positive breast cancer. Ahn et al. [16]
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reported similar results upon analysis of data from a nationwide breast cancer registry. Their study showed that young
age significantly reduced survival rates only in hormone
receptor-positive breast cancer, but not in hormone receptornegative breast cancer. The most notable finding from the
study conducted by Ahn et al. [16] was the lack of survival
benefit from adjuvant hormone therapy in young patients
with positive hormone receptor breast cancer. The survival
outcomes between patients who received adjuvant tamoxifen
and those who did not were not significantly different in
young age breast cancer patients with luminal subtypes. This
lack of benefit from adjuvant tamoxifen might be an important cause for unfavorable survival rates in young age breast
cancer patients compared with older patients in luminal subtypes.
Because all patients with luminal subtypes in our study
received adjuvant hormone therapy, we could not directly
assess the LRRFS benefit of selective ER modulators. However, it could be implied that, because the results of our study
were similar to those of Ahn et al. [16], less effective adjuvant
hormone therapy might also contribute to lower LRRFS in
young patients with luminal subtypes compared with older
patients. The duration of tamoxifen use for 5 years in our
study might explain the ineffectiveness of adjuvant hormone
therapy. Indeed, a recent large prospective randomized trial
showed improvement in clinical outcomes when continuing
tamoxifen to 10 years compared with stopping at 5 years [23].
However, the rate of LRRFS in young breast cancer patients
with luminal subtypes decreased constantly over all periods,
regardless of duration of adjuvant hormone therapy. Therefore, duration of adjuvant hormone therapy does not appear
to matter, and the reason for lack of benefit from adjuvant
hormone therapy in young breast cancer patients is still not
fully understood.
Several researchers have reported an association between
young age and risk of LRR according to each biological subtype [17,18]. Cancello et al. [17] reported that young age was
an independent factor for increased breast cancer related
events, including LRR in luminal B subtype (ER and/or PR+
and [Ki-67  14% or HER2+]). In addition, Kim et al. [18]
reported that young age significantly increased ipsilateral
breast tumor recurrence, mainly in the HER2-enriched subtype. Although luminal A subtype in young patients also
increased ipsilateral breast tumor recurrence when compared with old patients, the difference showed borderline
significance upon multivariate analysis (HR, 2.97; p=0.053).
These two studies commonly demonstrated that young age
increased risk of LRR in luminal subtypes, regardless of
HER2 status. Similarly, the LRRFS of luminal subtypes in our
study, particularly luminal A subtype, was significantly
influenced by young age.
In most previous studies, luminal A subtype showed the
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Table 4. Multivariate Cox proportional hazards regression models for LRRFS
Variable
Luminal vs. nonluminal
Age  40 yr
Luminal
Nonluminal
Age < 40 yr
Luminal
Nonluminal
Four biological subtypes
Age  40 yr
Luminal A
Luminal B
HER2-enriched
Triple negative
Age < 40 yr
Luminal A
Luminal B
HER2-enriched
Triple negative

HR

95% CI

p-value

1.00
1.40

0.65-3.01

0.39

2.33
0.66

1.28-4.22
0.09-4.95

< 0.01
0.68

1.00
2.33
2.46
1.37

1.00-5.42
0.91-6.66
0.44-4.29

0.05
0.08
0.59

2.87
3.58
1.57
0

1.29-6.37
1.50-8.54
0.20-12.27
0

0.01
< 0.01
0.67
0.96

LRRFS, locoregional recurrence free survival rate; HR, hazard ratio; CI, confidence interval; HER2, human epidermal growth
factor receptor type 2.

lowest incidence rate of LRR among biological subtypes
[8-12]. However, in our study, the 10-year LRRFS in luminal
A subtype was not more favorable than the other subtypes
in all patients, particularly young patients. One possible
explanation for this observation was the possibility of a high
Ki-67 index. This marker is now incorporated into the classification of biological subtypes that differentiate luminal A
(ER and/or PR+, HER2–, and Ki-67 < 14%) from luminal B
(ER and/or PR+, HER2–, and Ki-67  14%) [24]. The existing
luminal B, which was defined as ER and/or PR+ and HER2+,
is then renamed as luminal HER2. Indeed, the definition of
luminal B by HER2 is not appropriate, because only 30%-50%
of luminal B subtype identified by gene expression profiling
overexpresses HER2. Therefore, a considerable proportion
of luminal A subtype in our study might actually be classified into the current luminal B subtype (ER and/or PR+,
HER2–, and high Ki-67). The higher level of the Ki-67 index
in young age breast cancer patients with positive hormone
receptors supported this possibility [25]. However, measurement of the Ki-67 index was not available for the period of
time in which this study collected patient data. Although histologic grade can be used as a good alternative for Ki-67 [26],
we did not classify biological subtypes with this marker
because this information was not provided for approximately 5% of patients.
Equivocal definition of HER2 overexpression could also be

an explanation for the relatively lower LRRFS for luminal A
subtype. In our study, 22 patients who showed HER2 scoring
of 2+ without FISH were regarded as negative and classified
as luminal A or triple negative subtype. Approximately 20%30% of HER2 scoring of 2+ were known to present overexpression via FISH [5]. Accordingly, some luminal A subtype
patients might have been classified into luminal B subtype if
FISH was conducted. However, only one patient with HER2
scoring of 2+ experienced LRR. Therefore, it was unlikely
that re-classification of biological subtypes by accurate
assessment of HER2 status with FISH would change LRRFS
between each subtype.
Another possible reason for the relatively lower LRRFS for
luminal A subtype was that the median age in our study was
relatively young for the entire population when compared
with previous studies. In particular, the luminal subtypes in
the majority of previous studies showed a tendency towards
older age when compared with the triple negative subtype,
which is known for its high frequency in young age. However, in the present study, the median age was 45 years for
luminal subtypes (45 years for luminal A and 42 years for
luminal B) and 47 years for nonluminal subtypes. As young
age was an independent factor for lower LRRFS in luminal
subtypes, the age distribution of patients in our study might
contribute to the contradictory results observed when compared to previous studies [8,9,13].
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One interesting result of our study was the comparable
outcomes for triple negative subtype breast cancer in young
patients. Triple negative subtype is known to be associated
with an increased risk of LRR when compared with luminal
subtypes [8-13]. However, triple negative subtype in young
breast cancer patients did not appear to have a worse prognosis than luminal subtypes [20,27]. Moreover, the negative
effects of young age on prognosis for triple negative subtype
breast cancer have been controversial [18,19,27,28]. Our
study demonstrated that triple negative subtype was not
associated with lower LRRFS in young patients, and that the
LRRFS for triple negative subtype was not influenced by
young age. However, these results should be confirmed by
further studies with well designed and large scale.
Our study had several limitations. First, owing to the retrospective nature of the study, selection bias was inevitable.
The small number of cases, especially of young age with nonluminal subtypes, led to insufficient statistical power and
hindered interpretation of our results. Additionally, we
could only investigate node-positive breast cancer patients
because poor survival outcomes associated with young age
was more remarkable in node-positive breast cancer [29].
Classification of biological subtypes by only three IHC surrogate markers was also an important limitation of our study
because these markers are only an approximation of the
underlying genotype-based subtypes. In addition to these
markers, Ki-67 index, cytokeratin 5/6, and epidermal growth
factor receptor levels are currently used to identify breast
cancer subtypes, and these six biomarkers more accurately
reflect breast cancer subtypes based on gene expression profiling [30]. Therefore, our results might not be reproduced
using genotype-based subtypes.
The presence of a small proportion of patients who did not
receive taxane-based adjuvant chemotherapy or who received adjuvant trastuzumab also represented a potential limitation. Furthermore, patients receiving adjuvant trastuzumab
were more common in the older age group. This could influence the minor difference of LRRFS between age groups in
the luminal B subtype. However, the significant difference

in LRRFS in all patients with luminal subtypes was predominantly determined by luminal A subtype in the present
study. When we re-analyzed the outcomes of patients with
luminal subtypes by excluding those treated with adjuvant
trastuzumab, the results did not change (data not shown). It
should also be noted that, in the HER2-enriched subgroup,
the LRRFS of the young age group tended to be more favorable than that of the older age group (91.7% vs. 77.9%,
respectively), even though patients treated with adjuvant
trastuzumab were more common in the older age group.
Furthermore, univariate analysis showed that adjuvant taxane and trastuzumab were not associated with lower LRRFS.
Therefore, it could be assumed that the benefit of adjuvant
trastuzumab did not overcome the effects of age, particularly
in luminal subtypes.

Conclusion
In summary, our study demonstrated that young age represented an important risk factor for LRRFS in node-positive
breast cancer, and that its detrimental effect was confined to
the luminal subtypes. As all patients received uniform multimodality treatments based on contemporary guidelines, we
suggest that novel tailored adjuvant local and systemic treatments are required for young breast cancer patients with
luminal subtypes. In addition, further investigations to identify unique genotypic characteristics in young breast cancer
patients are warranted.
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Purpose
Malignant central nervous system (CNS) germ cell tumors (GCTs), although rare, are thought
to occur more frequently among Asians. However, a recent population-based study revealed
no differences in GCT incidence between Asians and Caucasians. Therefore, this study was
conducted to determine the incidence and survival rates of CNS GCTs using the national
cancer incidence database, and to compare these rates to those in the United States and
Japan.
Materials and Methods
We extracted CNS GCT patients diagnosed between 2005 and 2012 from the Korea Central
Cancer Registry database. Age-standardized rates (ASRs), annual percentage change, and
the male-female incidence rate ratios (IRRs) were calculated. To estimate the survival rate,
we used data for patients diagnosed between 2005 and 2010 and followed their cases until
December 31, 2013.
Results
The ASR for CNS GCT between 2005 and 2012 was 0.179 per 100,000 (95% confidence
interval, 0.166 to 0.193), with an overall male-to-female (M:F) IRR of 2.95:1. However, when
stratified by site, the M:F IRR was 13.62:1 for tumors of the pineal region and 1.87:1 for
those located in nonpineal regions. The most frequent histologic type was germinoma
(76.0%), and the most frequent location was the suprasellar region (48.5%). The 5-year survival rate of germinoma patients was 95.3%.
Conclusion
The incidence rate of CNS GCTs in Korea during 2005-2012 was 0.179 per 100,000, which
was similar to that of the Asian/Pacific Islander subpopulation in the United States. Moreover, the CNS GCT survival rate in Korea was similar to rates in Japan and the United States.
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Introduction

Materials and Methods

Malignant central nervous system (CNS) germ cell tumors
(GCTs) are uncommon, accounting for less than 1% of primary brain tumors, and occur predominantly during childhood. The incidence of CNS GCTs has been reported to
exhibit a marked association with race, appearing to be more
common in Asian countries than in the West [1-13]. However, the majority of previous reports were based on single
institution experiences rather than the general population.
Recently, a population-based comparison study between
Japan and the United States found no significant difference
in the incidence of malignant CNS GCTs between these two
countries [14]. In contrast, the Central Brian Tumor Registry
of the United States (CBTRUS) report published in 2014
stated that Asians/Pacific Islanders (age-standardized rate
[ASR], 0.19) were associated with a higher incidence rate of
CNS GCTs than Caucasian (ASR, 0.10) and African-American (ASR, 0.07) individuals in the United States [15]. Thus,
the existence of racial differences in the incidence of CNS
GCT remains unclear.
The aim of this study was to determine the Korean nationwide incidence and survival rate for primary malignant CNS
GCTs. Using the Korea Central Cancer Registry (KCCR)
database, we reported the precise CNS GCT incidence by
age, sex, histological type, and topography in Korea, as well
as the survival rate during 2005-2012.

1. Data sources
In 1999, the KCCR expanded cancer registration to cover
the entire population under the Population-Based Regional
Cancer Registry Program [16]. National cancer incidence
reports for diseases diagnosed since 1999 began to be published in 2005, and the incidence data for 2012 was 97.7%
complete [17]. Data for this study were obtained from the
KCCR database.
As GCTs are often malignant, we included only malignant
GCTs diagnosed between 2005 and 2012 in this study. We
were able to collect more reliable and accurate data describing CNS tumors because, from 2005 onward, information
regarding malignant whole-brain and CNS tumors was registered separately from that of benign and borderline tumors.
For survival analysis, we included GCTs registered between
2005 and 2010, and followed these cases until December 31,
2013.
GCTs were identified using the International Classification
of Diseases for Oncology (third edition), and were selected
using the primary sites C70.0-C72.9 and C75.1-C75.3. Tumors
were classified into two groups: pineal (C75.3) and nonpineal (C70.0-C72.9 and C75.1-C75.2). Tumors were grouped
by histology codes into germinoma (9060, 9061, 9064, and
9065), nongerminomatous GCT (9070, 9071, 9081, 9085, and
9100), and teratoma (9080, 9082, and 9084).
The National Cancer Center Institutional Review Board
approved this study (NCC2015-0223). All data were obtained
and analyzed after patients were anonymized.

Table 1. Trends in incidence rate of CNS germ cell tumors, 2005-2012
Year

Case

2005
2006
2007
2008
2009
2010
2011
2012
2005-2012
Annual percent change

80
86
96
71
85
75
72
89
654

Incidence rate (per 100,000)
CR

ASRa)

0.164
0.176
0.195
0.144
0.171
0.150
0.144
0.177
0.165

0.165
0.183
0.209
0.151
0.189
0.166
0.164
0.209
0.179
0.71% (p=0.732)

CNS, central nervous system; CR, crude rate; ASR, age-standardized rate. a)Adjusted with the year 2000 United States standard population.
VOLUME 49 NUMBER 2 APRIL 2017

495

496

CANCER RESEARCH AND TREATMENT

0.165
0.434
0.365
0.021
0.057
0.108
0.080
0.011
0.058
0.000
0.011
0.016
0.012
0.125
0.029
0.007
0.023
0.010

296 (45.3)
308 (47.1)
50 (7.6)
226 (34.6)
428 (65.4)
317 (48.5)
43 (6.6)
229 (35.0)
1 (0.2)
44 (6.7)
62 (9.5)
49 (7.5)
497 (76.0)
116 (17.7)
26 (4.0)
90 (13.8)
41 (6.3)

CR

654 (100.0)

Case, n (%)

a)

0.026
0.012

0.134
0.034
0.008

0.012
0.064
0.000
0.011
0.017
0.013

0.062
0.118
0.087

0.093
0.074
0.012

0.179

ASR

Total

0.021-0.031
0.008-0.016

0.122-0.146
0.027-0.040
0.005-0.010

0.008-0.015
0.056-0.072
0.000-0.001
0.008-0.015
0.013-0.022
0.009-0.017

0.053-0.070
0.107-0.129
0.078-0.097

0.385-0.484
0.324-0.406
0.015-0.026

0.166-0.193

95% CI

CR

65 (12.9)
34 (6.7)

385 (76.4)
85 (16.9)
20 (4.0)

35 (6.9)
145 (28.8)
1 (0.2)
23 (4.6)
53 (10.5)
36 (7.1)

211 (41.9)
293 (58.1)
204 (40.5)

205 (40.7)
261 (51.8)
38 (7.5)

0.033
0.017

0.194
0.043
0.010

0.018
0.073
0.001
0.012
0.027
0.018

0.106
0.148
0.103

0.576
0.594
0.032

504 (100.0) 0.254

Case, n (%)

a)

0.036
0.019

0.197
0.047
0.011

0.018
0.075
0.001
0.011
0.029
0.018

0.111
0.152
0.105

0.124
0.121
0.019

0.263

ASR

Male

0.027-0.044
0.013-0.026

0.177-0.217
0.037-0.057
0.006-0.016

0.012-0.024
0.063-0.088
–0.001-0.002
0.007-0.016
0.021-0.037
0.012-0.024

0.096-0.126
0.134-0.170
0.091-0.120

0.497-0.654
0.522-0.667
0.022-0.042

0.240-0.286

95% CI

25 (12.9)
7 (6.7)

112 (76.4)
31 (16.9)
6 (4.0)

8 (6.9)
84 (28.8)
0 (0.2)
21 (4.6)
9 (10.5)
13 (7.1)

15 (41.9)
135 (58.1)
113 (40.5)

91 (40.7)
47 (51.8)
12 (7.5)

150 (100.0)

Case, n (%)

0.013
0.004

0.057
0.016
0.003

0.004
0.042
..0.011
0.005
0.007

0.008
0.068
0.057

0.280
0.116
0.010

0.076

CR

0.016
0.004

0.066
0.019
0.004

0.005
0.052
..0.011
0.005
0.008

0.008
0.081
0.068

0.060
0.024
0.006

0.089

ASRa)

Female

0.010-0.022
0.001-0.007

0.053-0.078
0.012-0.026
0.001-0.006

0.002-0.009
0.040-0.063
0.006-0.016
0.002-0.009
0.004-0.012

0.004-0.012
0.067-0.095
0.055-0.081

0.222-0.337
0.083-0.149
0.004-0.015

0.075-0.104

95% CI

CR, crude rate; ASR, age-standardized rate; CI, confidence interval; NOS, not otherwise specified; GCT, germ cell tumor. a)Adjusted with the year 2000 United
States standard population.

Total
Age (yr)
0-14
15-29
 30
Primary site
Pineal (C753)
Nonpineal (C700-729, 751-752)
Suprasellar region
(C715, 719, 729, 751)
Ventricle (C715)
Brain, NOS (C719)
Nervous system, NOS (C729)
Pituitary gland (C751)
Cerebrum (C710)
All other sites
Histology
Germinoma
Nongerminomatous GCT
Nongerminomatous
excluding mixed germ cell
Mixed germ cell
Teratoma

Group

Table 2. Germ cell tumor incidence rates, 2005-2012
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ASR, age-standardized rate; CI, confidence interval; NOS, not otherwise specified. a)Adjusted with the year 2000 United States standard population.

13.62 (9.15-20.28)
1.87 (1.54-2.28)
1.55 (1.23-1.94)
3.52 (1.78-6.97)
1.46 (1.12-1.91)
0.00 (0.00-0.00)
0.99 (0.54-1.79)
5.45 (2.94-10.09)
2.31 (1.27-4.20)
2.95 (2.49-3.49)
0.01
0.08
0.07
0.01
0.05
0.00
0.01
0.01
0.01
0.09
15 (10.0)
135 (90.0)
113 (75.3)
8 (5.3)
84 (56.0)
0 (0.0)
21 (14.0)
9 (6.0)
13 (8.7)
150 (100.0)
0.11
0.15
0.11
0.02
0.08
0.00
0.01
0.03
0.02
0.26
211 (42.0)
293 (58.1)
204 (40.5)
35 (6.9)
145 (28.8)
1 (0.2)
23 (4.6)
53 (10.5)
36 (7.1)
504 (100.0)
0.06
0.12
0.09
0.01
0.06
0.00
0.01
0.02
0.01
0.18
226 (34.6)
428 (65.4)
317 (48.5)
43 (6.6)
229 (35.0)
1 (0.2)
44 (6.7)
62 (9.5)
49 (7.5)
654 (100.0)

Count, n (%)
ASR
Count, n (%)

Total

Primary site

The KCCR database included 654 cases of primary malignant GCTs of the brain and CNS diagnosed between 2005
and 2012. The annual average number of registered cases
was 81.8, and the overall ASR for CNS GCT was 0.179 per
100,000 people (annual percent change, 0.71%; p=0.732)
(Table 1). The incidence of all malignant GCTs was significantly higher in male participants (0.263 per 100,000 people;
95% confidence interval [CI], 0.240 to 0.286) than female participants (0.089 per 100,000 people; 95% CI, 0.075 to 0.104).
When ranked according to age, the majority of malignant
tumors were reported in the young adult (15-29 years, 47.1%)
and pediatric (0-14 years, 45.3%) age groups. The pediatric
group had the highest incidence rate (0.434 per 100,000 people), followed by the young adult group (0.365) and the
adults aged 30 years and over group (0.021).
Approximately 65.4% of GCTs were located outside the
pineal region, while the rest were located in the pineal
region. The majority (76.0%) of tumors were categorized as
germinomas (Table 2).

Table 3. Germ cell tumor male-female incidence rate ratio, 2005-2012

1. Incidence of GCTs

a)

Results

Count, n (%)

Male

ASR

a)

Female

ASRa)

A total of 654 GCT patients were included in this study.
Crude rates were calculated by dividing the total number of
cases in a given time period by the entire population, and
were expressed per 100,000 persons. ASRs were age-adjusted
to the United States population in 2000. Annual percent
changes in incidence rates were calculated. The maleto-female (M:F) incidence rate ratios (IRRs) were calculated
by dividing the age-adjusted incidence rates of male participants by those of female participants.
For survival analysis, we used only data for patients with
tumors that were diagnosed between 2005 and 2010, and
excluded cases that could not be followed because of mismatched personal identification numbers and cases in which
GCTs were not the primary tumors. Ultimately, 446 newly
diagnosed GCT cases were included in survival analysis. The
overall 1- to 5-year survival rates of GCT patients, as well as
survival by sex, age group, primary site, and histological
type were calculated using the life-table method. Survival
differences were analyzed by the log-rank test. A p-value
< 0.05 indicated statistical significance.
All analyses were conducted using SAS ver. 9.2 (SAS
Institute Inc., Cary, NC) and STATA 11.0 (StataCorp LP, College Station, TX).

Pineal (C753)
Nonpineal (C700-729, 751-752)
Suprasellar region (C715, 719, 729, 751)
Ventricle (C715)
Brain, NOS (C719)
Nervous system, NOS (C729)
Pituitary gland (C751)
Cerebrum (C710)
All other sites
All germ cell tumors

Male to female
rate ratio (95% CI)

2. Statistical analysis
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Table 4. Survival rate of germ cell tumors, 2005-2010
Characteristic

Case, n (%)

Total
Sex
Male
Female
Age group (yr)
0-14
15-29
 30
Primary site
Pineal (C753)
Nonpineal (C700-C729, 751-752)
Histology
Germinoma
Nongerminomatous germ cell tumor
Nongerminomatous
excluding mixed germ cell
Mixed germ cell
Teratoma

1-Year

2-Year

3-Year

4-Year

5-Year

446 (100.0)

94.8

93.3

91.7

91.2

91.2

342 (76.7)
104 (23.3)

94.7
95.2

92.7
95.2

91.5
92.3

90.9
92.3

90.9
92.3

205 (46.0)
209 (46.9)
32 (7.2)

93.7
95.7
96.9

92.2
93.8
96.9

90.7
92.8
90.6

90.7
91.8
90.6

90.7
91.8
90.6

142 (31.8)
304 (68.2)

97.2
93.8

94.4
92.8

92.3
91.4

91.5
91.1

91.5
91.1

344 (77.1)
72 (16.1)
17 (3.8)

97.1
88.9
82.4

96.5
81.9
70.6

95.3
79.2
70.6

95.3
77.6
70.6

95.3
77.6
70.6

55 (12.3)
30 (6.7)

90.9
83.3

85.5
83.3

81.8
80.0

79.8
76.5

79.8
76.5

The overall M:F IRR was 2.95:1. However, when stratified
by site, the M:F IRR for pineal region tumors was 13.62:1
compared to an IRR of 1.87:1 for tumors located in a nonpineal region (Table 3).
2. Survival of patients with GCTs
Among the patients with GCT, 46 patients eventually died
during the follow-up period. The 5-year observed survival
rate was high for all GCTs, at 91.2% (Table 4). These rates
showed no statistically significant differences between male
and female participants (male participants, 90.9%; female
participants, 92.3%; p=0.658) (Fig. 1A), age groups (0-14
years, 90.7%; 15-29 years, 91.8%; 30 years and over, 90.6%;
p=0.912) (Fig. 1B), or primary sites (pineal, 91.5%; nonpineal,
91.1%; p=0.843) (Fig. 1C). However, there was a significant
difference according to histological type (germinoma, 95.3%;
nongerminomatous GCT, 77.6%; teratoma, 76.5%; p < 0.001)
(Fig. 1D).
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Observed survival rate (%)

Discussion
The incidence of CNS GCTs is known to be higher in Asia,
Japan, and Korea than in other areas of the world. In particular, CNS GCTs account for relatively high proportions of
pediatric brain tumors in East Asia, 7.8% in Japan [18], 14.0%
in Taiwan [9], 7.9% in China [8], and 9.5% in Korea [19],
whereas their frequencies in North America [6,15] and
Europe [7,20] are less than 3%. According to the CBTRUS
report, the overall incidence of malignant CNS GCTs
between 2007 and 2011 was 0.07 per 100,000 in the United
States, with the Asian/Pacific Islander group associated with
a higher CNS GCT incidence rate (0.19 per 100,000) than Caucasian and African-American participants [15].
In children, the incidences of CNS GCT, including benign
tumors, were 0.21 per 100,000 in total and 0.21, 0.14, and 0.51
per 100,000 in Caucasian, African-American, and Asian/
Pacific Islander populations, respectively [15]. Goodwin et
al. [21] also described differences in the incidence of pediatric
GCTs according to race (Caucasian, 1.29 per 100,000; AfricanAmerican, 0.33 per 100,000; and Asian, 2.6 per 100,000).
Moreover, the childhood incidence of primary CNS GCTs in
a regional survey in Kumamoto Prefecture in southern Japan
was found to be 0.45 per 100,000 [4]. These data suggest that
an Asian genetic background is strongly associated with the

Seung Hoon Lee, Germ Cell Tumor Statistics in Korea
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0

0
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Survival time (mo)
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258
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0
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No. at risk
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200
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31
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Survival probability
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0.50

0.25

Primary site

0.75
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0.50
Histological type

0.25

Germinoma
Nongerminomatous GCT
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Pineal
Nonpineal

0

0

12

24
36
Survival time (mo)

48

No. at risk
Pineal 142
Nonpineal 304

0

60

0

12

24
36
Survival time (mo)

48

60

278
44
21

217
37
16

No. at risk
138
285

134
282

131
277

105
238

83
187

Germinoma 344
Nongerminomatous GCT 72
Teratoma 30

334
64
25

332
59
25

327
57
24

Fig. 1. Cumulative survival curve of germ cell tumors, 2005-2010. (A) Sex. (B) Age group (yr). (C) Primary site. (D) Histological type.
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development of CNS GCT. However, a recent study demonstrated that the incidence of CNS GCT in Japan was not significantly higher than that in the United States. McCarthy et
al. [14] estimated the incidence of malignant CNS GCTs
diagnosed during 2004-2006 in 14 population-based registries representing 31.8% of the total population of Japan
and analyzed the Surveillance Epidemiology and End
Results program database for 17 population-based cancer
registries covering 26% of the population of the United
States. Unexpectedly, they found the incidence of malignant
CNS GCTs in Japan (0.096 per 100,000) to be similar to that
in the United States (0.075 per 100,000), and showed the same
sex-based patterns by location [14]. The incidence of CNS
GCTs in Japan was low compared to those reported in previous studies. These results prompted us to investigate the
actual nationwide population-based incidence of CNS GCTs
in Korea.
Between 2005 and 2012, 654 cases of newly diagnosed primary malignant CNS GCTs were registered in the KCCR.
More than 90% of these tumors were diagnosed with histological confirmation through surgical procedures. The incidence of CNS GCTs in Korea was more than two times
higher than that in Japan and the United States. Furthermore,
the incidence of pediatric CNS GCTs in Korea (0.434 per
100,000) was similar to the incidence of CNS GCTs in
Kumamoto prefecture (0.45 per 100,000). These findings suggest possible geographical variations in CNS GCT incidences
in Japan. Kumamoto and Korea may also share a similar
genetic background because of their geographical proximity.
An international collaborative study would be required to
investigate these findings further.
The survival rate of pure germinoma is known to be very
high, with the 10-year overall survival rate attaining 90%. For
nongerminomatous GCT, the 10-year overall survival rates
were reported to be 30%-80% [22]; however, CNS GCTs
showed better prognosis among pediatric patients. Matsutani et al. [23] reported that the 10-year survival rates for pure
germinoma and mature teratoma were both over 90%. Even
though we did not report 10-year survival rates because of
our short follow-up period, the survival outcomes
observed in this study suggest that CNS GCTs are curable.
The 5-year observed survival rate for all patients with CNS

GCTs was 91.2%, with no differences observed according to
sex, age group, or primary tumor site. However, patients
with germinoma showed a greater 5-year survival rate
(95.3%) than those with nongerminomatous GCTs (77.6%)
and malignant teratomas (76.5%).
It should be noted that our study had some limitations.
Specifically, the KCCR does not record cancer risk factors or
specific treatment-related factors, making it difficult to
determine specific prognostic factors for CNS GCT. Nevertheless, the KCCR data encompasses over 97% of the population of Korea [17], and includes up-to-date information
with longer follow-up periods than the data sources used in
previous studies. This allows incidence rates to be analyzed
with excellent internal validity and generalizability.

Conclusion
In conclusion, our nationwide population-based study
revealed that the incidence of CNS GCTs in Korea is significantly higher than the reported incidence for the overall population of the United States, but is comparable to the rate
reported for Americans of Asian/Pacific Islander backgrounds.
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The Association between End-of-Life Care and the Time Interval
between Provision of a Do-Not-Resuscitate Consent and
Death in Cancer Patients in Korea
Purpose
We explored the relationship between the use of each medical intervention and the length
of time between do-not-resuscitate (DNR) consent and death in Korea.
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Materials and Methods
A total of 295 terminal cancer patients participated in this retrospective study. Invasive
interventions (e.g., cardiopulmonary resuscitation, intubation, and hemodialysis), less invasive interventions (e.g., transfusion, antibiotic use, inotropic use, and laboratory tests), and
the time interval between the DNR order and death were evaluated. The subjects were divided into three groups based on the amount of time between DNR consent and death (G1,
time interval  1 day; G2, time interval > 1 day to  3 days; and G3, time interval > 3 days).
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Results
In general, there were fewer transfusions and laboratory tests near death. Invasive interventions tended to be implemented only in the G1 group. There was also less inotrope use
and fewer laboratory tests in the G3 group than G1 and G2. Moreover, the G3 group received
fewer less invasive interventions than those in G1 (odds ratio [OR], 0.16; 95% confidence
interval [CI], 0.03 to 0.84; 3 days before death, and OR, 0.16; 95% CI, 0.04 to 0.59; the
day before death). The frequency of less invasive interventions both 1 and 3 days before
death was significantly lower for the G3 group than the G1 (p  0.001) and G2 group compared to G1 (p=0.001).
Conclusion
Earlier attainment of DNR permission was associated with reduced use of medical intervention. Thus, physicians should discuss death with terminal cancer patients at the earliest
practical time to prevent unnecessary and uncomfortable procedures and reduce health
care costs.

Introduction
The purpose of the end-of-life (EOL) discussion is to allow
dying patients to die peacefully without undergoing aggressive interventions before death. In Korea, do-not-resuscitate
(DNR) is an order to withhold cardiopulmonary resuscitation (CPR) or advanced cardiac life support in respect of the
wishes of a patient in case they were to stop breathing or
their heart were to stop. A DNR directive must be explained
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to the patients or the surrogate decision maker during EOL
care. Indeed, the DNR directive involves ethical, legal, medical, and economical considerations, and many studies have
shown that DNR consent has wide cultural differences [1,2].
In Korea, cultural values and social norms preclude active
discussions regarding death. Thus, physicians, family members and patients experience considerable difficulties when
communicating with one another about the subject [3].
Equally importantly, the Korean legal system has yet to
acknowledge the legal authority of DNR documentation;
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therefore, EOL care planning is only conducted when death
is imminent [4,5]. However, late DNR consent is associated
with increased hospital cost [6] and patients receiving unnecessary medical intervention to sustain life [7].
Many experts have recommended that EOL care discussions be initiated while the patient can still actively participate in the discussion [8,9]. However, to the best of our
knowledge, there is a lack of data regarding the association
between each EOL intervention and the time interval
between DNR consent and death, especially in regions such
as Korea, where proxy decision-making and imminent DNR
consent near death are a common social practice. Therefore,
we investigated decision making and current medical practices relating to EOL care of terminal cancer patients in
Korea. We also evaluated the association between EOL care
and the time interval between provision of DNR consent and
death.

Materials and Methods
We designed a retrospective cohort study composed of
patients who had been admitted into expire rooms (designated as rooms for peaceful death), which require DNR consent to occupy, and who died between July 2006 and June
2009 in Seoul National University Hospital (SNUH), a tertiary referral hospital. In SNUH, most patients are referred
from primary care physicians or secondary hospitals and
receive active chemotherapy and cancer surgery. There is no
inpatient hospice unit, and patients who do not want to
transfer to a regional hospice center or secondary hospital
for hospice care die at SNUH. Patients were required to meet
these criteria: admission and death in an expire room, provided DNR consent, being over 18 years of age, diagnosed
with cancer and having medical records showing consent
and the time interval between DNR consent and death. This
study was approved by the Institutional Review Board of
SNUH (H-1602-047-739).
Among the 322 patients who expired in an expire room
during the study period, 321 died due to terminal cancer.
Information about the time interval between DNR consent
and death was available for 295 patients of these 321 patients.
Medical records and DNR consent were reviewed. Clinical
data including age, sex, route of admission, type of cancer,
whether verbal or written DNR consent was provided, person(s) who consented DNR (in person or by proxy), and the
time interval between DNR consent and death were
obtained. DNR consent was defined as the patient having a
preprinted DNR form or recorded verbal communication on
a medical note. EOL care consisted of invasive medical inter-

vention (e.g., CPR, intubation, and hemodialysis) within 7
days of death and less aggressive medical intervention (e.g.,
transfusion, antibiotic use, inotropic use, and laboratory test)
within 7 days of death.
The subjects were divided into three groups (G1, G2, and
G3) according to the time interval between DNR consent and
death (G1, 0 < time interval  1 day; G2, 1 day < time interval
 3 days; and G3, 3 days < time interval). For each individual,
implementation of each less aggressive intervention was
given a score of 1 (implementation) and 0 (no implementation). All scores were summed to yield the “less aggressive
intervention score,” which ranged from 0 to 4.
1. Statistical analysis
All data are presented as numbers (%). Implementation of
less aggressive interventions within 1, 3, and 7 days of death
was compared using the chi-squared test. The subject characteristics were compared among the three groups using chisquared tests for categorical variables. Multiple logistic
regression analyses for implementation of any less aggressive intervention were used to generate odds ratios (ORs)
(95% confidence intervals [95% CIs]) relative to the tertile of
the time interval between DNR consent and death. Analysis
of covariance (ANCOVA) was used to compare the less
aggressive intervention score according to the tertiles. All statistical analyses were performed using SPSS ver. 18.0 (SPSS
Inc., Chicago, IL) and a p  0.05 was considered statistically
significant.

Results
1. Patient demographic characteristics
Patient characteristics are shown in Table 1. There were
204 patients (69.2%) < 65 years and 160 males (54.2%). Overall, 249 patients (84.4%) were admitted via the outpatient
department and the others were admitted via the emergency
room. The number of cancer patients with solid tumors was
263 (89.2%), while the rest had hematologic malignancies. In
total, 246 patients (83.4%) provided a written DNR consent
and 49 (16.6%) provided verbal DNR consent. DNR consent
was made between the physician and family, without involving the patient. Persons who consented to DNR were primarily the patients’ spouse (n=142, 48.1%) and offspring/
parents (n=118, 40.0%), followed by a relative or someone
with an uncertain family relation (n=35, 11.9%).
DNR directives were enacted at a median of 1.76 days
(range, 0.0 to 100.48 days) before death. A DNR discussion
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Table 1. Baseline characteristics
Variable
Age, median (range, yr)
< 65
 65
Sex
Female
Male
Route of admission
Emergency room
Out-patient clinic
Type of cancer
Solid tumor
Hematologic malignancy
Form of DNR consent
Verbal consent
Preprinted written form
Person who consents to DNR
Patient
Family
Spouse
Parent(s)/Offspring
Other relative(s)
Aggressive interventions
CPR
Intubation
Hemodialysis
Less aggressive interventions
Transfusion
Antibiotic use
Inotropic use
Laboratory test
Time interval between
DNR consent and death
Median (range, day)
Group 1 (n=83)
Group 2 (n=108)
Group 3 (n=104)

263 (89.2)
32 (10.8)

was made within 3 days of death for 65% of the patients. Subjects were divided into three groups (G) based on the time
interval between DNR consent and death: G1 (time interval
 1 day, n=83), G2 (time interval > 1 day to  3 days, n=108),
and G3 (time interval > 3 days, n=104) (Table 1).
For invasive interventions, CPR was performed on six
patients, intubation on three patients and hemodialysis on
one patient within the 7 days before death (Table 1). Table 2
shows the other (less aggressive) interventions performed
within 1, 3, and 7 days of death. The frequency of transfusions and laboratory tests were significantly lower near
death, when the majority of the participants had provided
DNR consent (Table 2). However, use of antibiotics and
inotropes did not decrease.

49 (16.6)
246 (83.4)

2. Patient characteristics according to groups of the time
interval between DNR consent and death

0(
295 (100)
142 (48.1)
118 (40.0)
35 (11.9)
7 (2.4)
6 (2.0)
3 (1.0)
1 (0.3)
290 (98.3)
133 (45.1)
240 (81.4)
110 (37.3)
275 (93.2)

Age, sex, diagnosis, verbal or written DNR consent, and
person consenting DNR were similar among the three
groups (Table 3). However, group G1 included more patients
admitted via the emergency room (p < 0.001) (Table 3) than
the other two groups.
Invasive interventions, e.g., CPR, intubation and hemodialysis, were only implemented in group G1 (Table 4). Among
other less aggressive interventions, use of inotropes was significantly lower in group G2 than groups G1 (Table 4). Group
G3 also had fewer laboratory tests than group G2 (Table 4).
There was no significant difference in the number of transfusions or antibiotic use among groups G1-G3.

No. (%) (n=295)
50 (20-89)
204 (69.2)
91 (30.8)
135 (45.8)
160 (54.2)
46 (15.6)
249 (84.4)

3. Association between medical interventions and the time
between DNR consent and death

1.76 (0.0-100.48)
0.00-1.00
1.00-3.00
3.00-100.48

DNR, do-not-resuscitate; CPR, cardiopulmonary resuscitation.

Table 5 shows the association between medical interventions and the time interval between DNR consent and death
after adjustment for various confounders. Three days before
death, all participants in group G3 had provided DNR consent and they received fewer less aggressive interventions

Table 2. Less aggressive interventions performed during the 7 days before death
Transfusion
Antibiotics use
Inotropes use
Laboratory tests

Total

Within 7 days

Within 3 days

Within 1 day

p-value

133 (45.1)
240 (81.4)
110 (37.3)
275 (93.2)

133 (45.1)
239 (81.0)
107 (36.3)
275 (93.2)

94 (31.9)
228 (77.3)
106 (35.9)
238 (80.7)

59 (20.0)
222 (75.3)
103 (34.9)
204 (69.2)

< 0.001*
0.232
0.938
< 0.001*

Values are presented as number (%). *Significant results (p  0.05).
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Table 3. Baseline characteristics of patients divided into G1/2/3 based on the time interval between DNR consent and death
Variable
Age (yr)
< 65
 65
Sex
Female
Male
Route of admission
Emergency room
Out-patient clinic
Type of cancer
Solid tumor
Hematologic malignancy
Form of DNR consent
Verbal consent
Preprinted written consent
Person who consented DNR
Spouse
Offspring/Parents
Relatives

Total (n=295)

G1 (n=83)

G2 (n=108)

G3 (n=104)

p-value

204 (69.2)
91 (30.8)

59 (71.1)
24 (28.9)

74 (68.5)
34 (31.5)

71 (68.3)
33 (31.7)

0.903

135 (45.8)
160 (54.2)

50 (60.2)
33 (39.8)

56 (51.9)
52 (48.1)

50 (48.1)
54 (51.9)

0.432

46 (15.6)
249 (84.4)

22 (26.5)
61 (73.5)

18 (16.7)
90 (83.3)

6 (5.8)
98 (94.2)

0.000*

263 (89.2)
32 (10.8)

70 (84.3)
13 (15.7)

99 (91.7)
9 (8.3)

94 (90.4)
10 (9.6)

0.239

49 (16.6)
246 (83.4)

17 (20.5)
66 (79.5)

20 (18.5)
88 (81.5)

12 (11.5)
92 (88.5)

0.211

141 (47.8)
118 (40.0)
36 (12.2)

33 (39.8)
34 (41.0)
16 (19.3)

53 (49.1)
44 (40.7)
11 (10.2)

55 (52.9)
40 (38.5)
9 (8.7)

0.155

Values are presented as number (%). G1 (group 1), time interval  1 day; G2 (group 2), 1 day < time interval  3 days; G3
(group 3), 3 days < time interval; DNR, do-not-resuscitate. *Significant results (p  0.05).

Table 4. End-of-life care according to tertiles, based on the time interval between the DNR consent and death
Variable
Aggressive intervention
CPR
Intubation
Hemodialysis
Other intervention
Transfusion
Antibiotic use
Inotropic use
Laboratory tests

Total (n=295)

G1 (n=83)

G2 (n=108)

G3 (n=104)

p-valuea)

7 (2.4)
6 (2.0)
3 (1.0)
1 (0.3)
290 (98.3)
133 (45.1)
240 (81.4)
110 (37.3)
275 (93.2)

7 (8.4)
6 (7.2)
3 (3.6)
1 (1.2)
83 (100)
39 (47.0)
65 (78.3)
46 (55.4)
78 (94.0)

0(
0(
0(
0(
107 (99.1)
49 (45.4)
89 (82.4)
36 (33.3)b)
105 (97.2)

0(
0(
0(
0(
100 (96.2)
45 (43.3)
86 (82.7)
28 (26.9)
92 (88.5)c)

0.000*
0.000*
0.021*
0.278
0.095
0.877
0.702
< 0.001*
0.038*

Values are presented as number (%). DNR, do-not-resuscitate; G1 (group 1), time interval  1 day; G2 (group 2), 1 day < time
interval  3 days; G3 (group 3), 3 days < time interval; CPR, cardiopulmonary resuscitation. *Significant results (p  0.05).
a)
p-value by chi-squared test, b)p-value was statistically significant ( < 0.016) after Bonferroni correction for multiple testing
(=0.05/3) vs. G1 by chi-squared test, c)p-value was statistically significant ( < 0.016) after Bonferroni correction for multiple
testing (=0.05/3) vs. G2 by chi-squared test.

than group G1, in which none of the members had provided
DNR consent (OR, 0.12; 95% CI, 0.01 to 1.03; p for trend=
0.017). On the day before death, patients in G3 received fewer
less aggressive interventions than those in group G1 (OR,
0.14; 95% CI, 0.03 to 0.66; p for trend=0.005). Fig. 1 shows the
less invasive intervention score according to amounts based

on the time interval between DNR consent and death. Seven
days before death, there were no significant differences in
the number of less invasive interventions among G1, G2, and
G3. The less invasive intervention score three days and one
day before death was significantly lower for group G3 than
groups G1 and G2.
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Table 5. Associations between groups based on the time interval between the DNR consent and death (hour) and less
aggressive interventions
Odds ratioa) (95% confidence interval)
Variable
G1
G2
G3

Within 5 days
of death

p for
trend

Within 3 days
of death

p for
trend

Within 1 day
of death

p for
trend

Reference
NA
NA

0.646
-

Reference
0.32 (0.03-3.04)
0.12 (0.01-1.03)

0.017*
-

Reference
0.29 (0.06-1.44)
0.14* (0.03-0.66)

0.005*
-

DNR, do-not-resuscitate; G1 (group 1), time interval  1 day; G2 (group 2), 1 day < time interval  3 days; G3 (group 3),
3 days < time interval. *Significant results (p  0.05). a)Adjusted for age, sex, route of admission, type of cancer, form of DNR
consent, person(s) who provided DNR consent, and aggressive intervention.

Group 1
Group 2
Group 3

4
0.070

EOL score

3

< 0.001

0.854 0.581

0.345 0.001

Within 7 days

Within 3 days

< 0.001
0.021 0.001

2

1

0

Within 1 day

Fig. 1. Less aggressive intervention score (e.g., transfusion, antibiotic use, inotropic use, and laboratory tests)
according to group (based on time interval between the
DNR consent and death). DNR, do-not-resuscitate; EOL,
end-of-life.

Discussion
Early EOL care discussions and planning could help
patients meet death with peace and dignity. Previous data
also indicate that such discussions lead to reduced medical
costs and better allocation of medical resources by decreasing
unnecessary and expensive invasive procedures [6,7]. Our
results were consistent with these previous reports, and
showed that those with earlier DNR consent received fewer
aggressive interventions (CPR, intubation, and hemodialysis)
and fewer less aggressive interventions, especially inotrope
use and laboratory tests. Between 12% and 87% of patient
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groups provide DNR consent in Korea [4,5,10]. The median
time from DNR consent to death in this study was 1.76 days,
which is shorter than what has been reported in previous
studies. This study was conducted at a tertiary hospital in
which patients tend to receive more active anti-cancer therapy. At this facility, 12% of all cancer patients provide DNR
consent, and the hospital does not have an inpatient hospice
[10]. In general, patients at this facility have little time to discuss the DNR directive before death, and the surrogate(s)
have little time to make important EOL care decisions [11].
In this study, fewer transfusions and laboratory tests were
performed as the day of death approached. However, use of
antibiotics and inotropes did not change, despite initiation
of the DNR protocol. According to previous reports in Korea,
68% of the general population and 71% of medical professionals agree that there are ethical and legal differences
between withdrawal of treatment and withholding life-sustaining treatment [12], with withholding being acceptable,
but withdrawing unacceptable [13]. Our data demonstrate
that these ideals were practiced in this setting. For example,
if a patient had an infection or hypotension and had already
begun to receive antibiotics or inotropes, the physician
and/or family might think that withdrawal of those drugs
was unethical. However, they may not consider it to be
unethical to withhold laboratory tests or transfusions. In
turn, these ethical ideals would decrease the frequency of
one-time tests and interventions while maintaining regimens
that last several days or weeks. Indeed, in our study, the use
of antibiotics was not related to the time interval between
DNR consent and death, and over 80% of patients were
receiving antibiotics. However, those who consented to DNR
at least several days before death exhibited less inotrope use
and had fewer laboratory tests ordered than those who consented approximately one day before death (i.e., median of
1.76 days between DNR consent and death).
As mentioned in previous studies [4,5,14], DNR discus-
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sions and proxy decision-making of DNR consent is emotional, stressful and overwhelming for terminal patients and
their families. In Asian cultures, making a decision to withhold or withdraw life-sustaining treatment from a close family member may feel unfilial or unaffectionate. Indeed,
family caregivers tend to have a significantly more aggressive attitude toward EOL care for their ill family members
than the patients' own stated preferences [15]. Life-sustaining
medical interventions can prolong, albeit to a limited extent,
the lives of cancer patients near death. While this can be very
meaningful and valuable time for families, patients may feel
a prolongation of suffering and hope for discontinuation of
futile interventions.
The issues regarding EOL decisions for patients who are
terminally ill reflect the different cultural backgrounds
between Western and Eastern countries. In the United States
and many European countries, there is a concept of autonomy and the best interest of the patients in decision making
[16,17]. However, Korea, China, and Japan have a family-oriented Confucian culture, and many patients prefer to also
consider the best of interest of all family members [18].
Although patients’ autonomy in decision making is important, patients also wish to discuss EOL care with their families. Therefore, family members need to play a large role in
the EOL discussion. Earlier discussions of EOL care can help
mediate different perspectives among patients and family
members regarding life prolongation. Accordingly, physicians should broach the subject of death with cancer patients
and family members in advance and help them discuss their
EOL care with family members.
It should be noted that there are several limitations to our
study. First, because our study was a single-institution study,
these results may not reflect typical national practices in
Korea. Indeed, there are no large databases and DNR order
styles vary drastically among hospitals; therefore, future
work should investigate different practices regarding DNR
consent from throughout the country. Second, the median
time from DNR consent to death in this study was very short
compared to other investigations, which again suggests that
these data do not accurately represent Korean practices

nationwide. However, data from this hospital can still be
used to investigate the time interval between DNR consent
and death and EOL care in cancer patients, as well as the
decision-making course of EOL care near death. Finally, we
did not include quality-of-life data. Nevertheless, this study
is the first to assess the association between each EOL care
intervention and the time interval between DNR consent and
death.

Conclusion
In summary, the DNR decision by proxy was typically performed within the last days of the patients’ life in a tertiary
referral hospital in Korea. Earlier DNR permission (i.e., at
least several days before death) allowed patients to receive
fewer aggressive interventions, including CPR, as well as less
aggressive interventions in the days before death. Therefore,
to spare patients from unnecessary, potentially uncomfortable procedures and reduce medical costs, physicians should
disclose terminal prognoses to cancer patients in advance
and include patients in EOL care discussions.
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The Role of Notch1 Signaling in Anaplastic Thyroid Carcinoma

Purpose
The Notch signaling pathway is widely expressed in normal, reactive, and neoplastic tissues;
however, its role in thyroid tissues has not been fully elucidated. Therefore, this study was
conducted to characterize the expression of the Notch signaling pathway in papillary thyroid
cancer (PTC) cells and anaplastic thyroid cancer (ATC) cells.
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Materials and Methods
Expression of activated Notch1 in ATC and PTC paraffin-embedded tissues was determined
by immunohistochemistry. The small interfering RNA technique was employed to knock down
Notch1 expression in ATC and PTC cell lines.
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Korea Cancer Center Hospital, Seoul, Korea
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Results
The expression of activated Notch1 was higher in ATC cases than in PTC cases. Inhibition
of Notch1 significantly reduced proliferation and migration of ATC cells, but not PTC cells.
In addition, inhibition of Notch1 in ATC cells significantly reduced the expression of key markers of epithelial-mesenchymal transition and cancer stem cells. Conversely, changes in the
expression of these proteins were not observed in PTC cells.
Conclusion
The results of this study suggest that Notch1 expression plays different roles in tumor progression in ATC and PTC cells. We also found that Notch1 expression was significantly
related to the highly invasive or proliferative activity of ATC cells.
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Introduction
Thyroid cancer is one of the most common endocrine
malignancies, and its incidence continues to rise [1]. Thyroid
cancers have been divided into several representative subtypes according to histopathological features; namely, papillary, follicular, medullary, and anaplastic thyroid carcinoma (ATC) [2]. ATC, an undifferentiated tumor of the thyroid, has the most aggressive clinical behavior because of its
│ http://www.e-crt.org │
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Receptor Notch1, Anaplastic thyroid carcinoma,
Papillary thyroid cancer, Epithelial-mesenchymal transition,
Neoplastic stem cells

rapid growth, extensive local invasion of surrounding tissues, and metastasis to distant organs. Therefore, ATC has
the poorest prognosis among thyroid carcinomas, with a
median overall survival of only 2.5-6 months [3,4]. Because
multimodal treatments, including surgery, radiotherapy, and
chemotherapy, are largely ineffective, new molecular treatments, and novel approaches are needed to improve the clinical outcomes of patients with ATC [5].
Basic studies of molecular mechanisms have recently provided potential therapeutic targets for the treatment of ATC
Copyright ⓒ 2017 by the Korean Cancer Association
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patients. In this study, we focused on the Notch signaling
pathway as a therapeutic target. Notch is a multifunctional
transmembrane receptor that regulates cellular differentiation, development, proliferation, and survival of normal or
cancer cells in a variety of contexts [6,7]. Notch signaling is
made up of four Notch receptors (Notch1, 2, 3, and 4) and
five ligands (Delta 1, 3, and 4 and Jagged [Jag] 1 and 2) in
humans [8]. Binding of any one of the Notch ligands to the
receptor promotes two proteolytic cleavages, which are
mediated by ADAM metalloprotease and -secretase
enzymes. This results in release of the Notch intracellular
domain (NICD) from the cell transmembrane and its subsequent translocation into the nucleus [9-12]. The Notch signaling pathway affects the progression of several cancers
[13-16]. Indeed, previous studies have suggested that Notch1
could play a key role in the regulation of epithelial-mesenchymal transition (EMT) and cancer stem cell (CSC) phenotype during the development and progression of tumors
[17,18]. However, the role of Notch signaling in thyroid cancer is poorly elucidated. Therefore, we evaluated the role of
Notch signaling using tissue samples from ATC and papillary thyroid carcinoma (PTC). In addition, we examined the
cell proliferation and migration of ATC and PTC cells after
knockdown of Notch1 signaling and evaluated alterations in
protein expression related to EMT or CSC.

ver. 18 (SPSS Inc., Chicago, IL) and a p < 0.05 was considered
significant.
2. Cell cultures
Human papillary (BCPAP) and anaplastic (8505C) thyroid
cancer cells were provided by Dr. Min Joo Kim (Korea Cancer Center Hospital, Seoul, Korea). The BCPAP cell lines
were cultured in RPMI-1640 (Lonza, Wakersville, MD), and
8505C cell lines were maintained in Dulbecco’s modified
Eagle medium (WelGENE Inc., Daegu, Korea) supplemented
with 10% fetal bovine serum (FBS; JR Scientific Inc., Woodland, CA) and 0.1% gentamycin (Lonza) at 37ºC in 5% CO2.
3. Small interfering RNA transfection
Small interfering RNAs (siRNAs) against Notch1 and
scrambled siRNA (siScr) used as a negative non-silencing
control were synthesized by Genolution Pharmaceuticals
(Seoul, Korea). The following siRNA sequences were used in
this study: Notch1 #1, 5-GCGACAAGGUGUUGACGUU-3;
Notch1 #2, 5-GAUGCGAGAUCGACGUCAA-3; and siScr,
5-UGGUUUACAUGUCGACUAA-3. Cells were cultured
on 60-mm dishes to 50%-75% confluence, then transfected
with 50 nM siRNA using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instructions.
4. Cell proliferation assay

Materials and Methods
1. Tissue samples and immunohistochemistry
Paraffin blocks and slides from 16 cases of ATC and 109
cases of PTC (between 1998 and 2013) were retrieved from
the archives of the Department of Pathology at the Korea
Cancer Center Hospital. The electrical medical records of the
patients corresponding to these cases were reviewed. This
study was approved by the Institutional Review Board of the
Korea Cancer Center Hospital.
Immunohistochemical staining was conducted by permeabilizing with 0.1% Triton X-100 in phosphate buffered saline
(PBS) for 10 minutes, quenching endogenous peroxides with
3% hydrogen peroxide for 10 minutes, blocking, and then
incubating the samples with primary and secondary antibodies. Immunoreactivity was visualized with avidin-biotin-peroxidase. The primary antibody for activated Notch1 was
purchased from Abcam (Cambridge, UK) and used at a
dilution of 1:200.
Pearson's chi-squared test was used to assess the relevance
of expression of activated Notch1 when comparing ATC and
PTC cases. Statistical analyses were performed using SPSS
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The effects of Notch1 on thyroid cancer cell proliferation
were tested by counting the number of viable cells. The cells
were seeded at a density of 1105 cells in 60-mm dishes and
transfected with siNotch1 using Lipofectamine 2000. After a
72-hour incubation period, the number of viable cells was
counted using an ADAM cell counter (NanoEnTek, Seoul,
Korea) according to the manufacturer's instructions. Percent
viability was determined by comparison with siScr-transfected control samples.
5. Propidium iodide uptake assay
The effects of Notch1 on thyroid cancer cell death were
determined using propidium iodide (PI; Sigma, St. Louis,
MO) uptake. The cells were seeded at a density of 1105 cells
in 60-mm dishes and transfected with siNotch1 for 72 hours.
After washing the cells with PBS, PI solution was immediately added. After staining, the cells were analyzed using a
FACS Canto II flow cytometer (BD Biosciences, San Diego,
CA).

Hyeon Jin Kim, Notch1 Signaling in Anaplastic Thyroid Carcinoma

6. Migration assay

to block the Notch signaling pathway. DAPT was dissolved
in dimethyl sulfoxide at a concentration of 100 mM. Cells
were seeded at a density of 1105 per 60-mm dish and treated
with 0, 2, or 5 µM DAPT. After incubation for 72 hours, the
cells were analyzed by proliferation and migration assays
according to the manufacturer’s protocols.

The effect of Notch1 on thyroid cancer cell migration ability was assessed using 8-µm pore size transwell chambers
(Corning Life Science, Corning, NY). Briefly, 3104 cells
transfected with siScr or Notch1 siRNA in serum-free
medium were plated in the upper chamber. Medium containing 10% FBS was added to the lower compartment of the
chamber. After 48 hours of incubation, the cells were fixed
with 4% paraformaldehyde and stained with crystal violet.
The migrated cells in three randomly selected fields for each
well were visualized with an Olympus BX53F microscope
and cellSens imaging software (Olympus, Tokyo, Japan)
using a 100 objective.

8. Western blotting analysis
Whole cell lysates and nuclear proteins were extracted
using NP-40 Protein Extraction Solution (Invitrogen) according to the manufacturer’s instructions. Whole cell lysates (30
µg protein per lane) were separated by 8% or 12% sodium
dodecyl sulfate–polyacrylamide gel electrophoresis. The separated proteins were then electrophoretically transferred
onto polyvinylidene fluoride membranes and incubated with
primary antibodies overnight at 4°C. Immunoreactive bands
were then developed using a horseradish peroxidase-conjugated secondary antibody, and the proteins were visualized

7. -Secretase inhibitor treatment
N-[N-(3,5-Difluorophenacetyl)-L-alanyl]-S-phenylglycine
t-butyl ester (DAPT; Sigma), a -secretase inhibitor, was used
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Fig. 1. Expression of activated Notch1 in patient tissues and thyroid cancer cell lines. (A) Immunohistochemical analysis of
activated Notch1 expression in anaplastic (upper left, negative; upper right, positive; 400) and papillary (lower left, negative;
lower right, positive; 400) thyroid cancer tissues. (B) Western blot analysis of activated Notch1, Notch1, and Notch2
expression in BCPAP and 8505C thyroid cancer cell lines. Each graph shows the target protein expression ratio normalized
to -actin. Statistical significance is based on the difference when compared with BCPAP cells, *p < 0.05. ATC, anaplastic
thyroid cancer; PTC, papillary thyroid cancer.
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Fig. 2. Knockdown of Notch1 reduced cell viability in anaplastic thyroid cancer cell lines. 8505C and BCPAP cells were
transfected with si-control or si-Notch1 for 72 hours, after which proliferation was determined by cell counting (A) and propidium iodide uptake (B). Statistical significance is based on the difference when compared with si-control cells, **p < 0.01,
***p < 0.001.

by enhanced chemiluminescence (Amersham Biosciences,
Piscataway, NJ) using the manufacturer’s protocols. The following primary antibodies were used: Notch1, Notch2,
Musashi, and Snail (Cell Signaling Technology Inc., Danvers,
MA); activated Notch1 and activated Notch2 (Abcam, Cambridge, MA); E-cadherin and N-cadherin (BD Biosciences);
Sox2, Oct3/4, Nanog, and -actin (Santa Cruz Biotechnology,
Santa Cruz, CA).
9. Statistical analysis
Values are expressed as the means±standard error of mean
of the results of at least three experiments. The values were
evaluated by Student’s t test using the GraphPad Prism 4.0
software (GraphPad Software, San Diego, CA). Differences
with p-values of < 0.05 were considered statistically significant.

Results
1. Expression of activated Notch1 in thyroid cancer patient
tissues and thyroid cancer cell lines
We examined the activated Notch1 (NICD) protein expression as an indication of the activation of Notch1 signaling in
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ATC and PTC patient tissues using immunohistochemistry.
Immunoreactivity in the nucleus and cytoplasm was
regarded as positive staining. As shown in Fig. 1A, we found
that activated Notch1 was strongly expressed in more ATC
cases than PTC cases. Different expression of activated
Notch1 between ATC and PTC cases was statistically significant (p < 0.001).
We analyzed the basal levels of Notch1, Notch2, and activated Notch1 protein expression in 8505C and BCPAP cells.
Notch1 and activated Notch1 proteins were more highly
expressed in 8505C cells than in BCPAP cells, but Notch2
protein levels were not (Fig. 1B).
2. Knockdown of Notch1 reduced cell viability in ATC cell
lines
To investigate the effects of Notch1 signaling on cell viability and cell death, 8505C and BCPAP cells were transfected
with Notch1 siRNA at 50 nM for 72 hours. As shown in
Fig. 2, knockdown of Notch1 significantly inhibited cell viability in both 8505C and BCPAP cells. In addition, inhibition
of Notch1 increased cell death in 8505C cells when compared
to cells treated with control siRNA. However, this effect was
not found in BCPAP cells. These results showed that knockdown of Notch1 could reduce the cell viability of ATC cells.
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8505C (A) and BCPAP (B) cells in which Notch1 was knocked down were plated into transwell inserts, and 10% fetal bovine
serum was used in the medium in the bottom chambers. After 48 hours, migration of thyroid cancer cells was quantified
(100). Statistical significance is based on the difference when compared with si-control cells, **p < 0.01, ***p < 0.001.

3. Knockdown of Notch1 inhibited cell migration in ATC
cell lines
We examined the effect of Notch1 on cell motility using a
transwell migration assay. 8505C and BCPAP cells were
transfected with Notch1 siRNA at 50 nM for 72 hours. As
shown in Fig. 3, knockdown of Notch1 dramatically suppressed the migration ability of 8505C cells, but not that of
BCPAP cells. These results suggested that knockdown of
Notch1 inhibited the cell migration ability of ATC cells.
4. DAPT reduced cell viability and cell migration in ATC
cell lines
We determined the effects of DAPT, a -secretase inhibitor,
on cell viability and cell migration. 8505C and BCPAP cells
were treated with various concentrations (0, 2, or 5 µM) of
DAPT for 72 hours. We found that knockdown of Notch1 signaling by 5 µM DAPT reduced the cell viability of 8505C
cells, but not BCPAP cells (Fig. 4A). We also examined the
effects of DAPT treatment on the migration of 8505C and
BCPAP cells. Inhibition of Notch1 signaling decreased the

number of migrating 8505C cells compared with the control,
but BCPAP cells did not (Fig. 4B). These data indicate that
Notch inhibitor suppressed growth and cell migration in
ATC cells.
5. Knockdown of Notch1 attenuated CSC- and EMT-related
markers
We analyzed the levels of CSC- and EMT-related proteins
after knockdown of Notch1. We found that knockdown of
Notch1 reduced the levels of proteins related to CSC and
EMT, including Notch1, Musashi, Sox2, Oct3/4, Nanog,
Snail, and N-cadherin in 8505C cells. Moreover, Notch1
knockdown led to increased protein levels of E-cadherin
(Fig. 5). However, these changes were not observed in
BCPAP cells.
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Fig. 4. DAPT reduced cell viability and cell migration in anaplastic thyroid cancer cell lines. (A) 8505C and BCPAP cells
were treated with various concentrations of DAPT for 72 hours, after which proliferation was determined by cell counting.
(B) The migration cells were stained with crystal violet and the images were photographed (100). Statistical significance is
based on the difference when compared with untreated cells, **p < 0.01, ***p < 0.001. DAPT, N-[N-(3,5-difluorophenacetyl)L-alanyl]-S-phenylglycine t-butyl ester.

Discussion
High expression levels of Notch1 have been reported to
play a major role in the metastasis of many cancer cells
[19-21]. Studies of the role of Notch signaling in thyroid cancers appear to be highly context-dependent. The majority of
studies of Notch signaling in thyroid cancers have shown it
to be a tumor suppressor, especially in developed thyroid
cancers such as PTC and follicular carcinomas (FC). For
example, Ferreti et al. [22] and Xiao et al. [23] showed that
Notch signaling was highly active in normal thyroid tissue,
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but decreased in developed thyroid cancers such as PTC and
FC cells. Most of these studies analyzed well-developed thyroid cancer cells; therefore, investigations of the role of Notch
signaling in poorly differentiated thyroid cancer, such as
ATC, have been limited. Interestingly, Vasko et al. [24]
demonstrated that the invasive front of PTC showed
increased expression of EMT-related genes compared to the
central lesion of PTC. The EMT process influences the conversion of early stage tumors to a stage of invasive malignancy and is closely related to tumor progression. In
addition, it is well known that the EMT process regulates
other signaling pathways, including Notch signaling. Based
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Fig. 5. Knockdown attenuated cancer stem cell (CSC)– and epithelial-mesenchymal transition (EMT)–related markers. 8505C
and BCPAP cells were transfected with si-control or si-Notch1 for 72 hours. Total cell lysates were prepared, Notch1, Notch2,
activated Notch1, activated Notch2 (A), and CSC- and EMT-related protein expression (B) were detected by western blot
analysis.

on these results, we postulated that Notch signaling influences the malignant potential of thyroid cancers. To verify
this hypothesis, we evaluated the different roles of Notch signaling in PTC and ATC. First, we checked the activation of
Notch1 signaling in ATC and PTC. We observed increased
expression of activated Notch1 in ATC patient tissues compared to PTC patient tissues. Immunohistochemical staining
for activated Notch1, which indicates the activation of
Notch1 signaling, showed that ATC patients had significantly higher expression than PTC patients. Additionally,
ATC cells showed higher expression of Notch1 and activated
Notch1 than PTC cells in vitro. Therefore, we concluded that
Notch1 signaling was more active in ATC than PTC cells.
Subsequently, we compared the effects of knockdown of
Notch1 signaling in ATC and PTC cells. We found that
knockdown of Notch1 expression significantly increased the
percentage of cell death and suppressed cell proliferation
and migration in ATC cells. However, these results were not
observed in PTC cells. Clinical aspects of ATC and PTC were
entirely different; namely, ATC showed more rapid disease

progression than PTC, including invasion to surrounding tissue and distant metastasis to other organs. Therefore, we
concluded that activation of Notch1 signaling in ATC was an
important factor influencing the clinical aspects of ATC
through the increased cell proliferation or immortality and
migration ability.
In the Notch signaling pathway, the extracellular domain
of the Notch receptor binds to the ligands. This leads to
cytoplasmic cleavage of the NICD by -secretase. NICD rapidly translocates to the nucleus and interacts with DNAbinding proteins to activate target genes [8,12]. Thus, Notch
plays important roles in the regulation of cell growth, differentiation, development, and apoptosis [25,26]. Conventional
treatments such as surgery, chemotherapy, and radiation
therapy have not been effective in slowing the progression
of ATC to date; accordingly, it is necessary to develop new
therapeutic approaches, including targeted therapy, in ATC
patient treatment. Our findings showed that DAPT, a -secretase inhibitor, effectively inhibited the proliferation and
migration ability of ATC cells. Therefore, we concluded that
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DAPT could be a candidate for therapy that targets Notch
signaling, perhaps presenting a novel therapeutic approach
for ATC. Saad et al. [27] reported that Notch mediated EMT
via increased expression of Snail, one of the major transcription factors involved in EMT. Notch promotes EMT via Snail
induction and subsequent E-cadherin downregulation during normal tissue development and oncogenic transformation.
Notch1, which is involved in the regulation of not only
EMT, but also the CSC phenotype during tumor progression,
converts polarized epithelial cells into motile, invasive cells
[19,28,29]. However, no data has demonstrated a direct relationship between Notch1 expression and the EMT and CSC
phenotypes in thyroid cancers. Interestingly, we previously
found that proteins related to EMT and CSC were more
highly expressed in ATC than PTC tissues [30]. In addition,
our results showed that knockdown of Notch1 expression
decreased the expression of EMT- and CSC-related protein
markers in ATC cells, but not in PTC cells. Based on these
results, we hypothesized that this induction of EMT and CSC
markers by activation of Notch1 signaling influenced the
clinical behavior of ATC, which showed more malignant
behavior than PTC. In addition, activation of Notch1 signaling is significantly associated with the proliferative activity
or highly invasive nature of ATC cells regulating the EMT
process and CSC features.

Conclusion
In summary, the present study shows that Notch1 inhibits
proliferation and migration in ATC cells. In addition, knockdown of Notch1 expression reduced the expression of EMTrelated proteins and CSC markers in vitro. Overall, our data
suggest that Notch1 is a possible target molecule for ATC
treatment.
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Purpose
This study was conducted is to identify the prognostic value and staging categories of magnetic resonance imaging (MRI)–detected intracranial extension in nasopharyngeal carcinoma (NPC) with intensity-modulated radiotherapy (IMRT) to determine whether it is
necessary to subclassify the T4 classification NPC.
Materials and Methods
A total of 335 nonmetastatic T4 classification NPC patients with MRI treated between March
2004 and June 2011 by radical IMRT were included. The T4 classification patients were subclassified into two grades (T4a, without intracranial extension vs. T4b, with intracranial
extension) according to the site of invasion.
Results
The frequency of intracranial extension was 40.9% (137 of 335 patients). Multivariate analysis identified subclassification (T4a vs. T4b) as an independent prognostic factor for local
failure-free survival (p=0.049; hazard ratio [HR], 0.498) and overall survival (p=0.004; HR,
0.572); however, it had no effect on regional failure-free survival or distant failure-free survival (p > 0.050).
Conclusion
For patients with T4 classification NPC, those with MRI-detected intracranial extension are
more likely to experience local failure and death after IMRT than patients without intracranial
extension. According to the site of invasion, subclassification of T4 patients as T4a or T4b
has prognostic value in NPC.

Introduction
Nasopharyngeal carcinoma (NPC) remains endemic in
southern China, with a peak annual incidence approaching
30 per 100,000 persons [1]. The primary purpose of the TNM
classification system for NPC is to help physicians estimate
the prognosis and design a management plan [2,3]. According to the seventh edition of the American Joint Committee
on Cancer (AJCC) staging system, NPC with intracranial
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extension and/or involvement of cranial nerves, hypopharynx, orbit, or extension to the infratemporal fossa/masticator
space are classified as T4 [3]. This classification is primarily
based on retrospective studies in which patients received
conventional two-dimensional radiotherapy (2DRT) and
computed tomography (CT) was the predominant pretreatment workup for tumor evaluation [2,4]. However, it has
now become common practice to use magnetic resonance
imaging (MRI) and intensity-modulated radiotherapy
(IMRT) for imaging and treatment of NPC [4]. With these
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recent advances in both diagnostic and radiotherapeutic
technologies, the 5-year overall survival (OS) rate for stage
III-IV NPC has increased from 60% in the 2DRT era to 79%
in the IMRT era [5].
NPC with intracranial extension may have inadequate
radiation field coverage and dose owing to the proximity of
the tumor to critical neural structures and the tolerance of
critical organs such as the brain stem, temporal lobe, optic
nerves, and chiasm. In our previous study [6], 70 patients
with T4 classification NPC treated by IMRT were reported
and 16 had developed local failures. The location and extent
of locoregional failures were transferred to the pretreatment
planning CT for dosimetry analysis. Of the 16 patients who
developed local failures, seven were marginal, occurring in
a steep dose gradient region at the margin of the high-dose
planning target volume (PTV). Among the seven patients
with marginal failures, six had intracranial extension on presentation, while one had involvement of cranial nerves and
bone structures of the skull base. We concluded that the sites
of marginal failure mainly occurred intracranially because of
suboptimal dose coverage at the region proximal to the brain
stem and temporal lobes. This study was conducted to evaluate the prognostic value of MRI-detected intracranial extension in NPC with IMRT, and to subclassify patients with T4
classification NPC according to the seventh edition of the
AJCC staging system.

Materials and Methods
1. Patient selection
A total of 335 nonmetastatic T4 classification NPC patients
treated by radical IMRT between March 2004 and June 2011
were included in this study. The pretreatment workup
included a complete history and physical examination, liver
and renal biochemical analysis, complete blood cell count,
chest X-ray, fiber-optic nasopharyngoscopy, MRI of the head
and neck, bone scintigraphy, ultrasonography of the abdominal region, and dental check. In addition, thoracic CT scan
was required for N3 classification patients. All patients
underwent disease staging using the AJCC 2010 staging system. The frequency of intracranial extension was 40.9% (137
of 335 patients). The T4 classification patients were subclassified into two groups (T4a, without intracranial extension
vs. T4b, with intracranial extension) according to the site of
invasion. The T4a group included involvement of masticator
space alone in 176, involvement of orbit alone in one,
involvement of cranial nerves (assessed by neurological evaluation) alone in one, involvement of masticator space and

orbit in six, involvement of masticator space and cranial
nerves in 13, and involvement of masticator space and
hypopharynx in one. The clinical characteristics are listed in
Table 1.
2. Magnetic resonance imaging
All patients underwent MRI on a 1.5-T system (Signa
Excite HD, General Electric, Milwaukee, WI) with an 8 channel head and neck phase array coil. The scan range covered
the suprasellar cistern to the inferior margin at the sternal
end of the clavicle. Non-enhanced series included axial
T1-weighted imaging (fast spin echo [FSE], repetition time
[TR]/echo time [TE]=460 msec/8.3 msec), sagittal T1WI
(FSE, TR/TE=500 msec/9.0 msec), axial T2WI (FSE with fatsuppressed, TR/TE=6,200 msec/92.9 msec). A contrastenhanced scan was performed using FSE with fat-suppressed after injection of gadopentetate dimeglumine (Magnevist, Schering, Berlin, Germany) with a dose of 0.2 mL/kg
and rate of 2.0 mL/sec (TR/TE=295 msec/2.9 msec for axial
plane, TR/TE=460 msec/7.8 msec for sagittal and coronal
plane). The thickness/slice gap were 5 mm/1 mm for the
axial plane and 5 mm/0.5 mm for the sagittal and coronal
plane, respectively. Two radiologists with more than 10 years
of experience in MRI of head and neck cancers independently evaluated all scans, and any disagreements were
resolved by consensus. In addition, a multidisciplinary team
of head neck cancers in our center confirmed the extent of
diseases and the treatment of patients with NPC.
The criterion for MRI involvement of the cavernous sinus
was a change in contour or enlargement of the sinus. Skull
base involvement included foramen ovale (OF) involvement
only, foramen lacerum (FL) involvement only, both OF and
FL involvement, skull base erosion, and involvement via the
sphenoid sinus. Skull base erosion was diagnosed when
destruction was present, even in the presence of OF and FL
involvement [7].
3. Treatment
The techniques of planning and delivery of IMRT were
described previously [6,8]. Additionally, we previously [6,8]
reported the patterns of failure, long-term survival and toxicity of T4 classification NPC after IMRT. Briefly, the dose
prescribed was 70-76 Gy, 70 Gy, 60 Gy, and 50-56 Gy delivered within 6.5 weeks to the periphery of the gross tumor
volume of the primary (GTVnx), nodal gross tumor volume
(GTVnd), planning target volume (PTV1) of clinical target
volume (CTV1) (i.e., high-risk regions), and PTV2 of CTV2
(i.e., low-risk regions), respectively, using the simultaneous
integrated boost technique. The total dose of the GTVnx,
GTVnd and PTV1 was given in 33 fractions. The total dose
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Table 1. Clinical characteristics
Characteristic
Sex
Male
Female
Age (yr)
Median
Range
Pathology classification
Keratinizing
Non-keratinizing
Involvement of masticator space
Involvement of cranial nerves
Involvement of orbit
Involvement of hypopharynx
N classification
N0
N1
N2
N3a
N3b
Metastasis to retropharyngeal lymph nodes
Yes
No
Boost irradiation
IMRT
SBRT
Chemotherapy
Neoadjuvant
Neoadjuvant plus concurrent
Concurrent
Concurrent plus adjuvant
Adjuvant
Neoadjuvant plus concurrent plus adjuvant
Neoadjuvant plus adjuvant
Radiotherapy alone
Targeted therapy
Cetuximab
Nimotuzumab

Total (n=335)
T4a group (n=198)

T4b group (n=137)

p-value

139
59

113
24

0.010

45
12-77

47
9-76

0.289

1
197
196
14
7
1

1
136
116
79
22
0

> 0.050

15
55
109
7
12

11
45
74
3
4

0.593

160
38

108
29

0.657

25
15

27
9

0.242

8
9
132
2
3
1
4
39

6
8
78
8
3
1
1
24

0.221

10
42

8
27

0.682

< 0.001
< 0.001
< 0.001
0.405

IMRT, intensity-modulated radiotherapy; SBRT, stereotactic body radiotherapy.

of the PTV2 was given in 28-30 fractions at 1.82-1.87 Gy per
daily fraction. Two separate plans were made to accomplish
the protocol.
Overall, 38 patients received neoadjuvant cisplatin-based
chemotherapy, 239 received concurrent chemotherapy (cisplatin, 30 mg/m2/wk or 80 mg/m2/3 wk) and 23 received
adjuvant cisplatin-based chemotherapy. Although chemotherapy was required for the treatment of locally advanced
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NPC, the use of concurrent or adjuvant chemotherapy was
not protocolized and it was used at the discretion of the
attending physician of individual patients. Eighty-seven
patients received cetuximab or nimotuzumab [9]. The
patients did not receive concurrent chemotherapy because
of advanced age, heart disease, hepatitis, severe diabetes,
inadequate renal function, or patient refusal. Whenever possible, salvage treatments including surgery, reirradiation,

Caineng Cao, Intracranial Extension in Nasopharyngeal Carcinoma

and chemotherapy were administered to patients with persistent diseases or relapse.
4. Treatment monitoring
All patients were evaluated weekly during radiotherapy,
and were required to be followed up upon completion of
radiotherapy, 1 month after completion of radiotherapy,
every 3 months during the first 2 years after completion,
every 6 months from year 3 to year 5, and annually thereafter. Each follow-up appointment consisted of a complete
examination that included flexible fiberoptic endoscopy,
abdomen ultrasound, chest X-ray, and basic serum chemistry. MRI of the head and neck was performed after the completion of IMRT and every 6 months thereafter.

analysis to assess differences between the T4a group and T4b
group. Multivariate analyses with the Cox proportional hazards model were used to test independent significance by
using backward elimination of insignificant explanatory
variables. Host factors (age and sex) were included as
covariates in all tests. Chi-squared, Fisher exact, and Student’s t tests were used to compare the differences between
the T4a group and T4b group. All statistical analyses were
two sided, and a p < 0.05 was considered to be statistically
significant.

Results

5. Statistical analysis

1. Outcome of the T4a group

The SPSS ver. 17.0 (SPSS Inc., Chicago, IL) was used for
statistical analysis. The records of all patients were reviewed
to assess the site or sites of treatment failures. Failure patterns were classified as local, regional, or distant. Category
was determined at the time of the last follow-up. Local failure referred to failure of the primary tumor, while regional
failure was defined as recurrence in regional lymph nodes
and distant failure was defined as the appearance of tumor
at a site representing hematogenous dissemination. The local
failure-free survival (LFFS), regional failure-free survival
(RFFS), distant failure-free survival (DFFS), and OS were
estimated by use of the Kaplan-Meier method. LFFS, RFFS,
DFFS, and OS were measured from day 1 of radiotherapy to
the date of the event. The log-rank test was used in univariate

The median follow-up time for the T4a group was 53.2
months (range, 2.8 to 104.1 months). A total of 58 patients
(29.3%) developed treatment failures, with seven, two, and
37 developing local failure, regional failure, and distant failure, respectively, five developing locoregional failure, two
developing distant failure and local failure, two developing
distant failure and regional failure, and three developing distant failure and locoregional failure. In addition, one patient
had treatment failure in the unilateral spared parotid gland.
The 1-, 3-, and 5-year survival rates were as follows: OS,
95.9%, 83.1%, and 71.5%; LFFS, 98.4%, 92.0%, and 90.3%;
RFFS, 98.4%, 93.2%, and 93.2%; DFFS, 88.1%, 80.3%, and
75.9%.

A

B

Fig. 1. Representative magnetic resonance image of two nasopharyngeal carcinoma patients with intracranial extension. (A)
Coronal T1-weighted fat saturation postcontrast enhanced image of limited intracranial involvement (arrow). (B) Coronal
T1-weighted fat saturation postcontrast enhanced image of extensive intracranial involvement (arrows).
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Fig. 2. Kaplan-Meier curve showing overall survival (A), local failure-free survival (B), regional failure-free survival (C),
and distant failure-free survival (D) of the T4a group and the T4b group in the study.

2. Outcome of the T4b group
The median follow-up time for the T4b group was 56.7
months (range, 10.8 to 114.9 months). A total of 60 patients
(43.8%) developed treatment failure, among which 17, one,
and 26 developed local failure, regional failure, and distant
failure, respectively, three developed locoregional failure, six
developed distant failure and local failure, five developed
distant failure and regional failure, and two developed dis-
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tant failure and locoregional failure. In addition, two of these
patients experienced treatment failure in the unilateral
spared parotid gland. The 1-, 3-, and 5-year survival rates
were as follows: OS, 91.2%, 69.7%, and 51.6%; LFFS, 95.4%,
79.9%, and 74.8%; RFFS, 96.9%, 90.7%, and 90.7%; DFFS,
86.6%, 71.6%, and 71.6%.
All T4b patients were subclassified according to the extent
of intracranial involvement as follows: limited involvement
was defined as a primary nasopharyngeal tumor involving
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Table 2. Multivariate analysis of prognostic factors for patients with nasopharyngeal carcinoma
Endpoint

Item

LFFS

N classification (N2-3 vs. N0-1)
Subclassification (T4a vs. T4b)
Boost (no vs. yes)
N classification (N2-3 vs. N0-1)
N classification (N2-3 vs. N0-1)
Age
N classification (N2-3 vs. N0-1)
Boost (no vs. yes)
Subclassification (T4a vs. T4b)

RFFS
DFFS
OS

HR

95% CI

p-value

1.941
0.498
0.507
6.897
2.028
0.440
1.690
0.652
0.572

0.995-3.788
0.248-0.997
0.270-0.951
1.609-29.559
1.206-3.410
0.300-0.644
1.116-2.557
0.429-0.992
0.389-0.839

0.052
0.049
0.034
0.009
0.008
< 0.001
0.013
0.046
0.004

HR, hazard ratio; CI, confidence interval; LFFS, local failure-free survival; RFFS, regional failure-free survival; DFFS, distant
failure-free survival; OS, overall survival.

the unilateral cavernous sinus or parasellar region only;
extensive involvement was defined as extension of the tumor
to the bilateral cavernous sinus or the parasellar region to the
prepontine region or the posterior cranial fossa [10]. Of these
patients, 90 patients were classified as having limited
involvement (Fig. 1A) and 47 as having extensive involvement (Fig. 1B). Univariate analysis showed no significant differences in terms of OS (5-year, 53.4% vs. 47.0%; p=0.927),
LFFS (5-year, 74.2% vs. 76.2%; p=0.830), RFFS (5-year, 90.8%
vs. 90.1%; p=0.929), and DFFS (5-year, 72.9% vs. 69.2%;
p=0.780) between patients with limited involvement and
extensive involvement.
3. Outcome of the whole group
The median follow-up time for the whole group was 53.6
months (range, 2.8 to 114.9 months). For all patients, the 1-,
3-, and 5-year LFFS rates were 97.2%, 87.2%, and 84.1%; RFFS
rates were 97.8%, 92.2%, and 92.2%; DFFS rates were 87.4%,
76.8%, and 74.1%; and OS rates were 93.9%, 77.5%, and
63.0%, respectively. The 5-year LFFS rate and the 5-year OS
rate in the T4a group were higher than for patients in the T4b
group (p=0.001 and p=0.001). No significant differences was
observed in RFFS and DFFS between the T4a group and the
T4b group (p=0.405 and p=0.155) (Fig. 2).
Multivariate analysis was performed to adjust for various
prognostic factors, and the following parameters were
included in the Cox proportional hazards model: age, sex,
N classification (N2-3 vs. N0-1), metastasis to retropharyngeal lymph nodes, boost irradiation, volume of GTVnx (> 50
mL vs.  50 mL), concurrent chemotherapy, and subclassification of T4 patients (T4a vs. T4b). Subclassification of T4 was
identified as an independent prognostic factor for both OS
(hazard ratio [HR], 0.572; 95% confidence interval [CI], 0.389
to 0.839; p=0.004) and LFFS (HR, 0.498; 95% CI, 0.248 to 0.997;

p=0.049) with use of multivariate analysis. N classification
was found to be an independent prognostic factor for both
RFFS and DFFS. The outcomes of multivariate analysis are
shown in Table 2.

Discussion
Our study indicated that subclassification of T4 patients
(T4a vs. T4b) was an independent prognostic factor of OS
and LFFS for patients with T4 classification NPC treated by
radical IMRT. In 2001, four criteria were defined for a good
staging classification system: (1) survival rates among the
groups (hazard discrimination); (2) given group including
the subgroups defined by T, N, and M within a grouping system having similar survival rates (hazard consistency); (3)
balanced distribution of patients among groups; and (4) high
prediction of cure (outcome prediction) [11]. Therefore, we
recommend that the subclassification of T4 patients (T4a vs.
T4b) be used for NPC in the TNM classification system.
Compared with 2DRT, IMRT could achieve very good
local control for NPC [12-14]. Sun et al. [12] reported that
LFFS were significantly different among groups of patients
with different T classifications except groups of patients with
T1 and T2 classification, whereas two other studies indicated
that T classification was not an independent prognostic factor
for local control [13,14]. In a study [15] of head and neck
squamous cell carcinoma treated by radical radiotherapy,
patients receiving higher doses ( 66 Gy) had better outcomes than those that received lower doses. For NPC treated
by IMRT, administering radiation at above 66.5 Gy to the target yielded significantly less local failure [14]. Owing to the
proximity of the tumor to critical neural structures and the
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tolerance of critical organs such as the brain stem and temporal lobe, NPC with intracranial extension may not have
adequate radiation field coverage and dose, even in the era
of IMRT. Hu et al. [10] reported that limited intracranial
involvement was associated with better OS and locoregional
recurrence-free survival in T4 classification NPC. However,
in our study, univariate analysis revealed no significant differences in terms of OS, LFFS, RFFS, and DFFS between
patients with limited involvement and extensive involvement, which was similar to the results of NPC treated by
IMRT using MRI for pretreatment workup [2]. This was
likely because all of the patients in the study conducted by
Hu et al. [10] received 2DRT, some patients underwent CT
for pretreatment workup, and only 31 patients (39.1%)
received concurrent chemoradiotherapy.
To the best of our knowledge, NPC with intracranial
extension always invades through the skull base and neural
foramina. Intracranial extension is frequently associated with
MRI-detected intracranial nerve involvement, and MRIdetected intracranial nerve involvement is an independent
prognostic factor of both OS and metastasis-free survival for
NPC [16]. Moreover, invasion into the marrow of the skull
base bones is associated with distant metastasis in patients
with NPC [17]. Hung et al. [18] reported that prepontine cistern invasion was an independent prognostic factor of distant metastasis-free survival for T4 classification NPC treated
by IMRT. Chen et al. [4] reported that involvement of the
masticator space alone was positively associated with OS and
distant metastasis-free survival for T4 classification NPC.
More patients with involvement of cranial nerves were
included in the T4b group (p < 0.001), while 176 patients
(88.9%) with involvement of the masticator space alone were
included in the T4a group. Although no significant difference
in DFFS was observed between the T4a group and the T4b
group, the 5-year DFFS rate in the T4a group was higher than
that for patients in the T4b group (75.9% vs. 71.6%).
Strengthening treatment may be immediately administered to NPC with intracranial extension. Although concurrent chemoradiotherapy is the standard treatment for
locoregionally advanced NPC, the role of adjuvant chemotherapy is still debated [1,19-22]. Niu et al. [23] evaluated
32 patients with intracranial invasion NPC treated with
neoadjuvant chemotherapy and replanning IMRT with concurrent chemotherapy in which the doses to the brain stem,
optic nerve, optic chiasm, and temporal lobe were reduced
and the 2-year local control rates and DFFS were 88.2% and
89.6%, respectively. Neoadjuvant chemotherapy and new
chemotherapy regimens should be evaluated for NPC with
intracranial extension in clinical trials.
It should be noted that the present study had several limitations. Specifically, different systemic treatments (i.e., neoadjuvant chemotherapy vs. concurrent chemotherapy vs.
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adjuvant chemotherapy) were used. Concurrent chemoradiotherapy is currently considered the standard of care for
non-metastatic T4 classification NPC [1,19-22]. In the present
study, 239 patients (71.3%) received concurrent chemotherapy, and only patients who received radical IMRT were
included, which could have affected the outcomes. Furthermore, the use of 6/5.5-mm-thick sections for MRI in the present study could have resulted in the omission of some
information. Therefore, it would be desirable to use thinner
sections (i.e., 3-mm-thick) for MRI in the future.

Conclusion
For patients with T4 classification NPC, those with MRIdetected intracranial extension were more likely to experience local failure and death after IMRT than patients without
intracranial extension. According to the site of invasion, subclassification of T4 patients as T4a or T4b has prognostic
value in NPC.
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Purpose
This study was conducted to describe the trends and age-period-cohort effects on the incidence and mortality rate of cervical cancer in Korea.
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Materials and Methods
The incidence and mortality rate of cervical cancer among  20-year-old women from 1993
to 2012 were obtained from the Korea Central Cancer Registry and the Korean Statistical
Information Service. Age-standardized rates were calculated and Joinpoint regression was
used to evaluate the trends in the incidence and mortality rate. Age-period-cohort analysis
was performed to investigate the independent effects of age, period and cohort.
Results
The incidence of cervical cancer decreased from 32.8 per 100,000 in 1993 to 15.9 per
100,000 in 2012 (annual percent change [APC], –3.9%; 95% confidence interval [CI],
–4.2% to –3.6%). The mortality rate decreased from 5.2 per 100,000 in 1993 to 2.1 per
100,000 in 2012 (APC, –4.8%; 95% CI, –5.1% to –4.4%); however, the incidence and mortality rates among young women (< 30 years old) increased. An age-period-cohort model of
the incidence and mortality rate showed decreasing period effects between 1993 and 2008
and decreasing cohort effects between 1928 and 1973, while birth cohorts after 1973
exhibited slight increases in the incidence and mortality rate of cervical cancer.
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Conclusion
Recent decreases in the incidence and mortality rate of cervical cancer were due to
decreases in the period and cohort effects, which reflect the implementation of a cancer
screening program and changes in lifestyle. However, our findings also highlighted an
increase in cohort effects on the incidence and mortality rate among young women born
after 1973.
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Introduction

Table 1. Joinpoint regression analysis of trends in the
incidence and mortality rate of cervical cancer

In Korea, the incidence and mortality rate of invasive cervical cancer have decreased since the introduction of a
national cervical cancer screening program [1]. However, it
has been suggested that the incidence of cervical cancer
among young Korean women has increased during the last
two decades [2]. Furthermore, changes in sexual behavior
and the prevalence of human papillomavirus (HPV) infection among Korean women have also been reported [3,4].
Accordingly, age-period-cohort analysis could help separate
the independent effects of age, period and cohort from trends
in cancer rates [5]. Moreover, period effects reflect the factors
that influence all age groups simultaneously, such as implementation of a screening program, while cohort effects reflect
changes in lifestyle or external environmental exposures. To
the best of our knowledge, only one Korean study has examined the trends and age-period-cohort effects on cervical cancer-related mortality [6], and that study did not evaluate
incidence data and used mortality data that are now > 10
years old. Therefore, the present study was conducted to
describe secular trends in the incidence and mortality rate of
cervical cancer in Korea, and to use age-period-cohort analysis to evaluate these factors’ independent effects.

Category

Materials and Methods
1. Data sources
Data regarding the incidence of cervical cancer between
1993 and 2012 were derived from the Korea National Cancer
Incidence Database (KNCIDB) of the Korea Central Cancer
Registry (KCCR). The KNCIDB was launched by the Korean
Ministry of Health and Welfare in 1980, and is a nationwide
hospital-based cancer registry. The KCCR collects data
regarding approximately 80%-90% of cancer cases each year
from > 180 training hospitals throughout the country [7].
Since 1999, the KCCR has covered the entire population
under the population-based cancer registry program. The
KNCIDB includes information regarding age, sex, diagnosis
date, geographical region, histological type, primary site, and
first treatment modality. Detailed information regarding the
KNCIDB have been previously reported [8]. Data regarding
cervical cancer-related mortality between 1993 and 2012 were
obtained from Statistics Korea (http://kosis.kr). Patient
records were anonymized and de-identified prior to analysis.
Ethical approval for the research protocol was provided

Incidence
Mortality

ASR
1993

2012

32.8
5.2

15.9
2.1

APC (95% CI)
–3.9 (–4.2 to –3.6)*
–4.8 (–5.1 to –4.4)*

The Joinpoint regression model was used to test whether
age-standardized rates have significantly changed. The
trends in cervical cancer rates were summarized as APC.
ASR, age-standardized rate per 100,000 women (adjusted
for Segi’s world standard population); APC, annual percent change; CI, confidence interval. *p < 0.05.

by the Institutional Review Board of the National Cancer
Center, Goyang, Korea (NCC2015-0185).
2. Adjusting the cervical cancer-related mortality
Although the incidence data has high quality and completeness, the majority of mortality data for cervical cancer
has been recorded as unspecified uterine cancer deaths [6,9].
Therefore, it is necessary to redistribute unspecified uterine
cancer deaths to cervical cancer deaths using a redistribution
algorithm estimation of more accurate cervical cancer mortality trends. To accomplish this, we linked the incidence
database with the mortality database, then extracted registered cases of malignant neoplasms of the cervix uteri (C53)
among deaths from unspecified malignant neoplasms of the
uterus (C55) based on the tenth edition of the International
Classification of Diseases [10]. For the present study, we
adjusted the numbers of cervical cancer-related deaths (C53)
using the proportion of registered cases of cervical cancer
(i.e., incidence, ‘C53’) to the number of deaths due to unspecified uterine cancer (C55) in each age group. The detailed
redistribution algorithm has been documented in a previous
report [6].
3. Statistical analysis
We excluded the incidence and mortality data from
< 20-year-old women because the numbers of cases and cancer-related deaths were very low. The incidence and mortality rates of cervical cancer were grouped into thirteen age
groups (most age groups covered 5 years; 20-24 years old, …,
 80 years old). The incidence and mortality data were also
arranged in four 5-year periods from 1993-1997 to 2008-2012.
The age-standardized incidences and mortality rates were
calculated using Segi’s world standard population [11]. The
Joinpoint regression analysis program was employed to
VOLUME 49 NUMBER 2 APRIL 2017
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Fig. 1. Incidence rates of cervical cancer. (A) The age-specific incidences rates of cervical cancer according to time period;
each line connects the age-specific incidence for a 5-year period. (B) The birth cohort–specific incidence rates of cervical
cancer according to age group; each line connects the birth cohort–specific incidence for a 5-year age group.

estimate trends in the age-standardized incidences and mortality rates [12], and the results were expressed as the annual
percent changes (APCs) and their 95% confidence intervals
(CIs) for each period. Age-period-cohort effects were
assessed using a log-linear model to describe trends in the
incidence and mortality rate using the intrinsic estimator
method [13]. The goodness of fit for each model was esti-
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mated using the likelihood ratio test and the Akaike information criterion (AIC). p-values of < 0.05 were considered
statistically significant. All statistical analyses were performed using the Stata software ver. 12.0 (StataCorp LP, College Station, TX) and Joinpoint software ver. 4.1.1 (Surveillance Research Program, National Cancer Institute, Bethesda, MD).
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Fig. 2. Mortality rates for cervical cancer. (A) The age-specific mortality rates of cervical cancer according to time period;
each line connects the age-specific mortality rate for a 5-year period. (B) The birth cohort–specific mortality rates for cervical
cancer according to age group; each line connects the birth cohort–specific mortality rate for a 5-year age group.

Results
1. Trends in incidence
The age-standardized incidence of cervical cancer among
 20-year-old women decreased from 32.8 per 100,000 in 1993
to 15.9 per 100,000 in 2012 (APC, –3.9%; 95% CI, –4.2%

to –3.6%) (Table 1). The peak age for the incidence of cervical
cancer steadily increased from 60-64 years during 1993-1997
to 75-79 years during 2008-2012 (Fig. 1A). The age-specific
incidence of cervical cancer exhibited a decreasing trend for
all age groups, with the exception of women who were < 30
years old and  75 years old (Fig. 1B). The incidence of cervical cancer among < 30-year-old women exhibited an increasing trend, and the APC among 20-24-year-old women (APC,
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5.6%; 95% CI, 2.9% to 8.3%) was greater than that among
25-29-year-old women (APC, 2.5%; 95% CI, 1.4% to 2.5%)
(data not shown).
2. Trends in mortality rates
The age-standardized mortality rate for cervical cancer
among  20-year-old women decreased from 5.2 per 100,000
in 1993 to 2.1 per 100,000 in 2012 (APC, –4.8%; 95% CI, –5.1%
to –4.4%) (Table 1). As shown in Fig. 2A, the mortality rate
for cervical cancer increased with age, except among elderly
people ( 70 years old) during 1993-1997. The age-specific
mortality rate for cervical cancer exhibited a decreasing trend
for all age groups, with the exception of women who were
20-24 years old and  75 years old (Fig. 2B).
3. Age-period-cohort models
The age-period-cohort model of incidence had the lowest
AIC value from the goodness of fit tests (Table 2). The ageperiod-cohort model of mortality had the lowest AIC value,
and was selected as the model with the best fit based on the
goodness of fit test results (Table 2).
In the age-period-cohort models, the period effects for the
incidence and mortality rate of cervical cancer both
decreased from 1993 to 2008 (Fig. 3A and B). The risk ratio
for cervical cancer incidence and mortality decreased among
women who were born between 1928 and 1973 after we
adjusted for age and period effects. However, the risk ratio
for cervical cancer incidence and mortality increased among
women who were born after 1973.

Discussion
Our findings revealed that the incidence and mortality rate
of cervical cancer decreased from 1993 to 2012. The decreasing trends in the Korean incidence and mortality rate are consistent with a pattern of decreasing trends throughout
developed countries [14]. Our age-period-cohort models also
suggest that the decrease in the period and cohort effects significantly contributed to decreases in the incidence and mortality rate of cervical cancer. However, the incidence and
mortality rate of cervical cancer gradually increased in the
younger birth cohorts, and the recent birth cohort effects
(after the 1973 birth year) also exhibited an increasing trend.
1. Cohort effect
The decreasing cohort effects on the incidence and mortality rate among women who were born from 1928-1973 could
be explained by improvements in their socioeconomic status,
access to hospital-based treatment, and cervical cancer
screening program [15]. Furthermore, the cohort effect that
we observed was similar to that reported in Mumbai [16]. In
this context, lower socioeconomic status is highly associated
with the risk of HPV infection, which is a major risk factor
for cervical cancer [17]. Thus, the economic growth in Korea
may have resulted in improved access to hospital-based
treatments and greater coverage for the cervical cancer
screening program. However, the risk ratio for cervical cancer incidence and mortality exhibited an increasing trend
among younger cohorts. There are some possible explanations for the increased cervical cancer incidence and mortality among young women in Korea. Specifically, sexual
behavior in younger cohorts has changed compared with
older cohorts and the age at first intercourse has become earlier [3]. These changes in sexual behavior may have led to the

Table 2. Goodness of fit for the age-period-cohort models of cervical cancer incidence and mortality in Korea
Model
Age
Period
Cohort
Age+period
Age+cohort
Period+cohort
Age+period+cohort
(intrinsic estimator)

Incidence
df
39
48
36
36
24
33
22

Log-likelihood
–2,888.1
–20,333.4
–4,478.8
–927.1
–257.8
–4,407.7
–253.9

Mortality

AIC

p-valuea)

df

111.6
782.2
172.9
36.3
11.0
170.3
10.9

< 0.01
< 0.01
< 0.01
< 0.01
0.02
< 0.01

39
48
36
36
24
33
22

Log-likelihood
–1,294.2
–13,631.6
–650.0
–608.0
–224.2
–612.8
–218.2

AIC

p-valuea)

50.3
524.4
25.6
24.0
9.7
24.3
9.5

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

df, degrees of freedom; AIC, Akaike information criterion. a)p-values were calculated using the likelihood ratio test.
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Fig. 3. Age-period-cohort analysis of cervical cancer. (A) The incidences of cervical cancer in Korea. The blue line indicates
the age effect and 95% confidence interval, the red line indicates the period effect and 95% confidence interval, and the green
line indicates the cohort effect and corresponding 95% confidence interval. (B) The mortality rates for cervical cancer in
Korea. The blue line indicates the age effect and 95% confidence interval, the red line indicates the period effect and 95%
confidence interval, and the green line indicates the cohort effect and corresponding 95% confidence interval.

increased prevalence of HPV infection in more recent Korean
birth cohorts [4]. Additionally, there have been changes in
the nature of cervical cancer in young women. For example,
in situ adenocarcinoma or adenocarcinoma has increased

among young women in western countries [18-20]. In Korea,
adenocarcinoma increased from 1993 to 2001 among young
women aged 20-29 years old [1]. Adenocarcinoma is usually
located in the cervical canal; therefore, it was relatively hard
VOLUME 49 NUMBER 2 APRIL 2017
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to detect in cervical cancer screening compared to squamous
cell carcinoma [21]. Indeed, it was reported that the proportion of the lymph node metastasis and tumor size have
increased among young women aged < 35 years old in Korea
[22]. Finally, young women have a relatively low screening
rate for cervical cancer and this rate showed slight decreasing
trends among women aged 30-39 years old [23]. Taken
together, these factors have likely contributed to the rise in
incidence and mortality of cervical cancer among young
women in Korea.

adjusted these data by matching the mortality data with the
cancer registry data using a redistribution algorithm. Nevertheless, it is possible that residual errors were included in the
cervical cancer-related mortality data, despite the use of the
redistribution algorithm. Third, age-period-cohort models
always have an internal limitation that is related to identifiability. However, the intrinsic estimator method is a variant
of the principal components regression method that provides
an unbiased estimation and has a smaller variance than constrained models [28].

2. Period effect
Cervical cancer screening programs are effective and powerful tools that can reduce the risk of cervical cancer and prevent cervical cancer-related deaths. For example, the
implementation of cervical cancer screening programs has
decreased the incidence and mortality rate of cervical cancer
in Europe and North America [14,24], as well as in Asia
[25,26]. Based on the age-period-cohort analysis results,
period effects imply that this screening has beneficial effects
[14]. However, using period effects as a surrogate marker for
the screening effects assumes that the cervical cancer screening was implemented at the same time in all age groups.
Although the Korea screening program was implemented in
1996, not all age groups received free access to the program
at the same time [1]. In addition, the participation rate varies
according to age group [6,23]. Thus, differences in the participation rates may have resulted in the cohorts affecting the
cervical cancer incidence and mortality rather than the periods, which were considered a surrogate marker for the
screening effects [14].

Conclusion
The present study revealed that the incidence and mortality rate of cervical cancer in Korea have decreased since 1993.
This recent decrease in the incidence and mortality rate of
cervical cancer may be due to decreases in the period and
cohort effects, which likely reflect the implementation of a
Korean cancer screening program and changes in lifestyle.
However, the risks of cervical cancer incidence and mortality
tended to increase in the younger cohorts. These findings
suggest that a more effective cervical cancer prevention program is required for younger Korean women, such as HPV
vaccination, which may be a useful tool for preventing cervical cancer among this population.

Conflicts of Interest

3. Strengths and limitations
Our results were internally consistent with the incidence
and mortality rate of cervical cancer. In addition, our study
population represents the entire population of Korea and our
results are biologically plausible based on the results from
other studies [16,27]. Nevertheless, this study has several
limitations that warrant consideration. First, the completeness of the incidence data from before 1999 may be lower
than that from after 1999, and this discrepancy may have
introduced bias into our estimated trends and age-periodcohort effects. However, the incidence data from after 1993
were collected by the Gynecologic Oncology Committee of
Korea, which launched a gynecological cancer registry in
1991, and it is likely that there were very few discrepancies
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the validity of the cervical cancer-related mortality data
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Purpose
The purpose of this study was to assess whether alcohol intake is associated with the risk
of thyroid cancer by a meta-analysis of observational studies.
Materials and Methods
We searched PubMed and EMBASE in June of 2015 to locate eligible studies. We included
observational studies such as cross-sectional studies, case-control studies, and cohort studies reporting odd ratios (ORs) or relative risk (RRs) with 95% confidence intervals (CIs).
Results
We included 33 observational studies with two cross-sectional studies, 20 case-controls
studies, and 11 cohort studies, which involved a total of 7,725 thyroid cancer patients and
3,113,679 participants without thyroid cancer in the final analysis. In the fixed-effect model
meta-analysis of all 33 studies, we found that alcohol intake was consistently associated
with a decreased risk of thyroid cancer (OR or RR, 0.74; 95% CI, 0.67 to 0.83; I2=38.6%).
In the subgroup meta-analysis by type of study, alcohol intake also decreased the risk of
thyroid cancer in both case-control studies (OR, 0.77; 95% CI, 0.65 to 0.92; I2=29.5%; n=20)
and cohort studies (RR, 0.70; 95% CI, 0.60 to 0.82; I2=0%; n=11). Moreover, subgroup
meta-analyses by type of thyroid cancer, gender, amount of alcohol consumed, and methodological quality of study showed that alcohol intake was significantly associated with a
decreased risk of thyroid cancer.
Conclusion
The current meta-analysis of observational studies found that, unlike most of other types
of cancer, alcohol intake decreased the risk of thyroid cancer.

Introduction
According to the World Cancer Report 2014 published by
the World Health Organization’s International Agency for
Research on Cancer, thyroid cancer is among the less frequent malignancies, being ranked eighth in world cancer
incidence based on major organs affected by cancer for
women [1]. However, its incidence has rapidly increased,
nearly doubling during the past decade [2,3]. While the rea-
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sons for this increase remain unclear, it has been reported
that it could be due to more sensitive diagnostic tools and
frequent screenings for thyroid cancer using thyroid ultrasound [3,4].
Overall, the causes of thyroid cancer are not fully established. The only proven risk factor for developing thyroid
cancer is exposure to radiation, particularly in childhood
[5,6]. Possible risk factors are a history of benign thyroid nodules/adenoma or goiter, iodine intake, obesity, smoking, and
alcohol consumption [7-9]. Among these risk factors, smok-
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ing is a well-known risk factor for developing most cancers.
However, a recent meta-analysis of 31 observational studies
reported that smoking is associated with a decreased risk of
thyroid cancer [10].
Moreover, previous observational studies have reported
an association between alcohol intake and the risk of thyroid
cancer. However, those findings remain inconsistent. In 2003,
a pooled analysis of 14 case-control studies found that there
was a significant trend of reduced thyroid cancer risk that
was not found after adjustment for smoking [11], whereas a
pooled analysis of five prospective cohort studies published
in 2012 reported an inverse association between alcohol consumption and risk of thyroid cancer [12].
The current study was conducted to investigate the association between alcohol intake and risk of thyroid cancer
using a meta-analysis of observational studies such as crosssectional, case-control and cohort studies.

words related to alcohol intake and the risk of thyroid cancer.
The keywords for literature search were as follows: “alcohol,” “thyroid cancer,” and “cross-sectional study,” “casecontrol study,” or “cohort study.”
2. Selection criteria
We included observational studies such as case-control
studies and prospective or retrospective cohort studies that
investigated the association between alcohol intake and the
risk of thyroid cancer, reporting outcome measures with
adjusted odds ratios (ORs) or relative risk (RRs) and 95%
confidence intervals (CIs). If data were duplicated or shared
in more than one study, the first published study or most
comprehensive study was included in the analysis. The language of publication was restricted to English.
3. Selection of relevant studies

Materials and Methods
1. Literature search
We searched PubMed (1970 to May 2015) and EMBASE
(1987 to May 2015) for eligible studies using common key-

Two of the authors (S.-H.H. and H.S.K.) independently
evaluated the eligibility of all studies retrieved from the databases based on the pre-determined selection criteria. Disagreements between evaluators were resolved by discussion.
We extracted the following data from studies included in the
final analysis: study name (along with the name of the first
author and year of publication), type of study design, country, study period (years), population (age, sex), definitions of

Identified studies from the databases using the keywords and the bibliographies of relevant articles (n=213):
PubMed (n=162) and EMBASE (n=51)
Excluded with duplicates (n=28)
Articles after excluded duplicates (n=185)
Excluded according to selection criteria (n=140)
Articles reviewed including the full text (n=45)
Excluded articles (n=29)
Shared an identical population (n=3)
Insufficient data (n=9)
Studies with no available data for outcome measures (n=5)
Review article (n=3)
Not relevant (n=9)
Observational studies included in the final analysis from 16 articles (n=33)

Fig. 1. Flow diagram of identification of relevant studies.
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Japan

Pooled
analysis of 14
case-control
studies
Prospective
cohort study

Case-control
study

Mack et al.
(2003) [11]

Case-control
study

Prospective
cohort study

Guignard
et al.
(2007) [20]

Allen et al.
(2009) [22]

Navarro
Silvera et al.
(2005) [19]
Nagano et al.
(2007) [21]

United
States,
Europe,
and Asia
Canada

Prospective
cohort study

Iribarren et al.
(2001) [18]

1970-1986

1980-1985

1980-1997

1964-1973

1988-1994

1988-1993

Years
enrolled

United
Kingdom

1996-2001

New
1993-1999
Caledonia

United
States

United
States

Case-control
study

Rossing et al.
(2000) [17]

Country

Japan

Type of
study

Takezaki et al. Case-control
(1996) [16]
study

Study

2,725 cases and
4,776 controls
(men and women,
all ages)
89,835 persons
and 169 cases
(women, 40-59 yr)
362 cases and
435 controls
(men and women,
> 75 yr)
332 cases and
412 controls
(men and women
 70 yr)
1,280,296 persons
and 421 cases
(women, average
55 yr)

204,964 persons and
169 cases (men and
women, 10-89 yr)

94 cases and
26,666 controls
(women, 20-79 yr)
468 cases and
574 controls,
(women, 18-64 yr)

Population
(sex, age)

Table 1. General characteristics of the studies included in the final analysis

All types of
thyroid cancer

Papillary or
follicular
thyroid cancer

Papillary or
follicular
thyroid cancer

All types of
thyroid cancer

All types of
thyroid cancer

All types of
thyroid cancer

Papillary or
follicular
thyroid cancer
Papillary
thyroid cancer

Type of
thyroid
cancer

0.59 (0.35-1.01)

0.84 (0.44-1.58)

0.90 (0.70-1.10)

0.95 (0.30-3.02)

0.90 (0.50-1.40)

0.70 (0.30-1.50)

OR/RR
(95% CI)

> 10 drinks/wk
0.64 (0.22-1.88)
vs. never, 1 drink:
an ordinary glass of
any alcoholic beverage
 15 drinks/wk
0.54 (0.31-0.92)
vs. none, 1 drink:
about 10 g of alcohol

Daily vs. never

> 14 drinks/wk
vs. none, 1 drink:
one glass of wine
or beer
 10 g/day
vs. none

 6 drinks/day
vs. 1-2 drinks/day,
1 drink: not specified

Sometimes
or less/
 4 times/wk
7 drinks/wk,
vs. never, 1 drink:
not specified

Definition of alcohol
use (highest vs.
lowest category)

Age, region of residence,
socioeconomic status,BMI,
smoking, physical activity,
use of oral contraceptives,
and hormone replacement
therapy

Family history of cancer,
past history of goiter or
thyroid nodule,
and smoking history
Age, year of reference,
ethnic group, and number
of pack-years

Age, education, BMI, and
pack-years of smoking

Age, country of
residence, race,
marital status, education,
history of radiation
treatment, and smoking
Age, sex, race, level of
education, cigarette
smoking, self-reported
personal history, family
history of thyroid disease,
body mass index,
weight gain, height, and
occupational exposures
Study, sex, and age

Age and year of visit

Adjusted variable
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Prospective
cohort study

Pooled analysis United
of five
States
prospective
cohort studies
Cross-sectional Korea
study

Kabat et al.
(2012) [26]

Kitahara
et al.
(2012) [12]

Choi et al.
(2013) [27]

Cross-sectional
study

Han et al.
(2011) [25]

United
States

Korea

United
States

Prospective
cohort study

Meinhold
et al.
(2010) [24]

United
States

Country

Prospective
cohort study

Type of
study

Meinhold
et al.
(2009) [23]

Study

Table 1. Continued

2010-2011

1983-2009

1993-1998

2009

1983-2006

1995-1996

Years
enrolled

746,097 persons
and 1,003 cases
(men and women,
all years)
12,276 persons
and 71 cases
(men and women,
all years)

2,000 persons
and 263 cases
( 40 yr men,
 30 yr women)
159,340 persons
and 331 cases
(women, 50-79 yr)

90,713 persons
and 282 cases
(men and women,
all years)

490,159 persons
and 370 cases
(men and women,
50-71 yr)

Population
(sex, age)

All types of
thyroid cancer

All types of
thyroid cancer

All types of
thyroid cancer

All types of
thyroid cancer

All types of
thyroid cancer

All types of
thyroid cancer

Type of
thyroid
cancer
OR/RR
(95% CI)

Drinking vs.
non-drinking

 7 drinks/wk vs.
none, 1 drink:
14 g of alcohol

 7 drinks/wk vs.
none, 1 drink:
not specified

 1 frequency/mo
vs. none

1.89 (1.08-3.32)

0.72 (0.58-0.90)

0.66 (0.44-1.01)

0.61 (0.44-0.86)

 2 drinks/day vs.
0.57 (0.36-0.89)
none, 1 drink:
12.96 g-13.93 g of
ethanol according to type
of alcoholic beverage
 7 drinks/wk vs.
0.86 (0.54-1.39)
none, 1 drink:
not specified

Definition of alcohol
use (highest vs.
lowest category)

Age, sex, weight, height,
survey year, monthly
household income,
education, marital status,
residential area, smoking,
and physically active

Birth year, smoking, BMI,
number of radiographs
to the head and neck,
and medical history of
benign thyroid conditions
Age, residence, education,
income, marital status, job,
self-rated health, smoking,
and vigorous exercise
Age, education, pack-years
of smoking, age of first
pregnancy, age at
menopause, hormone
therapy, history of benign
thyroid disease,
observational study
component/clinical trial
component, and
randomization status in CT
Age, sex, education, race,
marital status, BMI,
and smoking status

Age, sex, race, education,
smoking status, BMI, and
family history of cancer

Adjusted variable
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CI, and adjustments of variables.
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4. Assessment of methodological quality

OR, odd ratio; RR, relative risk; CI, confidence interval; BMI, body mass index; CT, computed tomography.

0.46 (0.29-0.73)
All types of
thyroid cancer
467 cases and
255 controls
(men and women,
 18 yr)
Retrospective
case-control
study
Stansifer et al.
(2015) [29]

United
States

2013

Current drinker
vs. never drinker

BMI, height, number of
pregnancies, menopausal
status, nuclear worker,
family history of thyroid
cancer, education,
and irradiation of the neck
None
1.20 (0.30-4.50)
Regular alcohol
consumption
yes vs. no
All types of
thyroid cancer
229 cases and
373 controls
men and women,
10-62 yr)
1981-2003
French
Polynesia
Case-control
study
Xhaard et al.
(2014) [28]

Type of
study
Study

Table 1. Continued

Country

Years
enrolled

Population
(sex, age)

Type of
thyroid
cancer

Definition of alcohol
use (highest vs.
lowest category)

OR/RR
(95% CI)

Adjusted variable
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We assessed the methodological quality of included studies based on the Newcastle-Ottawa Scale (NOS) for assessing
the quality of case-control studies and cohort studies in metaanalyses [13]. The star system of the NOS ranged from 0 to 9
and consisted of three subscales: selection of studies, comparability, and exposure. In the current study, we considered a
study awarded more than a mean score of each study type
to be a high-quality study because criteria for quality of a
study have not been established. Two pooled studies [11,12]
with 14 case-control studies, five cohort studies and a crosssectional study were excluded from this assessment of
methodological quality because no required information for
the methodological assessment of each study was provided.
5. Main and subgroup analyses
We investigated the association between alcohol intake
(highest use vs. lowest use) and risk of thyroid cancer using
adjusted ORs or RRs with 95% CIs for the main analysis. We
also performed subgroup analyses based on type of thyroid
cancer, gender, region of study population (America, Asia,
and Europe), amount of alcohol consumed, type of alcohol,
methodological quality, and type of study design (case-control or cohort studies).
6. Statistical analyses
To calculate a pooled OR or RR with 95% CI, we used
adjusted ORs or RRs and 95% CIs reported in individual
articles whenever possible. We evaluated heterogeneity in
results across studies using Higgins, which measures the percentage of total variation across studies [14]. I2 was calculated
as follows:
I2=100%(Q–df)/Q ,
where, Q is Cochran’s heterogeneity statistic and df is the
degrees of freedom. Negative values of I2 are set at zero; I2
lies between 0% (no observed heterogeneity) and 100% (maximal heterogeneity). An I2 value greater than 50% was considered to indicate substantial heterogeneity.
When substantial heterogeneity was not observed, the
pooled estimate calculated based on the Fixed-effect model
was reported using Woolf’s method (inverse variance
method). When substantial heterogeneity was observed, the
pooled estimate calculated based on the random-effects
model was reported using the DerSimonian and Laird
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OR or RR (95% CI)a)

Weight (%)

1996 Takezaki

0.70 (0.30-1.50)

1.73

2000 Rossing

0.90 (0.50-1.40)

4.24

2001 Iribarren

0.95 (0.30-3.02)

0.84

2003 Mack (14 studies)

0.90 (0.70-1.10)

21.98

2005 Navarro Silvera

0.84 (0.44-1.58)

2.75

2007 Nagano

0.59 (0.35-1.01)

4.00

2007 Guignard

0.64 (0.22-1.88)

0.98

2009 Allen

0.54 (0.31-0.92)

3.79

2009 Meinhold

0.57 (0.36-0.89)

5.48

2010 Meinhold

0.86 (0.54-1.39)

5.02

2011 Han

0.61 (0.44-0.86)

10.00

2012 Kabat

0.66 (0.44-1.01)

6.50

2012 Kitahara (5 studies)

0.72 (0.58-0.90)

23.26

2013 Choi

1.89 (1.08-3.32)

3.56

Study

2014 Xhaard

1.20 (0.30-4.50)

0.61

2015 Stansifer

0.46 (0.29-0.73)

5.27

Overall (I2=38.6%)

0.74 (0.67-0.83)

100.00

0.2

0.5

1

2

5

Fig. 2. Association between alcohol intake and risk of thyroid cancer in a fixed-effect model meta-analysis of observational
studies (n=33) [11,12,16-29]. OR, odds ratio; RR, relative risk; CI, confidence interval. a)Fixed-effect model.

method [15].
We also examined publication bias regarding the studies
included in the final analysis using Begg’s funnel plot and
Egger’s test. If publication bias exists, the Begg’s funnel plot
is asymmetrical or the p-value is less than 0.05 by Egger’s
test. Statistical analyses were conducted using the Stata SE
ver. 12.1 software package (StataCorp., College Station, TX).

Results
1. Identification of relevant studies
Fig. 1 shows a flow diagram of how relevant studies were
identified. A total of 213 articles were identified by searching
PubMed and EMBASE. We excluded 28 duplicated articles
and an additional 140 articles that did not satisfy the selection
criteria. The full texts of the remaining 45 articles were
reviewed, and 29 additional articles were for the reasons

shown in Fig. 1. The remaining 16 articles [11,12,16-29] were
included in the final analysis.
2. General characteristics of studies
We identified a total of 33 observational studies with two
cross-sectional studies, 20 case-control studies, and 11 cohort
studies from 16 articles, which included 7,725 thyroid cancer
patients among 3,113,679 participants. Table 1 shows the
general characteristics of the studies in the final analysis. The
included studies were performed in the United States (n=15),
Sweden (n=3), Japan (n=3), Korea (n=2), Norway (n=2),
Canada (n=1), French Polynesia (n=1), Greece (n=1), Italy
(n=1), New Caledonia (n=1), Switzerland (n=1), and the
United Kingdom (n=1). The mean age was 48.5 years (range,
10 to 89 years), and 74% of the study participants were
women. The enrolment period for participants across studies
ranged between 1964 and 2013, and the follow-up periods in
the cohort studies ranged from 7.2 to 23 years.
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OR or RR (95% CI)a)

Weight (%)

1996 Takezaki

0.70 (0.30-1.50)

1.73

2000 Rossing

0.90 (0.50-1.40)

4.24

2003 Mack (14 studies)

0.90 (0.70-1.10)

21.98

2007 Nagano

0.59 (0.35-1.01)

4.00

2007 Guignard

0.64 (0.22-1.88)

0.98

2014 Xhaard

1.20 (0.30-4.50)

0.61

2015 Stansifer

0.46 (0.29-0.73)

5.27

0.77 (0.65-0.92)

38.81

2001 Iribarren

0.95 (0.30-3.02)

0.84

2005 Navarro Silvera

0.84 (0.44-1.58)

2.75

2009 Allen

0.54 (0.31-0.92)

3.79

2009 Meinhold

0.57 (0.36-0.89)

5.48

2010 Meinhold

0.86 (0.54-1.39)

5.02

2012 Kabat

0.66 (0.44-1.01)

6.50

2012 Kitahara (5 studies)

0.72 (0.58-0.90)

23.26

2=0.0%)

0.70 (0.60-0.82)

47.64

2011 Han

0.61 (0.44-0.86)

10.00

2013 Choi

1.89 (1.08-3.32)

3.56

Subtotal (I

0.82 (0.62-1.09)

13.56

Overall (I2=38.6%)

0.74 (0.67-0.83)

100.00

Study
Case-control studies (n=20)

2

Subtotal (I =29.5%)
Cohort studies (n=11)

Subtotal (I

Cross-sectional studies (n=2)

2=91.3%)

0.2

0.5

1

2

5

Fig. 3. Association between alcohol intake and risk of thyroid cancer in a fixed-effect model meta-analysis by type of study
[11,16-29]. OR, odds ratio; RR, relative risk; CI, confidence interval. a)Fixed-effect model.

3. Alcohol intake and risk of thyroid cancer
Fig. 2 shows the effect of alcohol intake on the risk of thyroid cancer in the meta-analysis of all studies. Alcohol intake
(highest vs. lowest intake) was significantly associated with
decreased risk of thyroid cancer in a fixed-effect model metaanalysis of all 33 observational studies (OR or RR, 0.74; 95%
CI, 0.67 to 0.83; I2=38.6%). As shown in Fig. 3, in the subgroup
meta-analysis by type of study, alcohol intake also decreased
the risk of thyroid cancer in both case-control studies (OR,
0.77; 95% CI, 0.65 to 0.92; I2=29.5%; n=20) and cohort studies
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(RR, 0.70; 95% CI, 0.60 to 0.82; I2=0%; n=11), but not in crosssectional studies (OR, 0.82; 95% CI, 0.62 to 1.09; I2=91.3%;
n=2). There was no publication bias in the 33 studies (Begg’s
funnel plot was symmetric; Egger’s test, p for bias=0.97)
(Fig. 4).
4. Methodological quality of studies
Table 2 shows the methodological quality of studies
included in the final analysis based on the NOS. The quality
scores ranged from 4 to 9, with an average score of 6.3 for
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Discussion

1

Log OR or RR

1. Summary of the main findings
0

–1
Egger’s test: p for bias=0.97

–2

0

0.2

0.4
SE of log OR or RR

0.6

0.8

Fig. 4. Begg’s funnel plots and Egger’s test for identifying
publication bias in meta-analysis of trials. OR, odds ratio;
RR, relative risk; SE, standard error.

case-control studies and 6.5 for cohort studies. The highquality studies (score of 7 or higher) included two case-control studies and three cohort studies.
5. Subgroup meta-analyses
Table 3 summarizes the results from the subgroup metaanalyses based on several factors. In the subgroup metaanalyses by type of thyroid cancer, sex, and amount of
alcohol consumed, alcohol intake was significantly associated with a decreased risk of thyroid cancer. The subgroup
meta-analyses by geographic region showed that alcohol
intake was associated with a decreased risk of thyroid cancer
in the American region (OR or RR, 0.70; 95% CI, 0.60 to 0.81;
I2=0%; n=12), but not in the European (OR or RR, 0.60; 95%
CI, 0.36 to 1.00; I2=13.1%; n=2) or Asian regions (OR or RR,
0.82; 95% CI, 0.48 to 1.42; I2=76.3%; n=4).
Moreover, subgroup meta-analyses by methodological
quality of study indicated that alcohol intake decreased the
risk of thyroid cancer in both high-quality studies (OR or RR,
0.64; 95% CI, 0.50 to 0.82; I2=0%; n=5) and low quality studies
(OR or RR, 0.68; 95% CI, 0.55 to 0.85; I2=6.7%; n=7).
Tables 4 and 5 show the findings from the subgroup metaanalyses based on various factors within each study design
(case-control study and cohort study). Overall, subgroup
meta-analyses of cohort studies by various factors indicated
that alcohol intake significantly decreased the risk of thyroid
cancer, whereas those of case-control studies indicated that
alcohol intake decreased the risk of thyroid cancer, although
this decrease was not statistically significant.

In this meta-analysis, we found that there was an inverse
association between alcohol intake and the risk of thyroid
cancer. Moreover, overall, alcohol intake was associated with
a decreased risk of thyroid cancer in the subgroup metaanalyses by type of thyroid cancer, sex, amount of drink, and
methodological quality of study. In the subgroup metaanalyses by various factors within each study design, alcohol
intake consistently showed a significantly decreased risk of
thyroid cancer in both case-control and cohort studies, but a
non-significantly decreased risk in cross-sectional studies.
2. Possible biological mechanisms responsible for the main
findings
There are several biological mechanisms that may explain
the inverse association between alcohol intake and the risk
of thyroid cancer observed in our meta-analysis. First, alcohol intake may have a protective effect on developing thyroid cancer by decreased levels of thyroid-stimulating
hormone (TSH). TSH made by the pituitary gland is a wellestablished growth factor for thyroid nodules, and it is
known that higher serum TSH levels are associated with
higher rates of thyroid cancer [30]. An animal study demonstrated that chronic alcohol exposure reduces the responsiveness of the hypo-thalamic-pituitary-thyroid axis to central
stimulation [31]. Moreover, many cross-sectional and longitudinal studies have reported that a blunting of the plasma
TSH response in the thyrotropin releasing hormone stimulation test was consistently observed in patients of alcohol
dependence compared to healthy people [32]. Another biological mechanism is that alcohol has a direct toxic effect on
thyroid cells and reduces thyroid volume [33,34], which
might lead to a decreased risk of thyroid cancer. However, a
cross-sectional study found an increasing dose-response
association between alcohol intake and the risk of thyroid
enlargement [35].
3. Strengths and weaknesses of the current meta-analysis
relative to other studies
To the best of our knowledge, this study is the most comprehensive meta-analysis of observational studies on the
association between alcohol intake and the risk of thyroid
cancer. Many epidemiological observational studies have
reported inconsistent findings on this issue. In 2003, Mack et
al. [11] conducted a pooled analysis of 14 case-control studies
that indicated alcohol intake was associated with a reduced
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Selection
Adequate definition of cases
Representativeness of cases
Selection of controls
Definition of controls
Comparability
Control for important factor
or additional factor
Exposure
Ascertainment of exposure
(blinding)
Same method of ascertainment
for participants
Nonresponse rate
Total
Selection
Representativeness of
the exposed cohort
Selection of the
nonexposed cohort
Ascertainment of exposure
Outcome of interest was not
present at start of study
Comparability
Control for important factor
or additional factor

Cohort studies (n=6)

0
1
1
0
2

0
1
0
5
-

-

1
1
0
1
2

0
1
0
6
-

-

-

-

-

-

1
9

1

1

2

1
1
1
1

-

-

-

-

1
8

1

0

2

1
1
1
1

-

-

-

-

0
6

1

0

2

1
1
1
0

-

-

-

-

0
4

1

0

0

0
1
1
1

2

0
0

1

1

-

-

-

-

2

0
1

1

1

-

-

-

-

2

0
1

1

1

-

-

-

-

2

0
1

1

1

-

-

-

-

2

0
1

1

0

-

-

-

-

2

0
0

1

1

-

-

-

-

Takezaki Rossing Nagano Guignard Xhaard Stansifer Iribarren Navarro
Allen
Meinhold Meinhold Kabat
et al.
et al.
et al.
et al.
et al.
et al.
et al. Silvera et al. et al.
et al.
et al.
et al.
(1996) [16] (2000) [17] (2007) [21] (2007) [20] (2014) [28] (2015) [29] (2001) [18] (2005) [19] (2009) [22] (2009) [23] (2010) [24] (2012) [26]

Case-control studies (n=6)

Table 2. Methodological quality of studies included in the final analysis based on the Newcastle-Ottawa Scalea) for assessing the quality of case-control studies
and cohort studies (n=12b))

Cancer Res Treat. 2017;49(2):534-547

Each study can be awarded a maximum of one star for each numbered item within the selection and exposure categories, while a maximum of two stars can be
given for the comparability category, b)Two pooled studies [11,12] with 14 case-control studies and five cohort studies and a cross-sectional study were excluded
from this assessment of methodological quality because no required information for the methodological assessment of each study was provided.

a)

1
7
0
6
0
6
0
7
0
7
0
6
-

-

1
1
1
1
1
0
1
1
1
1
1
1
-

Takezaki Rossing Nagano Guignard Xhaard Stansifer Iribarren Navarro
Allen
Meinhold Meinhold Kabat
et al.
et al.
et al.
et al.
et al.
et al.
et al. Silvera et al. et al.
et al.
et al.
et al.
(1996) [16] (2000) [17] (2007) [21] (2007) [20] (2014) [28] (2015) [29] (2001) [18] (2005) [19] (2009) [22] (2009) [23] (2010) [24] (2012) [26]

Outcome
Assessment of outcome
Follow-up long enough for
outcomes to occur
Adequacy of follow-up of cohorts
Total

Table 2. Continued

Case-control studies (n=6)

Cohort studies (n=6)
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risk of thyroid. However, after adjustment for smoking, the
reduced risk was not maintained. In 2012, a pooled analysis
of five prospective cohort studies from the United States
revealed that alcohol intake of more than seven drinks per
week was inversely associated with the risk of thyroid cancer
after adjustment for smoking [12]. Our meta-analysis
involved 14 additional observational studies with cross-sectional, case-control, cohort studies as well as 20 case-control
and cohort studies from those two pooled analyses. Four
additional case-control studies have been conducted since
the pooled analysis by Mack et al. [11] was published, most
of which reported a protective effect of alcohol intake against
the risk of cancer. Conversely, Xhaard et al. [28] showed an
increased risk of thyroid cancer, although this increase was
not significant. In the present study, a meta-analysis of 11
cohort studies (including six cohort studies published individually and five cohort studies from a pooled analysis)
indicated that alcohol intake decreased the risk of thyroid
cancer. Given that a cohort study generally shows a higher
level of evidence than a case-control study, we believe that
the results of the meta-analysis of cohort studies are more
reliable than those from the meta-analysis of case-control
studies.
When we performed subgroup meta-analyses by various
factors, alcohol intake was consistently associated with a
decreased risk of thyroid cancer, regardless of the type of
thyroid cancer, sex, and amount of alcohol consumed. Even
though alcohol intake had no association with thyroid cancer
risk in the subgroup meta-analyses by study region (European and Asian regions), type of alcohol (wine, beer, or
liquor), or methodological quality of study (low-quality studies), it is considered that those findings are attributable to the
relatively small number of studies included in the analysis.
The subgroup meta-analyses by various factors within
each study design showed that alcohol intake was consistently associated with a significantly decreased risk of thyroid cancer in both case-control and cohort studies, but a
non-significantly decreased risk in cross-sectional studies.
The non-significant findings in cross-sectional studies are
also thought to be due to the small numbers of studies in the
subgroup meta-analysis.
Choi et al. [27] conducted a study in Korea that showed an
apparent increased risk of thyroid cancer in drinkers, unlike
the other studies. We do not have any clear explanation for
this finding. However, it should be noted that the study conducted by Choi et al. [27] had several limitations. Specifically,
they determined whether respondents consumed alcohol
simply based on asking “drinking or not,” not the amount of
alcohol consumed. Moreover, they used a cross-sectional
design, which is generally considered to provide a lower
level of evidence than case-control studies or cohort studies.
Conversely, a recent case-control study conducted in Korea
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Table 3. Association between alcohol intake and risk of thyroid cancer in subgroup meta-analyses
Factor

No. of
studies

All [11,12,16-19]
Type of cancer
All types of thyroid cancer [11,12,18,19,22-29]
Papillary thyroid cancer [17,19,23,26]
Papillary or follicular thyroid cancer [16,19-21]
Sex
Female [16,17,19-26]
Male [20,21,23-25]
Region
America [12,17-19,23,24,26,29]
Europe [22,28]
Asia [16,21,25,27]
Amount of alcohol consumed (vs. never or rarely drink)
 1-2 Drinks/wk [11,12,17,20,22-24,26]
1-6 Drinks/wk [12,17,20,22-24,26]
7-14 Drinks/wk [11,12,17,20-24,26,29]
> 14 Drinks/wk [11,18,22,23]
Type of alcohol
Wine [11,23]
Beer [11,23]
Wine and beer [11]
Liquor [23]
Methodological quality
High quality [19-22,26]
Low quality [16-18,23,24,28,29]

Summary OR or RR Heterogeneity,
(95% CI)
I2 (%)

Model used

33

0.74 (0.67-0.83)

38.6

Fixed-effect

29
4
4

0.74 (0.62-0.89)
0.70 (0.55-0.91)
0.68 (0.48-0.96)

52.3
0.0
0.0

Random-effects
Fixed-effect
Fixed-effect

10
5

0.71 (0.60-0.84)
0.57 (0.39-0.82)

0.0
0.0

12
2
4

0.70 (0.60-0.81)
0.60 (0.36-1.00)
0.82 (0.48-1.42)

0.0
13.1
76.3

Fixed-effect
Fixed-effect
Random-effects

25
11
27
17

0.89 (0.82-0.97)
0.83 (0.76-0.92)
0.75 (0.67-0.83)
0.80 (0.67-0.96)

0.0
15.5
15.0
30.2

Fixed-effect
Fixed-effect
Fixed-effect
Fixed-effect

15
15
14
1

0.95 (0.76-1.19)
0.63 (0.34-1.16)
0.90 (0.70-1.10)
1.02 (0.68-1.53)

0.0
66.3
NA
NA

Fixed-effect
Random-effects
Fixed-effect
Fixed-effect

5
7

0.64 (0.50-0.82)
0.68 (0.55-0.85)

0.0
6.7

Fixed-effect
Fixed-effect

Fixed-effect
Fixed-effect

OR, odd ratio; RR, relative risk; CI, confidence interval; NA, not applicable.

reported that acute high-dose alcohol intake (151 g or more
per event or on a single occasion) and long-term intake of
alcohol for 31 or more years are associated with an increased
risk of differentiated thyroid cancer [36]. Overall, further
prospective studies are warranted to confirm the association
between heavy drinking and the risk of thyroid cancer.
It should be noted that our study has several limitations.
First, definitions for one drink of alcohol in each study
included in the analysis were not identical. For example,
Allen et al. used the total number of alcoholic drinks containing about 10 g of alcohol to categorize study participants into
five groups [22], whereas Kitahara et al. [12] considered one
drink to be equal to 14 g of alcohol. However, this discrepancy in the definitions for one drink would not lead to serious bias in our main findings on the association between
alcohol intake and the risk of thyroid cancer. We were also
not able to explain the exact reasons for the decreased risk of
thyroid cancer associated with alcohol intake because we
only included observational studies. Although we described
possible mechanisms previously in the discussion section,
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further research is required to confirm these potential mechanisms. Moreover, we have limited information regarding
alcohol intake during follow-up in cohort studies because
information was collected only at one specific baseline point
in time. Finally, due to a paucity of information in individual
studies, we were unable to investigate the effects of alcohol
intake on the risk of thyroid cancer according to types of
alcohol beverages.

Conclusion
In conclusion, we found that alcohol intake was significantly associated with a decreased risk of thyroid cancer in
the meta-analysis of observational epidemiological studies
such as cross-sectional, case-control, and cohort studies.
Moreover, cohort studies with a higher level of evidence consistently indicated this association. However, our findings
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Table 4. Association between alcohol intake and risk of thyroid cancer in subgroup meta-analyses of case-control studies
Factor
All [11,16,17,20,21,28,29]
Type of cancer
All types of thyroid cancer [11,28,29]
Papillary thyroid cancer [17]
Papillary or follicular thyroid cancer [16,20,21]
Sex
Female [16,17,20,21]
Male [20,21]
Region
America [17,29]
Asia [16,21]
Europe [28]
Amount of alcohol consumed (vs. never or rarely drink)
 1-2 Drinks/wk [11,17,20]
1-6 Drinks/wk [17,20]
7-14 Drinks/wk [11,17,20,21,29]
> 14 Drinks/wk [11]
Methodological quality
High quality [20,21]
Low quality [16,17,28,29]

No. of
studies

Summary OR or RR Heterogeneity,
(95% CI)
I2 (%)

Model used

20

0.77 (0.65-0.92)

29.5

Fixed-effect

16
1
3

0.72 (0.41-1.25)
0.90 (0.50-1.40)
0.62 (0.41-0.94)

71.1
NA
0.0

Random-effects
Fixed-effect
Fixed-effect

4
2

0.84 (0.59-1.19)
0.35 (0.12-1.03)

0.0
0.0

Fixed-effect
Fixed-effect

2
2
1

0.64 (0.33-1.23)
0.62 (0.40-0.97)
1.20 (0.30-4.50)

72.4
0.0
NA

Fixed-effect
Fixed-effect
Fixed-effect

16
2
18
14

0.80 (0.68-0.93)
0.54 (0.39-0.75)
0.72 (0.52-0.98)
0.90 (0.70-1.10)

25.1
0.0
53.5
NA

Fixed-effect
Fixed-effect
Random-effects
Fixed-effect

2
4

0.60 (0.37-0.96)
0.65 (0.48-0.89)

0.0
33.5

Fixed-effect
Fixed-effect

OR, odd ratio; RR, relative risk; CI, confidence interval; NA, not applicable.

Table 5. Association between alcohol intake and risk of thyroid cancer in subgroup meta-analyses of cohort studies
Factor
All [12,18,19,22-24,26]
Type of cancer
All types of thyroid cancer [12,18,19,22-24,26]
Papillary thyroid cancer [19,23,26]
Papillary or follicular thyroid cancer [19]
Sex
Female [19,22-24,26]
Male [23,24]
Region
America [12,18,19,23,24,26]
Europe [22]
Amount of alcohol consumed (vs. never or rarely drink)
 1-2 Drinks/wk [12,22-24,26]
1-6 Drinks/wk [12,22-24,26]
7-14 Drinks/wk [12,22-24,26]
> 14 Drinks/wk [18,22,23]
Methodological quality
High quality [19,22,26]
Low quality [18,23,24]

No. of
studies

Summary OR or RR Heterogeneity,
(95% CI)
I2 (%)

Model used

11

0.70 (0.60-0.82)

0.0

Fixed-effect

11
3
1

0.70 (0.60-0.82)
0.65 (0.49-0.87)
0.84 (0.44-1.58)

0.0
0.0
NA

Fixed-effect
Fixed-effect
Fixed-effect

5
2

0.67 (0.53-0.84)
0.70 (0.43-1.14)

0.0
0.0

Fixed-effect
Fixed-effect

10
1

0.72 (0.61-0.84)
0.54 (0.31-0.92)

0.0
NA

Fixed-effect
Fixed-effect

9
9
9
3

0.93 (0.85-1.03)
0.87 (0.78-0.96)
0.71 (0.62-0.82)
0.66 (0.49-0.88)

0.0
0.0
0.0
0.0

Fixed-effect
Fixed-effect
Fixed-effect
Fixed-effect

3
3

0.66 (0.49-0.88)
0.71 (0.52-0.97)

0.0
0.0

Fixed-effect
Fixed-effect

OR, odd ratio; RR, relative risk; CI, confidence interval; NA, not applicable.
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should not be interpreted as indicating that alcohol intake
can be recommended to prevent the development of thyroid
cancer because alcohol intake is still a major risk factor for
the development or aggravation of other various diseases
such as several types of cancers (oropharyngeal cancer,
laryngeal cancer, breast cancer, and colorectal cancer), liver
diseases, and alcohol abuse.
The definite biological mechanism for the association
between alcohol intake and thyroid cancer still remains

uncertain. Further research is required to confirm the association between alcohol intake and the risk of cancer.
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Progressive multifocal leukoencephalopathy (PML) is a devastating neurological disease observed nearly exclusively in immunocompromised patients. Recently, the
introduction of monoclonal antibodies significantly inhibiting the immune system such
as rituximab has led to an increase in PML cases. Although rituximab-based
immunochemotherapy remains the standard of treatment for chronic lymphocytic
leukemia (CLL), the importance of Bruton’s tyrosine kinase inhibitors such as ibrutinib
is steadily increasing. However, long-term experiences regarding possible side effects
of these new substances are rare. Here, we report the development of eventually fatal
PML possibly associated with ibrutinib therapy for CLL after multiple prior treatment
lines, including rituximab. To the best of our knowledge, this is the first study to report
such findings. Since the last course of rituximab was applied over 3 years ago, it is
conceivable that the strong B cell inhibition by ibrutinib led to PML. With increased
awareness of this potential side effect, further clinical studies are certainly warranted
to evaluate this possible association.
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Introduction
Progressive multifocal leukoencephalopathy (PML) is a
rare and often fatal demyelinating disease of the central nervous system (CNS) that is nearly exclusively seen in immunocompromised patients. PML is caused by reactivation of JC
virus (JCV), which subsequently invades oligodendrocytes
and astrocytes, thereby leading to their irreparable degener-
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ation [1,2].
The term PML was first mentioned in 1958 to describe a
hitherto unknown demyelinating disease in patients with
chronic lymphocytic leukemia (CLL) or Hodgkin’s lymphoma [3]. In 1971, the triggering agent of PML was isolated
from a patient named John Cunningham, identified as a
polyomavirus and named JCV after the patient [4]. In the first
decades after its initial description, PML was mainly
observed in patients immunocompromised by hematological
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malignancies and/or treatment with immunosuppressive
drugs. The epidemiology of PML was dramatically changed
by the emergence of acquired immune deficiency syndrome
(AIDS). Indeed, up to 5% of all AIDS patients developed the
disease, accounting for about 80% of all PML cases. In the
following decades, the introduction of highly active antiretroviral therapy regimens led to a remarkable decrease in
its incidence as well as mortality [1,4].
However, PML moved back into focus after introduction
of therapeutic approaches based on monoclonal antibodies.
Soon after its introduction in 2004, first cases of patients
developing PML after treatment with the alpha-4 integrin
antibody natalizumab for multiple sclerosis or Crohn disease
were reported [2,4]. To date, the overall PML risk for patients
on natalizumab was estimated to be 4 to 11 per 1,000 depending on anti-JCV antibody status, treatment duration and
prior history of immunosuppression [5]. In the following
years, other monoclonal antibodies have also been suspected
to increase the incidence of PML. Among these, the CD20
antibody rituximab is playing an important role because of
its widespread use in different B-cell lymphomas, and a
remarkable number of PML cases have been reported after
rituximab treatment [4,6].
Although rituximab-based immunochemotherapy remains
the standard of first-line treatment for B-cell lymphomas
such as CLL, the importance of small molecules is steadily
increasing, especially in patients with refractory or relapsed
disease and in those whose initial therapeutic approach is
limited by toxicities. One group of these small molecules consists of inhibitors of Bruton’s tyrosine kinase (BTK), a key
enzyme in the signaling pathway downstream of the B cell
receptor (BCR). Following antigen-dependent triggering of
the BCR, BTK is activated, subsequently leading to inhibition
of B-cell apoptosis and promotion of B-cell proliferation [7].
Ibrutinib, formerly known as PCI-32765, is an orally
bioavailable selective BTK inhibitor that is administered
once-daily to prevent B-cell differentiation, proliferation, and
survival [7]. In different studies, ibrutinib was highly active
in different B-cell lymphomas such as CLL or mantle cell
lymphoma combined with a modest toxicity profile [8].
However, few studies have investigated the possible longterm side effects of ibrutinib.
Here, we report the first case of a patient with CLL who
developed PML after receiving ibrutinib therapy. To the best
of our knowledge, this is the first study to report such findings.

Case Report
1. Initial diagnosis and treatment of CLL
The reported human immunodeficiency virus–negative
male patient initially presented in 2005 at the age of 65 years
with moderate lymphadenopathy of the cervical, axillary,
abdominal, and inguinal lymph nodes, with no hepatomegaly or splenomegaly. The hemogram revealed lymphocytosis without anemia or thrombocytopenia (Binet stage B).
A consecutively conducted bone marrow examination
revealed 25% infiltration by CLL of B-cell origin without
CD20 expression. After observation for over 3 years, the
patient showed a general disease progression in November
of 2008. At that time, bone marrow examination showed 70%
CLL infiltration of the marrow with partially strong and partially weak CD20 expression. Subsequently, therapy with a
total of five cycles fludarabine and cyclophosphamide was
initiated in private practice. According to the International
Workshop Group on CLL (IWCLL) response criteria, complete remission with incomplete bone marrow recovery (CRi)
was achieved after three cycles of this treatment regimen.
2. Rituximab-based and further treatment
In February 2012, a significant progression of lymph node
manifestations was observed and immunochemotherapy
with rituximab and bendamustine was initiated. Two
months later, this treatment had to be discontinued because
of a newly diagnosed mixed axonal and demyelinating sensorimotor polyneuropathy resulting in hypoesthesia of the
trunk, paresthesia of the fingers, slight tetraparesis, mild ptosis, and mild dysarthria. At that time, CRi was achieved. Disease stability was observed during the following months
until a recurrent progression in February 2013. Subsequently,
a subcutaneous venous port catheter was surgically
implanted and the patient was treated with six cycles of
cyclophosphamide, epirubicin, and prednisolone. After a
phase of stable disease parameters, CLL progressed again in
September 2013 with signs of Coombs-positive hemolysis.
Three consecutively administered cycles of fludarabine
monotherapy had to be substituted by cyclophosphamide
because of the insufficient initial response to treatment. However, this regimen had to be discontinued after three cycles
because of a beginning bone marrow failure. At that time, a
stable disease (according to IWCLL response criteria) was
achieved and persisted for more than 1 year.
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3. Treatment with ibrutinib
In March 2015, a new disease progression manifesting with
lymphadenopathy and hemolysis was treated by initiation
of monotherapy with ibrutinib (420 mg daily), which was initially well tolerated by the patient. However, he had to be
admitted to our hospital 3 weeks later with fever caused by
bilateral pneumonia; therefore, ibrutinib therapy was suspended after a total treatment period of 27 days. The initial
antibiotic regimen consisted of piperacillin-tazobactam and
clarithromycin and was supplemented by therapeutic doses
of co-trimoxazole because of suspected Pneumocystis pneumonia. A consecutively performed bronchoalveolar lavage
was positive for Escherichia coli, Candida albicans, Candida krusei, and herpes simplex virus. Hence, the therapeutic regimen
was shifted to ceftriaxone, caspofungin, and therapeutic
doses of acyclovir, resulting in rapid cessation of fever. During hospital stay, chlorambucil was administered intermittently to reduce leukocyte counts and ibrutinib therapy was
not resumed again. After recovery, the patient was discharged to a nursing facility for one week and was able to
return home afterwards.
4. Diagnosis and treatment of PML
In May of 2015, the patient was again admitted to our hospital with fever and radiographic evidence of interstitial
pneumonia. Because of sustained fever, initial empiric
antibiotic therapy with piperacillin-tazobactam and clar-

A

ithromycin was replaced by meropenem and vancomycin
and intravenous immunoglobulins were administered to
substitute for a lack of immunoglobulins (IgG, 387 mg/dL).
Furthermore, the prophylactic antimycotic regimen was
replaced by caspofungin according to resistogram after
detection of Saccharomyces cerevisiae in the sputum. Subsequently, fever resolved rapidly and regression of pulmonary
infiltration was demonstrated by chest radiography over the
course of the next few days.
However, additional newly diagnosed and rapidly progressive neurological symptoms consisting of confusion, gait
disorder and urinary incontinence were noted during the
patient’s hospital stay. An initial cranial computed tomography (CT) scan demonstrated hypodense lesions in the right
frontal lobe that were interpreted to be of cicatricial nature.
A consecutively conducted lumbar puncture revealed normal cytological and neurochemical parameters of cerebrospinal fluid (CSF) and no increased intracranial pressure
(12 cmH2O). Two days later, cranial magnetic resonance
(MR) imaging showed the known lesions in the right frontal
lobe as hypointense in T1-weighted images and hyperintense
in T2-weighted and fluid-attenuated inversion recovery
(FLAIR) images without mass effect and with no enhancement of contrast media (Fig. 1). Subsequently, a second lumbar puncture performed because of strong suspicion of PML
revealed a highly positive JCV DNA (1.5107 copies/mL).
All other cytological, neurochemical, microbiological and
virological tests were normal and PML was diagnosed.
After notification of the diagnosis and prognosis of PML,

B

C

Fig. 1. Cranial magnetic resonance imaging demonstrated asymmetric lesions without mass effect or enhancement of contrast
media predominantly located in the right frontal lobe. In 2004, decompressive craniectomy was performed in the patient to
treat intracerebral hemorrhage. Sequelae of this neurosurgical procedure can be seen on the right temporoparietal side. The
same sagittal section of the brain is shown as T1-weighted (A), T2-weighted (B), and fluid-attenuated inversion recovery (C)
images.
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the patient was discharged on his own and his family’s
request with a combined oral therapy regimen with mefloquine (250 mg daily for three days followed by 250 mg once
weekly) and mirtazapine (60 mg daily) as proposed in the
literature [9]. However, neurological symptoms progressed
continuously over the following weeks and the patient died
seven weeks after diagnosis of PML at the age of 75 years in
a nursing home, most likely due to aspiration pneumonia.

Discussion
Here, we report the eventually fatal case of a 75-year-old
male patient with CLL who was pretreated with rituximab
and developed PML after receiving monotherapy with ibrutinib, a novel BTK inhibitor. The patient initially presented
with typical clinical signs of PML, including speech disorders, cognitive impairment and motor symptoms evolving
over days to weeks. Precise neurological symptoms experienced by patients depend on the site of cerebral lesions
caused by PML. Therefore, mild gait disorders are likely, as
are epileptic seizures [1].
Initial suspicion of PML is often established by cranial
imaging performed after appearance of the first neurological
symptoms. When compared to CT, MR imaging demonstrates greater sensitivity for visualization of single lesions
of PML in the brain and is therefore considered the technique
of choice [2]. Cerebral lesions are typically located in both
hemispheres in an asymmetric manner, preferably involving
subcortical and periventricular white matter in the frontal or
parietooccipital lobes. However, involvement of cortical
areas has also been reported. Single lesions vary in size and
shape, generally becoming larger and more confluent during
PML progression. While PML lesions appear hypoattenuating on CT scans, MR imaging shows them as hypointense in
T1-weighted images and hyperintense in T2-weighted and
FLAIR images. Usually, no mass effect and no enhancement
of contrast media is observed. Since signal changes in T1- and
T2-weighted MR images are irreversible in most PML cases,
diffusion-weighted MR imaging (DW-MRI) constitutes a
useful tool to monitor the course of PML. Cytotoxic edema
associated with disease progression results in DW-MRI
hyperintensity, while quiescent disease areas lead to low signals on DW-MRI [1,2]. Although brain biopsy remains the
gold standard to definitively diagnose PML, most cases are
diagnosed via polymerase chain reaction (PCR)–based
detection of JCV DNA in the CSF. This was also the case in
our patient, who was found to have 1.5107 copies/mL.
However, it is important to note that cases with negative JCV
PCR results in CSF samples have been reported, despite

biopsy-confirmed diagnosis of PML [4].
At present, there is no specific agent to treat PML in a satisfactory manner. To date, no approaches to introduce
antiviral drugs to the treatment of PML have demonstrated
reasonable efficacy. While cytarabine resulted in decreased
replication and multiplication of JCV in a cell culture system,
its intravenous or intrathecal application in AIDS patients
with PML failed to demonstrate survival benefits in a clinical
trial [10]. Different case reports described a possible efficacy
of cidofovir, but a prospective pilot study of cidofovir in
AIDS patients with PML showed no benefit in MR imaging
abnormalities and neurological examination scores [11].
Since the JCV invasion of oligodendrocytes is potentially
mediated by binding to the serotonergic 5-HT2 receptor,
serotonin receptor antagonists such as the antidepressant
mirtazapine or the atypical antipsychotic risperidone have
been proposed to block JCV from entering glial cells. However, the results of various case reports are inconsistent, and
evidence of efficacy remains lacking [9]. The employment of
mefloquine, an antimalarial drug, has been proposed for
treatment in response to an in vitro infection assay screening
about 2,000 agents for their activity against JCV because it
was effective against JCV and showed sufficient penetration
into the CNS [12]. A small number of case reports showed
mitigated PML courses under mefloquine treatment [9].
However, a randomized proof-of-concept study comparing
patients receiving standard care to those receiving additional
mefloquine therapy failed to show significant differences in
clinical or MR imaging results as well as in JCV DNA loads
in the CSF [12]. In our case, a combined regimen of mirtazapine (60 mg daily) and mefloquine (250 mg daily for 3 days
followed by 250 mg once weekly) was initiated after initial
diagnosis of PML, but was not effective to stop disease progression, leading to fatal outcome seven weeks after diagnosis. Recently, employment of maraviroc, a small molecule
inhibitor of chemokine receptor 5, has been discussed to
block JCV entry and spread [13]. However, only a small
number of cases have been reported and further clinical studies are warranted. To date, reconstitution of the patient’s
immune system remains the only option confirmed to successfully treat development of PML [1,2].
Although individual patients with late onset of PML after
rituximab treatment have been reported [14], most cases
described in the literature occurred within 6 to 12 months
after the last application of rituximab [6]. Since our patient
received his last rituximab application over 36 months prior
to diagnosis of PML, it seems unlikely that rituximab was the
only cause of PML development in this case. The same is true
for fludarabine. Development of PML after fludarabine treatment have been described in a limited number of case
reports, and nearly always in combination with rituximab
[15]. Additionally, fludarabine was discontinued about 15
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months before PML diagnosis in our case. Therefore, treatment with the novel BTK inhibitor ibrutinib introduced several weeks before the appearance of first clinical PML
symptoms and lasting for nearly 1 month must be taken into
account. Inhibition of BTK-dependent pathways leads to
strong repression of B-cell proliferation and survival [8]. As
B-cell–mediated immunity is known to play an important
role in control of JCV replication via humoral immune
responses, as well as its impact on T-cell activity [1,4], it is
conceivable that the introduction of ibrutinib could have triggered JCV reactivation in this case.
This report is intended to increase awareness of this potential side effect. Therefore, risk stratification for development

of PML via evaluation of JCV antibody status should be recommended prior to introduction of treatment with ibrutinib.
However, further studies are warranted to evaluate the possible association of ibrutinib therapy with development of
PML.
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Histiocytosis is an uncommon disease characterized by excessive accumulation of
histiocytes. Here, we report a rare case of non-Langerhans-cell histiocytosis in a 51year-old woman who presented with severe symptoms of pericardial effusion. Radiologic investigation also detected multiple bone (lower limbs, vertebrae, ribs, and ilium)
lesions. Resected pericardium showed abundant mono- or multi-nucleated non-foamy
histiocytes (CD68+/CD163+/S-100+/CD1/langerin) in a fibroinflammatory background. The histiocytes demonstrated emperipolesis of lymphocytes, a hallmark feature of Rosai-Dorfman disease (RDD). However, molecular analysis revealed a BRAF
V600E mutation of the proliferating histiocytes, highlighting the neoplastic features
frequently observed in another non-Langerhans-cell histiocytosis known as ErdheimChester Disease (ECD). We consider this case to be a unique presentation of ECD
harboring some RDD-like cells with emperipolesis, but not a case of RDD with a BRAF
mutation concerning its clinical manifestation (involvement of the heart and bones)
and neoplastic features.

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

Introduction
Histiocytosis refers to a group of rare diseases characterized by the abnormal accumulation of macrophages, dendritic cells or monocyte-derived cells [1]. Recently, a revised
classification schema divided histiocytosis into five groups:
(1) Langerhans-related, (2) cutaneous and muco-cutaneous,
(3) malignant histiocytoses, (4) Rosai-Dorfman disease
(RDD), and (5) haemophagocytic lymphohistiocytosis and
│ http://www.e-crt.org │
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macrophage activation syndrome [1]. Erdheim-Chester disease (ECD) and RDD are common histiocytic disorders
affecting adult bone and/or heart.
ECD, a member of the “Langhans-related” group according to the latest revised classification, is a histiocytosis characterized by foamy histiocytes (CD68+/CD163+/S-100/+
/CD1/langerin) accompanied by lymphocytes, Touton
giant cells, and dense fibrosis [2]. The radiographic features
of symmetric diaphyseal and metaphyseal osteosclerosis in
the lower limbs are mostly present in patients with ECD.
Copyright ⓒ 2017 by the Korean Cancer Association
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Fig. 1. (A) Ultrasound shows a massive circumferential pericardial effusion. (B) Computerized tomography shows pericardial
effusion and pericardial soft tissue density. (C, D) Computerized tomography and positron emission tomography shows
radiotracer uptake in the thoracic vertebra (C) and ilium (D). (E) Electrical capacitance tomography demonstrates symmetrical
radiotracer uptake in the distal ends of the femurs and the proximal and distal tibia, as well as the ribs and vertebrae.
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Other classic extraskeletal organs involved include the cardiovascular, pulmonary, neurological, and endocrine systems [3,4]. RDD, which is also known as sinus histiocytosis
with massive lymphadenopathy, is diagnosed on the basis
of abundant pale cytoplasm in the histiocytes (CD68+
/CD163+/S-100+/CD1a–/langerin–) and the presence of lymphocytes and plasma cells infiltrating the background.
Emperipolesis of histiocytes is a hallmark feature of RDD
that has not yet been observed in ECD [5]. In contrast to ECD,
which is characterized by its neoplastic features and often
harbors a BRAF mutation, RDD is mostly defined as a reactive disorder of histiocytosis [6].
Here, we present an extraordinary case of non-Langerhans-cell histiocytosis (CD68+/CD163+/S-100+/CD1a–/langerin–) involving the heart and skeleton in which emperipolesis and BRAF mutation was confirmed. We consider
this case the first report of an atypical ECD with emperipolesis rather than RDD with a BRAF mutation. This study was
approved by the Ethics Committee of Tongji Hospital, Tongji
Medical College, Huazhong University of Science and Technology, Wuhan, China. Written informed consent was
obtained from the patient.

Case Report
A 51-year-old woman was referred to our hospital because
of shortness of breath, chest pain, recurrent edema of the
lower extremities, and night sweats without fever or vomiting. Ultrasound and a chest enhanced computed tomography scan showed liquid density in the pericardial cavity
(Fig. 1A and B) and soft tissue density in the pericardial wall
(Fig. 1B). Positron emission tomography showed radiotracer
uptake in the wall of the pericardium and multiple bones,
including the vertebrae (Fig. 1C), ilium (Fig. 1D), ribs, and
lower limbs. Analysis using 99mTc bone scintigraphy also
demonstrated significant symmetrical radiotracer uptake in
the distal ends of the femurs and the proximal and distal
tibia, in addition to the vertebrae, ribs, and ilium (Fig. 1E).
To relieve the symptoms caused by the pericardial effusion,
pericardial fenestration and pericardiectomy were performed. A fragment of the hard and grey-white pericardial
tissue measuring 7 cm2.5 cm0.4 cm was excised and submitted for pathological examination. A biopsy sample from
the bone lesion could not be obtained due to patient refusal.
The surgical samples were fixed in 4% buffered formalin,
embedded in paraffin, cut into 4 µm sections and stained
with hematoxylin and eosin (H&E) for histological evaluation. Immunohistochemical staining was performed on
paraffin-embedded sections using a three-step Avidin-Biotin
Complex staining method (VECTASTAIN ABC kit, Vector

Laboratories, Burlingame, CA). The primary antibodies
included langerin (1:100, clone 12D6, Novocastra, Newcastle
upon Tyne, UK), CD1 (1:100, clone O10, Dako, Glosrup,
Denmark), S-100 (1:1,000, clone Z0311, Dako), CD68 (1:50,
clone KP-1, Dako), CD163 (1:100, clone Ber-MAC3, Dako),
smooth muscle actin (SMA; 1:400, clone M0879, Dako),
desmin (1:200, clone D33, Dako), and pan-cytokeratin (pCK;
1:300, Dako). Diaminobenzidine was used as chromogen.
Nuclei were stained with Mayer’s hematoxylin. Appropriate
positive controls were included. For molecular analysis,
genomic DNA was extracted from formalin-fixed, paraffinembedded tumor specimens using the TIANamp Genomic
DNA Kit (Tiangen Biotech Co., Ltd., Beijing, China) according to the manufacturer’s instructions. The BRAF mutation
was detected with the AmoyDx Human BRAF V600E Mutation Detection kit using a BioRad CFX96 Real-Time PCR
Machine (BioRad Laboratories, Inc., Berkeley, CA). Briefly,
4.7 µL DNA was added to 35.3 µL polymerase chain reaction
(PCR) master mix containing PCR primers, fluorescent
probes, PCR buffer, and Taq DNA polymerase. The PCR conditions were as follows: 5-minute denaturation at 95°C, followed by 15 cycles of 95°C for 25 seconds, 64°C for 20
seconds, 72°C for 20 seconds, and then 31 cycles of 95°C for
25 seconds, 60°C for 35 seconds, and 72°C for 20 seconds. The
fluorescent signal was collected from the FAM and HEX
channels. The results were analyzed according to the instructions in the user manual.
Microscopic examination of the H&E-stained pericardial
lesion revealed an exuberant histiocytic and chronic fibroinflammatory process. As shown in Fig. 2A and B, the inflammatory cells were primarily composed of lymphocytes,
plasma cells, sparse neutrophils, and eosinophils. Intermixed
with the inflammatory cells and fibrotic collagen fibers were
scattered mononucleated or multinucleated histiocytes characterized by round or oval vesicular or hyperchromatic
nuclei containing distinct nucleoli and abundant amphophilic cytoplasm. Under higher magnification, some of the
histiocytes exhibited emperipolesis (Fig. 2B). Immunohistochemically, these histiocytes showed positive staining of
CD68 (Fig. 2C), CD163 (Fig. 2D), and S-100 (Fig. 2E) and negative staining of Langerin (Fig. 2F), CD1, and other relevant
markers (SMA, desmin, and pCK). The positive S-100 staining highlighted the emperipolesis of the histiocytes (Fig. 2E).
Reverse transcription polymerase chain reaction was performed, and a BRAF V600E mutation was detected (Fig. 3).
Based on the overall findings, a diagnosis of atypical ECD
with emperipolesis was considered. After diagnosis, the
patient underwent interferon injections subcutaneously for
7 months. During the follow-up period, the patient indicated
that her quality of life had improved because she could now
get out of bed and was functioning well in her daily life, but
no radiologic investigation was performed.
VOLUME 49 NUMBER 2 APRIL 2017
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Fig. 2. (A) The lesion shows infiltration of non-foamy histocytes (arrow) in a marked fibroinflammatory background (H&E
staining, 100). (B) The lesion shows granular histiocytes in a fibroinflammatory background. Emperipolesis (arrow) shows
engulfed intact lymphocytes inside the cytoplasm of non-foamy histiocytes (H&E staining, 200). (C, D) Positive immunostaining of CD68 (C, 100) and CD163 (D, 100) in non-foamy histiocytes in a diffuse cytoplasmic pattern. (E) The histiocytes
show strong cytoplasmic and nuclear staining for S-100. Engulfed lymphocytes (arrows) are well demonstrated in some histiocytes as emperipolesis (200). (F) The histiocytes are negative for Langerin (100).

Discussion
Histiocytosis refers to a heterogeneous group of diseases
characterized by proliferation of cells thought to be derived
from dendritic cells, macrophages, or monocyte derived
cells. Differentiation between the subtypes relies on the morphology, immunohistochemistry, molecular analysis, and
the clinical setting. The major differential diagnosis in this
case included Langerhans cell histiocytosis (LCH), RDD, and
ECD.
In the present case, LCH was easily excluded because (1)
the lesional histiocytes did not show intranuclear pseudoinclusions, prominent nuclear indentations, or grooves; (2) the
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histiocytes were CD1 and langerin negative, which is inconsistent with the diagnostic immunophenotype for LCH
(S-100+/CD1+/langerin+); and (3) LCH in adults mostly
involves bones (52%), lungs (40%), or skin (7%) [7]. Cardiovascular involvement has only been reported in one case
based on radiographic findings and pathologic examination
[8].
Based on the histopathological features, the morphological
characteristics observed in this case were consistent with
those of RDD. The lesion was characterized by cytoplasm
rich, proliferative mononucleated or multinucleated histiocytes in a fibroinflammatory background. Furthermore, the
immunophenotype of the cells was identical to that found in
RDD (CD68+/S-100+/CD1/langerin). Moreover, the his-
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Fig. 3. BRAF–polymerase chain reaction detecting V600E mutation: red amplification curve, BRAF V600E mutation; blue
amplification curve, external positive control.

tiocytes demonstrated emperipolesis, a conventional hallmark feature of RDD, which is facilitated by positive staining
of S-100 protein. However, these findings are inconsistent
with the typical histopathological features of ECD, which is
generally characterized by xanthomatous infiltration of lipidladen foamy histiocytes (CD68+/S-100/+/CD1/langerin)
within a variably fibrous stroma with admixed chronic
inflammatory cells and Touton giant cells [4]. It has been
reported that, in the extraskeletal ECD, histiocytes have a less
or non-foamy appearance, but display a granular appearance
in a fibrous stroma without the presence of Touton giant cells
[4]. This atypical morphological feature of extraskeletal ECD
may make differential diagnosis of ECD and RDD challenging if emperipolesis is not taken into consideration.
Emperipolesis is an uncommon physiological or pathological
process in which the engulfed hematopoietic or inflammatory cells exist in another living cell, are viable, and can exit
at any time. To date, emperipolesis has been considered one
of the diagnostic features of RDD, as well as some hematolymphoid disorders (lymphoma, leukemia, myeloproliferative disorders, etc.) and non-hematological malignant
tumors (giant cell tumors of the lung, neuroblastoma, etc.)
[5]. However, emperipolesis has never been observed in ECD
and LCH. Apparently, the histopathological features of the
pericardial lesion are more closely related to RDD.
With regard to its clinical manifestation, besides lymphadenopathy, various extranodal involvement of RDD has

also been reported, such as skin, soft tissue, respiratory tract,
bone, eye, and retro-orbital tissue, as an isolated lesion or a
concomitant lesion of lymphadenopathy [9]. However,
involvement of the cardiovascular system is extremely rare.
To date, there have only been eight adult cases of RDD with
heart lesions reported. All of the patients with RDD were
diagnosed between the ages of 40 and 69 years based on
incidental findings on chest radiographs or because of complaints of chest pain with dyspnea. In these patients, the
heart lesion was either isolated or concomitant with lymphadenopathy, with no evidence of bone osteosclerosis
[10-13]. During follow-up, the patients displayed no signs of
disease progression without any treatment, with the exception of one patient who died following the development of
pericardial and bilateral pleural effusions [10-13]. However,
in this case, the patient presented with lesions located in the
pericardium and in multiple bones. Osteosclerosis of long
bones, especially the distal ends of the femurs and the proximal and distal tibia, and pericardial lesions are the most
common radiographic findings in ECD [14]. Pericardial
thickening and effusion occur in approximately 40% of
patients with ECD who have bone lesions [4]. In contrast to
the indolent and self-limited clinical course of RDD without
therapy, interferon  (IFN-) and pegylated IFN- are the recommended first-line therapy for ECD. In this case, IFN-
therapy led to significant symptomatic relief during the follow-up. Based on this patient's clinical course, ECD is the
VOLUME 49 NUMBER 2 APRIL 2017
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more likely diagnosis.
Currently, RDD is regarded as a reactive/non-neoplastic
disorder of the histiocytes, and no genetic alterations have
been identified to date [15]. Conversely, the recent discovery
of BRAF V600E (54%), NRAS (18%), and phosphoinositide
3-kinase (13%) mutations confirm the clonal features associated with ECD [15]. BRAF/RAS/PI3KCA mutations result in
activation of the RAS-ERK pathway, a process that may play
an important role in the pathogenesis of ECD. Our case
demonstrated an apparent BRAF V600E mutation, supporting the neoplastic features that are more consistent with
ECD.
With regard to the distinct morphological features,
immunohistochemical profile, molecular abnormalities, and
the clinical setting, this case represents a rare non-LCH histiocytosis characterized by emperipolesis and a BRAF mutation involving the heart and multiple bones. Additional cases
are needed to determine whether this case is an atypical ECD
with emperipolesis, an RDD with a BRAF mutation, or a new

entity of non-LCH between RDD and ECD. We consider this
to be a unique case of ECD with atypical morphology, especially the presence of RDD-like cells with emperipolesis.
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