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Since molecular biology studies began, researches in biological science have centered on
proteins and genes at molecular level of a single cell. Cancer research has also focused on
various functions of proteins and genes that distinguish cancer cells from normal cells. 
Accordingly, most contemporary anticancer drugs have been developed to target abnormal
characteristics of cancer cells. Despite the great advances in the development of anticancer
drugs, vast majority of patients with advanced cancer have shown grim prognosis and high
rate of relapse. To resolve this problem, we must reevaluate our focuses in current cancer
research. Cancer should be considered as a systemic disease because cancer cells undergo
a complex interaction with various surrounding cells in cancer tissue and spread to whole
body through metastasis under the control of the systemic modulation. Human body relies
on the cooperative interaction between various tissues and organs, and each organ per-
forms its specialized function through tissue-specific cell networks. Therefore, investigation
of the tumor-specific cell networks can provide novel strategy to overcome the limitation of
current cancer research. This review presents the limitations of the current cancer research,
emphasizing the necessity of studying tissue-specific cell network which could be a new
perspective on treating cancer disease, not cancer cells.

Key words
Cancer cells, Cancer disease, Metastasis, Systemic disease, 
Tissue-specific cell network

Current status of cancer research

“What is true for E. coli must also be true for elephants.”
This quote by J. Monod in 1954, when molecular biology
studies began in earnest, is still valid today at the molecular
level. Since then, research in biological sciences has centered
on the cell and cellular molecules, contributing to the current
focus of the life sciences on proteins and genes at the molec-
ular level of a single cell. Accordingly, cancer research has

concentrated on cancer cells, and the differences between
normal cells and cancer cells, including their genetic varia-
tions (Fig. 1) [1]. 

For example, R. A. Weinberg’s “A perspective on cancer
cell metastasis,” published in 2011, focused on cancer cells
by explaining that the cancer overcomes the six steps of
metastasis via the capability gained by the cancer cell [2].
Therefore, the current cancer research focuses on various
functions of proteins and genes at the molecular or single-
cell level without considering the cell-surrounding environ-
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ment and the interaction between cells. As a result, develop-
ment of anticancer drugs has been based on the assumption
that all cancer cells share a certain set of characteristics dur-
ing abnormal growth. This principle underpinned the devel-
opment of drugs with anti-proliferative effects, starting with
the alkylating agents in 1946 [3]. The search for a standard
treatment for all cancers was launched through the develop-
ment of such cytotoxic anticancer drugs.

Accordingly, most contemporary anticancer drugs inhibit
cell division. These cytotoxic anticancer drugs effectively
suppress the division of both cancer and normal cells by
blocking the general mechanism of cell division, leading to
a multitude of side effects [1]. However, recently developed
agents with molecular targets—for example, signaling fac-
tors—are able to distinguish normal cells by targeting signal
transduction pathways uniquely related to cancer cell divi-
sion and attempting to normalize its function [1,4-6]. Such
agents target the specific abnormal signaling factors in cancer
cells rather than the general targeting strategy associated
with previous anticancer drugs. Among the target sites of the
160 anticancer drugs approved by Food and Drug Adminis-
tration (United States), up to 80% are focused on cancer cells,
and most of the targets are metabolic pathways and signal
transduction pathways related to cancer cell division, as
shown in Fig. 2. The remaining 20% of anticancer drugs tar-
get other components, such as immune cells and endothelial
cells. A detailed look at 80% of anticancer drugs shows that
alkylating agents act directly on DNA by suppressing cell
proliferation, while anti-metabolites act on the biosynthesis
of nucleic acids, such as DNA and RNA, thereby leading to
apoptotic cell death [7,8]. In addition, hormonal agents act
on intracellular hormone receptors, such as estrogen or prog-
esterone receptors, whereas plant alkaloids and antibiotics
mainly act on microtubules and DNA topoisomerase. Many
of the recently developed targeted agents block the aber-

rantly activated cell surface receptor tyrosine kinase, such as
epidermal growth factor receptor and human epidermal
growth factor receptor 2 [9,10]. The targeted anticancer drugs
for these proteins were developed based on technologies
such as monoclonal antibodies, DNA sequencing, and poly-
merase chain reaction, which were intensively developed in
the 1970s to the 1980s [1,11].

However, these anticancer drugs were not as successful as
expected for most solid tumors, and this was discussed at the
World Oncology Forum held in Lugano, Switzerland in 2012
[12]. Current anticancer drugs, including targeted drugs, are
not very effective against advanced malignant tumors other
than hematological tumors [12]. To overcome the limitations
of these current cancer drugs, we must reevaluate current
cancer research.

Necessity of Tissue-Specific Cell Network
Research

1. Cancer is a systemic disease

Expanded knowledge today indicates that multicellular 
organisms rely on biological phenomena that are non-exis-
tent in unicellular organisms. Multicellular life phenomena
exist in tissues or organs that are aggregates of cells and com-
posed of specialized systems, such as the circulatory system,
nervous system, and immune system. Defects and functional
disorders of these systems are closely related to the diseases
of multicellular organism. Based on these principles, the 
understanding of physiological phenomena has changed
over the last 60 years, as shown in Fig. 3. In this regard, can-
cer can also be considered as a systemic disorder, because

Normal cells Cancer cells

Controlled growth
Normal chromosomes
Undergo apoptosis
Contact inhibition
Stay in organ
Specialized cells
Undergo maturation and senescence
Even appearance
Even shaped nuclei
Organized arrangement

Uncontrolled growth
Abnormal chromosomes
No apoptosis
No contact inhibition
Ability to metastasize
Nonspecialized cells
Immature/undifferentiated
Variable appearance
Variable shaped nuclei
Disorganized arrangement

Fig. 1.  The differences between normal cells and cancer cells.

2 CANCER  RESEARCH  AND  TREATMENT



Kyu-Won Kim, Tissue-Specific Cell Network

VOLUME 49 NUMBER 1 JANUARY 2017  3

Fi
g.

 2.
  C

ur
re

nt
ly

 d
ev

el
op

ed
 an

tic
an

ce
r d

ru
gs

 an
d 

th
ei

r t
ar

ge
ts.

 

Ca
nc

er
 c

el
l

En
do

th
el

ia
l c

el
l

Pi
tu

ita
ry

 g
la

nd

Ad
re

na
l g

la
nd

Ly
m

ph
oc

yt
e



malignant cancer causes human death via metastasis
through the vascular and lymphatic systems in its advanced
stage (Fig. 4).

2. Characteristic of systemic disease

Multicellular organisms, such as humans, exhibit the emer-
gence of new life phenomena at a superior level through 
hierarchical systematization (cell-tissue-organ-organism),
unlike unicellular organisms. Vertebrates, including humans,
strictly rely on the cooperative interaction between various
tissues and organs that perform specialized functions to
maintain their vital activities (Figs. 3 and 5). Each tissue per-
forms its unique function through the organic interaction of
its various component cells, including specialized cells work-
ing in a specific tissue. For example, recent studies have
shown that high-level brain functions, such as learning,
memory and creativity, as well as various cerebral disorders,
such as Alzheimer’s disease and Parkinson’s disease, are 
mediated by the complex cellular interaction network con-
sisting of nerve cells, glial cells, astrocytes, and endothelial
cells rather than by a specific protein or gene [13-16]. Simi-

larly, tumor cells become malignant by interacting with var-
ious surrounding cells during tumorigenesis [17], and it has
been shown that the tumor microenvironment, including the
surrounding cells, plays an important role in tumorigenesis
[18,19] (Fig. 4). 

Accordingly, the new challenge to the life sciences is the
establishment of a new perspective and methodology for
studying the high-level life phenomena present in such tis-
sues and organs. Thus, the cellular network at the meta-mol-
ecular level should become the focus of studies using an
integrative approach, drawing upon what was learned from
the previous reductive approaches and using changes in the
paradigm to study tissue characteristics and functions from
the superior level of cells. The cellular level shows a high
specificity from the numerous activities accumulated at the
molecular level, and thus an understanding of diseases
drawn from previous research focused on only molecules is
not sufficient to understand systemic diseases. Consequently,
new alternatives to overcome these limitations could be pro-
vided by studying at the cell network level.

From this point on, studies explaining the interaction net-
work between tissue-specific cells in various tissues and the

Cancer Res Treat. 2017;49(1):1-9

1954, J. Monod
“What is true for E. coli must also be true for elephants”

2016
“What is true for elephants must be more than true for E. coli”

Fig. 3.  Paradigm shift from studying cells to studying systemic network of cells.
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emergence of tissue specificity because of this cell network
are required, as shown in Fig. 5.

The tissue-specific cell network plays an important role in
integrating and expressing tissue characteristics and func-
tions via unique interactions among various cells [20]. This
function differs from division, differentiation, and migration
of individual cells at the cellular level; rather, it involves a
synchronized coordination in the migration, division, and
differentiation and the spatiality of various cellular functions

of a group of cells. That is, a cell group constitutes a tissue-
specific cell network and collectively and covalently shares
the division and migration simultaneously at the entire tissue
level. This aspect presents a new field of interest and study
at the tissue-specific cell network level (Fig. 5). The types of
tissue-specific cell networks in the body are poorly under-
stood at present. 

A typical example of a tissue-specific cell network is the
network of blood vessels. Each human blood vessel consists

Angiogenesis
Circulatory system

Cancer
Diverse, complex,
systemic disease

Immune escape
Immune system

Invasion & Metastasis
Circulatory system

Inflammation
Immune system

Hepatocyte

Hepatic artery Sinusoid Central vein

Portal vein

Bile duct
Bile canaliculi

EC

Stellate cellKupffer cell
Liver sinusoid 

Liver

Cell level
· Cell proliferation and 
    apoptosis
· Cell differentiation
· Cell migration and invasion
· DNA replication, transcription,
    and translation

Cell network level
· Communication of cells
· Transfer and processing of informations 
    between cells
· Coordinated regulation of a group of cells
· Collective and covalent behaviors of cells

Tissue level
· Detoxification of various metabolites
· Production of biochemicals for digesting lipids
· Fibrogenesis as wound-healing process

Fig. 4.  Cancer is a diverse, complex, and systemic disease. 

Fig. 5.  Emergence of tissue specificity via cell-cell network. EC, endothelial cell.



of endothelial cells (ECs), but the same ECs create a com-
pletely different tissue-specific vascular system in terms of
function and characteristics, depending on which tissue-spe-
cific cells form the network. Representative examples are the
blood-brain barrier (BBB) in brain tissue and the sinusoid in
liver tissues (Fig. 6). The BBB can transfer nutrients, such as
glucose and amino acids, from blood, but it strictly blocks
toxic materials to protect the nervous system of the brain.
Thus, cerebrovascular ECs have the strongest tight junctions
in the human body and various transport systems [21,22].
During the BBB developmental process, brain-specific astro-
cytes form a network with ECs and induce strong tight junc-
tions between ECs [23]. However, liver tissues form fenestrae
between ECs to loosen the cellular adhesion for the active 
exchange of materials between blood vessels and hepato-
cytes to supply nutrients to the body after detoxifying the
materials at the space of Disse in the hepatic plate [24,25].
This creates a perforating vascular structure called a sinu-
soid, which allows the free exchange of materials. Perforating
ECs can also be observed in the intestinal mucosa, endocrine
gland, and glomerulus in the kidney and pancreas. A net-
work with liver-specific surrounding cells is expected to be
important in the development of perforating ECs, but 
detailed studies have not yet been performed.

Thus, new studies based on the cell network, unlike pre-
vious studies at the molecular level, can elucidate how cell
networks specifically generate tissues and can determine the
tissue-specific functions. These studies can be expanded to
introduce a methodology for interpreting the pathogenesis
of systemic disorders such as cancer in a novel manner. Cur-
rently, few cell networks are known to exist in various
human tissues, and thus, various cell networks must be first
investigated, and the emergence of new structures and func-
tions at the tissue level via the cell network can then be stud-
ied in detail. Subsequently, damage and destruction of the
cell network and its recovery during the pathogenesis of dis-
orders such as cancer should be studied so that a new per-
spective can be proposed on the pathogenesis and treatment
of systemic disorders. 

More than 10 years ago, we noted that the research of neu-
ral cell and blood vessel should be re-scoped from individual
molecular level to working group of cell network, which
means the minimal working unit between neural cells and
vessels and now named as the neurovascular unit [20,26,27].
For the last 10 years, the scope of cancer research also has
been enlarged from the molecules of individual cancer cells
to the interaction of cancer cells and other surrounding nor-
mal cells in the concept of tumor microenvironment [17-19].

Cancer Res Treat. 2017;49(1):1-9
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Fig. 6.  Different cell networks in the blood-brain barrier (BBB) of brain and the sinusoid of liver. BM, bone marrow; EC, 
endothelial cell.
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The presence of other normal cell, such as cancer-associated
fibroblast, in tumors were identified  and also the interaction
between these normal cells and cancer cells are being 
unveiled [28]. In addition, the cancer cells take advantages
of the normal immune cells for their survival and evading
the host defense system [29,30]. We now realized the limit of
molecular study in the cells and changed our view to the 
interaction of cancer cells to other cells. Therefore, these 
recently accumulated ampules of results in the tumor 
microenvironment may compensate our limit of understand-
ing of cancer, in part. However, still we are only looking at
the very limited parts of cell network in the tumor tissue. In
addition, virtually most of these studies aim to explain the
complicate systems with small number of molecules in the
small population of cells.

Cell Network Study in Cancer Research

Recent cancer genomic studies allow the large-scale screen-
ing of genetic mutations for various human cancers not in
animal tissues or in cancer cell lines [31,32]. The resulting 
genomic mutations are shown in Fig. 7 during the transfor-
mation of normal tissues to benign tumors and of benign 
tumors to malignant tumors [32-34]. However, the genetic
mutations that are consistently common during the transfor-
mation of non-metastatic tumors to metastatic tumors have
not yet been defined [32,35]. This result strongly suggests the
importance of the interaction network between cancer cells
and their surrounding cells in the advanced stage. Therefore,
in the tumorigenesis, the step from normal epithelial tissue
to adenoma, and then to carcinoma in situ, can potentially be
regarded as a local disease predominantly characterized by
cell proliferation, whereas the final step from carcinoma to
the metastatic tumor is presumed to involve a change to a
systemic disease. Thus, the intercellular interaction network
of cancer tissues is expected to play a critical role during this

Local disease Systemic disease

Metastatic tumor

Normal CarcinomaSmall
adenoma

Large
adenoma

Mutated genes
  APC
  ARID1A
  AXIN2
  CTNNB1
  DKK1-4
  FAM123B
  FBXW7
  LRP5
  SOX9
  TCF7L2

Mutated genes
  BRAF
  ERBB2
  ERBB3
  KRAS
  NRAS

Mutated genes
  IGF2
  IRS2
  PIK3CA
  PIK3R1
  PTEN
  ACVR1B
  ACVR2A
  SMAD2
  SMAD3
  SMAD4
  TGFBR1
  TGFBR2 
  ATM
  TP53

Fig. 7.  Switch of local disease to systemic disease during cancer metastasis.



change of cancer, from a local abnormality to a systemic dis-
ease. Therefore, investigation of the tumor-specific cell net-
work can propose a new breakthrough in explaining the
metastatic stage.

Conclusion

If the molecular changes in the interacting cells are the
point of focus in the cell network research, it would be more
difficult to identify a solution. The cell network study of can-
cer tissue becomes enigmatic beyond imagination consider-
ing that we now understand the dynamic heterogeneity of
cancer cells. The current massive molecular level study on
these heterogeneous populations will generate a huge
amount of data and information, which will be too complex
to solve the problems. The intratumoral, ever-changing het-
erogeneity is another big huddle making it more complicate
but we ignore now. Such complexity can be overcome by 
directly relating the tumor-specific cell network and the 
malignant tumorigenesis instead of investigating them at the
molecular level of the cells. The research targets of the tumor-
specific cell network may include an increase in the inflam-
matory response, an increase in invasion/metastasis, acqui-

sition of the immune evasion capability, a change in the dif-
ferentiation capability, etc as shown in Fig. 8. Through these
attempts, tumorigenesis can be newly understood and 
defined at the cell network level, which would enable the 
development of new-concept cancer drugs and treatments
that can regulate or block malignant metastatic tumorigene-
sis. It is time to study the tumor-specific cell networks, not
cancer cells.
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Purpose
We examined the efficacy of poziotinib, a second-generation epidermal growth factor 
receptor (EGFR)–tyrosine kinase inhibitor (TKI) in patients with lung adenocarcinoma with
activating EGFR mutations, who developed acquired resistance (AR) to EGFR-TKIs.

Materials and Methods
This single-arm phase II study included EGFR-mutant lung adenocarcinoma with AR to 
erlotinib or gefitinib based on the Jackman criteria. Patients received poziotinib 16 mg orally
once daily in a 28-day cycle. The primary endpoint was progression-free survival (PFS).
Prestudy tumor biopsies and blood samples were obtained to determine resistance mech-
anisms.

Results
Thirty-nine patients were treated. Tumor genotyping was determined in 37 patients; 19
EGFR T790M mutations and two PIK3CA mutations were detected in the prestudy tumors,
and seven T790M mutations were detected in the plasma assay. Three (8%; 95% confi-
dence interval [CI], 2 to 21) and 17 (44%; 95% CI, 28 to 60) patients had partial response
and stable disease, respectively. The median PFS and overall survival were 2.7 months
(95% CI, 1.8 to 3.7) and 15.0 months (95% CI, 9.5 to not estimable), respectively. A longer
PFS was observed for patients without T790M or PIK3CA mutations in tumor or plasma
compared to those with these mutations (5.5 months vs. 1.8 months, p=0.003). The most
frequent grade 3 adverse events were rash (59%), mucosal inflammation (26%), and stom-
atitis (18%). Most patients required one (n=15) or two (n=15) dose reductions. 

Conclusion
Low activity of poziotinib was detected in patients with EGFR-mutant non-small cell lung
cancer who developed AR to gefitinib or erlotinib, potentially because of severe-toxicity-
imposed dose limitation.
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Introduction

Compared with standard chemotherapy, significant 
improvement in response rate and progression-free survival
(PFS) has been reported for epidermal growth factor receptor
(EGFR)–tyrosine kinase inhibitors (TKIs) including gefitinib,
erlotinib, and afatinib in patients with EGFR-mutant non-
small cell lung cancer (NSCLC) [1-3]. EGFR-TKIs are now the
treatment of choice for patients with EGFR-mutant NSCLC.
However, despite the initial response to EGFR-TKIs, most
patients develop resistance and finally relapse. Among sev-
eral mechanisms responsible for acquired resistance (AR) to
EGFR-TKIs, the secondary EGFR T790M point mutation in
exon 20 is the most common, occurring in approximately
60% of patients. Other mechanisms include MET, HER2, or
EGFR amplification; histologic transformation to small cell
lung cancer [4]; epithelial-to-mesenchymal transition signa-
ture [5]; and AXL kinase activation [6]. Coexistence of other
mutations including PIK3CA, HER2, or BRAF mutations also
contributes to the development of AR to EGFR-TKIs [7,8].

Poziotinib (NOV120101) is an oral, irreversible inhibitor of
EGFR, HER2, and HER4. In preclinical studies conducted in
cell lines and xenograft models of NSCLC, poziotinib
showed more potent activity than gefitinib, erlotinib, and
even afatinib in lung cancer models with EGFR mutations 
including T790M mutation [9]. In a phase I study to examine
the safety and maximum tolerated dose (MTD) of continuous
daily dosing of poziotinib in genetically unselected patients
with advanced solid cancers including NSCLC, 20% of 
patients (4/20) experienced partial response (PR), with an
MTD of 18 mg and an acceptable toxicity profile, supporting
further clinical development of poziotinib. The recom-
mended phase II dose was 16 mg/day [10]. This phase II
open-label, single-arm study was conducted to examine the
anticancer activity and safety of poziotinib in patients with
advanced or metastatic lung adenocarcinoma with activating
EGFR mutations, who developed AR to EGFR-TKIs based on
the Jackman criteria [11].

Materials and Methods

1. Patients

This phase II, open-label, single-arm study enrolled 
patients aged  20 years with histopathologically confirmed
stage IIIB or IV lung adenocarcinoma from five institutions
in Korea. Eligible patients had at least one measurable lesion
or, if not measurable, an evaluable lesion according to the

Response Evaluation Criteria in Solid Tumors (RECIST) ver.
1.1 and documented activating EGFR mutations. Patients
had received erlotinib or gefitinib as first-line or subsequent-
line therapy from which they achieved a best overall 
response of complete response (CR), PR, or stable disease
(SD; at least  6 months) and progressed within the last 30
days. Patients had an Eastern Cooperative Oncology Group
performance status of 0-2 with a life expectancy of  12
weeks; consented to providing tumor tissue samples; and
had a white blood cell count of  4,000/mm3, platelet count
 100,000/mm3, serum creatinine and total bilirubin level 
 1.5 times the upper limit of normal (ULN), and serum 
aspartate aminotransferase and alanine aminotransferase
level  2.5 times the ULN.

The exclusion criteria were as follows: patients with unre-
solved adverse events (AEs) from erlotinib or gefitinib (Com-
mon Terminology Criteria for Adverse Events [CTCAE]
grade  2); resistance to erlotinib or gefitinib secondary to
transformation to small-cell lung cancer; major surgery or
anticancer therapy other than gefitinib and erlotinib within
4 weeks of the start of the study treatment; untreated symp-
tomatic brain metastasis; interstitial lung disease; active 
infection; cardiovascular disease or condition including New
York Heart Association class III or IV heart failure, uncon-
trolled hypertension, unstable angina pectoris, or myocardial
infarction within 6 months of the study start, uncontrolled
cardiac arrhythmia, or other clinically relevant abnormalities;
resting left ventricular ejection fraction (LVEF) less than the
lower normal limit defined by the institution; any gastroin-
testinal disease or condition having the prominent symptom
of diarrhea; a history of malignancy except for treated non-
melanomatous skin cancer, in situ cervix carcinoma, or ductal
in situ breast carcinoma; and patients who were pregnant,
lactating, or using inadequate contraception.

2. Treatment and procedures

Poziotinib was administered orally, consecutively, and
once daily in 28-day cycles with a starting dose of 16 mg until
progressive disease (PD) or intolerable AEs. For patients who
experienced drug-related AEs, treatment with poziotinib was
interrupted until the AEs were resolved to CTCAE grade  1
or baseline level. The treatment was resumed at the previous
dose or a reduced dose by 4 mg, and if a dose reduction
below 8 mg consecutively once daily was required, the regi-
men was changed to intermittent dosing (i.e., 2 weeks of 
8-mg poziotinib treatment followed by 1 week off treatment).
Further dose reduction or up-titration after the reduction was
not allowed. Treatment with poziotinib was discontinued
permanently in patients requiring a dose reduction below 
8-mg intermittent dosing, had not recovered to AEs of
CTCAE grade  1 or baseline level within 2 weeks, had pneu-
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monia or LVEF reduction of CTCAE grade  3, or had inter-
stitial lung disease or pneumonitis of any grade. Supportive
care including anti-diarrhea medication, antibiotics, anal-
gesics, and antiemetics as well as treatments for diseases
other than lung adenocarcinoma was allowed, and local pal-
liative radiotherapy to improve symptoms such as bone pain,
pulmonary occlusion, and skin lesions was also allowed. 

Tumors were assessed by spiral computed tomography or
magnetic resonance imaging (except for the chest) at baseline
(imaging at the time PD from previous EGFR-TKIs was con-
firmed and could be used if obtained within 2 weeks prior
to baseline), week 4, week 8, and every 8 weeks thereafter
until PD or the start of new anticancer therapy. After discon-
tinuation of treatment, patients were followed-up every 3
months until death or the start of new anticancer therapy.
Scans were reviewed both locally and centrally. Tumor 
response assessments were based on RECIST ver. 1.1. Tumor
tissue samples were mandatory at screening from all patients
enrolled (except for those with available tumor tissue col-
lected within 2 weeks of the study start) and optional after
PD. Blood samples for genotyping were obtained from 
patients at screening, cycle 3, and every two cycles thereafter
until the end of treatment. Safety assessments were per-
formed at least every cycle using CTCAE ver. 4.0.

The study was approved by the ethics committee of each
study institution and conducted in accordance with the Dec-
laration of Helsinki and Good Clinical Practice Guidelines,
and all patients provided written informed consent.

3. Study outcomes

The primary endpoint of the study was PFS by independ-
ent review. The secondary endpoints included PFS rate at
week 16, objective response rate (ORR; CR+PR), disease con-
trol rate (DCR; objective response+SD), overall survival (OS),
duration of objective response, and duration of disease con-
trol. PFS was calculated from the start of treatment to PD or
death, whichever occurred first, or was censored at the last
imaging date in the absence of PD or death. OS was calcu-
lated from the start of treatment to death or was censored at
the last date of contact if the patient was alive. Safety assess-
ments included treatment-related AEs, laboratory tests, vital
signs, radiography, electrocardiogram (ECG), and LVEF by
a multi-gated acquisition scan or echocardiogram.

4. Prestudy tumor tissue analysis

DNA extraction and mutation analysis of prestudy tumor
samples were performed in a central laboratory (Theragen
Etex, Suwon, Korea). Mutational status was analyzed by Ion
Torrent deep-amplicon sequencing using an Ion Torrent 
AmpliSeq Cancer Hotspot customized lung cancer panel

(Thermo Fisher Scientific Inc., Waltham, MA). Fluorescent in
situ hybridization (FISH) of MET (c-MET Probe KBI-10719,
Kreatech, LG Amsterdam, Netherlands), EGFR, and HER2
was performed on available tumor tissues using the standard
protocol [7,12], and MET expression status was also analyzed
using immunohistochemistry (IHC) (clone SP44, Ventana,
Tucson, AZ). Tumors with a staining-intensity score of 3 and
with more than 50% positive nuclei were considered to have
MET overexpression.

5. Plasma sample analysis

Circulating cell-free DNA was extracted from 200 µL of
plasma samples using the QIAamp MinElute virus spin kit
(Qiagen, Hilden, Germany) according to the manufacturer’s
protocol. The purity and concentration of extracted DNA
were determined by spectrophotometry (NanoDrop 2000,
Thermo Fisher Scientific Inc.). DNA samples with absorption
ratios of 260/280 nm greater than 1.8 were used for subse-
quent analyses. For plasma samples, only T790M mutation
was analyzed using the PANAMutyper R EGFR kit (Pana-
gene, Daejeon, Korea), a new highly sensitive mutation 
detection kit that uses a peptide nucleic acid clamping–
assisted fluorescence melting curve analysis method in 
mutation detection and genotyping.

6. Statistical analysis

The sample size (n=40) was selected to provide at least 34
patients with PFS event considering 15% of follow-up loss
with the following assumption: in a 12-month period of 
patient enrollment, a total of 34 PFS events in the study
would have a 90% power for detection of a 1.8-month 
improvement of median PFS with poziotinib versus histori-
cal control where the conventional anticancer chemothera-
pies had been implemented (median PFS, 4.5 months vs. 2.7
months for poziotinib and historical control [13,14], respec-
tively), with a one-sided significance level of 5%. The pri-
mary endpoint, median PFS, and the secondary endpoints
including median OS, time to progression, time to objective
response, duration of objective response, and duration of dis-
ease control were calculated from Kaplan-Meier estimates
with 95% confidence interval (CI). For other secondary end-
points including PFS rate at 16 weeks, ORR, and DCR, the
number and proportion of patients was calculated with 95%
CIs. Statistical analysis for subgroups based on mutational
status was performed using log-rank, Fisher exact, or Pear-
son’s chi-square tests depending on the types of variables.
Efficacy assessments were performed in the full analysis set
consisting of patients who received at least one dose of pozi-
otinib with at least one evaluation of the primary efficacy
endpoint after baseline. Safety data was summarized 
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descriptively in patients who received at least one dose of
poziotinib.

Results

1. Patient characteristics and disposition

Forty patients were enrolled between December 2012 and
September 2013. Thirty-nine patients received at least one
dose of poziotinib with at least one tumor assessment after
baseline and were included in the full analysis set and safety
set. One patient who did not receive the study drug was
withdrawn from the study and excluded from the data
analysis. Demographics and baseline characteristics of 
patients are shown in Table 1. The median age was 62 years
(range, 43 to 84 years), and the majority of patients were

women (74%) and never-smokers (77%). All patients had
stage IV disease. Most patients received gefitinib or erlotinib
as first-line (69%) or second-line (28%) therapy with a 
median treatment duration of 10.4 months (range, 3.4 to 33.2
months). The best response to previous EGFR-TKIs was pre-
dominantly PR (92%). At the time of data cut-off (September
1, 2014), all patients in the full analysis set, except for one
who achieved PR with poziotinib, discontinued treatment
for the following reasons: lack of efficacy or PD (n=28), vol-
untary withdrawal of consent (n=7), AEs (n=2), or other rea-
son (n=1).

2. Efficacy assessments 

A summary of the efficacy measures for poziotinib by 
independent review is shown in Table 2. The median PFS at
the time of analysis (January 7, 2015) was 2.7 months (95%
CI, 1.8 to 3.7), and the PFS rate was 35% at week 16 (95% CI,
20 to 51). The best response changes from baseline in tumor
lesions were evaluated in 35 patients with measurable lesions
at baseline (Fig. 1). Three patients achieved PR (ORR, 8%;
95% CI, 2 to 21). The Kaplan-Meier estimate of median 
duration of objective response was 4.5 months (95% CI, 3.7
to 4.6), and the DCR was 51% (95% CI, 35 to 68). At the data

Table 2. Response to treatment with poziotinib by inde-
pendent review 
Variable Total (n=39)
PFS events, n (%) 34 (87)
Estimated PFS, median (95% CI, mo) 2.7 (1.8-3.7)
PFS events at week 16, n (%) 24 (62)
Estimated PFS at week 16 (95% CI, %) 35 (20-51)
Deaths, n (%) 20 (51)
Estimated OS, median (95% CI, mo) 15.0 (9.5-NE)
Best response, n (%) 

CR 0)
PR 3 (8)
SD 17 (44)
PD 18 (46)
Not evaluable 1 (3)

ORR (95% CI, %) 8 (2-21)
DCR (95% CI, %) 51 (35-68)
Estimated duration of response, median 4.5 (3.7-4.6)

(95% CI, mo)
Estimated duration of disease control, 3.7 (1.8-3.8)
median (95% CI, mo)

PFS, progression-free survival; CI, confidence interval; OS,
overall survival; NE, not estimable; CR, complete response; PR,
partial response; SD, stable disease; PD, progressive disease;
ORR, objective response rate; DCR, disease control rate.

Table 1. Patient demographics and baseline characteris-
tics
Characteristic No. (%)
Age, median (range, yr) 62 (43-84)
Sex

Male 10 (26)
Female 29 (74)

Smoking status
Never 30 (77)
Former 9 (23)
Current 0

Smoking pack year, median (range) 22 (17-28)
ECOG PS

0 6 (15)
1 30 (77)
2 3 (78)

Therapy line of previous EGFR-TKI
First 27 (69)
Second 11 (28)
Third 0
Fourth 1 (3)

Duration of previous EGFR-TKI, 13.1 (3.4-33.2)
median (range, mo)

Best response to previous EGFR-TKI
Complete response 0
Partial response 36 (92)
Stable disease 3 (8)

ECOG PS, Eastern Cooperative Oncology Group performance
status; EGFR, epidermal growth factor receptor; TKI, tyrosine
kinase inhibitor.
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cut-off, 20 OS events were reported. The Kaplan-Meier esti-
mate of median OS was 15.0 months (95% CI, 9.5 to not 
estimable).

3. The possible mechanism of AR to EGFR-TKIs

Of 39 patients who received poziotinib, mutational status
in prestudy tumor tissues was determined in 37 patients 
(Fig. 2A), but not in two patients because of inadequate tissue
samples. All tumor samples were reviewed by a thoracic
pathologist (G.K.L.). Among the 37 patients, 19 (51%) had
T790M mutation and two (5%) had PIK3CA mutations, and
one patient had EGFR wild type. 

Four patients donated tumor tissue at the end of treatment,
and all were T790M-positive at screening and at the end of
treatment. 

To further elucidate the mechanisms of AR, plasma EGFR
T790M genotyping was performed in all patients (n=39),
which identified seven additional cases of T790M mutation,
which were not detected in tumor tissue samples. The per-
formance of plasma T790M genotyping is summarized in
Supplementary Table 1.

Sufficient tumor tissue was available from 35 patients for
MET, EGFR, and HER2 FISH analysis. Among three patients
with EGFR amplifications, two overlapped with EGFR

T790M mutation. No MET or HER2 amplification was 
detected. Of 35 patients tested using IHC, five patients had
MET overexpression and four overlapped with EGFR T790M
mutation. The frequencies of possible AR mechanisms are
shown in Fig. 2B. Overall, of 39 patients, 26 patients (67%)
developed AR to prior EGFR-TKIs due to acquisition of
T790M mutation. 

4. Clinical outcome according to mutational status

In subgroup analysis on the EGFR T790M mutational sta-
tus in the prestudy tumor tissue, the estimated median PFS
in patients with EGFR T790M mutation (2.7 months; 95% CI,
1.7 to 3.9) was shorter than that for patients without T790M
mutation (3.7 months; 95% CI, 1.4 to 5.4; p=0.329) (Supple-
mentary Fig. S1A). Similarly, patients with the EGFR T790M
or PIK3CA mutations in prestudy tumor tissue had a shorter
median PFS (1.9 months; 95% CI, 0.9 to 3.6) than those with-
out these mutations (3.7 months; 95% CI, 1.7 to 5.5; p=0.103)
(Supplementary Fig. S1B). However, these differences were
not statistically significant. 

Regarding the EGFR T790M mutation in baseline plasma
samples, a significantly shorter median PFS (1.8 months; 95%
CI, 1.7 to 1.9) was observed for patients with EGFR T790M
mutations than for those without these mutations (3.7

PR (n=3)
SD (n=16)
PD (n=16)
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Fig. 1. Best response changes from baseline in tumor lesions: blue (partial response, PR), red (stable disease, SD), and green
(progressive disease, PD). 
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E545K (n=1)
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EGFR amplification (n=1)
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Fig. 2. (A) Mutational status in the prestudy tumor tissues. (B) Possible mechanism of acquired resistance to prior epidermal
growth factor receptor (EGFR)–tyrosine kinase inhibitors.
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months; 95% CI, 3.5 to 3.8; p=0.006) (Supplementary Fig.
S1C). When combining the mutation results in tumor and
plasma, a more prominent difference in PFS was observed.
Patients with T790M or PIK3CA mutation (1.8 months; 95%
CI, 1.7 to 1.9) had significantly shorter estimated median PFS
than those without these mutations (5.5 months; 95% CI, 3.1
to 7.8; p=0.003) (Supplementary Fig. S1D).

5. Safety and tolerability

Patients remained on poziotinib for a median of 58 days
(range, 17 to 443 days); 23% of patients (9/39) continued
poziotinib without dose reduction throughout the treatment
and others (77%) required at least one dose reduction; 15
(38%) required one dose reduction, and 15 (38%) required
two dose reductions.

All patients treated with poziotinib experienced at least
one treatment-related AE; the most frequently reported AEs

Table 3. TEAEs by CTCAE grade reported in  5% of patients
Preferred term Any grade Grade 1 Grade 2 Grade 3
No. of patients 39 (100) 39 (100) 39 (100) 39 (100)
Total with adverse events 39 (100) 39 (100) 37 (95) 37 (95)

Diarrhoea 36 (92) 30 (77) 17 (44) 4 (10)
Rash 30 (77) 14 (36) 17 (44) 23 (59)
Pruritus 25 (64) 10 (26) 17 (44) 2 (5)
Stomatitis 23 (59) 11 (28) 13 (33) 7 (18)
Paronychia 21 (54) 8 (21) 13 (33) 2 (5)
Decreased appetite 19 (49) 12 (31) 8 (21) 5 (13)
Mucosal inflammation 18 (46) 8 (21) 9 (23) 10 (26)
Dry skin 15 (38) 8 (21) 7 (18) 1 (3)
Fatigue 12 (31) 7 (18) 7 (18) 1 (3)
Dyspepsia 8 (21) 6 (15) 2 (5) 0
Hypokalaemia 7 (18) 2 (5) 2 (5) 4 (10)
Alopecia 6 (15) 6 (15) 0 0
Dermatitis acneiform 5 (13) 2 (5) 0 4 (10)
Weight decreased 5 (13) 3 (8) 2 (5) 1 (3)
Skin exfoliation 4 (10) 3 (8) 1 (3) 0
Palmar-plantar erythrodysaesthesia syndrome 3 (8) 1 (3) 2 (5) 1 (3)
Dysphagia 3 (8) 1 (3) 2 (5) 0
Nausea 3 (8) 2 (5) 1 (3) 0
Pneumothorax 3 (8) 3 (8) 0 0
Muscular weakness 3 (8) 0 3 (8) 0
Hirsutism 2 (5) 2 (5) 0 0
Pain of skin 2 (5) 0 2 (5) 0
Petechiae 2 (5) 1 (3) 1 (3) 0
Vomiting 2 (5) 1 (3) 0 1 (3)
Abdominal pain upper 2 (5) 0 2 (5) 0
Asthenia 2 (5) 0 2 (5) 0
Conjunctivitis 2 (5) 0 2 (5) 1 (3)
Nail infection 2 (5) 0 2 (5) 0
Blood creatinine increased 2 (5) 1 (3) 1 (3) 0
Rhinorrhoea 2 (5) 1 (3) 1 (3) 0
Eye discharge 2 (5) 2 (5) 1 (3) 0
Dysuria 2 (5) 1 (3) 1 (3) 0
Anaemia 2 (5) 0 1 (3) 1 (3)

Values are presented as number (%). No grade 4 or 5 events were reported. TEAE, treatment-emergent adverse event; CTCAE,
Common Terminology Criteria for Adverse Events. 
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( 30% of patients) included diarrhea, rash, pruritus, stom-
atitis, paronychia, decreased appetite, mucosal inflamma-
tion, dry skin, and fatigue (Table 3). The most frequently
reported grade 3 AEs (reported in 95% of patients) were rash,
mucosal inflammation, stomatitis, decreased appetite, der-
matitis acneiform, diarrhea, and hypokalemia. Overall, 17 
serious adverse events were reported in eight  patients (21%),
with diarrhea being the most frequent (4/39; 10%) followed
by stomatitis and rash (2/39; 5%, each). Rash was the most
common reason for dose reduction (17/39; 44%) and dose 
interruption (9/39; 23%). Two events (one myositis and one
rash) resulted in permanent discontinuation and there was
no treatment-related death. Poziotinib was not considered to
be related to any significant changes in laboratory tests, vital
signs, or other safety endpoints (including chest radiogra-
phy, ECG, and LVEF).

Discussion

This study assessed the efficacy and safety of poziotinib, a
pan-EGFR-TKI, in patients with EGFR-mutant NSCLC who
developed AR to gefitinib or erlotinib. Patients enrolled in
this trial were required to meet the eligibility criteria based
on Jackman’s clinical definition of AR to EGFR-TKIs in
NSCLC [10]. Similar to other reports, T790M mutation was
the most common cause of AR. Other mechanisms included
PIK3CA mutation, EGFR amplification, or MET overexpres-
sion. In this heterogeneous patient population, overall ORR
was 8% and DCR was 51%. The Kaplan-Meier estimate of
median PFS (2.7 months) did not reach the extent of the orig-
inal assumption used for calculation of the sample size (4.5
months). However, patients without T790M mutation had
better median PFS than those with T790M mutation. These
results suggest that poziotinib may not overcome AR second-
ary to T790M mutation. In addition, when combining the 
results of patients with or without T790M or PIK3CA muta-
tions in tissue or plasma, patients without these mutations
had significantly longer PFS than those with these mutations
(5.5 months vs. 1.8 months, p=0.003), which exceeds the pri-
mary endpoint results of this study. This finding suggests
that poziotinib may not overcome AR due to EGFR T790M
or PIK3CA mutation. However, it can be considered as a new
treatment option for patients who develop AR not due to
these mutations. 

As an irreversible EGFR-TKI, poziotinib has shown in vitro
activity for EGFR T790M mutant NSCLC cells. Several irre-
versible EGFR-TKIs including afatinib, dacomitinib, and ner-
atinib have been evaluated in patients previously treated
with gefitinib or erlotinib, yielding a response rate of less

than 10% and PFS of less than 4 months [15-17]. Despite their
preclinical activity against T790M mutation, these drugs
failed to demonstrate adequate efficacy in these populations.
In addition, their potent wild type EGFR-inhibiting activity
leads to intolerable skin and gastrointestinal toxicities, and
poziotinib was associated with serious skin rash and diar-
rhea. Finally, most patients required frequent dose reduction,
which may further decrease the potential for inhibiting
T790M mutation. 

Recent progress has been made in the treatment of EGFR
T790M mutant NSCLC with mutant-selective EGFR-TKIs 
including AZD9291, rociletinib, and HM61713. Response
rates of over 50% have been reported in patients with T790M
mutation. In addition, compared with other EGFR-TKIs 
developed so far, these drugs have more favorable toxicity
profiles [18-20]. Thus, these mutant-selective EGFR-TKIs
would be a promising treatment option for patients with
EGFR T790M mutant NSCLC.

Molecular analysis at the time of progression on EGFR-TKI
therapy is important in deciding on the next treatment plan.
Tumor tissue is the preferred sample type when available;
however, there is increasing evidence that plasma can be
used as a substitute for molecular analysis in NSCLC [21]. In
this study, we also examined the utility of plasma samples
for EGFR T790M mutation analysis. EGFR T790M mutation
rates were higher in tumor tissue (19/37, 51% in evaluable
samples) than in plasma (18/39, 46%). The concordance was
62%, with a specificity of 67% and sensitivity of 58% (Sup-
plementary Table 1). Despite the low concordance rate 
observed here, the plasma T790M results were more predic-
tive for efficacy compared with tissue results (Supplemen-
tary Fig. S1C), and five out of six patients with T790M-
positive plasma but T790M-negative tissue showed PD with
poziotinib. Thus, further clinical evaluation of the plasma
assay is required. 

Conclusion

In this explorative phase II study poziotinib provided
modest clinical benefit in patients with advanced or metasta-
tic lung adenocarcinoma having progressed on erlotinib or
gefitinib. This study provided no obvious clinical evidence
showing that poziotinib may overcome AR secondary to
EGFR T790M mutation.
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Purpose
The purpose of this study was to study the clinical outcome for patients with metastases of
the adrenal gland treated with stereotactic body radiation therapy.

Materials and Methods
Forty-six patients were studied retrospectively. The dose prescription was 40 Gy in four frac-
tions. Dosimetric analysis was performed using the dose volume histograms while clinical
outcome was assessed using actuarial analysis with determination of the overall survival
(OS) and local control (LC) rates.

Results
The planning objectives were met for all patients. With a median follow-up period of 7.6
months, at the last follow-up 42 patients (91.3%) were alive and four had died because of
distant progression. The actuarial mean OS was 28.5±1.6 months, the median was not
reached.  One-year and 2-year OS were 87.6±6.1%. None of the risk factors was significant
in univariate analysis. Actuarial mean LC was 14.6±1.8 months (95% confidence interval
[CI], 11.0 to 18.2) and median LC was 14.5±2.0 months (95% CI, 10.5 to 18.5). One-year
and 2-year LC were 65.5±11.9% and 40.7±15.8%, respectively. A mild profile of toxicity
was observed in the cohort of patients. Forty patients (86.9%) showed no complication
(grade 0); two patients reported asthenia, six patients (13.1%) reported either pain, nausea,
or vomiting.  Of these six patients, five patients (10.9%) were scored as grade 1 toxicity
while one patient (2.2%) was scored as grade 2.

Conclusion
Stereotactic body radiation therapy treatment provided an adequate clinical response in
the management of adrenal gland metastases. 
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Introduction

Adrenal glands are a common site for metastatic spread,
with autopsy studies documenting their presence in 27%-
38% of all fatal malignancies [1]. Various primary tumors can
metastasize to the adrenal glands; approximately 50% of
melanomas, 30%-40% of breast and lung cancers, and 10%-
20% of renal and gastrointestinal tumors involve this site
during their natural history [2]. Adrenal gland metastases

rank fourth, worldwide, after lung, liver, and bone metas-
tases [3]. Although clinically occult in most cases, their diag-
nosis is becoming more common with the technological
improvement of diagnostic tools and the strict follow-up
schedules for such cancer patients [4]. Therefore, the diagno-
sis of adrenal metastases is often made at a very early stage,
with most patients still in an oligometastatic state. 

The oligometastatic state [5] is a disease state intermediate
between loco-regionally confined and widely metastatic can-
cer. Increasing evidence from the literature suggests that 
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selected patients with oligometastases may remain in a dis-
ease-free status for more than a decade if treated with an 
aggressive combined-modality therapy, including both sys-
temic and local approach. Due to the absence of prospective
trials and the paucity of retrospective series, it is still unclear
whether this also applies to adrenal metastases. The best 
evidence suggesting a survival advantage from local treat-
ment of adrenal metastases can be derived from retrospective
case-control studies comparing adrenalectomy plus systemic
therapy versus systemic therapy alone. Each study found sig-
nificantly prolonged median overall survival (OS) in the
adrenalectomy patient arm; however, patient selection likely
played a pivotal role [6-8].

Adrenalectomy is currently the most frequent treatment
approach [9,10]. In a meta-analysis of 114 patients with non-
small cell lung cancer undergoing resection of adrenal metas-
tases, 5-year OS was 25%-26%, confirming that there can be
long-term survivors in a selected group of patients [11]. 
Although the surgical approach can be considered as a gold
standard, it is not free from severe complications, including
infections (3.8%-12%), myocardial infarction (2%), ileus (7%),
and even death (2%) [11], and the contraindications to a sur-
gical approach, including age or other comorbidities, remain
a significant limitation.

Several alternative approaches have been explored in 
recent years, including radiofrequency ablation (RFA) [12]
or trans-arterial chemoembolization [13]. However, longer
median survival and OS times were demonstrated with 
resection of clinically isolated adrenal metastases when com-
pared with non-surgical therapy, including RFA, external
beam radiotherapy, arterial embolization, radio-emboliza-
tion, bland embolization, chemical ablation, and cryo-abla-
tion [14]. 

The role of radiotherapy (RT) has historically been limited
to a palliative intent [15,16]. However, recent technological
improvement with the introduction of stereotactic body 
radiation therapy (SBRT) increased the competitiveness of
this local ablative treatment. SBRT enables the delivery of
very high doses of radiation to tumor cells in a few fractions,
while sparing the surrounding healthy tissues. This feature
is particularly important in an anatomical area like the 
abdomen, where the normal tissue dose-volume constraints
limited the efficacy of RT for years. Dose escalation with
SBRT is possible and results in outcome data comparable to
that achieved with surgery [17].

The aim of the current study is to report on the treatment
outcome of patients treated with SBRT with volumetric mod-
ulated arc therapy (VMAT) for adrenal gland metastases,
with special focus on local control, toxicity, and survival.

Materials and Methods

Between 2011 and 2015, 46 patients with adrenal gland
metastases were treated with SBRT in our institute. Data col-
lection and the analysis for an observational retrospective
study were approved by the institutional review board based
on an analysis of charts. All patients were treated in accor-
dance with the Helsinki declaration. The inclusion criteria
for the SBRT treatment were as follows: age greater than 18
years, World Health Organization performance status  2,
histologically-proven primary cancer disease, M1 stage with
primary cancer radically treated with complete or stable 
response, a maximum of five metastases, a lesion diameter
< 5 cm, no previous radiation treatment or surgical interven-
tion in the region. All patients signed an informed consent
at registration.   

Free breathing 4D computed tomography (4DCT) scans
with 3-mm slice thickness were acquired for treatment plan-
ning in supine position, with the patient’s arms above the
head. Thermoplastic chest masks with abdominal compres-
sion (made with the insertion of styrofoam blocks under the
mask in correspondence with the diaphragm) were con-
structed to improve the patient immobilization and reduce
the motion of internal organs. The clinical target volume
(CTV) included the metastases’ mass as identified on the
computed tomography (CT) images. Set-up margins were
added with an isotropic expansion of 5 mm from the enve-
lope of the CTV volumes reconstructed in all phases of the
4DCT. The new volume was labelled as the planning target
volume (PTV). The organs at risk (OAR) defined included
the stomach and the duodenum, the small bowel, the liver,
the spinal cord, and the kidneys.

The dose prescription was 40.0 Gy in four daily fractions
of 10 Gy (mean dose to CTV) for all patients. This prescrip-
tion is a dose escalation from the earlier regimen of 45 Gy in
six fractions of 7.5 Gy reported in the feasibility study [18].
The planning objectives for the CTV were V98% > 98% and the
minimization of the near-to-maximum dose (D1%). For PTV
the coverage requirement was relaxed to V95% > 90% and pos-
sibly further reduced for individual challenging cases. For
the OARs, beside a general request for minimization of the
mean and the near-to-maximum doses, the following explicit
objectives were considered: (1) liver: total liver volume, V15Gy

> 700 cm3; (2) spinal cord: D1% < 18 Gy; (3) kidneys (ipsilat-
eral): V15Gy < 35%; and (4) duodenum: D1% < 36 Gy.

SBRT treatments were performed using the RapidArc ver.
of VMAT on a TrueBeam linear accelerator (Varian Medical
Systems, Palo Alto, CA) selecting the flattening filter free
photon beams of 6 or 10 MV with a dose rate of 1,400 or 2,400
MU/min respectively to minimize the treatment time. The
treatment plans were optimized using the Eclipse system ver.
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11 (Varian Medical Systems). The daily patient set-up was
controlled using 3D cone beam CT images compared against
the reconstructed image from the 4DCT planning scans. 
A free-breathing delivery was selected for all patients. Fur-
ther details regarding the planning procedure and the dosi-
metric features of the treatment can be found in the feasibility
investigation report published earlier [18]. 

All treatment plans were appraised by analysis of the dose
volume histograms. The clinical outcome was evaluated dur-
ing the periodic follow-up visits; CT scans were acquired at
1 month after treatment and then every 3 months. For a
group of 14 patients (30%), a positron emission tomography
scan was performed using 18F-fluorodeoxyglucose 6 months
after the end of treatment. The radiological response was 
defined according to the Response Evaluation Criteria in
Solid Tumors criteria and reported at the time of the maximal
response. Toxicity was recorded using the Common Termi-
nology Criteria for Adverse Events ver. 4.0. Descriptive sta-
tistics was used for characterization of the cohort data. The
local control (LC) and OS rates were computed using the 
Kaplan-Meier analysis and univariate analysis performed
using log-rank tests. The variables tested were age, sex, per-
formance status, laterality, primary tumour histology, soli-
tary metastasis versus oligometastatic status. SPSS software
ver. 22 (IBM Corp., Armonk, NY) was used for the tests.

Results

The patient’s characteristics are summarized in Table 1.
The median follow-up period from SBRT was 7.6 months
with a mean of 11.3 months.

Fig. 1 shows the dose distribution (in color-wash) for one
typical patient from the cohort in the axial, sagittal, and coro-
nal planes. The analysis of the dose volume histograms
(DVH) from the treatment plans reporting the dosimetric 
parameters subject to planning objectives for the various
structures is summarized in Table 2. Fig. 2 shows the average
DVH for the targets and the OAR (solid line); the inter-
patient variability is represented at 1 standard deviation by
the dashed lines. Each line in the table reports one dose-vol-
ume constraints used for the optimization of the treatment
plans while each column reports the means observed for the

Table 1. Summary of the patients’ characteristics
Parameter No. (%)
Sex

Male 34 (73.9)0
Female 12 (26.1)0

Age, median (range, yr) 46 (27-85)
Time from primary diagnosis to 1.7 (0.5-11.6)
SBRT treatment, median (range, yr)

WHO performance status
0 28 (60.9)0
1 11 (23.9)0
2 7 (15.2)

Metastatic status 
Solitary 20 (43.5)0
Oligometastatic 26 (56.5)0

Primitive tumor site
Lung 30 (65.2)0
Colorectal 7 (15.2)
Other 9 (19.6)

Primary tumor histology
Adenocarcinoma 29 (63.0)0
NSCLC 5 (10.9)
Other 12 (26.1)0

Laterality
Right 30 (65.2)0
Left 16 (35.8)0

SBRT, stereotactic body radiation therapy; WHO, World Health
Organization; NSCLC, non-small-cell lung carcinoma. 

Fig. 1. Typical dose distribution (in colowash from 5 to 45 Gy) for axial, sagittal, and coronal views.
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various OAR or target volumes for which the constraint was
applied.  For liver and kidneys, the data are reported only
for the “ipsilateral” organ with respect to the treated lesion.
The planning objectives were met for all patients.

At the last follow-up, 42 patients (91.3%) were alive, four
patients (8.7%) died because of the disease. The crude local
response resulted in 15 patients (32.6%) with complete 
response, 21 patients (45.6%) with partial response or stable
disease, and 10  patients (21.7%) with local progression of the
disease. Considering only the subgroup of patients with pri-
mary lung tumor, an overall benefit rate of 86.6% was 
observed. The four patients (13.3%) experiencing progression
of the disease during the follow-up period were affected by
lung adenocarcinoma (n=2) and small cell lung cancer (n=2).
While the first two were still alive at the time of the analysis,
the latter died because of the disease. Progression of metas-
tasis after treatment was also observed in one patient affected
by neuroendocrine carcinoma of the prostate and urothelial
carcinoma of the bladder. 

Accounting for the group of 20 patients with solitary single
metastasis in the adrenal gland without other sites of disease,
local progression of the disease was observed in five patients
with a mean period of 6.7 months. On the contrary, new sites
of distant metastasis appeared in 11 cases (55%) with a mean
period of 5.2 months. Seven out of 20 patients (35%) were
free from disease at the time of the analysis, two (10%) with
only disease in the adrenal gland. Twenty-six patients
(56.5%) had more than one metastasis at the time of treat-
ment; all patients benefitted from SBRT but two showed local
progression after 9.1 and 11.3 months.

Distant progression was observed in 27 patients (58.7%)
with new metastases identified in other organs after SBRT
treatment for the adrenal localization. The sites of distant
progression included the lungs in 13 patients (48%), the liver
in five patients (19%), the bones in four patients (15%) plus
other localizations (e.g., brain, pelvic nodes, and bladder)
with lower incidence. All four patients who died presented
distant progression but only one also presented with local
progression.

The actuarial mean OS was 28.5±1.6 months (95% confi-
dence interval [CI], 25.4 to 31.6), median was not reached.
The 1-year and 2-year OS were 87.6±6.1%.  None of the risk
factors showed a significant result in the univariate analysis.
The actuarial mean LC was 14.6±1.8 months (95% CI, 11.0 to
18.2) and the median LC was 14.5±2.0 months (95% CI, 10.5
to 18.5). The 1-year and 2-year LC were 65.5±11.9% and
40.7±15.8%, respectively. In this case, no risk factors were dis-
tinguished among the subgroups of patients.  The graphs for
the actuarial OS and LC are shown in Fig. 3.

A mild profile of toxicity was observed in the cohort of 
patients. Forty patients (86.9%) showed no complication
(grade 0). Two patients reported asthenia, six patientsTa
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(13.1%) reported either pain, nausea, or vomiting.  Of these
six patients, five (10.9%) were scored as grade 1 toxicity while
one (2.2%) was scored as grade 2. All toxicity symptoms 
recovered with simple medication.

Discussion

Although metastases to the adrenal glands are common,
optimal management is still uncertain as clinical evidence is
limited. A systematic review was recently published on the
role of surgical and ablative therapies for oligometastatic 

patients with adrenal metastases [19]. The analysis demon-
strated 2-year OS rates in favor of surgery compared to SBRT
(44% vs. 19%); however, the authors stressed that this differ-
ence in survival might be limited by several factors. First, the
patient’s selection was biased by performance status, co-mor-
bidities, and uncontrolled extra-adrenal disease. In fact, 
operated patients are commonly characterized by better con-
dition and fewer comorbidities, while extra-adrenal disease
was more common in the SBRT group compared to the sur-
gery group (52% vs. 25%). In addition, the most common pri-
mary tumor in the SBRT series (68%) was in the lung and
metastatic lung disease has a worse prognosis than other 
malignancies. So far, RT has been regarded as a palliative
care or a “last chance care.”

Vo
lu

m
e 

(%
)

120

100

80

60

40

20

0
0

Dose (Gy)
10 20 5030 6040

PTV

Vo
lu

m
e 

(%
)

120

100

80

60

40

20

0
0

Dose (Gy)
10 20 5030 6040

CTV

Vo
lu

m
e 

(%
)

120

100

80

60

40

20

0
0

Dose (Gy)
10 20 5030 6040

Kidney

Vo
lu

m
e 

(%
)

120

100

80

60

40

20

0
0

Dose (Gy)
10 20 5030 6040

Liver

Vo
lu

m
e 

(%
)

120

100

80

60

40

20

0
0

Dose (Gy)
10 20 5030 6040

Bowel

Vo
lu

m
e 

(%
)

120

100

80

60

40

20

0
0

Dose (Gy)
10 20 5030 6040

Spinal cord

Vo
lu

m
e 

(%
)

120

100

80

60

40

20

0
0

Dose (Gy)
10 20 5030 6040

Stomach

Vo
lu

m
e 

(%
)

120

100

80

60

40

20

0
0

Dose (Gy)
10 20 5030 6040

Duodenum

Fig. 2. Average dose volume histograms (blue line) and interpatient variability at 1 standard deviation (red lines) for target
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Another weak point against radiotherapy is the hetero-
geneity of the prescription doses and fractionation regimens.
Indeed, even if high doses can be administered in a few frac-
tions sparing the most relevant OARs with SBRT, it is still
unclear which one is the best schedule. To the best of our
knowledge, the current report is the only one with consistent
dose and fractionation. For all patients a total dose of 40 Gy
in four fractions of 10 Gy each was delivered, representing a
biological effective dose (BED10) of 80 Gy. A higher BED was
administered only by Casamassima et al. [20]; however, the
schedules used by this group were quite heterogeneous, 
because single fraction and multi-fraction stereotactic radio-
therapy were included. The dose range varied from 21 to 54
Gy, reaching a median BED10 of 137.3 Gy.  The authors sho-
wed an actuarial LC rate of 90% at 2 years but an OS of 14.5%. 

Chawla et al. [21] treated a smaller sample; BED10 varied
from 22.4 Gy (16 Gy in 4 fractions) to 75 Gy (50 Gy in 10 frac-
tions) and the 1-year OS and LC were 44% and 55%, respec-
tively. 

Considering the results of these two studies with an 
acceptable number of cases, and comparing them with the
current data, it is clear that BED10 influences the LC. In fact
[21,22], a BED10 greater than 100 Gy is an important param-
eter to obtaining good control of disease; a BED10 of 80 Gy
results in an interesting but still unsatisfactory LC. The OS
reported in our sample was the highest among the studies in
the literature (87.6% at 1 and 2 years); however, this outcome
can be influenced by the percentage of primaries included in
the analysis. A summary of the most relevant studies report-
ing on SBRT treatment of the adrenal gland, including the
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current one, is shown in Table 3. 
In terms of toxicity, patients tolerated the treatment well

without interruption. The total dose was administered in
four consecutive days without interruptions. The compliance
with treatment was optimal and the most common side 
effects were mild asthenia, nausea, and vomiting (grade 1 or
2); no grade 3 or 4 toxicities were observed. Several studies
on surgical approaches were also published. In a recent study

by Romero Arenas et al. [26] analyzing the benefit of adrena-
lectomy in the management of adrenal metastases, the 
median OS was 2.46 years and the 1- and 3-year survival
were 70% and 40%, respectively. Complications were not 
infrequent in this group, both intraoperatively (e.g., bleeding,
pneumothorax, and superior vena cava syndrome) and post-
operatively (e.g., nerve injury, hematoma, and prolonged
ileus). Even if the selection of the patients as candidates for
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Fig. 3. Actuarial graphs for overall survival (A) and local control (B).

Table 3. Comparative summary of the studies reporting on SBRT treatment of adrenal gland metastases 

Author No. of Histology Dose (Gy)/ Median/Mean Local Overall 
patients Fractionation follow-up (mo) control (%) survival (%)

Katoh et al. (2008) [22] 8 Miscellaneous 30-48/800- 16.0 1 Yr: 100 1 Yr: 78
2 Yr: 100 -

Chawla et al. (2009) [21] 30 Miscellaneous 16-50/4-10 9.8 1 Yr: 55 1 Yr: 44
2 Yr: 27 2 Yr: 25

Torok et al. (2011) [23] 7 Miscellaneous 10-36/300- 14.0 1 Yr: 63 -
Oshiro et al. (2011) [3] 11 Lung 30-60/1-27 10.1 6 Mo: 97.4 1 Yr: 55.6

- 2 Yr: 33.4
Holy et al. (2011) [24] 18 Lung 20-40/500- 12.0 1 Yr: 94.4 -

2 Yr: 78.7 -
Casamassima et al. (2012) [20] 48 Miscellaneous 21-54/300- 16.2 1 Yr: 90 1 Yr: 39.7

2 Yr: 90 2 Yr: 14.5
Ahmed et al. (2013) [25] 9 Lung 20-37.5/50000 7.3 1 Yr: 44 1 Yr: 62.9

2 Yr: 44 -
Romero Arenas et al. (2014) [26] 13 Miscellaneous 33.7-60/50000 12.3 Crude: 100 1 Yr: 62.9
This study 47 Miscellaneous 40/4 11.3 1 Yr: 65.5 1 Yr: 87.6

2 Yr: 40.1 2 Yr: 87.6

SBRT, stereotactic body radiation therapy. 
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surgery is not well established, this approach can preferably
be reserved to smaller organ-confined lesions with no appar-
ent involvement of the adrenal capsule or vascular pedicle. 

Modern techniques of radiotherapy, such as VMAT, enable
highly precise and rapid treatments respecting the dose con-
straints for all organs close to the affected gland. Although
retrospective, our analysis on a homogeneous group of 
patients confirmed the promising local control rates achiev-
able by means of SBRT with VMAT for adrenal metastases.
The dose escalation applied in this study, compared with the
feasibility phase, enabled management of the entire treat-
ment within one single week with good compliance from the 
patients and minimum distress induced by the small number
of fractions. No endocrinology assessment was performed so
far, this evaluation will be included in a prospective trial,
which could also help to confirm the optimal dose in a larger
number of patients.

Conclusion

Treatment of adrenal gland metastases with VMAT based
SBRT is consolidating and the results in terms of control of
disease, survival, and toxicity confirm the efficacy of the 
approach. This treatment is now offered as standard to all 
eligible patients.
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Association between Metformin Use and Survival in Nonmetastatic
Rectal Cancer Treated with a Curative Resection: 
A Nationwide Population Study

Purpose
Metformin is associated with an anticancer effect. However, the effects of metformin in rec-
tal cancer are controversial. This study investigated the impact of metformin on the survival
of patients with diabetes mellitus and nonmetastatic rectal cancer who underwent curative
surgery.

Materials and Methods
The database was provided by the Korea Center Cancer Registry and National Health 
Insurance Service of the Republic of Korea. A cohort of patients with newly diagnosed rectal
cancer between 2005 and 2011 was identified. Drug exposure was defined as receiving
the oral hypoglycemic agent for at least 90 days over the period from 6 months before the
initial diagnosis of rectal cancer to the last follow-up. 

Results
A total of 4,503 patients were prescribed oral hypoglycemic agents and classified as the 
diabetic group, of which 3,694 patients received metformin for at least 90 days. Unadjusted
analyses showed a significantly higher overall survival (hazard ratio, 0.596; 95% confidence
interval, 0.506 to 0.702) and rectal cancer-specific survival (hazard ratio, 0.621; 95% con-
fidence interval, 0.507 to 0.760) in the metformin group than in the nonmetformin group.
The adjusted overall survival (hazard ratio, 0.631; 95% confidence interval, 0.527 to 0.755)
and cancer-specific survival (hazard ratio, 0.598; 95% confidence interval, 0.479 to 0.746)
in the group with a medication possession ratio of 80% or greater was significantly higher
than in the group with a medication possession ratio of less than 80%.

Conclusion
Metformin use is associated with overall and cancer-specific survival in diabetic patients
with a nonmetastatic rectal cancer treated with a curative resection. 

Key words
Rectal neoplasms, Metformin, Diabetes mellitus, 
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Introduction

Colorectal cancer is the third most common cancer in
Korea and worldwide, with a total of 73,759 cancer deaths
occurring in Korea during 2012, accounting for 26.7% of all
deaths [1,2]. According to the seventh edition of the Ameri-
can Joint Committee on Cancer, the 5-year relative survival
rate for stage II and III rectal cancer is 61.6%-78.7% and
31.2%-85.1%, respectively [3].

Type II diabetes mellitus (DM) increases the risk of numer-
ous cancer types, including colorectal cancer [4,5]. A large
cohort study showed that the mortality rate of patients with
diabetes is higher than that of patients without diabetes in
several cancers [6]. In addition, type 2 DM is associated with
a 40%-60% increased risk of colorectal cancer [7]. Metformin
is the most common antidiabetic drug [8]. Recently, in addi-
tion to its antidiabetic effect, it has been shown to reduce the
incidence of malignancy and cancer-related mortality [9,10].
Several meta-analyses and epidemiologic studies evaluated
the effects of metformin on the of incidence cancer, and sug-
gested that metformin is associated with a 20%-30% reduc-
tion in carcinogenesis including breast cancers and colorectal
cancers [11,12]. Inhibition of the mammalian target of the 
rapamycin pathway has been considered as a mechanism to
explain the antitumor effects of metformin [13]. In addition,
decreasing the insulin levels in the blood by increasing the
insulin sensitivity in patients with diabetes has been consid-
ered as a mechanism to explain the antitumor effect of met-
formin because insulin is considered a tumor growth factor.
Although the molecular mechanism describing the anti-
tumor effects of metformin has been elucidated for several
years, the effects of metformin in human cancer is an ongoing
area of research. 

Many studies have shown that in colorectal cancer, met-
formin is associated with a tumor preventive effect as well
as an anticancer effect, reducing mortality [14,15]. On the
other hand, a few clinical studies reported conflicting results
when describing the effects of metformin in colorectal cancer
[16]. In the present study, it was hypothesized that the use
of metformin might have survival benefits when a homoge-
nous cancer cohort group is analyzed to minimize any selec-
tion bias. Although colon and rectal cancer have many
similar clinical features, each cancer is treated using different
protocols that combine surgery, radiation therapy, and
chemotherapy. For rectal cancer, with the exception of early
stage cases, the standard treatment is a total mesorectal 
excision after preoperative chemoradiotherapy [17]. Met-
formin is associated with a higher pathologic complete 
response as well as improved survival in patients with rectal
cancer receiving preoperative radiotherapy [18]. In contrast,
the standard method for colon cancer treatment includes a

resection followed by chemotherapy [19]. A study using the
Surveillance, Epidemiology, and End Results (SEER) data-
base reported differences in survival between colon and rec-
tal cancer [20]. Therefore, a study of the effects of metformin
on the clinical outcomes in the present study cohort focused
on patients with pre-existing DM and nonmetastatic rectal
cancer treated with a curative resection. 

Materials and Methods

1. Data source

The data were initially provided by the Korea Center Can-
cer Registry (KCCR) and subsequently linked to the national
claims data from the National Health Insurance Service
(NHIS) of the Republic of Korea, and death registration data
from the Korea National Statistical Office, using the personal
identification numbers for this study under the consent of
the KCCR.

The KCCR data covers cancer cases nationwide from
Korea with the inclusion of the date and site of the patients’
primary cancer diagnosis [1]. The NHIS covers 100% of the
Korean population, and has comprehensive data sets of the
diagnoses, treatments, procedures, surgical history, and pre-
scription records for all insured patients. In addition, the 
insured population, and their dependents are all required to
have periodic general health examinations.

As this study was based routinely on collected administra-
tive data, participant consent was not specifically obtained.
This study was approved by the Institutional Review Board
of National Evidence-based Healthcare Collaborating
Agency (NECA IRB 14-004).

2. Study subjects

A cohort of patients with newly diagnosed rectal cancer
was identified from the KCCR between 2005 and 2011 (Inter-
national Classification of Diseases, 10th revision, C20). Indi-
viduals aged 18 to 90 years were eligible if they had
undergone surgery for rectal cancer with the NHIS. The par-
ticipants were excluded if they did not undergo surgery for
rectal cancer, as well as other criteria including cases of non-
adenocarcinoma, SEER stage 7 (distant site[s]/node[s] 
involved), familial adenomatous polyposis, ulcerative colitis
or Crohn disease, synchronous metastasis, death due to com-
plications (death during hospital stay or death due to 
operative complication), or insulin prescriptions (in the out-
patient clinic). Fig. 1 presents the inclusion criteria.
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3. Exposure and follow-up

Drug exposure was categorized into metformin or non-
metformin, including sulfonylurea, thiazolidinedione, dipep-
tidyl peptidase 4 inhibitors, or other oral antidiabetic drugs.
Drug exposure was defined as receiving oral hypoglycemic
agents (OHA) for at least 90 days during a period 6 months
before the initial diagnosis of rectal cancer to the last follow-
up. The medication possession ratio (MPR) was defined as
the total number of days the target medication had been pre-
scribed divided by the total number of days between the pre-
scriptions. An MPR greater than 80% was considered as
acceptable adherence. The patient cohort entry dates were
the dates when each patient underwent rectal cancer surgery,
and the exit date (censoring date) was the earliest date
among the date of death, date recording a clinical event, 5
years after cohort entry, or end of the study period (Decem-
ber 31, 2013).

4. End point 

The primary outcome assessed was the overall survival.
The rectal cancer-specific survival data was obtained from
the National Population Registry of the Korea National Sta-
tistical Office until December 31, 2013, using the unique per-
sonal identification numbers.

5. Covariates

Information available from the KCCR included data on the
patients’ cancer diagnosis and date of diagnosis. All other
demographic and clinical information was obtained from the
claims data or health examination data provided by the
NHIS. The cancer-related treatment data, including surgery,
radiotherapy, or chemotherapy, as well as the DM-related
medications were determined from the NHIS data. Comor-
bidities occurring from 1 year prior to rectal cancer surgery
until the date of surgery were determined from the NHIS
claims data.

Young-Jun Ki, Metformin in Rectal Cancer

Eligible patients
(n=26,410)

Nondiabetic
(n=21,970)

Diabetic
(n=4,503)

Metformin group
(n=3,694)

Nonmetformin group
(n=809)

Exclusion (n=31,714)
  Not receiving rectal cancer surgery (n=24,809)
  Nonadenocarcinoma (n=402)
  SEER stage 7 (n=2,962) 
  Familial adenomatous polyposis (n=1)
  Ulcerative colitis or Crohn disease (n=935)
  Synchronous metastasis (n=1,902)
  Deaths owing to complications (n=322)
  Insulin prescriptions (n=381)

All adult (age≥18 years) patients with rectal cancer (ICD-10, C20)
  Diagnosed between January 1, 2005, and December 31, 2011
  (n=58,124)

Fig. 1.  Flowchart: study population. ICD-10, International Classification of Disease, 10th revision; SEER, Surveillance Epi-
demiology and End Result.
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Table 1. Baseline characteristics of the rectal cancer patients with diabetes mellitus
Metformin group Nonmetformin groupCharacteristic (n=3,694) (n=809) p-value

Sex
Male 2,397 (64.9) 520 (64.3) 0.741
Female 1,297 (35.1) 289 (35.7)

Age, median (interquartile range, yr) 65 (58-71) 67 (60-73) < 0.001
SEER stage 

Localized 1,393 (37.7) 304 (37.6) 0.980
Regional 2,016 (54.6) 444 (54.9)
Unknown 285 (7.7) 61 (7.5)

Radiotherapy 1,322 (35.8) 273 (33.7) 0.271
Before surgery 781 (21.1) 153 (18.9) 0.157
After surgery 541 (14.6) 120 (14.8) 0.891

Preoperative chemotherapy 697 (18.9) 137 (16.9) 0.200
Adjuvant chemotherapy 1123 (30.4) 216 (26.7) 0.037
Charlson comorbidity index score (interquartile range) 5 (4-7) 6 (4-7)

0-3 692 (18.7) 155 (19.2) 0.140
4-6 1,778 (48.1) 356 (44)
7-9 976 (26.4) 242 (29.9)
 10 248 (6.7) 56 (6.9)

Values are presented as number (%) unless otherwise indicated. SEER, Surveillance Epidemiology and End Result.
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Fig. 2. Survival curves comparing metformin and nonmetformin use in rectal cancer patients. (A) Overall survival. (B) Rectal
cancer-specific survival. RMST, restricted mean survival time. 
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6. Statistical analysis

The main analysis compared the baseline characteristics
and the use of OHA in patients with and without metformin
treatment. The rates of overall and rectal cancer-specific sur-
vival during the follow-up period among the patients with
and without metformin treatment were compared further
using the cumulative probability curves derived from 
Kaplan-Meier estimates. The same analysis was then used to
compare the groups based on their MPR. After the unad-
justed analyses were initially performed, this study con-
ducted adjusted analyses, including the potential con-
founders of age, sex, Charlson’s comorbidity index [21],
SEER stage and adjuvant chemotherapy, anticancer therapy
(radiotherapy, chemotherapy) before surgery, and anticancer
therapy after surgery. All analyses were performed using
SAS ver. 9.3 (SAS Institute Inc., Cary, NC).

Results

1. Characteristics of the study population

Among 58,124 patients with rectal cancer (C20), who were
diagnosed between January 1, 2005, and December 31, 2011,
26,410 underwent surgery and met none of the exclusion cri-
teria. Of those patients, 4,503 were prescribed OHAs and
were classified as diabetic, with 3,694 receiving metformin
for at least 90 days (Fig. 1). The median age of the metformin
group was 65 years and that of the nonmetformin group was
67 years. The use of adjuvant chemotherapy was higher in
the metformin group than in the nonmetformin group (30.4%
vs. 26.7%) (Table 1).

2. Clinical outcome

Among the patients with diabetes during the follow-up 
period, the overall survival and rectal cancer-specific sur-
vival was significantly higher in the metformin group than
in the nonmetformin group (Fig. 2). In unadjusted analyses,
the metformin group showed a significantly higher overall
survival (hazard ratio [HR], 0.596; 95% confidence interval
[CI], 0.506 to 0.702) and rectal cancer-specific survival (HR,
0.621; 95% CI, 0.507 to 0.760) than the nonmetformin group.
After multivariable analysis adjusting for the clinical covari-
ates, the metformin group still had a significantly lower risk
of events than the nonmetformin group (Table 2).

In the metformin group, the adjusted overall survival (HR,
0.631; 95% CI, 0.527 to 0.755) and rectal cancer-specific sur-
vival (HR, 0.598; 95% CI, 0.479 to 0.746) in patients with an
MPR of 80% or greater, was significantly higher than in the
patients with an MPR of less than 80% (Table 3, Fig. 3). 

Discussion

Several studies have shown that DM increases the mortal-
ity of patients with colorectal cancer. Two population-based
studies reported that DM is associated with reduced survival
in patients with colorectal cancer [22,23]. Three meta-analy-
ses reported that patients with diabetes have an increased 
incidence of mortality from colorectal cancer [24-26]. In 
addition, Caudle et al. [27] compared the neoadjuvant
chemoradiotherapy responses in diabetic and nondiabetic
patients with rectal cancer and reported that the complete
pathologic response rate was significantly higher in patients
without diabetes. In contrast, a case-control study showed
no significant difference in survival between patients with
colorectal cancer who had well-controlled diabetic diabetes
(hemoglobin A1c < 7.5%) or who did not have diabetes [7].

Incidence Unadjusted Adjusteda)

Outcome Metformin Nonmetformin HR (95% CI) p-value HR (95% CI) p-valuegroup (n=3,694) group (n=809)
Overall mortality 541 (14.6) 196 (24.2) 0.596 (0.506-0.702) < 0.001 0.653 (0.554-0.770) < 0.001
RC-specific mortality 363 (9.8) 126 (15.6) 0.621 (0.507-0.760) < 0.001 0.662 (0.540-0.812) < 0.001

Values are presented as number (%). HR, hazard ratio; CI, confidence interval; RC, rectal cancer; SEER, Surveillance Epidemi-
ology and End Result. a)Adjusted: sex, age, SEER stage, Charlson’s comorbidity index score, preoperative chemotherapy, 
adjuvant chemotherapy.

Table 2. Mortality risk based on metformin use in patients with rectal cancer 
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Several studies have provided evidence describing a sur-
vival relationship between metformin use and colorectal can-
cer. A single institution study in Korea reported that
metformin reduced the overall mortality and colorectal can-
cer specific mortality in diabetic patients with colorectal can-
cer [15]. In addition, metformin was reported to have
survival benefits compared to other anti-diabetic agents in
diabetic patients with colorectal cancer [28]. One meta-analy-
sis showed that patients with colorectal cancer taking met-
formin had a 34% improvement in the overall survival
compared to nonmetformin users [29]. The only data exam-
ining the benefits of metformin focusing on rectal cancer was
provided by Skinner et al. [18]. Through a single institute 
cohort study, the improvement in the pathological complete

response rate as well as the outcomes in patients with locally
advanced rectal cancer was shown. On the other hand, other
studies did not show consistent results describing the bene-
ficial effect of metformin [16]. An Irish study, which com-
pared 207 metformin receiving and 108 nonmetformin
receiving patients with stage I-III colorectal cancer and dia-
betes, reported that the metformin group did not demon-
strate a significant difference in survival compared to the
nonmetformin group [30].

This study was based on a nationwide population data-
base, which included a large number of patients compared
to single institute cohorts. In addition, the analyzed patients
included only those with nonmetastatic rectal cancer treated
by a curative resection, which is considered a relatively 

Incidence Unadjusted Adjusteda)

Outcome MPR  80%  MPR < 80% HR (95% CI) p-value HR (95% CI) p-value(n=1,702) (n=1,992)
Overall mortality 179 (10.5) 362 (18.2) 0.606 (0.506-0.724) < 0.001 0.631 (0.527-0.755) < 0.001
RC-specific mortality 116 (6.8) 247 (12.4) 0.573 (0.459-0.714) < 0.001 0.598 (0.479-0.746) < 0.001

Values are presented as number (%). MPR, medication possession ratio; HR, hazard ratio; CI, confidence interval; RC, rectal
cancer; SEER, Surveillance Epidemiology and End Result. a)Adjusted: sex, age, SEER stage, Charlson’s comorbidity index
score, preoperative chemotherapy, adjuvant chemotherapy.

Table 3. Mortality risk based on the MPR levels in the metformin group 
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homogeneous population with a similar prognosis. 
This study has several limitations. First, the patient adher-

ence in taking metformin cannot be confirmed exactly 
because only the claim data was used. Second, this study
could not provide information regarding the appropriate
dose of metformin required to observe any anti-tumor 
effects. The MPR was analyzed for metformin and showed
that a higher MPR was associated with improved survival.
On the other hand, the optimal dose of metformin could not
be provided because the individual dosage data was not
available from the NHIS database. The last limitation is the
concern that there might be unmeasured confounding factors
due to the retrospective design of the study, despite exam-
ining a large population. Information on other tumor-related
parameters besides tumor stage, such as tumor differentia-
tion, the presence of lymphovascular invasion, or the status
of microsatellite instability, was unavailable. 

Conclusion

Metformin use was associated with the overall survival
and cancer-specific survival in diabetic patients with non-
metastatic rectal cancer treated by a curative resection. These
results could provide evidence for conducting future pro-
spective randomized controlled trials.
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Use of a High-Throughput Genotyping Platform (OncoMap) for 
RAS Mutational Analysis to Predict Cetuximab Efficacy in Patients 
with Metastatic Colorectal Cancer

Original Article

Purpose
Cetuximab demonstrates improved efficacy outcomes in patients with metastatic colorectal
cancer (mCRC) harboring wild-type KRAS exon 2. Resistance to cetuximab is mediated by
activating less frequent mutations in the RAS genes beyond KRAS exon 2. We performed
extended RAS mutational analysis using a high -throughput genotyping platform (OncoMap)
and evaluated extended RAS analysis for predicting cetuximab efficacy in patients harboring
wild-type KRAS exon 2 tumors following Sanger sequencing.

Materials and Methods
Extended RAS analysis was performed on 227 wild-type KRAS exon 2 mCRC patients who
received cetuximab as salvage treatment using OncoMap ver. 4.0. Targeted genes included
exon 2, exon 3, and exon 4, both in KRAS and NRAS, and included BRAF exon 15. We 
assessed efficacy by the new RAS mutation status.

Results
The OncoMap detected 57 additional mutations (25.1%): 25 (11%) in KRAS exon 2 and 32
(14.1%) beyond KRAS exon 2. Survival differences were observed after dividing patients
into the wild-type RAS group (n=170) and mutant RAS group (n=57) using OncoMap. 
Progression-free survival was 4.8 months versus 1.8 months (hazard ratio [HR], 0.44; 95%
confidence interval [CI], 0.32 to 0.61), and overall survival was 11.9 months versus 8.4
months (HR, 0.65; 95% CI, 0.47 to 0.88). 

Conclusion
Sanger sequencing is not sufficient for selecting candidates for cetuximab treatment. High -
throughput extended RAS genotyping is a feasible approach for this purpose and identifies
patients who might benefit from cetuximab treatment. 

Key words
Colorectal neoplasms, Cetuximab, RAS genes, 
High-throughput nucleotide sequencing
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Introduction

Colorectal cancer is the third most common cancer and the
fourth leading cause of cancer-related death in Korea [1]. As
the development of chemotherapeutic agents improved
treatment outcomes, the median overall survival (OS) of
metastatic colorectal cancer (mCRC) patients treated with
chemotherapy higher to over 20 months. The efficacy of anti–
epidermal growth factor receptor (EGFR) monoclonal anti-

bodies (mAbs) is one important development. Cetuximab—
a chimeric monoclonal antibody that targets EGFR—demon-
strated improved efficacy outcomes in mCRC patients
harboring wild-type KRAS exon 2 through all treatment con-
tinuums, from the first-line  to salvage-line treatments [2,3].

RAS genes are common oncogenes in human cancer and
present in 30%-40% of colorectal cancers [4]. Of the three
major isoforms of RAS—including KRAS, NRAS, and
HRAS—mutant KRAS exon 2 is the most prevalent RAS
mutation in colorectal cancer. Additional RAS mutations 
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beyond the KRAS exon 2 can be found in 15%-27% of tumors
harboring wild-type KRAS exon 2, and they reduce the effi-
cacy of anti-EGFR mAbs–based treatment [5-8]. In the FIRE-
3 trial (folinic acid, 5-fluorouracil and irinotecan [FOLFIRI]
plus cetuximab vs. FOLFIRI plus bevacizumab as first-line
treatment for patients with mCRC), OS in RAS wild-type
subgroup after extended RAS testing was higher compared
with patients with mCRC with the wild-type KRAS exon 2
[5]. The PRIME (The Panitumumab Randomized Trial in
Combination with Chemotherapy for Metastatic Colorectal
Cancer to Determine Efficacy) and PEAK (panitumumab
plus 5-fluorouracil, folinic acid and oxaliplatin [FOLFOX] or
bevacizumab plus FOLFOX in patients with mCRC) trials
added weight to this argument [6,7]. Extended RAS testing
beyond KRAS exon 2 is accepted and recommended in vari-
ous countries, including the United Kingdom, France, Japan,
and United States, before treatment with anti-EGFR mAbs.
The current recommendations are derived from retrospective
subgroup analyses of first-line trials [6,9,10]; however, there
are few trials that report the impact of extended RAS testing
under salvage-line settings in Asian patients.

There are several methods for RAS testing, and their sen-
sitivities vary. Sanger sequencing and real-time polymerase
chain reaction (PCR) are approved for analyzing KRAS exon
2 mutations in Korea. Sanger sequencing for RAS mutations
beyond KRAS exon 2 was also recently approved but was not
used before 2015. Although Sanger sequencing is widely
used in clinical practice, this test has a low sensitivity with
about 20% of detection limit [11]. In addition, the test is 
laborious and time-consuming. Real-time PCR is more sen-
sitive than Sanger sequencing; however, it is not approved
for testing extended RAS beyond KRAS exon 2 in Korea. 
OncoMap is a technology that can detect mutations in can-
cer-related genes with speed, accuracy, and a sensitivity with
about 5% of detection limit using the mass spectrometer [12].
OncoMap can detect specific mutations with the following
process. First, the target DNA is amplified. Second, single
base extension is performed. After the single base extension
reaction, small DNA products that have unique mass value
according to mutation are generated. These differences are
measured by mass spectrometer. 

The first aim of our study was to evaluate if the high-
throughput genotyping platform—OncoMap—can detect
RAS mutations accurately in KRAS exon 2 wild-type patients
determined by Sanger sequencing. The second aim was to
evaluate the impact of extended RAS in chemotherapy-
refractory mCRC patients treated with cetuximab. 

Materials and Methods

1. Study population

To evaluate the impact of extended RAS testing, we iden-
tified wild-type KRAS exon 2 patients who were diagnosed
with histologically confirmed mCRC. Three hundred and
sixteen consecutive patients were treated at our hospital 
between December 2003 and June 2013 with cetuximab as
third-line or later treatments after oxaliplatin, irinotecan, and
fluoropyrimidines failed. Patients were excluded if they had
tumor tissue inappropriate for further genetic analyses
(n=89). Two hundred and twenty-seven patients were finally
included in our study population. An objective response
analysis was available for 202 patients with measurable dis-
ease. The Institutional Review Board of Asan Medical Center
approved this study. 

2. Tumor tissue sampling and mutational analysis

Formalin-fixed paraffin embedded (FFPE) tissues of pri-
mary or metastatic lesions were used for the genetic analyses.
The FFPE tissue blocks were retrieved from archives, 
reviewed by a pathologist, and the tumor portion was
marked and cut for genetic analyses. Genomic DNA was 
extracted from FFPE tissue using the QIAamp DNA Tissue
kit (Qiagen, Hilden, Germany) according to the manufac-
turer’s instructions. The extracted genomic DNA was then
analyzed using the currently available OncoMap ver. 4.0 [13];
471 mutations in 41 cancer-related oncogenes can be detected
using the OM_V4_Core format. For this study, the OncoMap
-Colon Panel included 11 hot spots: codons 12 and 13 (exon
2), codon 61 (exon 3), and codons 117 and 146 (exon 4), both
in the KRAS and NRAS oncogenes, and exon 15 in the BRAF
oncogenes.

3. Statistical analysis

The primary study objective was to determine the fre-
quency of additional RAS mutations that were detected by
the high-throughput genotyping platform (OncoMap) in
mCRC patients with wild-type KRAS exon 2 documented by
Sanger sequencing. The secondary objective was to evaluate
whether more sensitive RAS testing would predict the effi-
cacy of cetuximab treatment. Objective response rate (ORR)
was determined using Response Evaluation Criteria in Solid
Tumors ver. 1.1. Progression-free survival (PFS) was defined
as the time from the administration of cetuximab to disease
progression or death-related to disease, and OS as the time
to death from any cause. 

All statistical analyses were explorative. Fisher exact test
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was used to compare the ORR between the RAS groups
(wild-type vs. mutant). In addition the odds-ratio and 95%
confidence intervals were calculated for ORR by RAS status.
The Kaplan-Meier method was used to estimate PFS and OS,
and log-rank test was applied to compare both endpoints by
RAS status. The hazard ratio (HR) and corresponding 95%
confidences intervals for PFS and OS were calculated using
univariate Cox proportional hazards methods. Two-tailed
null hypotheses of no difference were rejected if p-values
were less than 0.05, or, equivalently, if the 95% confidence
intervals (CIs) of risk point estimates excluded 1. No alpha
adjustment was applied for multiple significance testing. All

data were analyzed using the SPSS ver. 21.0 (IBM Corp., 
Armonk, NY).

Results

1. Baseline characteristics of the study subjects

The clinical characteristics of the 227 study patients are
presented in Table 1. The median age was 56 years, and 152
patients (67%) were male. Of these 227 patients, 165 patients
(72.7%) had metastatic disease at diagnosis, whereas 62 
patients (27.3%) had recurrent disease. The most common
site of metastasis was the liver (64.8%). All patients had been
treated with fluorouracil and irinotecan. There were no sig-
nificant differences in any baseline characteristics by RAS
mutation status. The prior treatment period from the date of
first-line chemotherapy to the date of cetuximab administra-
tion, was 17.8 months in the wild-type RAS group and 17.4
months in the mutant RAS group. The median duration of
cetuximab treatment was 13 weeks (interquartile range, 6 to
24.9 weeks). 

Table 1. Study patient characteristics
Characteristic No. (%)
Age, median (IQR, yr) 56 (49-63) 
Sex

Female 75 (33.0)
Male 152 (67.0)0

Primary site
Colon 112 (49.3)0
Rectum 115 (50.7)0

Histology
Well differentiated 13 (5.7)0
Moderately differentiated 185 (81.5)0
Poorly differentiated 14 (6.2)0
Signet ring cell 3 (1.3)
Undetermined 12 (5.3)0

No. of metastatic sites
1 113 (49.8)0
 2 114 (50.2)0

Metastatic sites
Liver with other sites 85 (37.4)
Liver only 62 (27.3)
Other sites 80 (35.2)

Setting
Metastatic disease 165 (72.7)0
Recurrent disease 62 (27.3)

Treatment lines
3 162 (71.4)0
4 52 (22.9)
5 9 (4)0.
6 4 (1.8)

Prior fluoropyrimidine 227 (100)0.
Prior oxaliplatin 221 (97.4)0
Prior irinotecan 227 (100)0.
Prior bevacizumab 46 (20.3)
Combination drugs

Irinotecan 145 (63.9)0
Cetuximab monotherapy 82 (36.1)

Table 2. Additional RAS mutations according to 
OncoMap
Mutation No.
KRAS (n=46)

Exon 2 (25/227, 11.0%) G12C 2
G12D 10
G12R 1
G12S 2
G12V 4
G13D 5
G13S 1

Exon 3 (9/227, 4.0%) Q61H 7
Q61L 1
Q61R 1

Exon 4 (12/227, 5.3%) A146T 7
A146V 2
K117N 3

NRAS (n=11)
Exon 2 (6/227, 2.6%) G12A 1

G12D 3
G12V 1
G13V 1

Exon 3 (5/227, 2.2%) Q61H 1
Q61K 2
Q61R 2
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2. Additional RAS mutations 

All 227 study patients were documented with tumors har-
boring wild-type KRAS exon 2 by Sanger sequencing. After
reanalysis with OncoMap, 25.1% of these patients (57 of 227)
were identified as harboring additional RAS mutations (i.e.,
any mutant RAS group) (Table 2). Of note, 11% of the 
patients (25 of 227) had a mutated KRAS exon 2, which was
not detected by Sanger sequencing. Beyond KRAS exon 2,
14.1% of patients (32 of 227) had mutations in KRAS exons 3

or 4, or NRAS exons 2, 3, or 4 (Table 2). Of the 202 patients
with confirmed wild-type KRAS exon 2, 15.8% (32 of 202) had
RAS mutations beyond KRAS exon 2. The detailed frequen-
cies of the RAS mutations are listed in Table 2. 

3. Clinical outcomes according to RAS mutations

The treatment outcomes are presented in Table 3. Among
the 227 patients known to harbor wild-type KRAS exon 2, as
determined by Sanger sequencing, the PFS was 3.7 months

Cancer Res Treat. 2017;49(1):37-43

Table 3.  Clinical outcomes by RAS mutations
Sanger sequencing OncoMap

p-value
WT KRAS exon 2 (n=227) All WT RAS (n=170) Any mutated RAS (n=57) 

ORR, n (%) 64/202 (32.2)000000 62/152 (40.8)0000000 2/50 (4)000000.
OR (95% CI) 16.53 (3.87-70.55) < 0.001

PFS, median (95% CI) 3.7 (2.9-4.6) 4.8 (4.2-5.5)0 1.8 (1.7-2.0)
HR (95% CI) 0.44 (0.32-0.61) < 0.001

OS, median (95% CI) 11.4 (9.9-12.9) 11.9 (10.1-13.7) 8.4 (6.5-10.3)
HR (95% CI) 0.65 (0.47-0.88) < 0.006

WT, wild-type; ORR, objective response rate (202 patients with measurable disease were analyzed as part of the response
evaluation); OR, odds ratio; CI, confidence interval; PFS, progression-free survival; HR, hazard ratio; OS, overall survival. 
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(95% CI, 2.9 to 4.6) and the median OS was 11.4 months (95%
CI, 9.9 to 12.9). Objective responses were observed in 64 of
the 202 patients evaluated for a response (31.7%). The odds
ratio was 16.53 (95% CI, 3.87 to 70.55; p < 0.001). Separation
of the Kaplan-Meier curve was observed between groups
(Fig. 1) by the new RAS mutational status. The median OS
was 11.9 months (95% CI, 10.1 to 13.7) in the wild-type RAS
group according to the OncoMap and 8.4 months (95% CI,
6.5 to 10.3) in the mutant RAS group (p=0.006). The PFS dif-
fered significantly between groups (4.8 months [95% CI, 4.2
to 5.5] vs. 1.8 months [95% CI, 1.7 to 2.0]; p < 0.001). Of the
57 patients with RAS mutations detected by OncoMap, 55 
patients’ disease progressed following cetuximab therapy. 

4. BRAF mutation

The BRAF V600E mutation was detected in 6.2% of the
study patients (14 of 227). BRAF mutations were found only
in individuals harboring wild-type RAS tumors. Among the
170 patients with wild-type RAS tumors according to the 
OncoMap, the OS was 12.8 months (95% CI, 11.4 to 14.2) in
the wild-type BRAF group and 2.3 months (95% CI, 0 to 4.9)
in the mutant BRAF group. The PFS in the non-mutated
BRAF patients was significantly longer than in the mutant
BRAF patients (5.0 months [95% CI, 4.3 to 5.6] vs. 1.1 months
[95% CI, 0.4 to 1.7]; HR, 0.10; 95% CI, 0.05 to 0.18). None of
the 12 evaluable patients in the mutant BRAF group showed
a response to cetuximab.

5. Survival in patients with wild-type RAS and wild-type
BRAF mCRC 

In patients with RAS WT and BRAF wild-type mCRC (all
wild-type group, n=156), PFS was 5.0 months (95% CI, 4.3 to
5.6) compared with 1.6 months (95% CI, 1.3 to 2.0) in mutant
RAS or mutant BRAF patients (any mutant group, n=71). OS
was 12.8 months (95% CI, 11.4 to 14.2) and 7.6 months (95%
CI, 5.2 to 10.0) in the all wild-type group and any mutant
group, respectively.

Discussion

We found that 14.1% of additional RAS mutations in 
Korean mCRC populations exist beyond KRAS exon 2. To
the best of our knowledge, this is the first study to report a
need for extended RAS testing in Asian mCRC patients
treated with cetuximab. This is consistent with reports in
Western populations in a variety of settings, from first-line
to salvage therapies [5,6,8,9,14]. We earlier found frequency

of KRAS exon 2 mutations in a Korean case series to be sim-
ilar to the Western studies [15]. The frequency of extended
RAS mutations in our current case series likewise does not
differ from Western populations.

Another interesting finding of our current study was that
we detected additional KRAS exon 2 mutations (11% of the
total) that could not be found using Sanger sequencing, a
technique that is widely used in general clinical practice. Fur-
thermore, the patients with mutated RAS according to 
OncoMap showed significantly worse outcome compared to
wild-type RAS patients under cetuximab treatment. Atreya
et al. [14] suggest that additional KRAS mutations could be
detected in 20%-30% of wild-type KRAS patients using rou-
tine testing if the tumors with rare mutant KRAS clones are 
examined using a higher sensitivity assay. Trials such as the
PRIME, FIRE-3, and the CRYSTAL trial did not report the
additional detection of the KRAS exon 2 mutations because
they used a sensitive method for detecting KRAS exon 2 
mutations (real-time PCR and pyrosequencing).

Among the patients in the FIRE-3 trial treated with first-
line cetuximab-FOLFIRI chemotherapy, re-analysis of sur-
vival after extended RAS testing showed that median OS in
wild-type RAS patients is longer than wild-type KRAS
patients (33.1 months vs. 28.7 months, respectively) [5].
Among the patients who received first-line panitumumab-
FOLFOX in the PRIME trial, PFS (9.6 to 10.1 months) and OS
(23.9 to 26 months) improved according to the results of 
extended RAS testing [6]. However, there have been few
studies that investigated the role of extend RAS testing under
salvage settings in mCRC patients. Our present data suggest
that the benefit of extended RAS testing could be applied to
chemotherapy-refractory mCRC patients treated with cetux-
imab.

OncoMap may be able to overcome the weaknesses of
Sanger sequencing. First, OncoMap is a more sensitive
method. Furthermore, there are many advantages of 
OncoMap, such lower tissue requirement, shorter turn-
around time, and automated methodology. In addition, it can
test other mutations of interest at the same time. There is 
always debate however, as to whether more accurate tests
are always better. The different analytical techniques used to
evaluate RAS mutational status have not influenced the pre-
dictive value of RAS mutations [16]. Moreover, some 
researchers report that patients with tumors containing rare
mutant RAS cells might clinically benefit from anti-EGFR
mAbs [9,14]. Further research is needed to define the cutoff
values for the detection limit of RAS mutations.

In our study, two patients responded to treatment despite
having mutant KRAS tumors, detected by OncoMap. They
had KRAS mutations (Q61H in exon 3 and G12D in exon 2)
and were treated with cetuximab in combination with
irinotecan. They lived for 6.9 months and 11.1 months with-
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out cancer progression. In the case with G12D in exon 2, the
tumor with small RAS clones might be responding to cetux-
imab/irinotecan chemotherapy, because OncoMap is more
sensitive than Sanger sequencing.

The clinical usefulness of identifying the BRAF mutation
for anti-EGFR mAbs therapy is unclear. In the pooled analy-
sis of CRYSTAL (FOLFIRI plus cetuximab in mCRC) and
OPUS (cetuximab plus FOLFOX as first-line treatment for
mCRC), the BRAF mutation was a poor prognostic marker
in patients with wild-type KRAS mCRC who were treated
with cetuximab in combination with chemotherapy as the
first-line treatment [17]. In the retrospective analysis of the
earlier PRIME trial, the survival outcomes in mutant BRAF
patients (n=24) without RAS mutations were inferior to those
of wild-type BRAF patients (PFS, 6.1 months [95% CI, 3.7 to
10.7] vs. 10.8 months [95% CI, 9.4 to 12.4]; OS, 10.5 months
[95% CI, 6.4 to 18.9] vs. 28.3 months [95% CI, 23.7 to not eval-
uated]) [6]. In chemotherapy refractory settings, the role of
the BRAF mutation in anti-EGFR mAbs therapy is not well-
established due to the small number of mutant BRAF
patients [18,19]. According to our current data, although our
sample size was small, the OS and PFS in mutant BRAF
patients (n=14) were significantly less than the wild-type
BRAF patients. 

This study had some notable limitations. First, this was a
retrospective analysis from a single center. Second, there was
no control group. However, this represents the first study to
investigate the frequency and impact of RAS mutations 
beyond KRAS exon 2 in an Asian population. Our data sug-
gest that false-negative results could occur in routine clinical
practice using Sanger sequencing, which has been an 
approved methodology that is required for extended RAS
testing. 

Conclusion

In conclusion, Sanger sequencing is not sufficient for 
selecting candidates for cetuximab treatment. High through-
put extended RAS genotyping is feasible and identifies 
patients who might benefit from cetuximab treatment.
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Purpose
Ipilimumab improves survival in advanced melanoma patients. However, the efficacy and
safety of ipilimumab has not been evaluated in Asian melanoma patients with a high fre-
quency of mucosal and acral melanoma subtypes.

Materials and Methods
Advanced melanoma patients treated with 3 mg/kg ipilimumab in a Korean multicenter
named-patient program (NPP) were evaluated between September 2014 and July 2015.
Baseline characteristics and blood parameters including neutrophil to lymphocyte ratio
(NLR) were assessed, and outcome and adverse events were evaluated according to sub-
types. 

Results
A total of 104 advanced melanoma patients were treated. The primary sites were acral
(31.7%), mucosal (26%), cutaneous (26%), uveal (9.6%), and unknown (6.7%). Sixty-eight
patients (65.4%) experienced adverse events, and the most common toxicity was skin rash
(22.1%), 10 patients (9.6%) experienced adverse events of grade 3 or higher. The median
progression-free survival (PFS) was 2.73 months (95% confidence interval, 2.67 to 2.85),
and there was no difference in PFS according to subtypes. Poor performance status, liver
metastasis, and NLR ( 5) were independent poor prognostic factors by multivariate analy-
sis.  

Conclusion
In the Korean NPP cohort, ipilimumab showed similar efficacy and tolerability compared to
Western patients, regardless of subtypes. All subtypes should benefit from ipilimumab with
consideration of performance status, liver metastasis, and NLR. 
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Melanoma, Immunotherapy, Ipilimumab, Biomarkers
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Introduction

Malignant melanoma is one of the most aggressive cancers
and its incidence has shown a rapid increase [1-3]. Many
treatments for melanoma, including chemotherapies, immu-
notherapies, and combined biochemotherapy regimens have
been utilized but have failed to significantly improve out-
come and the median overall survival (OS) of metastatic
melanoma is approximately 8 months [4]. However, studies
reported in recent years have resulted in many break-
throughs in the melanoma field. Two extraordinary advances
were recently achieved with positive results from two sepa-
rate studies of new therapies, ipilimumab [5] in immunother-
apy and vemurafenib [6] in molecular targeted therapy.

Ipilimumab (Yervoy, Bristol-Myers Squibb) is a fully
human monoclonal antibody against the cytotoxic T-lym-
phocyte–associated antigen 4 receptor. In phase III clinical
trials, treatment with ipilimumab resulted in a statistically
significant improvement in OS of patients with metastatic
melanoma [5]. A pooled analysis of 1,861 patients treated
with ipilimumab showed long-term survival with a 3-year
survival rate of 22% [7]. In addition, many expanded access
programs (EAP) in various countries reported on the benefit
of ipilimumab in a real world setting [8]. Compared to West-
ern countries, the incidence of melanoma in Eastern counties
is very low but has also increased [9]. The most common sub-
type in Western countries is cutaneous melanoma, while
acral and mucosal melanoma are the most common subtypes
in Eastern countries [9-12]. Ipilimumab has been approved
in Asian countries including Korea; however, data on the 
efficacy and safety of ipilimumab in Asian patients with
melanoma were limited. 

Therefore, we reported the outcomes of ipilimumab in 
Korean patients enrolled in the named-patient program
(NPP) cohort. In addition, we examined the association 
between response to ipilimumab and melanoma subtype,
BRAF mutation, and blood parameters.

Materials and Methods

1. Patients’ inclusion and treatment plan 

Patients who met the following eligibility criteria were 
enrolled in the ipilimumab NPP; a histologically confirmed
stage IV malignant melanoma according to the American
Joint Committee on Cancer (AJCC), and Eastern Cooperative
Oncology Group (ECOG) performance status (PS) 0, 1, or 2.
All patients received four cycles of 3 mg/kg ipilimumab

every 3 weeks, unless severe adverse events (AEs) or rapid
progression of disease occurred. M-stage was defined 
according to site metastasis in combination with elevated lac-
tate dehydrogenase (LDH) levels, as described previously
[13]. Records of all patients who received at least one dose of
ipilimumab were reviewed retrospectively. The study pro-
tocol was approved by the ethics committee from all six hos-
pitals and this study was conducted according to the
Declaration of Helsinki.  

2. Data collection 

The medical records of eligible patients were retrieved and
included age, sex, ECOG PS, previous therapies, melanoma
subtype and disease stage, metastatic site, LDH, and BRAF
and c-KIT mutational status if available. Treatment-related
AEs using the Common Terminology Criteria for Adverse
Events ver. 4.0; hematological and serum parameters includ-
ing absolute neutrophil count (ANC), and lymphocyte count;
date of progression; and reason for cessation of ipilimumab
(progressive disease, AE, and death) were also collected. 
Patients were reviewed routinely every 3 weeks during treat-
ment and every 8 weeks during follow-up. Radiological 
imaging was generally performed 6-9 weeks after ipili-
mumab induction and every 8 weeks thereafter. Responses
were scored according to Response Evaluation Criteria in
Solid Tumor (RECIST) ver. 1.1 criteria.

3. Statistical analysis 

Baseline, pre-treatment white blood cell count, ANC, 
absolute lymphocyte count (ALC), neutrophil to lymphocyte
ratio (NLR), and serum LDH were analyzed. Progression-
free survival (PFS) was defined as the time from the start of
ipilimumab to the onset of progression or death. Patients
without progression and still alive at the time of analysis
were censored. OS was defined as the time from the start of
ipilimumab to death from any cause. Univariate analysis for
clinical and laboratory parameters was performed with 
respect to OS and PFS. Survival curves of categorical vari-
ables were calculated using the Kaplan-Meier method and
compared using the log-rank test. Continuous variables in
association with survival outcomes were examined by means
of martingale residuals. Multivariate models of patient and
tumor characteristics in association with PFS and OS were
based on Cox proportional hazards regression analyses.
Two-tailed p < 0.05 was considered statistically significant
for all analyses. SPSS ver. 15.0 (SPSS Inc., Chicago, IL) was
used for data analysis.
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Results

1. Patient characteristics

Between September 2014 and July 2015, 104 patients were
treated with ipilimumab at six Korean hospitals. Patients’
characteristics are summarized in Table 1. The median age
of patients was 58 years (interquartile range, 50 to 66) and 51 
patients (49%) were male. The most common subtype was
acral melanoma (33 patients, 31.7%), 27 patients (26%) had
mucosal melanoma, and 27 patients (26%) had skin
melanoma. All 104 patients had AJCC stage IV melanoma,
and the majority of patients were stage M1c (76%). Sixty-two
patients (65.3%) had elevated baseline LDH and 20 patients
(19.2%) had NLR  5. BRAF and c-KIT mutations were eval-
uated in 87 and 54 patients, respectively, and the incidence
of BRAF and c-KIT mutations was 18.4% and 13.0%, respec-
tively. Approximately 40% of patients received ipilimumab
as first line treatment, and 28% patients had received at least
three prior systemic therapies, median number of prior sys-
temic treatments was two (range, 1 to 5). Sixty-nine patients
(66.3%) received all four doses of ipilimumab, and nine 
patients received three doses, 11 patients received two doses,
and 15 patients received one dose. The most common reason
for drug discontinuation was rapid disease progression.  

2. Safety

Of all patients, 68 patients (65.4%) experienced treatment
related AEs of any grade (Table 2), and the most common
toxicities were pruritus (31.7%) and skin rash (22.1%). The
majority of treatment related AEs were grade 1 or 2, and
were generally manageable and reversible without sequelae.
Ten patients (9.6%) experienced grade 3 toxicities, and seven
patients experienced treatment related AEs, and three cases
were considered to be disease related events. One patient
suffered from grade 3 fatigue and grade 2 nausea after two
cycles of ipilimumab and brain metastasis was detected on
brain magnetic resonance imaging. One patient developed
grade 3 elevation of aspartate aminotransferase (AST)/ala-
nine aminotransferase (ALT) after three cycles of ipilimumab
and showed progression of liver metastasis according to 
RECIST ver. 1.1 criteria. One patient complained of grade 3
generalized pain, which improved to grade 1 after morphine
treatment. No patient experienced grade 4 or 5 AEs, and
there were no immune response related serious AEs.

Table 1 . Baseline characteristics
Variable No. (%)
Age, median (IQR, yr) 58 (50-66)
Sex

Male 51 (49)
Female 53 (51)

ECOG PS
0 28 (26.9)
1 64 (61.5)
2 12 (11.5)

Primary site
Acral 33 (31.7)
Mucosal 27 (26)
Cutaneous 27 (26)
Uveal 10 (9.6)
Primary origin unknown 7 (6.7)

M stage (LDH included)
M1a 17 (16.3)
M1b 8 (7.7)
M1c 79 (76)

Patients with liver metastasis
Yes 35 (33.7)
No 69 (66.3)

Patients with brain metastasis
Yes 13 (12.5)
No 91 (87.5)

Elevated LDH (n=95)
Yes 62 (65.3)
No 33 (32.7)

Neutrophil to lymphocyte ratio
< 5 84 (80.8)
 5 20 (19.2)

BRAF mutation (n=87)
Mutant 16 (18.4)
Wild type 71 (71.6)

c-KIT mutation (n=54)
Mutant 7 (13)
Wild type 47 (87)

No. of previous therapies
1 41 (39.4)
2 34 (32.7)
 3 29 (27.9)

IQR, interquartile range; ECOG PS, Eastern Cooperative Oncol-
ogy Group performance status; LDH, lactate dehydrogenase.
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3. Efficacy

Tumor response was evaluated in 101 of 104 patients. Four
patients (3.8%) showed complete response (CR) and five 
patients (4.8%) showed a partial response (PR) by RECIST.
The overall response rate (ORR=CR+PR) and disease control
rate (DCR=CR+PR+stable disease) was 8.6% and 29.8%, 
respectively (Table 3). The median follow-up duration was
7.1 months (95% confidential interval [CI], 5.96 to 8.30), and
85 patients (81.7%) had progression of disease and 30 
patients (28.8%) had died by the time of this analysis. The
median PFS was 2.73 months (95% CI, 2.67 to 2.85) in all 
patients (Fig. 1A), and significantly longer survival was 
observed for patients with disease control (CR+PR+stable
disease) compared to those with progressed disease (PD)
(median PFS, 5.4 months vs. 2.2 months; p < 0.001) (Fig. 1B
and C).

4. Association between baseline characteristics and efficacy

There was no difference in ORR, DCR, PFS, or OS accord-
ing to melanoma subtypes (Fig. 1D and E). Pretreatment 
median ANC was significantly higher in patients with PD
compared to those who achieved disease control (4,017
cells/µL vs. 3,183 cells/µL, p=0.016), while pretreatment 
median ALC was significantly lower in patients with PD
compared to those who achieved disease control (1,530
cells/µL vs. 1,833 cells/µL, p=0.049). When ANC and ALC
were incorporated in the NLR, significantly higher NLR was
observed in patients who experienced PD than in those with
disease control (2.63 vs. 1.90, p=0.003) (Table 4). In addition,
we found that PFS and OS were significantly longer in 
patients with low NLR compared to those with high NLR
(median PFS, 2.8 vs. 1.3 months; p < 0.001 and median OS,
not reached vs. 2.6 months; p < 0.001) (Fig. 1F and G). In uni-
variate analysis between baseline characteristics and sur-
vival, ECOG PS, AJCC M stage, liver metastasis, and NLR
showed significant association with PFS, and ECOG PS and
NLR showed significant association with OS. There was no
difference in PFS and OS according to the presence of brain
metastasis, BRAF mutation, c-KIT mutation, and LDH eleva-
tion before treatment, or the number of previous therapies.
In multivariate analysis, ECOG PS, liver metastasis, and NLR
were independent prognostic factors for PFS, and ECOG PS
and liver metastasis were independent prognostic factors for
OS (Table 5). For selection of patients likely to benefit from
ipilimumab, the patients were divided into three groups
based on independent prognostic factors for PFS and OS, 

Adverse event  
No. (%) (n=104)

Grade 1 Grade 2 Grade 3 Grade 4
Immune related

Diarrhea 6 (5.8) 1 (1.0) 0 (0.0) 0 
Rash 17 (16.3) 5 (4.8) 1 (1.0) 0
Pruritus 14 (13.5) 18 (17.3) 1 (1.0) 0
Thyroiditis 1 (1.0) 1 (1.0) 0 (0.0) 0

Non-immune related
Nausea 7 (6.7) 4 (3.8) 1 (1.0) 0
Vomiting 3 (2.9) 2 (1.9) 0 (0.0) 0
Fatigue 13 (12.5) 6 (5.8) 3 (2.9) 0
Pain 8 (7.7) 7 (6.7) 1 (1.0) 0
Dyspnea 2 (1.9) 4 (3.8) 0 (0.0) 0
Edema 2 (1.9) 0 (0.0) 1 (1.0) 0
Elevated AST/ALT 0 (0.0) 0 (0.0) 1 (1.0) 0
Anemia 0 (0.0) 1 (1.0) 1 (1.0) 0

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

Table 2. Treatment-related adverse events

Table 3. Tumor response by RECIST ver. 1.1 
Best overall response No. (%)
Complete response 4 (3.8)
Partial response 5 (4.8)
Stable disease 22 (21.2)
Progressive disease 70 (67.3)
Not assessed 3 (2.9)

RECIST, Response Evaluation Criteria in Solid Tumor. 
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Fig. 1. Kaplan-Meier curves. (A) Progression-free survival (PFS) and overall survival (OS) in all patients. (B) PFS according
to response. (C) OS according to response. (D) PFS according to primary site. (E) OS according to primary site. (F) PFS 
according to according to neutrophil to lymphocyte ratio (NLR). (G) OS according to according to NLR. (H) PFS according
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Table 4. Blood parameters at baseline according to on-treatment response to ipilimumab

Response WBC count p-value ANC p-value ALC count p-value NLR p-value(cells/µL) (cells/µL) (cells/µL)
CR+PR+SD 5,320 (4,950-6,670) 0.076 3,183 (2,480-3,742) 0.016 1,833 (1,368-2,468) 0.049 1.90 (1.24-2.45) 0.003
PD 6,140 (5,230-8,750) 4,017 (2,863-5,784) 1,530 (1,110-1,955) 2.63 (1.76-5.14)

Values are presented as median (interquartile range). WBC, white blood cell; ANC, absolute neutrophil count; ALC, absolute
lymphocyte count; NLR, neutrophil to lymphocyte ratio; CR, complete response; PR, partial response; SD, stable disease;
PD, progressed disease.
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respectively. Patients without adverse factors had longer PFS
and OS than patients with adverse factors (Fig. 1H and I).

Discussion

Ipilimumab improved survival in several clinical trials and
many EAPs in pretreated and treatment-naïve patients with
advanced melanoma [3,7,8]. However, due to low disease 
incidence, clinical trials and EAPs with ipilimumab have 
excluded Asian patients with advanced melanoma, therefore
efficacy and safety data on ipilimumab in the Asian patient
population has been limited. We report outcomes with ipili-
mumab in a real-world routine clinical setting in Asian 
patients with different melanoma subtypes compared to
Western patients. Although the median duration of follow-
up was 7 months, ipilimumab showed consistent efficacy
compared to Western patients with advanced melanoma
[3,7,8,14,15].

Malignant melanoma has demographic and ethnic differ-
ences. It is the fifth most common cancer in the United States;
however, its incidence is relatively rare among Africans, His-
panics, and Asians [1,16]. The histologic subtype also differs,
with the most common histology being superficial spreading
melanoma in whites and acral lentiginous melanoma among
blacks [17]. According to recent data, the most common pri-
mary site in Asians [9-12] was acral lentiginous melanoma.
Mucosal melanoma is the second most common primary site
in patients in China and Korea [10,11], although it is 
extremely rare in Caucasians [18]. In patients from Western
countries, there were no reported differences in efficacy of
ipilimumab in patients with primary acral and mucosal
melanoma compared with cutaneous melanoma [8,19]. In the
current study, the most common subtype was acral and 
mucosal melanoma (57.7%) with no survival differences 
according to subtypes.  

Although the follow up duration was not long, the median
OS was not yet reached and the median PFS was 2.73 months
(95% CI, 2.67 to 2.85). These results are comparable to those
of Western patients treated with ipilimumab [3,7,8,14,15],
and the ORR of 8.6% and DCR of 29.8% were similar to EAP
data in Western countries [3,7,8,14,15]. 

Only two small studies of ipilimumab in Asians have been
reported. In a prospective phase II trial in 20 previously 
untreated Japanese patients, the median PFS was 2.74
months [20]. The second study was an EAP study in 31 pre-
viously treated Taiwanese patients, which reported a PFS of
4.1 months [21]. Therefore, ipilimumab is a feasible treatment
option for Asian patients with metastatic melanoma.

For identification of predictive markers of efficacy for ipil-

imumab, we analyzed the association between the survival
and baseline characteristics including blood parameters. Sev-
eral blood parameters, including LDH, ANC, ALC, NLR, and
C-reactive protein, have been suggested as associated mark-
ers with efficacy of ipilimumab [8,15,19,22-24]. In univariate
analysis, ECOG PS, AJCC M stage, liver metastasis, and NLR
showed significant association with PFS, and ECOG PS and
NLR showed significant association with OS. There was no
difference in PFS and OS according to brain metastasis or the
number of previous therapies. In multivariate analysis,
ECOG PS, liver metastasis, and NLR were independent prog-
nostic factors for PFS and ECOG PS and liver metastasis were
independent prognostic factors for OS. In addition, patients
without adverse factors had longer survival than those with
adverse factors. Therefore, ipilimumab could be adminis-
tered in patients with good PS, lower NLR, and no liver
metastasis.  

The safety of ipilimumab in the current study was similar
to that reported in patients with cutaneous melanoma [25].
There were no treatment-related deaths or withdrawal from
the study due to drug-related AEs. The most frequent toxic-
ities were immune-related skin toxicities. Despite develop-
ment of colitis in seven patients (6.7%), there were no grade
3 or higher severe cases, and there was no immune related
hepatitis. One patient with multiple liver metastases had 
elevated AST/ALT of grade 3 after two cycles of ipilimumab,
and computed tomography scan showed a further increase
in size and numerous liver metastatic nodules and masses,
replacing almost the entire liver. Therefore, we considered
that the hepatitis was related to disease progression, not 
ipilimumab. Twenty-two patients (20.3%) suffered from 
fatigue; however, these patients had poor PS (ECOG PS 1 or
2) or heavy tumor burden at the baseline, thus this symptom
could be disease-related.

There are several limitations in this study, which are com-
mon in retrospective cohort studies, including potential 
patient selection bias, lack of strict methods of timing of 
assessments, and some missing data of toxicity profiles.
Among 104 patients, 69 patients (66.4%) received all four
doses of ipilimumab, and 15 patients completed only one
treatment cycle. The most common reason for discontinua-
tion of ipilimumab was rapid disease progression, because
some patients with severe tumor burden who did not have
other treatment options had to wait for approval of the NPP
before receiving treatment with ipilimumab. Despite these
limitations, because the NPP population included patients
who would have been excluded from a clinical trial due to
their poor medical condition, our result may be more repre-
sentative of advanced melanoma patients in the clinical set-
ting. In the Korean melanoma patients, ipilimumab showed
a similar efficacy and tolerability compared with Western 
patients, regardless of subtypes. All subtypes should benefit
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from ipilimumab with consideration of PS, liver metastasis,
and NLR.

Conclusion

The current NPP cohort in Korean patients with advanced
melanoma showed that ipilimumab monotherapy had a
manageable safety profile and antitumor activity. These find-
ings are consistent with the safety and activity profile of 
ipilimumab in Asian patients who had mainly acral and 
mucosal melanoma compared to patients with cutaneous
melanoma from Western studies.
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Purpose
Histological specimens are not required for diagnosis of liver and bile duct (LBD) cancer,
resulting in a high percentage of unknown histologies. We compared estimates of hepato-
cellular carcinoma (HCC) and cholangiocarcinoma (CCA) incidences by imputing these 
unknown histologies. 

Materials and Methods
A retrospective study was conducted using data from the Songkhla Cancer Registry, south-
ern Thailand, from 1989 to 2013. Multivariate imputation by chained equations (mice) was
used in re-classification of the unknown histologies. Age-standardized rates (ASR) of HCC
and CCA by sex were calculated and the trends were compared.

Results
Of 2,387 LBD cases, 61% had unknown histology. After imputation, the ASR of HCC in males
during 1989 to 2007 increased from 4 to 10 per 100,000 and then decreased after 2007.
The ASR of CCA increased from 2 to 5.5 per 100,000, and the ASR of HCC in females 
decreased from 1.5 in 2009 to 1.3 in 2013 and that of CCA increased from less than 1 to
1.9 per 100,000 by 2013. Results of complete case analysis showed somewhat similar,
although less dramatic, trends.

Conclusion
In Songkhla, the incidence of CCA appears to be stable after increasing for 20 years whereas
the incidence of HCC is now declining. The decline in incidence of HCC among males since
2007 is probably due to implementation of the hepatitis B virus vaccine in the 1990s. The
rise in incidence of CCA is a concern and highlights the need for case control studies to elu-
cidate the risk factors.

Key words
Hepatocellular carcinoma, Cholangiocarcinoma, Thailand, 
Incidence, Estimation techniques
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Introduction

Hepatocellular carcinoma (HCC) is the most common type
of liver cancer worldwide. It is known to be associated with
hepatitis B and C infections [1]. The incidence of HCC has
declined since the introduction of hepatitis B vaccination,
particularly in Taiwanese adolescents and young adults [2].
Increasing incidence of cholangiocarcinoma (CCA), a rare
cancer of bile duct epithelial lining, has been reported in the

United States [3] and Australia [4], with age standardized
rates (ASR) of around 1.0 per 100,000 in both countries. 
Attempts have been made to classify subtypes of CCA 
according to the radiographic appearance as described by the
Bithmus and Corlette classification of perihilar CCA [5], and
based on cells of origin [6]. Both classifications agree that
both intrahepatic and extrahepatic cancer are CCA.

According to the series: “Cancer in Thailand” [7,8], HCC
and CCA are grouped together as cancers of the liver and
bile duct (LBD). This grouping is in accordance with the



above-mentioned Bithmus and Corlette classification. Dur-
ing 2004-2006, the ASRs of LBD cancer were 42.8 per 100,000
in men, and 18.2 in women. The rates decreased to 38.6 per
100,000 in men and 14.6 during 2007-2009 with variations in
the proportions of HCC and CCA. The main risk factor for
CCA is liver fluke infection, specifically the Opisthorchis viver-
rini (OV) species, which is common in Southeast Asia [9]. 
Infection from other species of liver fluke, including
Clonorchis sinensis, is the main risk factor for hepatobiliary
cancer in Korea [10]. In a study reported from Khon Kaen
Cancer Registry in the northeast of Thailand, where the
prevalence of OV is very high, the ASRs of HCC were 30.3
in males and 13.1 in females [11] whereas the CCA incidence
rates were 62.0 in men and 25.6 in women [12]. 

Songkhla, a province in the south of Thailand, occupies an
area of 7,392 km2 and is situated on the eastern side of the
Malay Peninsula adjoining Malaysia to the south. There are
16 districts in Songkhla and approximately 25% of the pop-
ulation is Muslim. The incidence of LBD cancers in Songkhla
has increased in the past decade. In contrast with the national
average, the ASRs in Songkhla have increased from 16.0 per
100,000 in men and 4.4 in women during 2004-2006 to 18.4 in
men and 5.3 in women in 2007-2009.

In the past, the diagnosis of LBD cancer in Songkhla, where
liver cancer was not common, required histopathological
and/or cytological confirmation, and would only be made
in those with a good performance status. Due to advances in
radiographic techniques and improved image quality, as
well as the use of Bithmus and Corlette classification, histo-
logical confirmation of LBD cancer has declined while the 
incidence of LBD cancer has increased.

When the percentage of morphological verification is low,
the true incidence rates for each histological type are often
underestimated. Multiple imputation (MI) is a statistical
method which can be used for datasets with missing entries
[13-15]. MI produces a distribution of plausible values for a
missing variable in a record given the values of that record’s
non-missing covariates. 

The purpose of this study is to estimate the incidences of
HCC and CCA in Songkhla province from 1989 to 2013 using
a MI technique to determine histological type among cases
having unknown histology. 

Materials and Methods

1. Cancer cases 

This study was conducted using data on LBD cancer cases
registered in the population-based cancer registry of Songk-

hla province. The study protocol was approved by the Ethics
Committee of the Faculty of Medicine, Prince of Songkla Uni-
versity. All cases diagnosed with LBD cancer between 1989
and 2013 with a basis of diagnosis were included in the
analysis. Prior to imputation, four initial groups of patients
were defined based on the third edition of the International
Classification of Diseases for Oncology (ICD-O3) [16] as fol-
lows: group 1, HCC (topography [T] code C22.0 and mor-
phology [M] codes 8170-8176); group 2, CCA (T C22.1, and
C24.x, excluding C24.1 and M 8050, 8140-8141, 8160-8161,
8260, 8440, 8480-8500, 8570-8572); group 3, other specified
LBD cancers (T C22.0 with any M and T C24.1); group 4, LBD
cancers with unknown histology (T C22.0 and M 8000-8005). 

As shown in Fig. 1, the percentage of LBD cancer cases
with unknown histological type increased from 16 cases
(40%) in 1999 to 96 cases (70%) in 2005 and then plateaued.
The percentage of HCC decreased rapidly in 2000 and 
declined steadily thereafter. As shown in Fig. 2, the percent-
age of cases with morphological verification declined from
60% in 1997 to 20% in 2005, which occurred after the adop-
tion of the Bithmus and Corlette classification, a radiological
classification system which does not require laboratory and
histological investigation in diagnostic procedures for LBD
cancer cases. Such a classification has higher sensitivity than
the pathological diagnosis; thus, the number of cases with
LBD cancer increased. Another side effect was that many cli-
nicians did not specify the type of cancer in the medical
records. 
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Fig. 1. Percentage of histologic tpyes of liver and bile duct
cancer in both sexes by calendar year. The percentage of
cases with unknown histologic type (orange line) 
increased from around 40% in 1999 to 70% in 2005 and
then plateaued. The percentage of hepatocellular carci-
noma (blue line) decreased rapidly in 2000 and then
showed a steady decline.
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As the data in the cancer registry also show that the num-
ber of LBD cancer cases diagnosed during 1989-2006 was
lower compared with the period after 2006, we therefore 
included a random sample of cancer cases with unknown
primary in the abdomen (C76.2) or unknown primary (C80.9)
in group 4, stratified by age group, sex, and year of diagnosis.
The optimal number of cases randomly selected from the 
unknown primary group to include in group 4 differed each
year ranging from 30% for the period 1989 to 1997 down to
0% from 2007 onwards or the total number of unknown pri-
mary cancers in each age/sex/year strata, whichever was the
lowest. 

The reason for including these unknown primary cancer
cases in group 4 is that we believe some of them were mis-
classified due to incomplete investigations (for example, the
patient died or refused to undergo any surgical procedure).

2. Population denominators

The population denominators used for the calculation of
5-year age-specific and age-standardized rates were esti-
mated from the 1990, 2000, and 2010 censuses published by
the National Statistical Office (NSO), Thailand, which pro-
vides annual estimates by age group and sex. Intercensus
populations for the years in between were estimated using a
log-linear function between two consecutive censuses. The
populations beyond 2010 were estimated and reported by

the Office of the National Economic and Social Development
Board [17].

3. MI method

Multivariate Imputation by Chained Equations (MICE)
package [13] in R [18] was used in performance of the impu-
tations. Cases with unknown histology were imputed with
one of the other known histological categories according to
the probability distribution of the groups among those with
known histology obtained by the chained equation method
plus a degree of random error. Since the outcome in this case
was a multiple categorical variable, a multinomial logistic 
regression model was used to generate the distribution 
according to the predictive ability of existing variables in the
registry database. These variables included sex, age, year of
diagnosis, religion (Budhist, Muslim, and other), and resi-
dential district. The model is given by 

f (k, i) = k  xi

, where k is the set of regression coefficients associated with
histological type k (HCC, CCA, or other), and xi is the set of
predictor variables associated with observation i. The met-
hod described by White et al. [14] was applied to avoid bias
due to perfect prediction. We repeated 1,000 iterations of MI
to obtain the 95% Bayesian probability intervals (PI) obtained
from the quantiles of the posterior distribution for the three
histological types.

Because the imputation method cannot produce 95% con-
fidence intervals, the imputations were iterated 1,000 times
to obtain 95% PI for the estimates.

4. Computation of age-standardized incidence rates

Comparison of the proportion of HCC and CCA over a
long period can be biased by the change in the age structure
of the population; therefore, age-standardized incidence
rates were used for both groups to illustrate the effect of time
on the probability of imputation. The rates were standard-
ized to the world population as proposed by Doll et al. [19]
and calculated for each of the 24 calendar years between 1989
and 2013. 

After imputation, descriptive statistics including frequen-
cies and percentages were presented. Temporal trends of
HCC and CCA were compared based on three models:
model 1, LBD cancers with known histology only; model 2,
All LBD cancers with imputation of unknown histology, and
model 3, All LBD cancers plus cases with unknown primary,
both in the abdomen and not otherwise specified, with 
imputation of unknown histology. 
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Fig. 2. The percentage of cases with morphologic verifi-
cation (% MV; basis of diagnosis code, 5-8) and the per-
centage of cases with imaging verification (% IV; basis of
diagnosis code, 2-8) by calendar year. The pathological 
diagnosis declined from 1998 to 2005 and then plateaued
while the use of imaging in diagnosis of liver and bile duct
cancer increased from 1989 through around 2000 and then
plateaued at around 90%.
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Results

From 1989 to 2013, there were 2,387 LBD cancers in the
Songkhla registry. A high proportion of males (74.6%) and
approximately half of the cases were aged between 50 and
69 years. Cases with unknown histology accounted for 
approximately 61% in both sexes; 64.9% in males, and 49.6%
in females. As shown in Table 1, a higher proportion of HCC
was observed in males (18.5%) than in females (13.1%)
whereas a higher proportion of CCA was observed in 
females (24.9%) compared to males (11.6%). LBD cancers
with other known histology comprised approximately 7% in
both sexes. 

Among the cases with known histology from the multino-
mial logistic regression, the strongest predictor for histolog-
ical type was sex, followed by year of diagnosis, age group,
and district of residence. The estimated incidence and per-
centage of HCC, CCA, and LBD cancers with other known

histology after imputation are shown in Table 2. Compared
to model 2, the percentage of HCC cases was slightly higher
in model 3 among both males (51.0% vs. 50.9%) and females
(24.7% vs. 24.4%); however, the percentage of CCA cases was
not different (34.1% vs. 34.2% for males and 50.1% vs. 50.2%
for females). Model 2 and model 3 also showed similar 
results for LBD cancers with other histology. 

The average ASR of HCC in males throughout the 
observed years increased after imputation from 2.3/100,000
to 5.9 (252%) in model 2 and to 6.6 (281%) in model 3. The
average ASRs of HCC in females increased from 0.5/100,000
to 0.9 (180%) in model 2 and 1.1 (226%) in model 3. The 
average ASR of CCA among males with known histology 
increased from 1.2/100,000 to 3.6 (293%) in model 2 and 4.0
(330%) in model 3, respectively. The average ASRs per
100,000 CCA in females increased from 0.8 to 1.5 and 1.9 in
model 2 and model 3, respectively. The annual ASRs of HCC
and CCA in both sexes and the three models (model 1, com-
plete case analysis) are shown in Fig. 3.  

Histological type Total Male Female p-value(n=2,387) (n=1,776) (n=611)
HCC 409 (17.1) 329 (18.5) 80 (13.1) 0.003
CCA 358 (15.0) 206 (11.6) 152 (24.9) < 0.001
Other 165 (6.9) 89 (5.0) 76 (12.4) < 0.001
Unknown 1,455 (61.0) 1,152 (64.9) 303 (49.6) < 0.001

Values are presented as number (%). HCC, hepatocellular carcinoma; CCA, cholangiocarcinoma. 

Table 1. Distribution of liver and bile duct cancer cases by histological type and sex in Songkhla, Thailand, 1989-2013  

Model 2: LBD cancers with Model 3: LBD cancers with

Histologic type
unknown histology only unknown histology+C76.2 and C80.9

Male Female Male Female
(n=1,152) (n=303) (n=1,323) (n=421)

HCC
95% PI (n) 586 (552-620) 74 (64-84) 675 (639-711) 104 (89-119)
95% PI (%) 50.9 (47.9-53.8) 24.4 (21-27.9) 51 (48.3-53.8) 24.7 (21.3-28.2)

CCA
95% PI (n) 394 (362-426) 152 (140-164) 451 (363-423) 211 (140-164)
95% PI (%) 34.2 (31.4-37) 50.2 (46.2-54.2) 34.1 (31.5-36.7) 50.1 (46.1-54.1)

OSCA
95% PI (n) 172 (148-196) 77 (66-88) 197 (149-194) 106 (66-87)
95% PI (%) 14.9 (12.8-17) 25.4 (21.9-28.9) 14.9 (12.9-16.8) 25.2 (21.7-28.7)

LBD, liver and bile duct; C76.2, unknown primary in the abdomen; C80.9, unknown primary site, not otherwise specified;
HCC, hepatocellular carcinoma; PI, probability interval; CCA, cholangiocarcinoma; OSCA, other specified histology cancers. 

Table 2. Distribution of histologic type of LBD cancer cases by sex after multiple imputation in Songkhla, Thailand, 1989-
2013  

VOLUME 49 NUMBER 1 JANUARY 2017  57

Seesai Yeesoonsang, Estimation of the Incidence of HCC and CCA



Discussion

In this study, missing histological types of LBD cancers
were imputed using multinomial logistic regression. Results
of the MI depend on the distribution of the predictive factors
and their relative risk ratios from the multinomial regression.  

Changes in ASR of the two major histological sub-types of
LBD cancer throughout the study period are shown in Fig. 3.
Based on model 1—the complete cases analysis—a decline
in HCC incidence among males after 2007 was not evident.
We would expect to see a decline in the incidence since the

nationwide program of hepatitis B virus (HBV) immuniza-
tion in all newborns in Songkhla was initiated in 1991 [20]
and a large proportion of children and adults were immu-
nized both before and after 1991. Because testing for HBV
and hepatitis C virus infection has been routinely performed
in blood donors since 1985, we would also expect to see a
slight decline in the incidence of HCC well before 2007 [21].
Such a decline after 2007 was not observed among females
in any of the three models. Model 3 showed a rather stable
trend in incidence of HCC in both sexes before 2007, and
therefore appears to have a better prediction capability than
model 2. In other words, inclusion of a random number of
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Fig. 3. Age standardized incidence rates (ASR) of liver and bile duct (LBD) cancers in Songkhla from 1989 to 2013 for the
two major histologic categories; hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA), stratified by sex. Model 1,
complete-case analysis; model 2, multiple imputation (MI) with LBD cancers with unknown histology only; model 3, MI of
LBD cancers with unknown histology combined with cancer of unknown primary in the abdomen (C76.2) and unknown
primary site, not otherwise specified (C80.9).
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unknown primary cases prior to the imputation process may
have been justified. The U-shaped decline in HCC incidence
during 1995-2005, as seen in model 2, reflects the changes in
diagnostic methods of LBD cancer during this time period. 

MI performs well when the responses are missing at ran-
dom (MAR). However, the assumption of MAR cannot usu-
ally be verified [22]. Bias can only be avoided in MI analyses
if enough predictor variables are included in the imputation
process [23]. One study demonstrated that the MI method
works well when the percentage of missing values is 
between 10% and 60% [24]. In this study, the percentage of
cases with missing histology ranged from 60% to 67%. When
the number of cases in the dataset is reasonably high, the
MICE method for a binomial outcome gives low variation of
coefficients [25]. However, no study investigating MI for
multinomial outcomes has been reported.

There was no solid evidence of misclassification bias
among the cases with unknown histology. The chance of
death among all histologic types is theoretically non-differ-
ential [26]. Most cases with unknown histological type were
diagnosed by death certificate or clinical investigation and
there was no difference in prognosis and survival in all of
the major sub-types of LBD cancers [27]. In addition, clini-
cians may not perform cytology and/or biopsy for reasons
mainly due to the performance status of patients and their
compliance, particularly in controlling for intraperitonial
bleeding after a biopsy [28]. It is possible that examination
by imaging is performed more often in patients with jaundice
who are likely to be CCA rather than HCC. However, this
phenomenon would not affect the MI process. 

In Songkhla, the hepatitis B vaccine has been included in
the Expanded Program of Immunization (EPI) since 1991
[20], and the prevalence of OV has been very low in the
southern region of Thailand [12,29]. Results based on models
2 and 3 showed that the ASR of HCC among males started
to decrease in 2007, 16 years after the incorporation of hepa-
titis B vaccine into the national EPI program. Such a phenom-
enon is consistent with trends from Taiwan [2]; however, the
decrease was not observed among females in which the rates
were much lower. OV infections have not increased in the
southern Thai population [9]; thus, the continuous increase
in incidence of CCA in Songkhla province during the past
two decades cannot be explained by OV infections. The 
increase is more likely due to the increased facilities for 
diagnosing LBD cancers as well as the real increase in inci-
dence, which was also observed in the United States and
Australia [3,4]. However, the estimated ASRs among males
and females in Songkhla, as well as the rate of increase in 
incidence rates, was much higher than the rates reported in
the United States and Australia (around 1 per 100,000). 

The stool egg count with formalin-ethyl acetate concentra-
tion technique, which can be negative in mild parasite infec-

tions and in those who had an infection in the past without
reinfection, is the method used in surveys of OV infection
[30]. Eating raw fish is not the habit of people in the southern
region of Thailand. Immigrants to Songkhla from those who
reside in regions with a high prevalence of OV infection and
residents of Songkhla who visited regions with a high preva-
lence of OV infection can test negative with this technique
even if they are infected. Thus, it is possible that these people
were exposed to OV in the past but were negative for stool
OV egg count. Surveys utilising newly developed techniques
with high sensitivity and specificity which can detect past 
infections are needed to confirm the true proportion of peo-
ple who were ever exposed to OV and therefore explain the
increasing trend in incidence of CCA in Songkhla province.

Conclusion

In Songkhla province, the incidence of HCC has decreased
among males since 2007 while the incidence of CCA has
shown a continuous increase. The effect of hepatitis B vacci-
nation in newborns in reduction of HCC incidence was
demonstrated. MI can provide more accurate estimates of
ASR and the trends in incidence of LBD cancer; however,
MAR should be verified by review of the radiographic 
images, and details on subtypes of CCA can also be summa-
rized. Case-control studies are also needed to elucidate the
role of OV infections and other risk factors of CCA.
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Clinical Practice Patterns of Radiotherapy in Patients with 
Hepatocellular Carcinoma: A Korean Radiation Oncology Group Study
(KROG 14-07)

Original Article

Purpose
The aim of this study was to examine patterns of radiotherapy (RT) in Korean patients with
hepatocellular carcinoma (HCC) according to the evolving guideline for HCC established by
the Korean Liver Cancer Study Group-National Cancer Center (KLCSG-NCC).

Materials and Methods
We reviewed 765 patients with HCC who were treated with RT between January 2011 and
December 2012 in 12 institutions.

Results
The median follow-up period was 13.3 months (range, 0.2 to 51.7 months). Compared with
previous data between 2004 and 2005, the use of RT as a first treatment has increased
(9.0% vs. 40.8%). Increased application of intensity-modulated RT resulted in an increase
in radiation dose (fractional dose, 1.8 Gy vs. 2.5 Gy; biologically effective dose, 53.1 Gy10

vs. 56.3 Gy10). Median overall survival was 16.2 months, which is longer than that reported
in previous data (12 months). In subgroup analysis, treatments were significantly different
according to stage (p < 0.001). Stereotactic body RT was used in patients with early HCC,
and most patients with advanced stage were treated with three-dimensional conformal RT. 

Conclusion
Based on the evolving KLCSG-NCC practice guideline for HCC, clinical practice patterns of
RT have changed. Although RT is still used mainly in advanced HCC, the number of patients
with good performance status who were treated with RT as a first treatment has increased.
This change in practice patterns could result in improvement in overall survival.
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Introduction

Liver cancer is one of the leading primary cancers and the
main cause of death in Korea. The 5-year survival rates have
improved in liver cancer patients diagnosed from 2008 to
2012 compared with those diagnosed from 1993 to 1995.
However, the prognosis of liver cancer is still poor compared
to that of other cancer patients [1]. 

The Korean Liver Cancer Study Group (KLCSG) and the
National Cancer Center, Korea (NCC) developed a guideline
for the management of hepatocellular carcinoma (HCC) in
2003 [2]. This guideline provided recommendations for the
diagnosis and treatment of patients with newly diagnosed
HCC. The indications of radiotherapy (RT) were as follows:
(1) definitive aim: Child-Pugh (C-P) class A or B, tumor less
than two-thirds of the whole liver, and no extrahepatic
metastasis; (2) palliative aim: pain caused by tumor, tumor
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expected to rupture, portal vein tumor thrombosis, bile duct

obstruction due to tumor, or extrahepatic metastasis. 

After the development of this guideline, a national profile

of HCC patients who received RT between January 2004 and

December 2005 was reported [3]. Data from 10 institutions

were analyzed and 398 HCC patients were treated with RT.

Median age was 57 years and 85% of patients were male.

Three fourths of patients had C-P class A and the Eastern 

Cooperative Oncology Group (ECOG) performance status

was 0-1 in 234 patients (58.8%). Most patients (78%) were in

an advanced stage (stage III or IV), and 27 and 162 patients

had lymph node (LN) metastasis and portal vein thrombosis

(PVT), respectively. RT was used mainly as a salvage treat-

ment after the failure of other treatments and was performed

predominantly using three-dimensional conformal RT (3D

CRT). Median total and fractional dose were 45 Gy and 1.8

Gy, respectively. Median survival was 12 months and the

overall survival (OS) at 2 years was 27.9%. Tumor size, LN

metastasis, and biological effective dose (BED) were signifi-

cant factors of OS, and C-P class A was an additional signif-

icant factor in 326 patients treated with 3D CRT. Evaluation

of treatment outcome was available in 145 patients (36.4%).

After that, many studies regarding treatment outcome of

RT in Korean patients with HCC have been reported in

Korea. In 2009, the Clinical Practice Guideline for HCC was

revised by the KLCSG-NCC [4]. 

The aim of this study was to examine patterns of RT in 

patients with HCC in Korea according to the evolving guide-

line for HCC established by the KLCSG-NCC in 2009. The

secondary aim was to analyze treatment outcome and to find

out predictive clinical factors. 

Materials and Methods

Patients diagnosed with HCC by pathological confirma-

tion or radiological finding with an elevation of tumor

marker by KLCSG-NCC guideline and treated with RT for

HCC between January 2011 and December 2012 were eligible

for this study. RT was performed for primary HCC, PVT, or

regional LN metastasis. Exclusion criteria were presence of

distant metastasis, double primary cancer within 5 years, or

history of irradiation to the liver. Finally, we reviewed 765

patients with HCC who were treated with RT in 12 partici-

pating institutions. 

Data regarding patient, tumor, treatment, survival, and

treatment failure were collected. The modified International

Union for Cancer Control (mUICC) staging system that the

guideline recommended as a primary staging system was

used. Treatment data included RT technique, total radiation

Table 1. Patient and tumor characteristics

Characteristic
No. (%) 

(n=765)

Age, median (range, yr) 57 (24-86)

Sex

Male 641 (83.8) 

Female 124 (16.2) 

Viral type

B 596 (77.9) 

C 69 (9.0) 

B & C 5 (0.7) 

NBNC 86 (11.2) 

Other 9 (1.2) 

ECOG

0-1 714 (93.3) 

2-3 51 (6.7) 

C-P class

A 615 (80.4) 

B 128 (16.7) 

C 14 (1.8) 

Unknown 8 (1.0) 

Pre-RT treatment

No 312 (40.8) 

Yes 453 (59.2) 

mUICC stage

I 29 (3.8) 

II 111 (14.5) 

III 287 (37.5) 

IV 338 (44.2) 

Tumor sizea), median (range, cm) 6.5 (0-20.0)

No. of tumors 

Single 315 (41.3) 

Multiplicity 448 (58.7)

PVT

No 389 (50.8) 

Yes 376 (49.2) 

LN metastasis

No 667 (87.2) 

Yes 98 (12.8) 

Pre-RT tumor marker

AFP, median (range, IU/mL) 95.3 (0.3-2,922,754.0)

PIVKA-II, median 283.5 (7.0-176,595.0)

(range, mAU/mL)

NBNC, non-B non-C; ECOG, Eastern Cooperative Oncol-
ogy Group; C-P, Child-Pugh; RT, radiotherapy; mUICC,
modified International Union for Cancer Control; PVT,
portal vein thrombosis; LN, lymph node; AFP, alpha-
fetoprotein; PIVKA-II, protein induced by vitamin K 
absence-II. a)Tumor size: intrahepatic tumor size based on
modified Response Evaluation Criteria in Solid Tumors
Criteria.
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dose, fractional dose, and combination with other treatment
modality. Combination treatment was defined as a treatment
administered within 4 weeks of the start of RT or the end of
RT. Total radiation dose was converted to BED and the /
ratio was constrained to be 10 Gy.

Treatment failure was defined as progression of disease 
according to the modified Response Evaluation Criteria in
Solid Tumors and was categorized into infield and outfield
failures. Infield failure was defined as a treatment failure in
the RT field, and outfield failure included outfield-intrahep-
atic and extrahepatic failures. 

OS was calculated from the start day of RT to death, and
failure-free survival (FFS) was calculated from the start day
of RT to treatment failure. Survival was estimated using the
Kaplan-Meier method. Predictive factors of survival were 
analyzed using the Cox proportional hazard model, and
multivariate analysis was performed using stepwise regres-
sion. Age, tumor size, pre-RT -fetoprotein (AFP), and BED
were analyzed as continuous variables. Radiotherapy char-
acteristics according to stage were analyzed using the
Kruskal-Wallis test, and statistical analysis was performed
using SPSS ver. 20.0 (IBM Corp., Armonk, NY). 

Results

The median follow-up period for all patients was 13.3
months (range, 0.2 to 51.7 months). Patient and tumor char-
acteristics are shown in Table 1. The median age was 57 years
(range, 24 to 86 years), and 641 patients were male (83.8%).
Most patients (93.3%) had ECOG score 0-1, and 80.4% were
C-P class A; 82% of patients were diagnosed as mUICC stage
III or IV. Median tumor size was 6.5 cm (range, 0 to 20.0 cm),
and 376 patients (49.2%) had PVT. Before RT, the median
level of AFP was 95.3 IU/mL (range, 0.3 to 2,922,754.0
IU/mL), and the level of protein induced by vitamin K 
absence-II was 283.5 mAU/mL (range, 7.0 to 176,595.0
mAU/mL). Patients with treatment history before RT num-
bered 453 (59.2%), and transcatheter arterial chemoemboliza-
tion (TACE) or transcatheter arterial chemoinfusion (TACI)
was the most common treatment before RT (51.9%). 

The treatment characteristics of patients are shown in
Table 2. Tumors were included in the treatment volume in
84.4% of patients. Other patients were treated for PVT or
metastatic LN. RT was performed using 3D CRT (73.9%), 
intensity modulated radiotherapy (IMRT, 18.0%), or stereo-
tactic body radiotherapy (SBRT, 8.1%). The median fractional
dose was 2.5 Gy (range, 1.8 to 20.0 Gy), and the median BED
with 10 Gy of / was 56.3 Gy (range, 3.9 to 180.0 Gy). In
total, 733 patients (95.8%) completed the planned RT, and the

median BED (Gy10) in these patients was 58.5 Gy (range, 19.5
to 180.0 Gy). Combination with other treatment such as
TACE or chemotherapy was administered in 466 patients
(60.9%). 

The median OS for all patients was 16.2 months, and the
2-year survival rate was 37.7% (Fig. 1). In univariate analysis,
ECOG, C-P class, tumor size, number of tumors, LN metas-
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Table 2. Treatment characteristics
No. (%)Characteristic (n=765)

Treatment volume
Tumor 272 (35.6)
Tumor+PVT 347 (45.4)
Tumor+LN 12 (1.6)
Tumor+PVT+LN 14 (1.8)
PVT 63 (8.2)
PVT+LN 18 (2.4)
LN 39 (5.1)

RT technique
3D CRT 565 (73.9) 
IMRT 138 (18.0) 
SBRT 62 (8.1) 

Completion of planned RT
No 32 (4.2) 
Yes 733 (95.8) 

Combination treatment
No 299 (39.1)
Yes 466 (60.9) 

Radiation dose, median (range, Gy)
All patients (n=765)

Fractional dose 2.5 (1.8-20.0)
Total dose 45.0 (3.0-72.0)
BED (Gy10) 56.3 (3.9-180.0)

3D CRT (n=565)
Fractional dose 2.5 (1.8-6.0)
Total dose 45.0 (3.0-72.0)
BED (Gy10) 53.1 (3.9-96.0)

IMRT (n=138)
Fractional dose 2.5 (1.8-6.0)
Total dose 50.0 (30.0-72.0)
BED (Gy10) 68.8 (39.0-96.0)

SBRT (n=62)
Fractional dose 13.8 (5.0-20.0)
Total dose 45.0 (25.0-60.0)
BED (Gy10) 112.5 (37.5-180.0)

PVT, portal vein thrombosis; LN, lymph node; RT, radio-
therapy; 3D CRT, 3-dimensional conformal radiotherapy;
IMRT, intensity-modulated radiotherapy; SBRT, stereotac-
tic body radiotherapy; BED, biological effective dose.
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tasis, PVT, stage, pre-RT AFP, pre-RT treatment history,
BED, and RT technique were significant. ECOG, C-P class,
tumor size, number of tumors, LN metastasis, PVT, stage,
and pre-RT treatment history were significant factors in mul-
tivariate analysis (Table 3).  

Assessment of treatment outcome was available in 734 
patients (95.9%). Infield and outfield failure occurred in 235
(32.0%) and 547 (74.5%) patients, respectively, and the 2-year
FFS rate was 58.6% and 19.9% (Fig. 2). Univariate and multi-
variate analyses were performed for identification of predic-
tive factors of FFS. For infield FFS, C-P class, LN metastasis,
PVT, stage, BED, and RT technique were significant factors
in univariate analysis, and C-P class, stage, and BED were
still significant in multivariate analysis. Age, ECOG, C-P
class, tumor size, and PVT were significant factors of outfield
FFS, and BED showed borderline significance (p=0.053). 

In subgroup analysis according to stage (Table 4), RT tech-
niques were significantly different according to stage (p <
0.001). SBRT was used mainly in patients with early stage
HCC, and most patients with advanced stage HCC were
treated with 3D CRT or IMRT. Therefore, median fractional
dose and BED were different between stages and were
higher in early stage than advanced stage (p < 0.001). Com-
bination treatment with TACE or chemotherapy was fre-
quently administered in patients with advanced stage HCC.
OS rate at 2 years in each stage was 76.7%, 60.4%, 42.9%, and
22.0%, respectively (Fig. 3), and survival was significantly
different by stage (p < 0.001). The 2-year infield FFS rate was
84.1%, 71.8%, 63.8%, and 42.9%, respectively, and the outfield

FFS rate was 12.0%, 13.5%, 6.1%, and 4.9%.
Compared with the previous report, patient characteristics

including age, the ratio of sex, and the distribution of stage
were similar. Although RT was still considered in patients
with advanced HCC, the percentage of patients with good
performance status increased (ECOG 0-1, 58.8% vs. 93.3%),
and the use of RT as a first primary treatment (no pre-RT
treatment) has increased (9.0% vs. 40.8%). In terms of RT
technique, two-dimensional RT was not used in this study,
and use of IMRT increased (1.3% vs. 18.0%). Increase in
IMRT resulted in an increase in radiation dose (fractional
dose, 1.8 Gy vs. 2.5 Gy; BED, 53.1 Gy10 vs. 56.3 Gy10). OS was
improved in all patients (median, 12 months vs. 16.2 months;
2-year OS, 27.9% vs. 37.7%) and OS compared by stages also
showed improvement (I-II, 45.2% vs. 63.4%; III-IV, 24.0% vs.
33.9%). 

Discussion

In this study, we demonstrated that the pattern of radio-
therapy in treatment of HCC changed after revision of the
guideline in 2009. Similar to the previous guideline, RT is still
considered for advanced HCC. However, RT was more often
used as the first primary treatment option in patients with
good performance status. Use of IMRT has increased, result-
ing in increases in fractional dose and BED. The current 
patients showed better OS than those in the previous report.

Although the indication of RT was not significantly
changed in the 2009 guideline, the level of evidence of RT in
HCC increased from “no evidence or level 3” to “level 2."
This increased level of evidence was supported by many 
Korean reports regarding treatment outcome of RT for 
patients with HCC. Loco-regional treatment was considered
important and advancements in the RT technique and com-
bination with other treatment could result in the improve-
ment of treatment outcome, particularly in advanced HCC.
Based on many evidences and experiences, referring physi-
cians such as hepatologist or medical oncologist have grad-
ually recognized the role of RT as the first primary treatment
in patients with HCC with some learning curve period,
which appeared to affect the change in pattern of RT. RT in
treatment of HCC has changed from a salvage aim to a 
definitive aim, which might be associated with improved
survival.

In the Barcelona Clinic Liver Cancer guidelines, RT is not
recommended as a treatment option in patients with HCC
[5]. However, the application of RT in treatment of HCC has
increased, and the benefits of RT have been reported in many
studies. Some authors have suggested that the application of
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Fig. 1. Overall survival. During the follow-up period, 455
patients died. Median overall survival for all patients was
16.2 months and the 2-year survival rate was 37.7%. 
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Variable
Univariate Multivariate

Exp (B) 95% CI p-value Exp (B) 95% CI p-value
Overall survival

Age 0.994 0.986-1.003 < 0.181 - - -
Sex 0.924 0.726-1.175 < 0.517 - - -
ECOG 3.679 2.707-5.001 < 0.001 3.064 2.208-4.251 < 0.001
C-P class 3.371 2.752-4.129 < 0.001 2.651 2.120-3.316 < 0.001
Tumor size 1.089 1.067-1.111 < 0.001 1.057 1.032-1.083 < 0.001
No. of tumors 1.466 1.261-1.705 < 0.001 1.264 1.051-1.521 < 0.001
LN metastasis 2.255 1.779-2.858 < 0.001 1.746 1.332-2.291 < 0.001
PVT 1.931 1.613-2.310 < 0.001 1.337 1.077-1.658 < 0.001
Stage 1.822 1.613-2.058 < 0.001 1.320 1.114-1.564 < 0.001 
Pre-RT AFP 1.000 1.000-1.000 < 0.001 - - -
Pre-RT treatment 0.825 0.690-0.990 < 0.001 1.390 1.132-1.707 < 0.002 
BED 0.984 0.979-0.990 < 0.001 - - -
RT technique 0.456 0.314-0.660 < 0.001 - - -
Combination treatment 1.105 0.922-1.324 < 0.280 - - -

Infield failure-free survival
Age 0.998 0.986-1.010 < 0.697 - - -
Sex 0.927 0.655-1.313 < 0.670 - - -
ECOG 1.813 1.034-3.179 < 0.038 - - -
C-P class 1.740 1.237-2.447 < 0.001 1.590 1.115-2.267 < 0.010 
Tumor size 1.027 0.996-1.060 < 0.088 - - -
No. of tumors 1.057 0.850-1.314 < 0.620 0.706 0.545-0.914 < 0.008 
LN metastasis 1.804 1.262-2.579 < 0.001 - - -
PVT 1.894 1.462-2.454 < 0.001 1.295 0.972-1.726 < 0.077 
Stage 1.748 1.468-2.082 < 0.001 1.652 1.326-2.060 < 0.001
Pre-RT AFP 1.000 1.000-1.000 < 0.639 - - -
Pre-RT treatment 1.078 0.827-1.405 < 0.577 1.670 1.258-2.216 < 0.001
BED 0.977 0.969-0.986 < 0.001 0.986 0.977-0.995 < 0.003 
RT technique 0.416 0.237-0.729 < 0.002 - - -
Combination treatment 1.134 0.870-1.477 < 0.352 - - -

Outfield failure-free survival
Age 0.988 0.980-0.996 < 0.002 0.991 0.983-0.999 < 0.036 
Sex 0.920 0.735-1.153 < 0.470 - - -
ECOG 2.167 1.512-3.106 < 0.001 1.791 1.222-2.625 < 0.003
C-P class 1.735 1.388-2.168 < 0.001 1.510 1.184-1.925 < 0.001 
Tumor size 1.046 1.025-1.067 < 0.001 1.035 1.010-1.061 < 0.007 
No. of tumors 1.349 1.171-1.555 < 0.001 1.185 0.996-1.409 < 0.055 
LN metastasis 1.418 1.104-1.821 < 0.001 - - -
PVT 1.470 1.241-1.740 < 0.001 1.229 1.002-1.507 < 0.048 
Stage 1.359 1.223-1.509 < 0.001 1.142 0.985-1.325 < 0.078
Pre-RT AFP 1.000 1.000-1.000 < 0.001 - - -
Pre-RT treatment 1.086 0.914-1.290 < 0.348 1.349 1.075-1.692 < 0.010 
BED 0.990 0.986-0.995 < 0.001 0.995 0.989-1.000 < 0.053 
RT technique 0.653 0.478-0.892 < 0.007 - - -
Combination treatment 0.923 0.778-1.095 < 0.360 0.796 0.637-0.993 < 0.044

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; C-P, Child-Pugh; LN, lymph node; PVT, portal vein
thrombosis; RT, radiotherapy; AFP, -fetoprotein; BED, biological effective dose.

Table 3. Univariate and multivariate analysis
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RT according to the BCLC staging system could be used in
all stages of HCC [6-8]. In very early or early stage disease,
SBRT alone could be considered, and combination with
TACE is also possible if the patient is inoperable or not eligi-
ble for curative treatment such as surgery or radiofrequency
ablation (RFA). Combination with other treatment was rec-
ommended in intermediate or advanced stage. Palliative RT
for symptom relief was recommended for terminal patients. 

In 2014, the KLCSG-NCC revised the practice guidelines
for the management of HCC [9]. In addition to the indication

of the previous guideline, the revised guideline suggests that
external beam radiotherapy can be considered as an alterna-
tive treatment option in early stage disease. In patients with
early HCC who are ineligible for surgical resection, liver
transplantation, RFA, percutaneous ethanol injection, or
TACE and the tumor is far from a radiosensitive normal
organ, SBRT could be an effective treatment. 

The outcome of SBRT for HCC was reported in previous
studies [10,11]. SBRT showed high local control for inopera-
ble HCC patients and resulted in a survival benefit. Accord-
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Fig. 2. (A) Pattern of failure. Assessment of treatment outcome was available in 734 patients (95.9%). Infield and outfield
failure occurred in 235 (32.0%) and 547 (74.5%) patients. (B) Failure-free survival (FFS) for infield failure. Median FFS was
not reached and 2-year FFS rate was 58.6%. (C) FFS for outfield failure. Median FFS was 9.8 months and 2-year FFS was
19.9%.
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ing to a nationwide survey conducted in Korea, the applica-
tion of SBRT has increased, and the liver is a common treat-
ment site [12]. In this study, the percentage of patients treated
with SBRT was similar to that in a previous report, and SBRT
was used mainly as a salvage treatment for recurrent tumors
with early stage. Unfortunately, detailed data from previous
study could not be obtained for specific comparison of RT
dose. SBRT was introduced in the previous era of study and

has now become popular throughout the nation. It can be
postulated that dose of SBRT was not sufficient in the previ-
ous study period, and the experience and advancement of
the SBRT technique became available for more delicate treat-
ment, which could contribute to survival gain in early stage.

Combination treatment was administered in 466 patients
(60.9%) who were considered mainly in advanced stage
rather than early stage HCC. TACE or TACI was adminis-
tered in 41.9% of patients, and hepatic arterial infusional
chemotherapy (HAIC) was administered in 23.1% of pati-
ents. Radiotherapy following TACE is known to be effective
[13-15]. A prospective phase 2 multicenter study conducted
in Korea demonstrated that TACE plus RT is a safe and 
effective treatment in patients with unresectable HCC. Shim
et al. [15] reported that TACE+RT showed better survival
than TACE alone, particularly in patients with tumors  8 cm
in diameter. Concurrent chemoradiotherapy (CCRT) using
HAIC is a treatment option in locally advanced HCC [16,17].
Overall tumor response after CCRT was approximately 60%,
and response in both tumor and portal vein tumor thrombo-
sis showed significant correlation with improved survival.

Due to improvement in RT techniques, two-dimensional
conventional RT is no longer used, and the use of IMRT has
increased. Although the median total dose was not different
from that in the previous report, fractional dose and BED 
increased in the current study, possibly due to an increase in
IMRT. IMRT for HCC has shown a good response without
severe complications in several studies [18-20]. Yoon et al.
[19] compared treatment outcomes between patients with 
locally advanced HCC treated with 3D CRT and those
treated with IMRT by propensity score matching method.
Patients treated with IMRT showed better survival than

Hyejung Cha, Patterns of RT in HCC

Table 4. Treatment characteristics according to stage

Characteristic Stage I Stage II Stage III Stage IV p-value(n=29) (n=111) (n=287) (n=338)
RT technique

3D CRT 13 (44.8) 61 (55.0) 228 (79.4) 263 (77.8) < 0.001
IMRT 1 (3.4) 24 (21.6) 43 (15.0) 70 (20.7)
SBRT 15 (51.7) 26 (23.4) 16 (5.6) 5 (1.5)

Fractional dose (Gy) 7.0 (2.0-19.0) 3.5 (1.8-20.0) 2.5 (1.8-20.0) 2.5 (1.8-13.0) < 0.001
BED (Gy10) 79.2 (42.9-165.3) 65.3 (37.5-180.0) 56.0 (3.9-180.0) 53.1 (14.4-119.6) < 0.001
Completion of planned RT

No 0 ( 1 (0.9) 7 (2.4) 24 (7.1) 0.005 
Yes 29 (100) 110 (99.1) 280 (97.6) 314 (92.9)

Combination treatment
No 26 (89.7) 71 (64.0) 98 (34.1) 104 (30.8) < 0.001
Yes 3 (10.3) 40 (36.0) 189 (65.9) 234 (69.2)

Values are presented as number (%) or median (range). RT, radiotherapy; 3D CRT, 3-dimensional conformal radiotherapy;
IMRT, intensity-modulated radiotherapy; SBRT, stereotactic body radiotherapy; BED, biological effective dose.
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Fig. 3. Overall survival according to stage. Overall sur-
vival rates at 2 years in each stage were 76.7%, 60.4%,
42.9%, and 22.0%, respectively, and it was significantly dif-
ferent by stage (p < 0.001).
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those treated with 3D CRT, and RT modality was a signifi-
cant factor of OS [19]. Kim et al. [20], who reported the results
of simultaneous integrated boost-IMRT (SIB-IMRT) in 
patients with inoperable HCC, suggested that SIB-IMRT was
a feasible and safe treatment for patients with inoperable
HCC. However, there was no significant difference in sur-
vival or treatment failure between 3D CRT and IMRT in the
current study. Based on a retrospective multi-institutional 
review, it was thought to be due to the heterogeneity of 
patient and treatment characteristics. In 2015, the indications
of IMRT were expanded to treatment for patients with HCC,
and it is thought that the use of IMRT will further increase. 

Tumor size, LN metastasis, C-P class, and BED were sig-
nificant factors of OS in the previous report. Similarly,
ECOG, C-P class, tumor size, number of tumors, PVT, and
stage were significant factors of OS in the current study.
Tumor factors and host factors (performance status, liver
function) are important for survival outcome. BED was not
a significant factor of OS; however it was a significant factor
of infield failure. 

Although this study was not a complete enumeration sur-
vey and conducted in 12 institutions, most institutions that
treat a large number of HCC patients with RT were included
and nine of 12 institutions are included in both the previous
and current study. This study was based on a retrospective
review in multiple institutions; therefore, complete data 
regarding toxicity or quality of life could not be obtained.
However, evaluation of treatment outcome was available in
most patients (95.9%), while the previous study reported dis-
ease status in only one-third of all patients. The result of this
study does not represent the practice pattern of all HCC 
patients with regard to RT in Korea; however, it shows 
increased understanding among members of the hepatic 
oncologists society in terms of RT application, which expands
to the primary aim.

Further study examining changes in patterns of RT in HCC
is required after revision of the KLCSG-NCC guideline in
2014.

Conclusion

By increasing the level of evidence of RT in the KLCSG-
NCC guideline, clinical practice patterns of RT have
changed. RT is still used mainly in advanced HCC; however,
the number of patients with good performance status who
received RT as a first treatment has increased. This change
in practice patterns could result in improvement in OS.
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Purpose
Although the incidence of thyroid cancer in Korea has rapidly increased over the past
decade, few studies have investigated its risk factors. This study examined the risk factors
for thyroid cancer in Korean adults. 

Materials and Methods
The study design was a hospital-based case-control study. Between August 2002 and 
December 2011, a total of 802 thyroid cancer cases out of 34,211 patients screened from
the Cancer Screenee. Cohort of the National Cancer Center in South Korea were included
in the analysis. A total of 802 control cases were selected from the same cohort, and
matched individually (1:1) by age (±2 years) and area of residence for control group 1 and
additionally by sex for control group 2.

Results
Multivariate conditional logistic regression analysis using the control group 1 showed that
females and those with a family history of thyroid cancer had an increased risk of thyroid
cancer, whereas ever-smokers and those with a higher monthly household income had a
decreased risk of thyroid cancer. On the other hand, the analysis using control group 2
showed that a family history of cancer and alcohol consumption were associated with a 
decreased risk of thyroid cancer, whereas higher body mass index (BMI) and family history
of thyroid cancer were associated with an increased risk of thyroid cancer.   

Conclusion
These findings suggest that females, those with a family history of thyroid cancer, those
with a higher BMI, non-smokers, non-drinkers, and those with a lower monthly household
income have an increased risk of developing thyroid cancer.

Key words
Thyroid neoplasms, Smoking, Alcohols, Risk factors, 
Case-control studies

Seung-Kwon Myung, MD, PhD1,2,3,4

Chan Wha Lee, MD2,5

Jeonghee Lee, MS4

Jeongseon Kim, PhD1,4

Hyeon Suk Kim, PhD6

1Department of Cancer Control and Policy,
Graduate School of Cancer Science and Policy,
National Cancer Center, Goyang, 
2Center for Cancer Prevention and Detection,
National Cancer Center Hospital, 
National Cancer Center, Goyang, 
3Department of Family Medicine, National
Cancer Center Hospital, National Cancer 
Center, Goyang, 4Molecular Epidemiology
Branch, Research Institute, National Cancer
Center, Goyang, 5Department of Radiology,
Center for Diagnostic Oncology, National
Cancer Center Hospital, National Cancer 
Center, Goyang, 6School of Nursing, 
Shinhan University, Dongducheon, Korea

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

Correspondence: Chan Wha Lee, MD
Department of Radiology, Center for Diagnostic
Oncology, National Cancer Center Hospital, 
National Cancer Center, 323 Ilsan-ro, 
Ilsandong-gu, Goyang 10408, Korea
Tel: 82-31-920-2639  
Fax: 82-31-920-2606
E-mail: cwlee@ncc.re.kr

Co-correspondence: Jeongseon Kim, PhD
Department of Cancer Control and Policy, 
Graduate School of Cancer Science and Policy,
National Cancer Center, 323 Ilsan-ro, 
Ilsandong-gu, Goyang 10408, Korea
Tel: 82-31-920-2570
Fax: 82-31-920-2579
E-mail: jskim@ncc.re.kr

Received  August 17, 2015
Accepted  June 6, 2016
Published Online  June 23, 2016 

│ http://www.e-crt.org │70 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.



Introduction

According to the World Cancer Report 2014, thyroid can-
cer is one of the less frequent cancers worldwide [1]. Its inci-
dence, however, has increased almost two-fold over the past
few decades, due mainly to the increased detection of thyroid
cancer using thyroid ultrasonography [1,2]. In particular, the
incidence rate of thyroid cancer in South Korea in 2011 was
15 times higher than in 1993 [3]. 

Although the precise causes of thyroid cancer remain 
unclear, a few risk factors, such as exposure to radiation, sex
(women), and a diet low in iodine (follicular thyroid cancer)
are known to increase the risk of thyroid cancer [4]. Recently,
several lifestyle factors have been suggested to have an 
association with the risk of developing thyroid cancer from
the findings of observational studies. According to Schmid
et al.’s meta-analysis [5] of case-control and cohort studies in
2013, there was no overall significant association between
physical activity and thyroid cancers, even though subgroup
analyses revealed inconsistent findings according to the
study design. In 2012, Zhao et al. [6] reported that over-
weight and obesity increased the risk of thyroid cancer sig-
nificantly (by 18%) from the findings of a meta-analysis of
seven cohort studies. On the contrary, unlike other cancers,
a pooled analysis of five prospective studies in the United
States suggested that cigarette smoking and alcohol con-
sumption were associated with a decreased risk of thyroid
cancer [7]. In addition, Cho and Kim [8] reported that the risk
of thyroid cancer was decreased by 21% in ever-smokers
compared to never-smokers when they performed a meta-
analysis of 31 observational studies [8]. 

As described before, the age-standardized incidence of
thyroid cancer in Korea women (88.6 per 100,000) has 
increased rapidly and is the highest among all countries in
the world (20 per 100,000 for the United States, 12.7 for Aus-
tralia, and 6.1 per 100,000 for world) [9]. Despite this, few
studies have reported the risk factors for thyroid cancer in
Korean adults. Moreover, the sample sizes of previous case-
control studies on this issue were small.

This study examined the risk factors for thyroid cancer in
Korean adults using a hospital-based case-control study.

Materials and Methods

1. Study population  

A large hospital-based case-control study was conducted
using the data from the Cancer Screenee Cohort of the 

National Cancer Center in South Korea. All participants were
men and women aged between 30 and 70 years, who under-
went health screening examinations including thyroid ultra-
sonography. All the participants were asked to complete a
self-administered questionnaire about their sociodemo-
graphic characteristics (e.g., age, education, occupation,
household income, and marital status), cigarette smoking
habits, alcohol drinking habits, and their regular exercise
habits. A total of 34,211 participants provided written 
informed consent for study participation between August
2002 and December 2011. 

2. Case and control selection

The thyroid cancer cases were defined based on the Inter-
national Classification of Diseases for Oncology (ICD-O)
(code C73) and were ascertained by a linkage to the Korea
Central Cancer Registry (KCCR) database, which has been
used to identify the incidence of cancer in Korea. Among the
828 thyroid cancer patients, a total of 802 patients were 
finally selected after excluding those who did not answer the
questionnaire. 

The controls were selected from the same cohort with
34,211 participants, who underwent health screening exam-
inations including thyroid ultrasonography. Among the 
potential controls (n=31,453) who were not diagnosed with
any cancer including thyroid cancer, 2,962 participants were
excluded due to missing questionnaires or insufficient infor-
mation on their residential areas. From the remaining 28,491
participants, using an incidence density sampling method,
one control was selected randomly for each thyroid cancer
case from the appropriate risk sets consisting of all study par-
ticipants, free of cancer. Those in control group 1 were
matched individually to the cases according to age (within 2
years) and residential area (Seoul, Gyeonggi, Gangwon,
Chungcheong, Jeolla, Gyeongsang, Jeju, North America, and
other Asian countries). In control group 1, sex was not 
included as a matching variable to determine if sex is associ-
ated with the risk of thyroid cancer. In addition, the controls
for control group 2 were matched to cases by age (within 2
years), residential areas Seoul, Gyeonggi, Gangwon, Chung-
cheong, Jeolla, Gyeongsang, Jeju, North America, and other
Asian countries), and also sex to reduce the confounding 
effect of sex. A total of 802 incident cases and 802 controls
were included for the final analysis. The study procedure 
including the linkage to the KCCR database was approved
by the institutional review board of the National Cancer Cen-
ter (NCC2014-0096). 

3. Statistical methods

To assess the association between the risk factors and thy-
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roid cancer, conditional logistic regression models were used
to calculate the odds ratios (ORs) and 95% confidence inter-
vals (CIs) using univariate and multivariate analyses. The
multivariate conditional logistic regression models were 
adjusted for sex (female vs. male), body mass index (BMI,
kg/m2: < 23, 23-25,  25), family history of cancer (first degree
relative: yes vs. no), family history of thyroid cancer (first 
degree relative: yes vs. no), education (college or above, high
school vs. middle school or below), occupation (agriculture/
laborer/unemployed/others, sales/service, profession/
office worker vs. housewife), monthly household income 
(> $3,706 or $1,853-$3,706 vs. < $1,853), marital status (divo-
rced/widowed, unmarried vs. married), alcohol consump-
tion (ever-drinker, current drinker, former drinker vs. non-
drinker), and smoking status (ever-smoker, current smoker,
former smoker vs. non-smoker). In addition, the Cochran-
Armitage test for trend was conducted to investigate the 
relationship between increasing exposure to smoking and
thyroid cancer risk. All the analyses were performed for both
control groups 1 and 2. The goodness of fit of a model was
measured by the generalized R2 statistic that Allison dis-
cussed [10] as follows: 

R2=1–e–(LRT/n)

, where likelihood ratio test statistic (LRT)=–2logL(0)–
[–2logL(p)], n is the sample size, logL(0) is the log-likelihood
for a null model with no covariates, and logL(p) is the log-
likelihood for the fitted model with p covariates. All statisti-
cal analyses were performed using SAS ver. 9.3 software
(SAS Institute Inc., Cary, NC). 

Results

Table 1 lists the distribution of the general characteristics
among the 1,604 participants with thyroid cancer (n=802)
and control cases (n=802) in the control group 1 according to
sex, BMI, family history of cancer, family history of thyroid
cancer, education, occupation, monthly household income,
marital status, alcohol consumption, and smoking status. In
univariate analysis, females (OR, 2.97; 95% CI, 2.38 to 3.71),
family history of thyroid cancer (OR, 3.64; 95% CI, 1.87 to
7.09), and divorced or widowed (OR, 2.38; 95% CI, 1.54 to
3.67) were associated with an increased risk of thyroid can-
cer, whereas a family history of cancer, higher education lev-
els, other occupations (other than housewife), higher
monthly household incomes, alcohol consumption, and ever-
smokers were associated with a decreased risk of thyroid
cancer (Table 1). 

Table 1 also lists the findings from multivariate condi-
tional logistic regression analysis adjusted for sex, BMI, fam-
ily history of cancer, family history of thyroid cancer,
education, occupation, monthly household income, marital
status, alcohol consumption, and smoking status. The results
showed that females (OR, 2.08; 95% CI, 1.26 to 3.45) and a
family history of thyroid cancer (OR, 4.39; 95% CI, 1.73 to
11.15) were more likely to have an increased risk of thyroid
cancer, whereas higher household incomes (> $3,706 vs. 
< $1,853; OR, 0.59; 95% CI, 0.36 to 0.98) and ever-smokers
(OR, 0.62; 95% CI, 0.44 to 0.86) were more likely to have a 
decreased risk of thyroid cancer. On the other hand, there
was no significant association observed with BMI, family his-
tory of cancer, education levels, occupational, marital status,
and alcohol consumption.

In multivariate conditional logistic regression analysis 
according to the smoking history, compared to non-smokers,
there was a dose-response relationship in the ever-smokers
between the years of cigarette smoking and a decreased risk
of thyroid cancer (OR, 0.87; 95% CI, 0.50 to 1.50 for  10 years;
OR, 0.61; 95% CI, 0.39 to 0.95 for 11-20 years; OR, 0.59; 95%
CI, 0.37 to 0.95 for 21-30 years; OR, 0.62; 95% CI, 0.35 to 1.10
for > 30 years; p-value for trend=0.019) (Table 2). On the
other hand, no dose-response relationship was observed for
the age when they started to smoke and the number of daily
cigarette smoking. 

Table 3 lists the general characteristics of the study partic-
ipants with the same case group and the control group 2 in
univariate analysis and multivariate conditional logistic 
regression analysis. In multivariate conditional logistic 
regression analysis, a family history of cancer and alcohol
consumption were associated with a decreased risk of thy-
roid cancer, whereas a higher BMI and a family history of
thyroid cancer were associated with an increased risk of thy-
roid cancer. Unlike the findings from multivariate analysis
using control group 1, smoking was not associated with a
risk of thyroid cancer.   

Discussion

This hospital-based case-control study found that females
and those with a family history of thyroid cancer had an 
increased risk of thyroid cancer. In contrast, ever-smokers
and those with higher household incomes were more likely
to have a lower risk of thyroid cancer. In particular, an 
inverse dose-response association was observed between the
years of cigarette smoking and the thyroid cancer risk. When
the analysis was performed using the control group matched
by sex as well as age and residential areas, alcohol consump-
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Table 1. General characteristics of the study participants with the control group 1 in univariate analysis and multivariate
conditional logistic regression analysis

Variable Controla) Case Crude OR Adjusted OR 
(n=802) (n=802) (95% CI) (95% CI)b)

Sex
Male 432 (53.9) 229 (28.6) 1.00 ( 1.00 (
Female 370 (46.1) 573 (71.5) 2.97 (2.38-3.71) 2.08 (1.26-3.45)

BMI (kg/m2)
< 23 307 (38.3) 309 (38.5) 1.00 ( 1.00 (
23-25 218 (27.2) 221 (27.6) 1.01 (0.79-1.29) 1.21 (0.85-1.72)
> 25 277 (34.5) 272 (33.9) 0.98 (0.77-1.23) 1.23 (0.88-1.72)

Family history of cancerc)

No 211 (26.3) 246 (30.7) 1.00 ( 1.00 (
Yes 585 (72.9) 543 (67.7) 0.79 (0.63-0.99) 0.74 (0.54-1.02)
Missing 6 (0.8) 13 (1.6)

Family history of thyroid cancerc)

No 785 (97.9) 748 (93.3) 1.00 ( 1.00 (
Yes 11 (1.4) 41 (5.1) 3.64 (1.87-7.09) 4.39 (1.73-11.15)
Missing 6 (0.8) 13 (1.6)

Education
Middle school or below 121 (15.1) 139 (17.3) 1.00 ( 1.00 (
High school 263 (32.8) 260 (32.4) 0.82 (0.60-1.12) 1.06 (0.66-1.69)
College or above 409 (51.0) 350 (43.6) 0.67 (0.49-0.92) 1.19 (0.72-1.97)
Missing 9 (1.1) 53 (6.6)

Occupation
Housewife 228 (28.4) 349 (43.5) 1.00 ( 1.00 (
Profession/Office worker 329 (41.0) 229 (28.6) 0.46 (0.36-0.59) 1.11 (0.26-1.76)
Sales/Service 122 (15.2) 100 (12.5) 0.55 (0.40-0.76) 1.07 (0.66-1.71)
Agriculture/Laborer/Unemployed/Others 114 (14.2) 80 (10.0) 0.47 (0.32-0.66) 0.99 (0.56-1.76)
Missing 9 (1.1) 44 (5.5)

Monthly household income
< $1,853d) 82 (10.2) 107 (13.3) 1.00 ( 1.00 (
$1,853-$3,706 221 (27.6) 224 (27.9) 0.65 (0.44-0.97) 0.72 (0.44-1.19)
> $3,706 429 (53.5) 329 (41.0) 0.49 (0.33-0.71) 0.59 (0.36-0.98)
Missing 70 (8.7) 142 (17.7)

Marital status
Married 741 (92.4) 674 (84.0) 1.00 ( 1.00 (
Unmarried 26 (3.2) 25 (3.1) 1.01 (0.55-1.87) 0.70 (0.31-1.62)
Divorced/Widowed 35 (4.4) 74 (9.2) 2.38 (1.54-3.67) 1.67 (0.87-3.22)
Missing 0 ( 29 (3.6)

Alcohol consumption
Non-drinker 236 (29.4) 360 (44.9) 1.00 ( 1.00 (
Former drinker 30 (3.7) 45 (5.6) 1.05 (0.63-1.76) 1.79 (0.87-3.71)
Current drinker 520 (64.8) 373 (46.5) 0.46 (0.36-0.57) 0.92 (0.66-1.30)
Ever-drinker 550 (49.0) 418 (25.7) 0.50 (0.40-0.61) 0.81 (0.63-1.06)
Missing 16 (2.0) 24 (3.0)
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Table 1. Continued

Variable Controla) Case Crude OR Adjusted OR 
(n=802) (n=802) (95% CI) (95% CI)b)

Smoking status
Non-smoker 382 (47.6) 547 (68.2) 1.00 ( 1.00 (
Former smoker 178 (22.2) 109 (13.6) 0.43 (0.33-0.58) 0.75 (0.48-1.17)
Current smoker 215 (26.8) 97 (12.1) 0.29 (0.22-0.40) 0.49 (0.31-0.78)
Ever-smoker 393 (49.0) 206 (25.7) 0.34 (0.27-0.43) 0.62 (0.44-0.86)
Missing 27 (3.4) 49 (6.1)

OR, odds ratio; CI, confidence interval; BMI, body mass index. a)Matched to cases by age (within 2 years) and residential areas,
b)Adjusted for BMI, family history of cancer, family history of thyroid cancer, education, occupation, monthly household 
income, marital status, alcohol consumption, and smoking status; R2=0.1277, c)First degree relatives, d)$1=1,079 Korean won
(as of April 26, 2015).

Table 2. Association between the risk of thyroid cancer and smoking history, such as age at starting to smoke, years of cig-
arette smoking, and number of daily cigarette smoking in multivariate conditional logistic regression analysis

Variable Control Case Crude OR Adjusted OR 
(n=802) (n=802) (95% CI) (95% CI)a)

Age at starting to smoke 
Never smoking 382 (47.6) 547 (68.2) 1.00 ( 1.00 (
 18 74 (9.2) 31 (3.9) 0.26 (0.17-0.42) 0.52 (0.29-0.93)
19-24 223 (27.8) 121 (15.1) 0.36 (0.28-0.48) 0.76 (0.52-1.12)
 25 54 (6.7) 28 (3.5) 0.38 (0.23-0.62) 0.57 (0.33-1.01)
Missing 69 (8.6) 75 (9.4)
p-value for trend < 0.001 0.133

Years of cigarette smoking
Never smoking 382 (47.6) 547 (68.2) 1.00 ( 1.00 (
 10 40 (5.0) 34 (4.2) 0.60 (0.37-0.99) 0.87 (0.50-1.50)
11-20 122 (15.2) 58 (7.2) 0.33 (0.23-0.47) 0.61 (0.39-0.95)
21-30 128 (16.0) 62 (7.7) 0.30 (0.20-0.43) 0.59 (0.37-0.95)
> 30 71 (8.9) 29 (3.6) 0.29 (0.18-0.47) 0.62 (0.35-1.10)
Missing 59 (7.4) 72 (9.0)
p-value for trend < 0.001 0.019

No. of cigarettes/day 
Never smoking 382 (47.6) 547 (68.2) 1.00 ( 1.00 (
 10 110 (13.7) 58 (7.2) 0.35 (0.25-0.50) 0.61 (0.40-0.93)
11-20 180 (22.4) 101 (12.6) 0.39 (0.29-0.52) 0.84 (0.56-1.26)
21-30 48 (6.0) 16 (2.0) 0.23 (0.12-0.41) 0.42 (0.22-0.82)
> 30 25 (3.1) 11 (1.4) 0.27 (0.13-0.56) 0.61 (0.26-1.42)
Missing 57 (7.1) 69 (8.6)
p-value for trend < 0.001 0.071

OR, odds ratio; CI, confidence interval. a)Adjusted for sex, body mass index, family history of cancer, family history of thyroid
cancer, education, occupation, monthly household income, marital status, smoking status, and alcohol consumption; R2=0.1070.
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Table 3. General characteristics of the study participants with the control group 2 in univariate analysis and multivariate
conditional logistic regression analysis

Variable Controla) Case Crude OR Adjusted OR 
(n=802) (n=802) (95% CI) (95% CI)b)

Sex
Male 229 (28.6) 229 (28.6) - -
Female 573 (71.5) 573 (71.5) - -

BMI (kg/m2)
< 23 353 (44.0) 309 (38.5) 1.00 ( 1.00 (
23-25 225 (28.1) 221 (27.6) 1.14 (0.89-1.46) 1.28 (0.98-1.68)
> 25 224 (27.9) 272 (33.9) 1.11 (1.11-1.80) 1.42 (1.09-1.85)

Family history of cancerc)

No 187 (23.3) 246 (30.7) 1.00 ( 1.00 (
Yes 606 (75.6) 543 (67.7) 0.66 (0.52-0.83) 0.63 (0.49-0.81)
Missing 9 (1.1) 13 (1.6)

Family history of thyroid cancerc)

No 787 (98.1) 748 (93.3) 1.00 ( 1.00 (
Yes 6 (0.8) 41 (5.1) 8.00 (3.16-20.27) 9.41 (3.61-24.51)
Missing 9 (1.1) 13 (1.6)

Education
Middle school or below 159 (19.8) 139 (17.3) 1.00 ( 1.00 (
High school 276 (34.4) 260 (32.4) 1.08 (0.80-1.45) 1.19 (0.86-1.66)
College or above 353 (44.0) 350 (43.6) 1.15 (0.85-1.57) 1.29 (0.90-1.86)
Missing 14 (1.8) 53 (6.6)

Occupation
Housewife 344 (42.9) 349 (43.5) 1.00 ( 1.00 (
Profession/Office worker 229 (28.6) 229 (28.6) 0.94 (0.70-1.24) 0.87 (0.63-1.20)
Sales/Service 113 (14.1) 100 (12.5) 0.84 (0.61-1.17) 0.77 (0.53-1.10)
Agriculture/Laborer/Unemployed/Others 101 (12.6) 80 (10.0) 0.75 (0.53-1.07) 0.69 (0.47-1.02)
Missing 15 (1.9) 44 (5.5)

Monthly household income
< $1,853d) 103 (12.8) 107 (13.3) 1.00 ( 1.00 (
$1,853-$3,706 215 (26.8) 224 (27.9) 0.99 (0.71-1.38) 0.95 (0.66-1.39)
> $3,706 389 (48.5) 329 (41.0) 0.79 (0.57-1.08) 0.71 (0.49-1.03)
Missing 95 (11.9) 142 (17.7)

Marital status
Married 710 (88.5) 674 (84.0) 1.00 ( 1.00 (
Unmarried 20 (2.5) 25 (3.1) 1.33 (0.72-2.44) 1.31 (0.68-2.50)
Divorced/Widowed 70 (8.7) 74 (9.2) 1.21 (0.84-1.75) 1.25 (0.84-1.86)
Missing 2 (0.3) 29 (3.6)

Alcohol consumption
Non-drinker 298 (37.2) 360 (44.9) 1.00 ( 1.00 (
Former drinker 34 (4.2) 45 (5.6) 1.06 (0.66-1.71) 1.13 (0.68-1.88)
Current drinker 455 (56.7) 373 (46.5) 0.61 (0.48-0.78) 0.64 (0.49-0.82)
Ever-drinker 489 (61.0) 418 (25.7) 1.21 (0.62-2.35) 0.68 (0.53-0.87)
Missing 15 (1.9) 24 (3.0)
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tion was significantly associated with a decreased risk of thy-
roid cancer.

Overall, these findings are consistent with those of previ-
ous studies and reports on the general characteristics and
risk factors of thyroid cancer. According to the GLOBOCAN
2012 of the International Agency of Research on Cancer, the
age-standardized incidence rate of thyroid cancer worldwide
was approximately 3.2 times higher in women than in men:
6.1 per 100,000 and 1.9 per 100,000, respectively [11]. In 
addition, the incidence data obtained from the Korea 
National Cancer Incidence Database showed that age-stan-
dardized incidence rates per 100,000 were 102.4 in women
and 23.0 in men [12], which were approximately 4.5 times
higher in women than in men. These results show that thy-
roid cancer is 3-4 times more common in women than in
men. This study also showed that the risk of thyroid cancer
was more than 2 times higher in women than in men.

The reasons for the difference in incidence between men
and women is unclear. However, estrogen, which is one of
the two main female sex hormones, might explain the sex dif-
ference in the incidence of thyroid cancer. Several studies
have shown that the estrogen levels might be associated with
the risk of thyroid cancer. For example, although the fre-
quency of differentiated thyroid cancer (papillary or parafol-
licular thyroid cancer) in girls was similar to that in boys up
to the age of 12 years, with the onset of puberty, it increased
in girls [13]. In addition, pregnancy was associated with an
increased risk of thyroid cancer [14,15]. The onset of puberty
and pregnancy are associated with increased levels of estro-
gen. In contrast, the incidence of thyroid cancer was highest
in the late 40s and early 50s (perimenopause) and decreased
thereafter (postmenopause) [12]. During these periods, the
estrogen levels start to decrease rapidly and level off. As a
potential mechanism for the impact of estrogen on the 
increased risk of thyroid cancer, several experimental studies

have shown that 17-estradiol (E2, predominant estrogen
during reproductive periods) is a potent stimulating agent
of both benign and malignant thyroid cells [16-18]. E2 acts
via a classical genomic pathway mediated through the estro-
gen receptors  and  (ER and ER) and a non-genomic
pathway by membrane-associated estrogen receptor [19].
Both pathways are operative in benign and malignant thy-
roid tissues, even though the detection of ERs in normal thy-
roid tissues, thyroid adenomas, goiters, and thyroid carci-
nomas by immunohistochemical staining or reverse tran-
scription polymerase chain reaction varies between 0% and
100% of samples [18,19]. Nevertheless, the influence of estro-
gen on the development of thyroid cancer is still unclear. Fur-
ther detailed studies will be necessary to confirm the asso-
ciation between estrogen and thyroid cancer.

A family history of thyroid cancer was also found to be 
associated with an increased risk of thyroid cancer. The 
increased risk of differentiated thyroid cancer was associated
with a family history of thyroid cancer from the previous 
observational studies [20]. In addition, a recent population-
based cohort study with 63,495 first-degree relatives of 11,206
non-medullary thyroid cancer patients reported a three-fold
increase over the general population risk (standardized inci-
dence ratio, 2.9; 95% CI, 2.4 to 3.4) [21]. 

Interestingly, in contrast to most of common cancers, this
study showed that smoking was associated with a decreased
risk of thyroid cancer (ever-smoker vs. non-smoker; OR, 0.62;
95% CI, 0.44 to 0.86). This finding is consistent with those
from previous meta-analyses of case-control studies. In 2003,
a pooled analysis of 14 case-control studies reported a 
reduced risk of thyroid cancer in current smokers [22]. In 
addition, a recent meta-analysis published in 2014 demon-
strated an inverse association in subgroup meta-analysis of
case-control studies (ever-smoker vs. non-smoker; OR, 0.79;
95% CI, 0.70 to 0.88) [8]. Similarly, in a pooled analysis of five

Table 3. Continued

Variable Controla) Case Crude OR Adjusted OR 
(n=802) (n=802) (95% CI) (95% CI)b)

Smoking status
Non-smoker 541 (67.5) 547 (68.2) 1.00 ( 1.00 (
Former smoker 104 (13.0) 109 (13.6) 0.97 (0.66-1.45) 0.97 (0.63-1.48)
Current smoker 114 (14.2) 97 (12.1) 0.79 (0.55-1.13) 0.82 (0.55-1.22)
Ever-smoker 218 (27.2) 206 (25.7) 0.86 (0.63-1.19) 0.88 (0.62-1.25)
Missing 43 (5.4) 49 (6.1)

OR, odds ratio; CI, confidence interval; BMI, body mass index. a)Matched to cases by age (within 2 years), residential areas,
and sex, b)Adjusted for BMI, family history of cancer, family history of thyroid cancer, education, occupation, monthly house-
hold income, marital status, alcohol consumption, and smoking status; R2=0.0711, c)First degree relatives, d)$1=1,079 Korean
won (as of April 26, 2015).
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prospective studies, smoking was associated with a lower
risk of thyroid cancer in current smokers compared to never
smokers (HR, 0.68; 95% CI, 0.55 to 0.85) [7]. 

Several potential biological mechanisms have been sug-
gested to explain the reduced risk of thyroid cancer in smok-
ers. First, smoking can lead to lower levels of thyroid
stimulating hormone (TSH), which plays an important role
in the development of thyroid cancer [23]. Second, smoking
has an anti-estrogenic effect, which can result in a reduced
risk of thyroid cancer [19]. Finally, smokers are less likely to
be overweight or obese, which might be associated with an
increased risk of thyroid cancer. In 2012, a meta-analysis of
seven cohort studies found that overweight and obesity were
linked to an 18% increased risk of thyroid cancer in men and
women [6].

In the present findings, higher household incomes were
more likely to have a decreased risk of thyroid cancer 
(> $3,706 vs. < $1,853; OR, 0.59; 95% CI, 0.36 to 0.98). On the
other hand, previous studies have reported that higher 
socioeconomic status (SES) groups were more likely to show
an increased risk of thyroid cancer compared to lower SES
groups in the United States [24]. In particular, the incidence
of thyroid cancer showed a less pronounced increase in low
SES groups (6.7% per year) than that in the high SES groups
(8.6% per year) in the United States. White Americans
showed a steady increase in both the low and high SES
groups, while African-Americans and Hispanics with a
higher SES showed a more noticeable increase compared to
the lower SES groups from 1995 to 2008 [24]. This issue may
reflect the limitation in accessing health care services in low
SES groups and minorities due to the low health insurance
coverage [24]. This discrepancy cannot be explained at pres-
ent; therefore, further studies will be required.

Additionally, alcohol consumption was found to be signif-
icantly associated with a decreased risk of thyroid cancer
when the analysis was performed using the control group
matched by sex as well as age and residential areas. This
finding is consistent with those from the previous pooled
analysis of five cohort studies published in 2012 [7]. The pos-
sible biological mechanisms include decreased levels of TSH
and the direct toxic effects of alcohol consumption [25,26].

This study has several limitations. First, the thyroid cancer
cases were not confirmed based on the medical records and
chart reviews. The thyroid cancer cases were ascertained by
a linkage to the KCCR database based on the ICD-O (code
C73), which may lead to ascertainment bias. Therefore, the
specific type of thyroid cancer could not be defined in each
case. On the other hand, it would be reasonable to assume
that most of the cases included in the present study were
papillary thyroid cancers because 94.2% of all incident thy-
roid cancers from 1997 to 2011 were papillary thyroid cancer
according to the Korea National Cancer Incidence Database

[27]. Second, the controls were also not confirmed from their
medical records and chart reviews. On the other hand, the
possibility of ascertainment bias might be minimal, if any,
because the KCCR database covers almost all incident cancer
cases, including thyroid cancer nationwide in Korea. There-
fore, there would be little likelihood of the thyroid cancer
cases being included in the control group of this study. Third,
due to a lack of data, this study was unable to investigate the
influence of previous exposure to radiation on thyroid can-
cer, which is a proven risk factor for thyroid cancer. Finally,
recall bias might still exist as some data were collected retro-
spectively. In addition, these findings might not be applica-
ble to the general population because the participants
included in this study were recruited from one specific hos-
pital screening center.  

To the best of the authors’ knowledge, this is the second
largest case-control study on the risk factors of thyroid cancer
since Kreiger and Parkes’s study in 2000 [28]. Therefore, this
study provides more precision on this issue than most pre-
vious individual studies.

Conclusion

This hospital-based case-control study found that females,
higher BMI, and those with a family history of thyroid cancer
were significantly associated with an increased risk of thy-
roid cancer, whereas ever-smokers, drinkers, and those with
higher household incomes were associated with a decreased
risk of thyroid cancer. Nevertheless, these findings should
be explored in further larger epidemiological studies with a
higher level of evidence, such as prospective cohort studies.
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Anti-proliferative Effect of Engineered Neural Stem Cells Expressing 
Cytosine Deaminase and Interferon- against Lymph Node–Derived
Metastatic Colorectal Adenocarcinoma in Cellular and 
Xenograft Mouse Models
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Purpose
Genetically engineered stem cells may be advantageous for gene therapy against various
human cancers due to their inherent tumor-tropic properties. In this study, genetically 
engineered human neural stem cells (HB1.F3) expressing Escherichia coli cytosine deam-
inase (CD) (HB1.F3.CD) and human interferon- (IFN-) (HB1.F3.CD.IFN-) were employed
against lymph node–derived metastatic colorectal adenocarcinoma. 

Materials and Methods
CD can convert a prodrug, 5-fluorocytosine (5-FC), to active 5-fluorouracil, which inhibits
tumor growth through the inhibition of DNA synthesis, while IFN- also strongly inhibits tumor
growth by inducing the apoptotic process. In reverse transcription polymerase chain reaction
analysis, we confirmed that HB1.F3.CD cells expressed the CD gene and HB1.F3.CD.IFN-
cells expressed both CD and IFN- genes. 

Results
In results of a modified trans-well migration assay, HB1.F3.CD and HB1.F3.CD.IFN- cells
selectively migrated toward SW-620, human lymph node–derived metastatic colorectal ade-
nocarcinoma cells. The viability of SW-620 cells was significantly reduced when co-cultured
with HB1.F3.CD or HB1.F3.CD.IFN- cells in the presence of 5-FC. In addition, it was found
that the tumor-tropic properties of these engineered human neural stem cells (hNSCs) were
attributed to chemoattractant molecules including stromal cell-derived factor 1, c-Kit, uroki-
nase receptor, urokinase-type plasminogen activator, and C-C chemokine receptor type 2
secreted by SW-620 cells. In a xenograft mouse model, treatment with hNSC resulted in
significantly inhibited growth of the tumor mass without virulent effects on the animals.

Conclusion
The current results indicate that engineered hNSCs and a prodrug treatment inhibited the
growth of SW-620 cells. Therefore, hNSC therapy may be a clinically effective tool for the
treatment of lymph node metastatic colorectal cancer.
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Introduction

Colorectal carcinoma (CRC) is a common cause of cancer
death globally. The main cause of death from CRC is metas-
tasis to other organs. Patients with localized and early stage
CRC show relatively good prognosis after treatment; how-
ever, the prognosis is poor for patients with metastasis to

multiple organs [1]. By the time of diagnosis, approximately
20% of CRC patients had already metastasized to other 
organs, particularly to the liver, the major site of metastasis
for CRC [2]. Up to 15% to 20% of CRC patients present with
liver metastasis, which in most cases (80%-90%) could not be
removed by surgery. In addition, the incidence of lung
metastasis is approximately 10% in CRC patients. In partic-
ular, lymph node metastasis is associated with metastasis to
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other organs such as liver and lung [3]. In addition, prognosis
is poor in terms of overall mortality and recurrence for 
patients with lymph node metastasis of CRC. In most 
patients with CRC, there is no evidence of distant metastasis
at the time of treatment, but the cancer has infiltrated deeply
into the adjacent lymph nodes. In such cases, there is a high
probability of tumor recurrence and metastasis locally or in
distant organs such as liver and lungs [4]. For patients with
CRC, the presence or absence of metastasis to regional lymph
nodes is the most important determinant of diagnosis and
survival [5].

A method known as gene-directed enzyme/prodrug ther-
apy (GDEPT) could more selectively target human cancers
and minimize the toxicity to normal tissues [6]. This system
induces apoptosis of tumor cells by the bystander effect of
enzymes which can convert an inactivate prodrug into an 
active drug. Cytosine deaminase (CD)/5-fluorocytosine (5-
FC) is a well-known GDEPT system. The Escherichia coli CD
can convert a prodrug, 5-FC, into the active drug, 5-fluo-
rouracil (5-FU). The metabolite of 5-FU (fluorodeoxyuridine
monophosphate) binds to the nucleotide-binding site of the
thymidylate synthase and dNTP in tumor cells becomes 
imbalanced, which can lead to DNA damage and cell apop-
tosis [7]. This CD/5-FC system has been used in experimen-
tal treatments of cancers including breast and endometrial
cancers, and successfully inhibited their growth [6]. The
GDEPT systems appear to reduce the side effects compared
with conventional methods for cancer treatment; however,
problems still exist in creating a vehicle for effective delivery
of exogenous enzymes to tumor cells [8]. In addition, inter-
feron  (IFN-) is a member of the type I IFN family, which
can induce S-phase accumulation and apoptosis of tumor
cells [9]. A high concentration of IFN- in vitro could inhibit
cancer cell growth; however, the in vivo therapeutic applica-
tion is limited because of side effects when administered at
high doses [10]. Because IFN- has a short half-life, there is a
limit in that sufficient concentration for cancer therapy can-
not be reached [11].

Human neural stem cells (hNSCs) can be an effective 
delivery vehicle for gene therapy due to their inherent 
migratory ability to tumor sites [12]. To confirm this, HB1.F3
hNSCs obtained from fetal telencephalon were generated
and immortalized using a retroviral vector encoding v-myc
[13]. The immortalized hNSC (HB1.F3) was manipulated to
generate genetically engineered neural stem cells expressing
therapeutic genes, E. coli CD and/or human IFN- to gener-
ate HB1.F3.CD and HB1.F3.CD.IFN- cells [14]. In a previous
study, we found that these genetically engineered hNSCs can
migrate to various types of human cancers through interac-
tion with several chemoattractant factors secreted by cancer
cells, and a sufficient therapeutic effect of the stem cells was
demonstrated by in vitro and in vivo studies [6,15-17].

In the current study, we further examined the question of
whether these genetically engineered hNSCs might have a
significant migrating capacity for selectively targeting col-
orectal adenocarcinoma metastasized to a lymph node, as
well as therapeutic potential in colorectal cancer metasta-
sized from a lymph node. We also identified the synergetic
and therapeutic effects of chemotherapy consisting of the sui-
cide gene/prodrug (CD/5-FC) coupled with immunother-
apy (IFN-) for the treatment of colorectal cancer that has
metastasized from a lymph node using an in vitro co-culture
system and an in vivo xenograft mouse model.

Materials and Methods

1. Cell culture and media

A human lymph node–derived metastatic colorectal ade-
nocarcinoma cell line, SW-620, was purchased from Korean
Cell Line Bank (KCLB, Seoul, Korea). Three types of engi-
neered hNSCs, HB1.F3, HB1.F3.CD, and HB1.F3.CD.IFN-,
were provided by Dr. Seung U. Kim (University of British
Columbia, Vancouver, BC, Canada) and used in this study.
Primary human fibroblast cells (hFB) were used as a control
for a transwell migration assay. All cell lines were cultured
in Dulbecco’s modified Eagle’s medium (DMEM; Hyclone
Laboratories, Logan, UT) supplemented with 10% (v/v)
heat-inactivated fetal bovine serum (FBS; Hyclone Laborato-
ries), 10 U/mL penicillin and 100 µg/mL streptomycin (Cell-
gro Mediatech, Manassas, VA), 10 mM HEPES (Invitrogen
Life Technologies, Carlsbad, CA), and anti-mycoplasmal
agents (Invivogene, San Diego, CA) at 37°C in 5% CO2 and
95% air in a humidified cell incubator. The cells were
trypsinized with 0.05% trypsin/0.02% ethylenediaminete-
traacetic acid (PAA Laboratories, Dartmouth, MA).

2. mRNA extraction and reverse transcriptase polymerase
chain reaction

Total mRNA extracts were prepared using TriZol Reagent
(Invitrogen Life Technologies) and reverse transcribed from
1 µg of total mRNA into cDNA using M-MLV RT (iNtRON
Biotechnology, Seongnam, Korea) following the manufac-
turer’s protocols. Polymerase chain reaction (PCR) was per-
formed for amplification of the bacterial CD gene and human
IFN- genes from hNSCs using the respective primers. To
confirm the expression of the chemoattractant factors by SW-
620 cells, cDNAs of cancer cells were synthesized using sense
and antisense primers including stromal cell-derived factor 1
(SDF-1), c-Kit, urokinase receptor (uPAR), urokinase-type
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plasminogen activator (uPA), and C-C chemokine receptor
type 2 (CCR2). Human glyceraldehydes-3-phosphate dehy-
drogenase (GAPDH) gene was used as a positive control.
PCR amplification of all genes, CD, IFN-, and chemoattrac-
tant factors, was performed at 30 cycles. PCR products were
analyzed on a 1.5% agarose gel pre-stained with ethidium
bromide (Sigma-Aldrich, St. Louis, MO).

3. Cell viability assay 

To examine the effect of 5-FU and 5-FC on lymph node-
derived metastatic colorectal adenocarcinoma (SW-620) cells,
cancer cells were seeded at 4,000 cells per well in 96-well
plates and cultured in phenol free DMEM containing 5%
charcoal-dextran treated FBS, 1% antibiotics (penicillin G and
streptomycin), and 1% HEPES. After 24-hour incubation, the
wells were treated with 5-FU or 5-FC diluted to different con-
centrations in phosphate buffered saline (PBS; 100, 200, 300,
400, and 500 µg/mL) for 3 days. To confirm a therapeutic 
effect of engineered hNSCs (HB1.F3, HB1.F3.CD, and
HB1.F3.CD.IFN-), the cancer cells were seeded in the same
media (4,000 cells per well). After 24-hour incubation, engi-
neered hNSCs were added to the cancer cell cultures, fol-
lowed by incubation for 24 hours. Then, 5-FC diluted with
PBS was added to each well followed by incubation for 3
days. Following treatment with 5-FU and 5-FC, the 3-(4,5-
dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT)
assay was performed for measurement of the cancer cell 
viability. MTT solution (10 µL; 5 mg/mL) was added to each
well followed by incubation for 4 hours at 37°C. Super-
natants were removed and 100 µL of dimethylsulfoxide
(99.0%, Junsei Chemical, Tokyo, Japan) was added to each
well to dissolve the resultant formazan crystals. Finally, 
optical densities were measured at 540 nm using an enzyme-
linked immunosorbent assay reader (Epoch, BioTek, Win-
ooski, VT). MTT assays were performed in triplicate.

4. In vitro migration assay

To examine whether engineered hNSCs can migrate to
lymph node–derived metastatic colorectal adenocarcinoma,
SW-620 cells (1105 cells per well) and human dermal fibrob-
last cells (a control, 1105 cells per well) were plated in a 24-
well plate containing 1% CD-FBS phenol free DMEM
medium with incubation for 24 hours. The bottom surface of
transwell plates (0.4 µm, BD Biosciences, Dickinson, Franklin
Lakes, NJ) coated the with fibronectin (250 µg/mL, Sigma-
Aldrich) was placed in the 24-well plates and CM-Dil (Invit-
rogen Life Technologies) pre-stained engineered hNSCs
were plated in the upper chambers of the transwell plates at
a density of 1105 cells per well in the same condition
medium and cultured for 24 hours at 37°C. After washing

the lower chamber, the cells were fixed with 10% formalin
solution (Sigma-Aldrich) for 10 minutes and permeabilized
using 100% cold-methanol (Sigma-Aldrich) for 10 minutes.
Then, DAPI (4',6-diamidino-2-phenylindole, Invitrogen Life
Technologies) was added to the lower chamber at 300 nM
and the plates were incubated for 10 minutes at 37°C fol-
lowed by washing with PBS. Cells stained with CM-Dil and
DAPI were examined by fluorescence microscopy (IX-73 
Inverted Microscopy, Olympus, Tokyo, Japan) and counted
by Cell Sense Dimension. 

5. Xenograft model of lymph node–derived metastatic col-
orectal adenocarcinoma

BALB/c nude female mice (4-week-old) were purchased
from Daehan BioLink (Eumseong, Korea) and the experi-
ments were performed according to the protocol (CBNUA-
825-15-01) approved by the Animal Care Committee of
Chungbuk National University. The room was kept at 24°C
under a 12-hour light-dark cycle. The mice were acclimatized
for at least 1 week prior to the start of experiments. To make
animal models xenografted with lymph node–derived
metastatic colorectal adenocarcinoma cells, SW-620 cells
(1106) were mixed with Matrigel (BD Biosciences, Bedford,
MA) at 1:1 volume ratio of Matrigel to PBS in 100 µL and 
injected subcutaneously into the back of the mice. Mice were
monitored for tumor growth every 3 days and the tumor vol-
umes were measured using a caliper and expressed as
lengthwidthheight0.5236 (mm3). 

6. In vivo therapeutic effect of engineered hNSCs

To confirm the therapeutic effect of engineered hNSCs in
a xenograft model of lymph node-derived metastatic colorec-
tal adenocarcinoma, the mice were divided into five experi-
mental groups; group 1 was a negative control group treated
with 0.85% PBS instead of hNSCs and 5-FC. Group 2 was
treated with 5-FC (500 mg/kg/day) only, while group 3 was
treated HB1.F3 (therapeutic gene is not expressed). Group 4
was treated with HB1.F3.CD in the presence of 5-FC, while
group 5 was treated with HB1.F3.CD.IFN- in the presence
of 5-FC (500 mg/kg/day). This animal study was performed
for 21 days after hNSCs injections. When tumor volume
reached 500 mm3, CM-Dil pre-labeled hNSCs (4106 cells per
mouse) were injected subcutaneously adjacent to the tumor
mass (group 3, HB1.F3; group 4, HB1.F3.CD; group 5,
HB1.F3.CD.IFN-). hNSCs were injected on the first day of
each week. Two days after the injection of hNSCs, group 1
received intraperitoneal injections of PBS (400 µL), while
groups 2, 3, 4, and 5 received intraperitoneal injections of 
5-FC (500 mg/kg/day in 400 µL PBS) every day for 21 days.
At 24 hours after the last 5-FC treatment, the mice were 
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euthanized and tumor masses were harvested for molecular
analysis.

7. Immunohistochemical assay 

For immunohistochemical analysis, tumor masses excised
from the mice were washed with PBS and fixed in 10% for-
malin (OCI, Seoul, Korea). A fixed mass was sliced 5-mm-
thick, dehydrated, and embedded in paraffin. Paraffin blocks
were cut into 5-µm-thick sections. After drying the tissue
slide, antigen retrieval was performed by boiling the slides
for 10 minutes in a microwave using 0.01 M citrate buffer,
and the slides were treated sequentially with 0.3% H2O2,
blocking buffer, and primary antibodies. The primary anti-
body was a mouse monoclonal antibody against proliferat-
ing cell nuclear antigen (1:100, Abcam). For detection,
biotinylated mouse IgG (1:1,000, Vector Laboratories Inc.,
Burlingame, CA) was used as a secondary antibody. The 
expression of each protein in a section of tumor mass was
confirmed using a microscope (IX-73 inverted microscopy)
for digital photography.

8. Fluorescence analysis

To examine the distribution of hNSCs in the tumor mass,
the cells were previously stained with CM-Dil, according to
the manufacturer’s protocol before injection. Tissue slides of
tumor sections were hydrated and fixed in 10% formalin for
10 minutes, followed by washing with PBS, and then treat-
ment with DAPI solution (600 nM) for 10 minutes at room
temperature. Slides were mounted with coverslips and 
observed under a fluorescence microscope (IX-73 inverted
microscopy).

9. Data analysis

In vitro and ex vivo experiments were performed at least
three times to ensure consistent results. Graphpad Prism
software (San Diego, CA) was used for statistical analysis of
all data. In vitro and in vivo data were represented as the
mean±standard error of the mean. Two-way analysis of vari-
ance (ANOVA) followed by post hoc Dunnett’s or Tukey’s
multiple comparison test for three-pair comparisons or Stu-
dent’s t test was used for data analysis, and p-values < 0.05
were considered statistically significant.
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Fig. 1. Expression of Escherichia coli cytosine deaminase (CD) and human interferon  (IFN-) genes in genetically engineered
human neural stem cells. Expression of introduced therapeutic genes, CD and IFN-, was confirmed. After total RNA 
extraction from HB1.F3.CD and HB1.F3.CD.IFN- cells, cDNAs were synthesized. These cDNAs were amplified by poly-
merase chain reaction (PCR), and PCR products were confirmed by gel electrophoresis. The transcripts of E. coli CD (559 bp)
and human IFN- (296 bp) were detected by PCR. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH, 351 bp) was used
as an internal control.
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Results

1. Identification of the introduced E. coli CD and human
IFN- genes

Expression of E. coli CD and human IFN- genes in

HB1.F3.CD or HB1.F3.CD.IFN- cells was detected by 
reverse transcription polymerase chain reaction (RT-PCR).
E. coli CD gene (559 bp) was expressed in both HB1.F3.CD
and HB1.F3.CD.IFN- cells, while human IFN- gene (296
bp) was only detected in HB1.F3.CD.IFN- cells (Fig. 1). The
expression of GAPDH (351 bp) was used as an internal stan-
dard for RT-PCR study.
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2. Therapeutic effect of HB1.F3.CD and HB1.F3.CD.IFN-
with 5-FC in vitro

To examine the cytotoxic effects of 5-FC and 5-FU on
lymph node–derived metastatic colorectal adenocarcinoma
cells, SW-620 cells (4,000 cells per well) were seeded and
treated with 5-FC or 5-FU at increasing concentrations (100

to 500 µg/mL), and the cell proliferation was then measured
by MTT assay. Treatment with 5-FC for 3 days resulted in
slightly decreased growth of SW-620 cells, while treatment
with 5-FU resulted in significantly decreased cell prolifera-
tion (Fig. 2A). To confirm the cytotoxic activity of hNSCs,
SW-620 cells were co-cultured with HB1.F3, HB1.F3.CD, or
HB1.F3.CD.IFN- in the presence of increasing concentra-
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tions of 5-FC (100 to 500 µg/mL). Compared with the control
group (HB1.F3), cell proliferation of SW-620 cells was
markedly decreased by HB1.F3.CD and HB1.F3.CD.IFN- in
the presence of 5-FC. As the amount of 5-FC was increased,
the growth of cells was suppressed in a concentration 
dependent manner (Fig. 2B). HB1.F3.CD.IFN- showed
slightly greater anticancer effects than HB1.F3.CD, but with-
out significance. In addition, microscopic observations of cell
morphology in the culture dish confirmed that cell apoptosis
and inhibition of cell proliferation were caused by hNSCs 
co-culture (Fig. 2C).

3. Migratory capability of hNSCs toward lymph node-
metastatic colorectal cancer

A modified transwell migration assay was further per-
formed to measure the capacity of hNSCs to migrate toward
lymph node–derived metastatic colorectal adenocarcinoma
cells. SW-620 cells and hFBs (1105 cells/mL) were seeded in
a 24-well plate containing serum free media with incubation
for 24 hours. In this study, CM-Dil labeled hNSCs, HB1.F3,
HB1.F3.CD, or HB1.F3.CD.IFN-, migrated towards SW-620
cells, as shown by fluorescence microscopy (Fig. 3A). The
number of hNSCs that migrated to SW-620 or hFB was
counted using fluorescence microscopy and the migratory
ratio was calculated. The migratory capacity of hNSCs to
SW-620 cells was significantly increased approximately 6
times compared to hFB cells (Fig. 3B). These results indicate
that genetically engineered hNSCs have a tumor-tropic 

potential towards lymph node–derived metastatic colorectal
adenocarcinoma cells. There was no significant difference in
the migratory capacity among HB1.F3, HB1.F3.CD, and
HB1.F3.CD.IFN- (Fig. 3B). RT-PCR was performed to con-
firm expression of chemoattractant factors in SW-620 cells.
The chemoattractant factors in SW-620 cells, c-Kit (570 bp),
SDF-1a (263 bp), uPAR (63 bp), CCR2 (100 bp), and uPA (94
bp), were identified at the mRNA levels by RT-PCR (Fig. 3C). 

4. Anticancer effect of engineered hNSCs in a xenografted
mouse model

A xenografted mouse model was used to examine the 
anticancer effect of engineered hNSCs via in vivo study 
(Fig. 4A). To establish a lymph node–derived metastatic col-
orectal adenocarcinoma xenograft model, SW-620 cells (1106

cells per mouse) were injected subcutaneously into female
BALB/c nude mice. During the experimental period, tumor
masses were measured using digital calipers. Injection of
hNSCs and intraperitoneal treatment with 5-FC were started
when the volume of the tumor masses reached 500 mm3.
From 21 days during the experimental period, the growth of
the tumor mass was significantly suppressed by treatment
with HB1.F3.CD or HB1.F3.CD.IFN- in the presence of 5-FC
prodrug (approximately 45%) compared to controls (PBS, 5-
FC alone, or HB1.F3 alone) (Fig. 4B). Treatment with HB1.F3
cells alone, which do not express a therapeutic gene, did not
result in suppression of the tumor mass in a xenografted
mouse model. Based on these results genetically engineered
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hNSCs have therapeutic potential in lymph node metastatic
colorectal cancer in vivo. However, HB1.F3.CD.IFN- did not
show an additional effect in terms of suppression of the
tumor masses compared to HB1.F3.CD in the presence of 
5-FC (Fig. 4B).

5. Fluorescent and histological analysis of tumor mass

A fluorescence analysis was performed using CM-Dil pre-
labeled hNSCs injected near the tumor mass to confirm the
migratory ability of hNSCs towards the tumor mass. We con-
firmed the presence of red fluorescent hNSCs on the surface
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and inside the tumor masses (Fig. 5). These results indicate
that hNSCs could migrate towards tumor masses in vivo by
recognition of chemoattractant ligand-receptor signals.

Immunohistochemical analysis was further performed to
elucidate how the growth of tumor masses was inhibited by
hNSCs in the presence of a prodrug. The results showed that
the expression of proliferating cell nuclear antigen, a marker
of proliferation, was significantly downregulated by treat-
ment with HB1.F3.CD or HB1.F3.CD.IFN- in the presence
of 5-FC prodrug compared to the controls, PBS, 5-FC alone,
or HB1.F3 alone (Fig. 6A). In addition, the positive stained
cells of PCNA were counted in the tumor tissues using a 
microscope. The number of positive stained cells expressing
PCNA was significantly reduced by treatment with hNSCs
in the presence of 5-FC up to 50%, indicating that hNSCs can
successfully activate 5-FC to 5-FU and inhibit the cell prolif-
eration of lymph node–derived metastatic colorectal adeno-
carcinoma cells in a xenografted mouse model (Fig. 6B). 

Discussion

Colorectal cancer metastasizes to multiple organs through
lymph nodes [18]. In the process of metastasis, lymph nodes
act as a passage for movement of tumor cells to other organs
[19]. In fact, metastasis of CRC to lymph nodes is a major fac-
tor in determining the survival rate and diagnosis after treat-
ment [20]. Therefore, therapies targeting the metastasis of
CRC to lymph nodes are needed. However, the conventional
method of treatment for metastatic CRC has limitations in
that surgical removal method has a relatively high recur-
rence rate and chemotherapy causes systemic side effects
[21].

Therapeutic method using GDEPT as an alternative to con-
ventional chemotherapy has many advantages against vari-
ous types of cancers [22-24]. The system can convert
non-toxic prodrugs into their active anticancer drugs. In par-
ticular, the CD/5-FC system has demonstrated a sufficient
anticancer effect for several types of cancers including breast,
brain, and prostate cancer [6,25,26]. In addition, the use of
stem cells which can migrate to the cancer is an effective
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Fig. 6. Immunohistopathological analysis of proliferating cell nuclear antigen (PCNA) in tumor mass in a xenografted mouse
model. Tumor masses were excised from each group of mice treated with human neural stem cells in the presence or absence
of a prodrug. The tumor masses were fixed with 10% formalin, cut into 5-mm-thick sections, embedded in paraffin, and sec-
tioned using a microtome (5 µm). (A) Each section was incubated with a primary antibody specific for PCNA. (B) PCNA 
expression was calculated and shown in the graph. Data are represented as mean±standard error of the mean. *p < 0.05 vs.
phosphate buffered saline (PBS) control. 5-FC, 5-fluorocytosine.
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strategy for delivery of therapeutic genes to specific tumor
regions.

Mesenchymal stem cells (MSCs) obtained from bone mar-
row or umbilical cord are a candidate for cell based therapy
for specific cancer sites [27]. These cells could be genetically
manipulated to express therapeutic genes, i.e., CD and/or
IFN-, for use as a delivery vehicle. They have the tumor
tropic abilities to migrate by recognizing chemoattractant
factors expressed by cancer cells. The proliferation of several
cancer cell lines was suppressed by genetically engineered
stem cells treated with 5-FC, a prodrug [28]. In addition, a
better anticancer effect was confirmed when stem cells were
engineered to express the IFN- gene. These studies empha-
sized the importance of the delivery system for specific 
delivery of genes to enhance the selective antitumor effect.
However, some research data indicate that MSCs promote
tumor growth through interaction between tumor cells and
MSCs, and increased the expression of tumor promoting fac-
tors which induced tumor cell proliferation and angiogene-
sis, as previously shown [29].

In this study, we confirmed that the effectiveness of these
genetically engineered hNSCs was adequate for use in
lymph node metastatic colorectal cancer therapy. The tumor
tropic ability of HB1.F3.CD and HB1.F3.CD.IFN- cells can
be proven for selective targeting of human cancer cells, not
for normal cells, through interaction with chemoattractant
factors expressed by cancer cells which were carefully iden-
tified in this and other studies [30]. However, the specific 
molecular mechanism should be explained in further study. 

This study employed genetically engineered hNSCs,
which expressed E. coli CD and/or human IFN-. HB1.F3,
HB1.F3.CD, and HB1.F3.CD.IFN- cells were further gener-
ated by retroviral transduction using an immortalized stem
cell line. By combining the gene based prodrug therapy 
(5-FC/CD) and immunotherapy (IFN-), a synergistic effect
was expected for the treatment of lymph node metastatic col-
orectal cancer. In addition, the migratory efficacy of the 
engineered hNSCs towards lymph node–derived metastatic
colorectal adenocarcinoma cells was confirmed using a mod-
ified trans-well assay. The engineered hNSCs migrated more
efficiently towards SW-620 than normal human fibroblasts.
The importance of the chemoattractant factors expressed by
tumor cells was further determined using RT-PCR. SW-620
cells expressed several chemoattractant factors, including 
c-Kit, SDF-1a, uPAR, CCR2, and uPA, suggesting that these
molecules might accelerate the migration of genetically 
engineered hNSCs towards the tumor cells for selective 
delivery of anticancer enzyme and/or cytokine by ligand-
receptor signaling pathways. Further study is required to
confirm the specific role(s) of these factors in tumor cell
recognition and tumor tropism of engineered neural stem
cells against human tumors.

In the current study, treatment with HB1.F3.CD and/or
HB1.F3.CD.IFN- in the presence of 5-FC resulted in signifi-
cant suppression of lymph node–derived metastatic colorec-
tal adenocarcinoma in both in vitro and in vivo studies. In a
co-culture system, treatment with HB1.F3.CD or HB1.F3.CD.
IFN- in the presence of a prodrug, 5-FC resulted in 
decreased viability of SW-620 by 45%. In a xenografted
mouse model, the tumor volume of injected lymph node-
derived metastatic colorectal adenocarcinoma cells was sig-
nificantly decreased by approximately 50% by treatment
with hNSCs compared with control groups. In this study, in
an in vivo model treatment with HB1.F3 in the presence of a
prodrug or prodrug alone without hNSCs did not result in
any alteration of tumor formation, suggesting that presence
of both hNSCs and prodrug is required to suppress tumor
formation of lymph node metastatic colorectal cancer. 

In in vitro study, treatment with 5-FU had a greater effect
on apoptotic induction and cell growth inhibition of SW-620
cells compared with the hNSCs/prodrug system, suggesting
that there is a limitation in the enzyme activity (CD) of
hNSCs to convert a prodrug, 5-FC, to active form, 5-FU. The
prodrug conversion efficiency of genetically engineered
hNSCs should be improved via enzymatic manipulation or
reintroduction of therapeutic genes to adjust their expression
levels. In our previous studies, a synergistic anticancer effect
of HB1.F3.CD.IFN- cells was observed [6,25]. However, a
synergistic effect of IFN-was not confirmed on lymph node
metastatic colorectal cancer therapy in this study, implying
that the response to CD/5-FC and/or IFN- may vary in 
diverse types of cancer. In particular, SW-620 is a metastatic
colorectal cancer cell line derived from lymph nodes, which
may have resistance to cytokines. Based on this result, com-
bination with another gene is required for the synergistic 
effect on human cancer therapy. IFN- is a potent cytokine
but has a low clinical effect owing to its short half-life, thus
the secretion level of the functional form of IFN- should be
quantified from HB1.F3.CD or HB1.F3.CD.IFN- cells into
culture media using the enzyme-linked immunosorbent
assay method in further study. In addition, development of
a regulatory system for adjustment of neural stem cells to
prevent possible off-target effect on normal tissues would be
important.
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Conclusion

In conclusion, the results of the current study suggest the
potential for use of genetically engineered hNSCs expressing
CD and/or IFN- in treatment of lymph node metastatic col-
orectal cancer through their tumor-tropic capacity in the
presence of a prodrug. It can be expected that this updated
gene therapy using hNSCs would have clinical use in rein-
forcing the shortcomings of conventional anti-cancer treat-
ment for lymph node metastatic colorectal cancer.
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Purpose
This retrospective study was conducted for comparison of survival outcomes and toxicities
of autologous stem cell transplantation (ASCT) based on the use of total body irradiation
(TBI) as a part of the conditioning regimen in patients with mature T- and natural killer (NK)-
cell lymphomas. 

Materials and Methods
Patients who underwent ASCT in the upfront or salvage setting between January 2000 and
December 2013 were analyzed. Patients were dichotomized according to the TBI group
(n=38) and non-TBI group (n=60) based on the type of conditioning regimen for ASCT. 

Results
Patients with responsive disease underwent upfront ASCT (TBI, n=16; non-TBI, n=29)
whereas patients with refractory disease (TBI, n=9; non-TBI, n=12) or relapsed disease (TBI,
n=13; non-TBI, n=19) underwent ASCT after salvage treatment. Hematologic and non-hema-
tologic toxicities were manageable, and the median cumulative toxicity score according to
Seattle criteria was estimated as 2 (range, 0 to 7) in both groups. No significant difference
in 100-day mortality was observed between the TBI (13%, 5/38) and non-TBI (12%, 12/60)
groups, and most deaths were related to disease progression. There was no difference in
overall and progression-free survival; however, the TBI group showed a trend of better sur-
vival in upfront and salvage ASCT than the non-TBI group. However, patients with refractory
disease showed the worst outcome regardless of the use of TBI. Patients who showed com-
plete response before ASCT showed better progression-free survival than those who showed
partial response.

Conclusion
TBI could be used as an effective part of conditioning for ASCT in patients with mature 
T- and NK-cell lymphomas. 

Key words
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Stem cell transplantation, Whole-body irradiation 

Chi Hoon Maeng, MD, PhD1

Young Hyeh Ko, MD, PhD2

Do Hoon Lim, MD, PhD3

Eun Suk Kang, MD, PhD4

Joon Young Choi, MD, PhD5

Won Seog Kim, MD, PhD6

Seok Jin Kim, MD, PhD6,7

1Division of Hemato-Oncology, 
Department of Internal Medicine, Kyung Hee
University Hospital, Kyung Hee University
College of Medicine, Seoul, Departments of
2Pathology, 3Radiation Oncology, 
4Laboratory Medicine, and 5Nuclear Medicine,
6Division of Hematology-Oncology, 
Department of Medicine, Samsung Medical
Center, Sungkyunkwan University School 
of Medicine, Seoul, 7Department of 
Health Sciences and Technology, 
SAIHST, Sungkyunkwan University, 
Seoul, Korea

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

Correspondence: Seok Jin Kim, MD, PhD
Division of Hematology-Oncology, 
Department of Medicine, Samsung Medical 
Center, Sungkyunkwan University School of
Medicine, 81 Irwon-ro, Gangnam-gu, 
Seoul 06351, Korea 
Tel: 82-2-3410-1766 
Fax: 82-2-3410-1754
E-mail: kstwoh@skku.edu 

Received  December 9, 2015
Accepted  April 18, 2016
Published Online  May 9, 2016 

Introduction

High-dose chemotherapy might eradicate residual tumor
cells that survive conventional chemotherapy; therefore,
high-dose chemotherapy followed by autologous stem cell
transplantation (ASCT) has been used as a consolidation

treatment for patients with lymphoma. This benefit of ASCT
has been proven in a relapse setting; better outcomes were
observed for patients with relapsed lymphoma after receiv-
ing ASCT than with salvage treatment alone [1]. Based on
this demonstrated efficacy of ASCT, upfront ASCT has been
recommended for patients with mature T-cell lymphomas
due to the high probability of relapse after induction treat-



ment [2,3]. A recent prospective study conducted by the
Nordic Lymphoma Group reported encouraging outcomes
with upfront ASCT in newly diagnosed T-cell lymphomas
[4]. Given that the outcome of ASCT mainly depends on the
efficacy of the high-dose chemotherapy used as the condi-
tioning regimen, development of an effective conditioning
regimen seems to be important for improving the treatment
outcome of ASCT. However, there is no consensus regarding
the best conditioning regimen for ASCT in patients with 
T-cell lymphoma, and previous studies using various condi-
tioning regimens for ASCT reported a 5-year survival out-
come of approximately 50% [5-8]. Total body irradiation
(TBI) has been used as a component of the conditioning reg-
imen for ASCT because of its antitumor effect. However, the
use of TBI has some limitations due to lack of availability in
all transplantation centers and its use might increase toxicity.
As a result, TBI was replaced with radiomimetic agents such
as busulfan in many conditioning regimens. However, given
the radiosensitivity of T-cell lymphoma cells, TBI could still
be a useful treatment modality. A previous prospective study
reported 3-year overall survival (OS) of 48% after TBI-con-
taining high-dose chemotherapy followed by upfront ASCT
in 83 patients with T-cell lymphoma [9]. A recent retrospec-
tive study analyzing the outcome of extranodal natural killer
(NK)/T-cell lymphoma patients undergoing upfront ASCT
with various conditioning regimens including TBI also 
reported 3-year OS of 60% [10]. Despite many studies report-
ing survival outcomes of ASCT in newly diagnosed as well
as relapsed or refractory T-cell lymphoma patients, there
were few data regarding the comparison of survival out-
comes according to type of conditioning regimens in patients
with mature T- and NK-cell lymphomas [11-13]. Therefore,
we analyzed consecutive patients who underwent ASCT in
the upfront and salvage setting for mature T- and NK-cell
lymphomas, and compared survival outcomes based on the
use of TBI as a part of the conditioning regimen. 

Materials and Methods

1. Study design and patients 

This is a retrospective study analyzing survival outcomes
of patients with T- and NK-cell lymphoma who underwent
ASCT in the upfront or salvage setting. All patients received
various high-dose chemotherapy regimens with or without
TBI as a conditioning treatment for ASCT. The primary 
objective was to compare progression-free survival (PFS)
after ASCT based on the use of TBI as a part of the condition-
ing regimen for ASCT. Thus, patients undergoing ASCT after

TBI-containing conditioning regimen were designated as the
“TBI group” whereas patients undergoing ASCT without
TBI as the “non-TBI group.” The secondary objective was to
compare the transplantation-related morbidity and mortality
between the TBI and non-TBI groups. The other secondary
objectives included the comparison of survival outcomes 
according to the clinical situation at the time of ASCT 
(upfront ASCT after diagnosis vs. salvage ASCT after 
relapse), the response to the initial first-line treatment 
(responsive vs. refractory vs. relapsed disease), the subtype
of mature T- and NK-cell lymphomas (T-cell lymphoma vs.
extranodal NK/T-cell lymphoma [ENKTL]), and the pre-
transplantation disease status (complete response [CR] vs.
partial response [PR]). The medical records of consecutive
patients diagnosed with mature T- and NK-cell lymphoma
who underwent ASCT between January 2000 and December
2013 at Samsung Medical Center were reviewed. The inclu-
sion criteria were as follows. First, patients should be patho-
logically diagnosed with mature T- and NK-cell lymphoma
according to the pathology criteria of the World Health 
Organization [14]. Second, patients received TBI or non-TBI-
based high-dose chemotherapy as a conditioning regimen
for ASCT. Third, patients received induction chemotherapy
with curative intent, with assessment of the response to the
induction chemotherapy by conventional computed tomog-
raphy (CT) and/or positron emission tomography (PET)-CT
[15]. This study was approved by the Institutional Review
Board of Samsung Medical Center and the requirement for
signed informed consent was waived because of its retro-
spective nature (IRB No. 2015-12-113).

2. Survival outcomes 

The outcome variables were OS and PFS. OS was defined
as the time from the date of ASCT to the date of death from
any cause or the date of the last follow-up, and PFS was 
defined as the time from the date of ASCT to the date of pro-
gression or relapse after ASCT or any kind of death including
transplantation-related mortality. Living patients were cen-
sored on the date of the last follow-up visit, and the final 
updates of patient survival and disease status were com-
pleted at the time of analysis (7 Nov 2015). The pre- and post-
ASCT disease status was assessed using CT and/or PET-CT.
The PET-CT protocol and positive criteria on initial PET-CT
scan were previously described in detail [16], and PET-CT
was performed using one of two dedicated PET-CT scanners
(Discovery LS or Discovery STE, GE Healthcare, Milwaukee,
WI) without intravenous or oral contrast material.

3. ASCT procedure  

Peripheral blood stem cell collection was achieved by
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chemotherapy and granulocyte–colony stimulating factor
mobilization. The TBI-based conditioning regimen consisted
of etoposide, cyclophosphamide, TBI: etoposide 1,800
mg/m2 intravenous infusion over 26 hours on day 7, 
cyclophosphamide 60 mg/kg intravenously over 2 hours per
day on day 6 to day 4 with infusion of mesna at the same
dosage, and 900 cGy of TBI (300 cGy per day from day 3 to
day 1). The non-TBI–based conditioning regimens were
BEAM (BCNU 300 mg/m2 iv on day 6, etoposide 200 mg/m2

intravenously over 1 hour per day on day 5 to day 2; total
800 mg/m2, cytarabine 200 mg/m2 intravenously twice daily
on day 5 to day 2; total 1,600 mg/m2, melphalan 140 mg/m2

intravenously per day on day 1), Bu-Cy-etoposide (busulfan
3.2 mg/kg intravenously over 3 hours per day on day 7 to
day 5, etoposide 400 mg/m2 intravenously over 3 hours per
day on day 5 to day 4, and cyclophosphamide 50 mg/kg 
intravenously over 2 hours per day on day 3 to day 2), Bu-
Mel-etoposide (busulfan 3.2 mg/kg intravenously over 3
hours per day on day 8 to day 6, etoposide 400 mg/m2 intra-
venously over 3 hours per day on day 5 to day 4, and mel-
phalan 50 mg/m2 over 1 hour per day on day 3 to day 2), and
Bu-Mel-Thiotepa (busulfan 3.2 mg/kg intravenously over 3
hours per day on day 8 to day 6, melphalan 50 mg/m2 intra-
venously over 1 hour per day on day 5 to day 4, and thiotepa
250 mg/m2 over 2 hours per day on day 3 to day 2). Physi-
cians decided on the conditioning regimens for each patient
after considering the availability of drugs and TBI, and clin-
ical situation of each patient. 

4. Assessment of transplantation-related outcomes

Neutrophil engraftment was defined as the first 3 contin-
uous days with recovery of absolute neutrophil count (ANC)
> 500/mm3 without another decrease. Platelet engraftment
was defined as the first 3 continuous days with recovery of
platelet count > 20,000/mm3 without a decrease or need for
repeat transfusion. Neutrophil engraftment days and platelet
engraftment days were defined as the time from the day of
transplantation to the first day of neutrophil/platelet engraft-
ment. Toxicities, including febrile neutropenia and docu-
mented bacteremia, were graded according to Common
Toxic Criteria of Adverse Events (CTCAE) ver. 4.0 after 
review of medical records. Regimen-related organ toxicities
were assessed in the first 100 days from transplantation and
graded according to the Seattle criteria [17]. The cumulative
toxicity score was the sum of each score measured in a spe-
cific organ during the recovery time after transplantation.
The length of hospitalization and 100-day mortality were
also compared between the TBI and non-TBI groups. The
length of hospitalization was defined as the time between the
date of stem cell infusion (day 0) and discharge from the hos-
pital and 100-day mortality was defined as any kind of death

within 100 days after ASCT.

5. Statistical analysis 

Fisher exact test was applied to determine associations 
between categorical variables. The Kaplan-Meier method
was used in univariate analysis of survival outcomes and the
results were compared using the log-rank test. The toxicity
profile was compared using Fisher exact test, and in the case
of numeric variables including cumulative toxicity score, the
Wilcoxon rank-sum test was performed to examine statistical
differences in the sum of the scores between groups (PASW
ver. 18, SPSS Inc., Chicago, IL).

Results

1. Patients’ characteristics

A total of 38 patients received TBI for ASCT (TBI group)
whereas 60 patients only received high-dose chemotherapy
(non-TBI group). Their characteristics at diagnosis are sum-
marized in Table 1. The median age at diagnosis was 43 years
(range, 18 to 65 years) for the TBI group and 44 years (range,
16 to 64 years) for the non-TBI group. The median time from
diagnosis to ASCT was 0.6 years (range, 0.1 to 6.7 years) and
0.5 years (range, 0.2 to 9.3 years), respectively, for the TBI and
non-TBI groups. The comparison of baseline characteristics
showed no significant difference between TBI and non-TBI
groups except the International Prognostic Index (IPI). Thus,
patients with high-intermediate/high risk of IPI accounted
for a significantly higher proportion in the TBI group com-
pared to the non-TBI group, although there were more miss-
ing data in the TBI group (Table 1). The most common
histologic type was ENKTL (n=47) and the remaining types
included peripheral T-cell lymphoma, not otherwise speci-
fied (PTCL-NOS, n=23), angioimmunoblastic T-cell lym-
phoma (AITL, n=11), anaplastic large cell lymphoma (ALCL,
n=11), enteropathy-associated T-cell lymphoma (n=3), sub-
cutaneous panniculitis-like T-cell lymphoma (n=2), and 
hepatosplenic T-cell lymphoma (n=1). Induction chemother-
apy was decided on by the physician based on the treatment
policy and subtypes of lymphomas. Thus, anthracycline-
based treatments such as CHOP (cyclophosphamide, dox-
orubicin, vincristine, and prednisone) or CHOP-like
regimens were mainly used for patients with PTCL-NOS,
AITL, and ALCL whereas non-anthracycline-based regimens
such as SMILE (steroid, methotrexate, ifosfamide, L-asparag-
inase, and etoposide) and VIDL (etoposide, ifosfamide, dex-
amethasone, and L-asparaginase) were mainly used for
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Table 1. Patient characteristics 
Characteristic TBI (n=38) Non-TBI (n=60) p-value
Age (yr)
 60 34 (90) 57 (95) 0.425
> 60 4 (10) 3 (5)

Sex
Male 24 (63) 37 (62) > 0.99
Female 14 (37) 23 (38)

ECOG grade
0/1 30 (79) 53 (88) 0.254
 2 8 (21) 7 (12)

Ann Arbor stage
I/II 3/7 (26) 10/6 (27) > 0.99
III/IV 6/22 (74) 11/33 (73)

Extranodal involvement
0/1 13 (34) 34 (57) 0.060
 2 23 (60) 26 (43)
Missing 2 (5) 0 (0)

Serum LDH
Normal 9 (24) 23 (38) 0.490
Increased 21 (55) 37 (62)
Missing 8 (21) 0 (0)

International Prognostic Index
Low/Low-intermediate 8/3 (29) 19/21 (67) 0.007
High-intermediate/High 18/2 (53) 16/4 (33)
Missing 7 (18) 0 (0)

Bone marrow involvement
Absence 29 (76) 39 (65) 0.163
Presence 7 (18) 21 (35)
Missing 2 (50) 0 (0)

B symptoms
Absence 20 (53) 31 (52) > 0.99
Presence 18 (47) 29 (48)

Type
T-cell lymphoma 17 (45) 34 (57) 0.302
NK/T-cell lymphoma 21 (55) 26 (43)

Subtype
PTCL-NOS 8 (21) 15 (25) 0.250
AITL 3 (8) 8 (13)
ALCL, ALK-negative 2 (5) 9 (15)
EATL 3 (8) 0 (0)
HSTL 0 (0) 1 (2)
SPTL 1 (3) 1 (2)
ENKTL 21 (55) 26 (43)

Transplantation type
Upfront 16 (42) 29 (48) 0.678
Salvage 22 (58) 31 (52)

Pre-transplantation response
Complete response 25 (66) 34 (57) 0.404
Partial response 13 (34) 26 (43)
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patients with ENKTL. Patients who showed CR or PR to 
induction chemotherapy underwent upfront ASCT for treat-
ment of their responsive disease (TBI, n=16; non-TBI, n=29).
If the response to induction chemotherapy was progressive
disease, the treatment was switched to intensified salvage

chemotherapies. These primary refractory patients under-
went ASCT in the state of CR or PR (TBI, n=9; non-TBI,
n=12). Patients who had relapsed disease during follow-up
after showing CR or PR to salvage treatments also under-
went ASCT (TBI, n=13; non-TBI, n=19) (Fig. 1). Salvage

Table 1. Continued
Characteristic TBI (n=38) Non-TBI (n=60) p-value
Pre-transplantation PET response

Complete response 14 (42) 17 (44)   > 0.99
Partial response 19 (58) 22 (56)

Values are presented as number (%). TBI, total body irradiation; ECOG, Eastern Cooperative Oncology Group; LDH, lactate
dehydrogenase; PTCL-NOS, peripheral T-cell lymphoma, not-otherwise specified; AITL, angioimmunoblastic T-cell lym-
phoma; ALCL, anaplastic large cell lymphoma; ALK, anaplastic lymphoma kinase; EATL, enteropathy associated T-cell lym-
phoma; HSTL, hepatosplenic T-cell lymphoma; SPTL, subcutaneous panniculitis-like T-cell lymphoma; ENKTL, extranodal
natural killer/T-cell lymphoma; PET, positron emission tomography. 

CR (n=12)
PR (n=4)

CR (n=21)
PR (n=8)

TBI 
(n=16)

Non-TBI
(n=29)

CR (n=5)
PR (n=4)

CR (n=3)
PR (n=9)

CR (n=8)
PR (n=5)

TBI 
(n=9)

Non-TBI
(n=12)

TBI 
(n=13)

Non-TBI
(n=19)

Induction chemotherapy

PD (n=21) Relapse during follow-up (n=32)

Salvage chemotherapy

ASCT for responsive disease

ASCT for refractory disease

Salvage ASCT

ASCT for relapsed disease

        TBI
PTCL (n=6)
AITL (n=2)
ALCL (n=1)
ENKTL (n=10)
Other (n=3)

    Non-TBI
PTCL (n=9)
AITL (n=5)
ALCL (n=8)
ENKTL (n=9)
Other (n=0)

Upfront ASCT

        TBI
PTCL (n=2)
AITL (n=1)
ALCL (n=1)
ENKTL (n=11)
Other (n=1)

    Non-TBI
PTCL (n=6)
AITL (n=3)
ALCL (n=1)
ENKTL (n=17)
Other (n=2)

CR (n=10)
PR (n=9)

Fig. 1. Classification of patients according to response to induction treatment and time of autologous stem cell transplanta-
tion. CR, complete response; PR, partial response; PD, progressive disease; TBI, total body irradiation; ASCT, autologous
stem cell transplantation; PTCL, peripheral T-cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic
large cell lymphoma; ENKTL, extranodal natural killer/T-cell lymphoma.
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chemotherapies were repeated for these relapsed or refrac-
tory patients until achievement of CR or PR (median number
of treatment regimen, 2; range, 2 to 4). 

2. Toxicities of TBI and non-TBI–based conditioning for
ASCT  

The TBI group (n=38) received a single regimen, etoposide,
cyclophosphamide, and TBI conditioning, whereas four con-
ditioning regimens were used in the non-TBI group (BEAM,
n=15; Bu-Cy-etoposide, n=25; Bu-Mel-etoposide, n=16; 
Bu-Mel-Thiotepa, n=4). The median time to neutrophil 
engraftment (> ANC 500/µL) and platelet engraftment 
(> 20,000/µL) was 10 and 11 days after stem cell infusion, 
respectively, in both groups (Table 2). The median hospital-
ization period was 16 days (range, 8 to 287 days) in the TBI
group and 15 days (range, 9 to 134 days) in the non-TBI
group. Most cases of hospitalization longer than 60 days
were related to early relapse rather than transplantation-
related morbidity. In the TBI group five patients died within
100 days from ASCT (13%, 5/38), and all deaths were asso-
ciated with disease progression immediately after ASCT. In
the non-TBI group, seven patients (12%, 12/60) died within
100 days, and two deaths were due to septic shock and the
remaining five deaths were related to disease progression
combined with infection. Most patients suffered from febrile

neutropenia, but hematologic and non-hematologic toxicities
were manageable, and the median cumulative toxicity score
according to Seattle criteria was estimated as 2 (range, 0 to
7) in both groups. Thus, there were no cases of high-risk 
cumulative toxicity (Table 2).

3. Comparison of PFS between TBI and non-TBI group

As the deaths and disease relapse occurred early after
ASCT, the curves of PFS and OS after ASCT showed a steep
drop within 1 year after ASCT. The comparison of OS 
between the TBI and non-TBI groups showed no significant
difference, although the survival curve for the TBI group
showed a plateau (Fig. 2A). The TBI group also showed a
trend of better PFS than the non-TBI group; however, the dif-
ference was not significant (Fig. 2B). This pattern of survival
difference was also observed in patients who underwent 
upfront ASCT as well as in the salvage setting (Fig. 2C and
D). In the subgroup analysis in patients with ENKTL and
other remaining other T-cell lymphoma patients, a trend of
better PFS was observed in the TBI group compared with the
non-TBI group, although without statistical significance 
(Fig. 2E and F). 

Table 2. Outcomes and toxicities of conditioning for ASCT
Outcome and toxicity TBI Non-TBI
Engraftment and mortality

Neutrophil (day) 10 (8-33) 10 (8-29)
Platelet (day) 11 (9-54) 11 (9-37)
100-Day mortality 5 (13) 7 (12)

Infection-related complications
Febrile neutropenia G3/G4 32/5 44/9
Proven bacteremia (–)/(+) 28/10 41/19
Fungal infection (–)/(+) 38/0 59/1
Cytomegalovirus antigenemia (–)/(+) 36/2 58/2

Toxicity according to the Seattle criteria
Stomatitis G1/2/3/4 18/16/1/0 26/20/2/0
Gastrointestinal toxicity G1/2/3/4 17/9/0/00 24/13/0/0
Pulmonary dysfunction G1/2/3/4 1/1/1/0 1/2/0/0
Central nervous system dysfunction G1/2/3/4 0/1/0/0 2/0/0/0
Heart dysfunction G1/2/3/4 1/3/0/0 1/2/0/0

Cumulative toxicity score
Low risk (0-4) 34 (89.5) 54 (90)
Intermediate risk (5-8) 4 (10.5) 6 (10)
High risk ( 9) 0 ( 0 (

Values are presented as median (range) or number (%). Cumulative toxicity scores are the sum of each grade of toxicity. ASCT,
autologous stem cell transplantation; TBI, total body irradiation.
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Fig. 2. (A, B) Comparison of overall and progression-free survival according to the use of total body irradiation (TBI). (C,
D) Comparison of progression-free survival between TBI and non-TBI group in upfront and salvage autologous stem cell
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extranodal natural killer (NK)/T-cell lymphoma.
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Fig. 4. (A-C) Comparison of progression-free survival of patients with responsive, refractory, and relapsed disease between
the total body irradiation (TBI) and non-TBI groups. (D, E) The TBI group showed a trend of better progression-free survival
than the non-TBI group in extranodal natural killer (NK)/T-cell lymphoma with responsive disease and T-cell lymphoma
with relapsed disease. (F) No difference in progression-free survival of refractory disease was observed in patients with 
extranodal NK/T-cell lymphoma. 
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4. Pre-transplantation disease status and outcomes of ASCT

The pre-transplantation disease status was evaluated by
CT, and a review of medical records showed that all patients
achieved CR or PR before ASCT (Table 1). Patients with pre-
transplantation CR showed better PFS after ASCT than 
patients with PR, and a significant difference in PFS was 
observed in the non-TBI group (Fig. 3A and B). Patients with
available PET-CT scan data were dichotomized according to
PET CR and PET PR, and the pre-transplantation disease sta-
tus based on PET-CT showed significant association with
PFS after ASCT (Fig. 4B and E). The clinical situation of 
patients could also be classified according to three groups
based on their response to induction treatment: ASCT for 
responsive disease (upfront ASCT performed for patients
with CR or PR after induction treatment); ASCT for refrac-
tory disease (ASCT performed for patients who were refrac-
tory to induction treatment but achieved CR or PR after
salvage treatment); and ASCT for relapsed disease (ASCT
performed for patients with relapsed disease). The median
time between diagnoses to the date of ASCT was 0.4 and 0.6
years in ASCT for responsive disease and for refractory dis-
ease, respectively. On the other hand, all patients who 
underwent ASCT after relapse had disease sensitive to
chemotherapy, and the median time to ASCT was 1.5 years.
ASCT for responsive disease was designated as upfront
ASCT whereas ASCT for refractory or relapsed disease was
designated as salvage ASCT (Fig. 1). Patients who underwent
ASCT for responsive disease after showing CR or PR to 
induction treatment showed better PFS than patients who
were refractory to induction treatment, although the differ-
ence was not statistically significant (Fig. 3E and F). In the
subgroup analyses with responsive and relapsed disease, 
a trend of better PFS was observed in the TBI group com-
pared to the non-TBI group, although the difference was not
statistically significant (Fig. 4A and B). However, there was
no difference in PFS regardless of TBI use in case of refrac-
tory disease (Fig. 4C). This difference in outcome according
to the use of TBI was also shown in responsive disease with
ENKTL as well as relapsed disease with other T-cell lym-
phomas (Fig. 4D and E). However, the PFS of refractory dis-
ease was not different in patients with ENKTL (Fig. 4F). 

Discussion

In this study, the TBI group showed a trend of better PFS
than the non-TBI group, although without statistical signifi-
cance (p=0.088) (Fig. 2B). These trends were also shown in
upfront and salvage ASCT because patients who underwent

TBI-containing conditioning showed a plateau on the PFS
curve (Fig. 2C and D). The comparison of TBI and non-TBI
groups in ENKTL and other T-cell lymphomas also showed
a trend of better PFS in the TBI group compared with the
non-TBI group (Fig. 2E and F). Hematologic and non-hema-
tologic toxicities were manageable, and were not signifi-
cantly different between the two groups (Table 2). There
were no cases of engraftment failure and the median cumu-
lative toxicity score according to the Seattle criteria was 2.
The 100-day mortality rate was similar in both groups, and
the main cause of death was related to disease progression
rather than transplantation-related morbidity. Thus, our
study showed that a TBI-containing conditioning regimen
might be feasible for mature T- and NK-cell lymphoma 
patients in terms of efficacy and toxicity.

The pre-transplantation disease status also showed signif-
icant association with the survival outcome of ASCT. In our
study achievement of CR before ASCT showed association
with better survival outcomes. In particular, patients in CR
state determined by PET-CT scan showed significantly better
outcome than patients with PR (Fig. 3A and B). Our findings
were supported by a recent retrospective study of 134 
patients who underwent ASCT in the upfront or salvage set-
ting; patients with CR at the time of ASCT showed signifi-
cantly better OS and PFS than patients with PR [18].
Therefore, the efficacy of ASCT might be lower than expected
when residual disease is detected on PET-CT. In such cases,
other treatment modalities including allogenic stem cell
transplantation might be a viable option, although a previous
study reported that the application of allogeneic stem cell
transplantation did not provide a survival advantage over
ASCT in patients with PR [18]. However, in our study the
survival difference between pre-transplantation CR and PR
was less prominent in the TBI group compared to the non-
TBI group (Fig. 3C and D). Because the negative impact of
PR before ASCT might be reduced by the application of TBI-
based conditioning, this finding might support the efficacy
of TBI-based conditioning. However, evaluation with further
prospective studies will be required using a larger study
population. 

In the comparison of survival outcomes according to clin-
ical situation, patients with refractory disease showed worse
PFS than patients with responsive or relapsed disease despite
undergoing ASCT in the state of CR or PR after salvage treat-
ment (Fig. 3E and F). This implied that ASCT could not pro-
vide prolonged survival in patients with primary refractory
to induction treatment even though they achieved response
after salvage therapy. Therefore, the role of ASCT in patients
with suboptimal response to induction chemotherapy might
be limited and other treatment strategies such as clinical tri-
als or allogeneic stem cell transplantation should be consid-
ered for patients with primary refractory disease. In addition,
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the survival outcome of patients undergoing upfront ASCT
for responsive disease was not significantly different from
that of patients who underwent ASCT after disease relapse,
particularly in patients in the TBI group (Fig. 3E). This find-
ing is not consistent with results of a recent study from the
Swedish Lymphoma Registry reporting an association of 
upfront ASCT with a better OS and PFS compared to patients
treated without ASCT [19]. However, these results should be
interpreted with caution due to the possibility of selection
bias for upfront ASCT. Patients at high risk of relapse might
be more likely to undergo upfront ASCT than patients at low
risk. Nevertheless, the subgroup analyses with responsive
and relapsed disease showed a trend of better PFS in the TBI
group compared with the non-TBI group (Fig. 4A and B).
This difference in outcome according to the use of TBI was
also shown in ENKTL and other T-cell lymphomas (Fig. 4D
and E). Thus, TBI containing conditioning might be useful
for upfront and salvage ASCT in patients with mature T- and
NK-cell lymphoma if those patients show CR or PR to induc-
tion treatment. 

Conclusion

In conclusion, the survival outcomes and toxicities of 
patients receiving TBI-containing conditioning regimen were

comparable to those of other conditioning without TBI. In
addition, patients in the state of responsive disease to induc-
tion treatment might gain a survival advantage with ASCT
after TBI containing conditioning. However, a survival ben-
efit was not observed in patients who were refractory to 
induction treatment. Likewise, assessment of the CR state by
PET-CT immediately before ASCT could lead to prediction
of better survival outcomes of patients undergoing ASCT 
regardless of TBI use.
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Purpose
Prognostic factors in patients with pulmonary metastases (PM) from colorectal cancer (CRC)
are still controversial. This study assessed oncologic outcomes and prognostic factors in
patients with metachronous PM from CRC.

Materials and Methods
Between June 2003 and December 2011, 122 patients with CRC underwent curative 
resection of PM detected at least 4 months after CRC resection. Clinico-pathological factors
selected from the prospectively maintained database were analyzed retrospectively.

Results
The median disease-free interval (DFI) between resection of the primary tumor and detection
of PM was 22.0 months (range, 4 to 85 months). Solitary PM were detected in 77 patients
(63.1%), with a median maximal tumor diameter of 12.0 mm (range, 2 to 70 mm). Of 52
patients who underwent mediastinal lymph node (LN) dissection, eight patients had LN 
involvement. Five-year overall survival and disease-free survival (DFS) rates after initial pul-
monary metastasectomy were 66.4% and 50.9%, respectively. DFI, mediastinal LN 
involvement, and the number and distribution of PM were significantly prognostic factors
for DFS. In multivariable analysis DFI  12 months, solitary lesion, and absence of medi-
astinal LN involvement were independently prognostic for DFS. Of the 122 patients, 48 
patients (39.3%) developed recurrent PM a median 13.0 months after initial pulmonary
metastasectomy. Recurrent DFI was independently prognostic of DFS in patients who 
underwent repeated pulmonary metastasectomy.

Conclusion
There is a potential survival benefit for patients with metachronous PM from CRC who 
undergo pulmonary metastasectomy, even those with recurrent PM. Pulmonary metasta-
sectomy should be considered in selected patients, particularly those with longer DFI, solitary
lesions, and absence of mediastinal LN involvement.
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Introduction

Colorectal cancer (CRC) is a common cause of cancer-
related death, with increased incidence over the past 25 years
[1,2]. Despite advances in treatment, it is expected that more
than 50% of patients undergoing resection for CRC will 
experience disease recurrence [3,4]. Pulmonary metastases

(PM) have been reported in approximately 10% to 25% of 
patients with CRC [5,6]. Patients who underwent curative 
resection of CRC and isolated PMs had 5-year overall sur-
vival (OS) rates of 27% to 68% [6-8], whereas patients with
untreated metastatic disease had a median survival of less
than 10 months and a 5-year survival rate of less than 5%
[9,10].

Surgical resection combined with adjuvant chemotherapy
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is the current treatment of choice for patients with resectable
PM, whereas chemotherapy is the treatment of choice for 
patients with unresectable PM [11]. Despite development of
several novel chemotherapeutic and targeted agents for treat-
ment of metastatic CRC, which might prolong disease-free
survival (DFS) and OS, the long-term results have been less
than satisfactory in patients with unresectable PM [12]. Sur-
gical resection has been accepted as the only radical treat-
ment available for PM and has shown benefits in cases where
metastases are confined to the lungs and complete resection
(R0) is possible [13,14]. However, the recurrence rate after
pulmonary metastasectomy is still as high as 68%, with the
remaining lung being the most common site of recurrence
[6]. Therefore, identification of factors prognostic of the out-
comes of pulmonary metastasectomy in patients with PM
from CRC is important.

Many factors have been reported to show association with
the prognosis of patients with PM from CRC who undergo
pulmonary metastasectomy, including number of pulmo-
nary lesions, patient age, stage of the primary tumor, history
of liver resection, maximum tumor size, histology of the pri-
mary tumor, disease-free interval (DFI) between primary
CRC surgery and detection of PM, and carcinoembryonic
antigen (CEA) concentration [2,6,13]. However, these studies
included small numbers of patients, patients who underwent
R1 and/or R2 resection, or patients with both synchronous
and metachronous lesions, and few studies have assessed
therapeutic strategies in patients who develop recurrent PM
after the first pulmonary metastasectomy.

This study was therefore designed to determine prognostic
factors of survival in patients who underwent complete 
resection for metachronously developed PM. In addition,
outcomes and factors prognostic of repeated pulmonary
metastasectomy for recurrent PM were analyzed.

Materials and Methods

In this study patients who underwent curative pulmonary
resection for metachronous PM from CRC at Seoul National
University Bundang Hospital between June 2003 and June
2011 were analyzed retrospectively. Curative pulmonary 
resection was defined as histologically-proven complete 
resection for isolated pulmonary metastatic lesions, confined
to the lungs without local or extrapulmonary recurrence on
computed tomography (CT) scans of the chest, abdomen,
and pelvis and positron emission tomography (PET) of the
entire body. Metachronous PM was defined as a new lesion
detected at least 4 months after curative CRC surgery, as 
reported in a previous study [15]. Patients with synchronous

PM and those who underwent pulmonary metastasectomy
with positive margins (R1 resection) or gross residual disease
(R2 resection), or those with evidence of distant metastasis
or concurrent malignancy at pretreatment work-up, except
for resectable hepatic metastases, were excluded.

Patients were followed up after CRC surgery according
to our postoperative surveillance protocol. Patients under-
went physical examination and measures of serum CEA lev-
els every 3 months for 2 years, and then every 6 months for
5 to 8 years. Contrast-enhanced CT scans of the chest, 
abdomen, and pelvis were performed every 3 to 6 months
during the first 2 years, and then every 6 to 12 months there-
after, and total colonoscopy was performed every 1 to 2
years. PET-CT was selectively performed if needed, mainly
in patients with suspected recurrence. Diagnosis of PM was
based on imaging findings on chest X-ray or CT. Indetermi-
nate lesions detected in the lungs after CRC surgery were
discussed by a multi-disciplinary team (MDT), consisting of
a colorectal surgeon, thoracic surgeon, radiologist, patholo-
gist, and medical oncologist; assessment by chest CT was
performed 3 months later. Lesions that became larger and
more prominent were defined as PM. The onset of PM in
those patients was defined as the time after CRC surgery
when the new pulmonary nodules were first detected.

Treatment decisions were made by the MDT. The selection
criteria for pulmonary metastasectomy were defined as 
described previously [16]: (1) no evidence of uncontrolled
primary site, (2) no evidence of extrathoracic metastasis, (3)
chest CT showing that complete resection was possible 
regardless of the number of lesions, (4) tumors in the bilateral
thorax not considered a contraindication, and (5) patient’s
general condition should be able to tolerate surgery, with 
remaining respiratory function sufficient for normal daily
life. Further resection in patients who developed additional
PM was performed according to the above-mentioned crite-
ria. Pulmonary metastasectomy of metastatic nodules con-
sisted of non-anatomical resection (precision excision and
wedge resection) and anatomical resection (segmental resec-
tion and lobectomy). Precision excision was defined as non-
anatomical resection by application of electrocautery just
beneath the lesion, leaving essentially all normal lung tissue.
Wedge resection through thoracotomy or video-assisted tho-
racic surgery was the procedure of choice, although lobec-
tomy was performed on metastatic lesions located deep
within the pulmonary parenchyma. Mediastinal lymph node
(LN) dissection was performed selectively.

Surgical specimens were assessed histologically. All spec-
imens were fixed in formalin and sectioned in the oblique
coronal plane to include the largest plane of the tumor, and
all sections were stained with hematoxylin and eosin, fol-
lowed by examination by light microscopy.

Collection and analysis of data was performed in June
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Table 1. Patient characteristics 

Characteristic Total Synchronous Metachronous p-value(n=176) PM (n=54) PM (n=122)
Age (yr)
 60 85 (48.3) 30 (55.6) 55 (45.1) 0.25
> 60 91 (51.7) 24 (44.4) 67 (54.9)
Mean±SD 60.3±11.7 58.3±12.6 61.3±11.2 0.11

Sex
Male 114 (64.8) 31 (57.4) 83 (68.0) 0.23
Female 62 (35.2) 23 (42.6) 39 (32.0)

Body mass index (kg/m2)
 25 131 (74.4) 43 (79.6) 88 (72.1) 0.35
< 25 45 (25.6) 11 (20.4) 34 (27.9)
Mean±SD 23.2±3.2 22.8±3.4 23.4±3.0 0.27

Primary tumor location
Colon 78 (44.3) 23 (42.6) 55 (45.1) 0.87
Rectum 98 (55.7) 31 (57.4) 67 (54.9)

Tumor stagea)

1 7 (4.0) 2 (3.7) 5 (4.1) < 0.001
2 26 (14.8) 2 (3.7) 24 (19.7)
3 86 (48.9) 14 (25.9) 72 (59.0)
4 57 (32.4) 36 (66.7) 21 (17.2)

Histology of primary tumor
Well differentiated 17 (9.7) 5 (9.3) 12 (9.8) 0.43
Moderately differentiated 149 (84.7) 44 (81.5) 105 (86.1)
Mucinous or poorly differentiated 10 (5.7) 5 (9.3) 5 (4.1)

Previous hepatectomy
No 151 (85.8) 43 (79.6) 108 (88.5) 0.16
Yes 25 (14.2) 11 (20.4) 14 (11.5)

Adjuvant therapy for CRC
No 14 (8.0) 9 (16.7) 5 (4.1) 0.01
Yes 162 (92.0) 45 (83.3) 117 (95.9)

No. of prior regimens
0 14 (8.0) 9 (16.7) 5 (4.1) < 0.001
1 125 (71.0) 41 (75.9) 84 (68.9)
2 29 (16.5) 1 (1.9) 28 (23.0)
3 7 (4.0) 3 (5.6) 4 (3.3)
No data 1 (0.6) 0 ( 1 (0.8)

Prior systemic chemotherapeutic agents
5-FU 131 (74.4) 43 (79.6) 88 (72.1) .-
Oxalipatin 95 (54.0) 26 (48.1) 69 (56.5)
Irinotecan 16 (9.1) 4 (7.4) 12 (9.8)
Capecitabine 56 (31.8) 14 (25.9) 42 (34.4)
Bevacizumab 11 (6.2) 4 (7.4) 7 (5.7)

Disease-free interval (mo)
< 12 75 (42.6) 54 (100) 21 (17.2) < 0.001
 12 101 (57.4) 0 ( 101 (82.8)
Median (range) 13.0 (0-85) 0.0 (0-3) 22.0 (4-85)

No. of pulmonary tumors
Solitary 101 (57.4) 24 (44.4) 77 (63.1) 0.03
Multiple 75 (42.6) 30 (55.6) 45 (36.9)
Median (range) 1.0 (1-21) 2.0 (1-21) 1.0 (1-14)
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2014. Factors recorded included patient age, sex, body mass
index, primary tumor location, presence of liver metastases,
tumor staging, histology of the primary tumor, neoadjuvant
and/or adjuvant chemoradiotherapy for primary CRC, DFI
between initial resection of the primary CRC and detection
of PM, number and maximal diameter of PMs, distribution
of PMs, types of resection performed, mediastinal LN dissec-
tion and involvement, chemotherapy after pulmonary metas-
tasectomy, and OS and DFS. In addition, OS and DFS in
patients with recurrent PM, defined as a new pulmonary
nodule or development of a tumor after initial pulmonary
metastasectomy, were measured from the time of the first
pulmonary metastasectomy to the time of death or recur-
rence. DFI and recurrent DFI were dichotomized according
to < 12 months and  12 months, as reported in a previous
study [17]. The sizes of all metastatic tumors were dicho-
tomized as  20 mm and > 20 mm.

The Kaplan-Meier method and log rank test were used for
evaluation of the prognostic effect of each variable on sur-
vival and l multivariable Cox proportional hazards regres-
sion analysis was performed for analysis of factors related to

survival. Patients were subgrouped according to factors sig-
nificantly prognostic of DFS, and rates of survival and recur-
rent PM in the subgroups were compared. Categorical
variables were analyzed using the chi-squre test or Fisher
exact test, and continuous variables were compared using
Student’s t test. p-values  0.05 were considered statistically
significant. Statistical analyses were performed using SPSS
ver. 18.0 (SPSS Inc., Chicago, IL). This study was approved
by the Ethics Review Board at Seoul National University
Bundang Hospital, Korea.

Results

Between June 2003 and June 2011, 2,529 patients under-
went curative CRC surgery at our hospital. Of these, 167 
patients (6.6%) developed PM, including 54 patients (2.1%)
with synchronous and 113 patients (4.5%) with metachro-
nous lesions. Of the latter 113 patients, 94 patients underwent

Table 1. Continued

Characteristic Total Synchronous Metachronous p-value(n=176) PM (n=54) PM (n=122)
Maximal tumor size (mm)
 20 152 (86.4) 46 (85.2) 106 (86.9) 0.81
> 20 24 (13.6) 8 (14.8) 16 (13.1)
Median (range) 12.0 (2-70) 11.0 (3-60) 12.0 (2-70)

Distribution of metastases
Unilateral 144 (81.8) 36 (66.7) 108 (88.5) 0.01
Bilateral 32 (18.2) 18 (33.3) 14 (11.5)

Resectionb)

Non-anatomical 132 (75.0) 42 (77.8) 90 (73.8) 0.71
Anatomical 44 (25.0) 12 (22.2) 32 (26.2)

Mediastinal LN dissection
No 106 (60.2) 36 (66.7) 70 (57.4) 0.32
Yes 70 (39.8) 18 (33.3) 52 (42.6)

Mediastinal LN involvement
No 61 (34.7) 17 (31.5) 44 (36.1) 0.36
Yes 9 (5.1) 1 (1.9) 8 (6.6)
No data 106 (60.2) 36 (66.7) 70 (57.4)

Chemotherapy after metastasectomy
No 13 (7.4) 2 (3.7) 11 (9.0) 0.27
Cytotoxic agent only 139 (79.0) 42 (77.8) 97 (79.5)
Cytotoxic agent+targeted agent 24 (13.6) 10 (18.5) 14 (11.5)

Values are expressed as number (%) unless otherwise indicated. PM, pulmonary metastases; SD, standard deviation; CRC,
colorectal cancer; 5-FU, 5-fluorouracil; LN, lymph node. a)Using the seventh edition of the American Joint Committee on
Cancer staging system, b)Non-anatomical resection included precision excision and wedge resection; anatomical resection 
included segmental resection and lobectomy.
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Table 2. Univariable and multivariable analysis of factors prognostic of 5-year DFS after pulmonary metastasectomy

Characteristic No. 5-Yr p-value HR 95% CI p-value(n=122) DFS (%)
Age (yr)
 60 55 49.4 0.23 - -
> 60 67 50.0 - -

Sex
Male 83 48.3 0.67 - -
Female 39 57.7 - -

Body mass index (kg/m2)
 25 88 60.5 0.99 - -
< 25 34 55.7 - -

Primary tumor location
Colon 55 48.4 > 0.990) - -
Rectum 67 53.2 - -

Tumor stagea)

1 5 66.7 0.08 - -
2 24 74.3 -
3 72 49.4 -
4 21 29.9 - -

Histology of primary tumor
Well differentiated 12 37.3 0.89 - -
Moderately differentiated 105 52.8 -
Mucinous or poorly differentiated 5 53.3 - -

Previous hepatectomy
No 108 53.8 0.12 - -
Yes 14 23.4 - -

Adjuvant therapy for CRC
No 5 100.00 0.10 - -
Yes 117 49.0 - -

Disease-free interval (mo)
< 12 21 25.8 0.01 1.000 0.01
 12 101 55.8 0.298 0.149-0.598

No. of pulmonary tumors
Solitary 77 60.9 0.01 1.000 0.01
Multiple 45 34.4 2.451 1.285-4.674

Maximal tumor size (mm)
 20 106 52.8 0.12 - -
> 20 16 39.0 - -

Distribution of metastases
Unilateral 108 54.5 0.01 1.000 0.97
Bilateral 14 23.8 1.014 0.418-2.463

Resectionb)

Non-anatomical 90 50.1 0.79 - -
Anatomical 32 52.9 - -

Mediastinal LN dissection
No 70 50.2 0.62 - -
Yes 52 50.8 - -

Mediastinal LN involvement
No 44 58.6 0.01 1.000 0.01
Yes 8 0.0 6.048 2.099-17.427 0.01
No data 70 50.2 1.014 0.418-2.463 0.58
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pulmonary metastasectomy for metachronous PM, and 36 of
39 referred patients with metachronous PM who underwent
CRC surgery at other hospitals underwent curative pul-
monary metastasectomy at our hospital during the study 
period. Following exclusion of eight patients who underwent
R1 or R2 resection, 122 patients were eligible for analysis.

There were significant differences in baseline characteris-
tics between patients with synchronous PM and those with
metachronous PM according to tumor stage of CRC, adju-
vant therapy for CRC, number of prior regimens, and num-
ber and distribution of PM (Table 1). The median interval 
between primary CRC surgery and pulmonary metastasec-
tomy in patients with synchronous and metachronous PM
was 1.5 months (range, 0 to 25 months) and 24.0 months
(rang, 4 to 86 months), respectively. However, there was no
difference in survival rate between the two groups; the 5-year
OS rates were 65.6% and 66.9% (p=0.57), respectively; the 
5-year DFS rates were 40.8% and 50.9% (p=0.26), respectively.

The mean age of patients with metachronous PM was
61.3±11.2 years, and 83 patients (68.0%) were male. Serum
CEA level was available in 102/122 (83.6%) patients, and
missing in 20 cases because the patients had been referred.
Of these, 64 patients had a normal serum CEA level, whereas
38 patients had a high serum CEA level. The primary CRC
was located in the colon in 55 patients (45.1%), and 14 
patients (11.5%) underwent curative hepatic resection for
liver metastases during CRC surgery. The median DFI was
22.0 months (range, 4 to 85 months). Seventy-seven patients
(63.1%) had solitary PM, and the median maximum tumor
size was 12.0 cm (range, 2 to 70 cm). The types of pulmonary
resection included precision excision (28.7%), wedge resec-
tion (45.1%), segmental resection (9.8%), and lobectomy
(16.4%). Mediastinal LN dissection was performed in 52 
patients (42.6%), and eight of 52 patients (15.4%) had medi-
astinal LN involvement. A total of 111 patients (91.0%) 
received chemotherapy after pulmonary metastasectomy; 97
patients (79.5%) received a cytotoxic agent only, and 14 
patients (11.5%) received a cytotoxic agent with a targeted

agent (Table 1).
The median follow-up period after the first pulmonary

metastasectomy was 27.5 months (range, 1 to 104 months).
A total of 48 patients (39.3%) had developed recurrent PM
after initial pulmonary metastasectomy, including 39 
patients with recurrent pulmonary metastases confined to
the lungs and nine patients with multiple systemic metas-
tases. Of 39 patients with pulmonary recurrence, only 10 
patients had recurrences at previous resection sites. Pul-
monary recurrence in the ipsilateral lung was detected in 12
patients, contralateral in 13, and bilateral in four. The 5-year
DFS rate after initial pulmonary metastasectomy was 50.9%.
In univariable analysis, DFI, number of PMs, distribution of
PMs, and mediastinal LN involvement were significantly
prognostic of DFS. In multivariable analysis, DFI  12 mon-
ths, solitary lesions, and absence of mediastinal LN were 
independently prognostic of DFS (Table 2).

The 5-year OS rate in patients with recurrent PM was
56.3%, and the median DFI for recurrent PM after the first
pulmonary metastasectomy was 13.0 months (range, 1 to 38
months). Of the 48 patients with recurrent PM, 39 patients
(81.2%) underwent repeated pulmonary metastasectomy. In
univariable analysis DFI of recurrent PM, number of PMs,
and distribution of metastases were significantly prognostic
of OS, whereas mediastinal LN involvement and chemother-
apy after pulmonary metastasectomy were not significantly
prognostic of OS. In multivariable analysis, DFI of recurrent
PM was the only factor independently prognostic of OS in
patients who underwent repeat pulmonary metastasectomy
(Table 3).

Patients were divided into two subgroups according to
DFI and number of PMs. The high-risk group (n=70) was 
defined as patients with DFI < 12 months, or multiple lesions,
or mediastinal LN involvement, and the low-risk group
(n=52) as patients with DFI  12 months, solitary lesions, and
absence of mediastinal LN involvement. The median DFI in
the high- and low-risk groups was 15.0 months (range, 4 to
83 months) and 28.0 months (range, 13 to 85 months), respec-

Table 2. Continued

Characteristic No. 5-Yr p-value HR 95% CI p-value(n=122) DFS  (%)
Chemotherapy after PM

No 11 68.2 0.58 - -
Cytotoxic agent only 97 58.0 -
Cytotoxic agent+targeted agent 14 60.0 - -

DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; CRC, colorectal cancer; LN, lymph node; PM, pulmonary
metastasectomy. a)Using the seventh edition of the American Joint Committee on Cancer staging system, b)Non-anatomical
resection included precision excision and wedge resection; anatomical resection included segmental resection and lobectomy.
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Table 3. Univariable and multivariable analysis of factors prognostic of 3-year OS following repeated pulmonary metasta-
sectomy

Characteristic No. 3-Yr p-value HR 95% CI p-value(n=39) OS (%)
Age (yr)
 60 20 44.1 0.40 - -
> 60 19 64.4 - -

Sex
Male 30 59.0 0.15 - -
Female 9 41.7 - -

BMI (kg/m2)
 25 28 56.4 0.88 - -
< 25 11 53.9 - -

Primary tumor location
Colon 21 62.4 0.97 - -
Rectum 18 48.7 - -

Tumor stage of CRC
1 1 - 0.35 - -
2 5 80.0 -
3 21 60.1 -
4 12 32.4 - -

Histology of primary tumor
Well differentiated 4 50.0 0.34 - -
Moderately differentiated 33 58.5 -
Mucinous or poorly differentiated 2 50.0 - -

Previous hepatectomy
No 32 58.1 0.52 - -
Yes 7 35.7 - -

Recurrent DFI (mo)
< 12 14 32.7 0.01 1.000 0.01
 12 25 70.5 0.252 0.084-0.757

No. of recurrent PM
Solitary 22 74.0 0.04 1.000 0.29
Multiple 17 29.1 1.977 0.563-6.943

Maximal tumor size of recurrent PM (mm)
 20 30 59.4 0.38 - -
> 20 9 44.4 - -

Distribution of recurrent PM
Unilateral 35 64.1 0.01 1.000 0.48
Bilateral 4 25.0 1.663 0.407-6.787

Repeated resection
Non-anatomical 30 61.0 0.29 - -
Anatomical 9 25.9 - -

Mediastinal LN involvement
No 14 58.9 0.95 - -
Yes 5 60.0 -
No data 20 51.0 - -

Chemotherapy after PM
No 3 66.7 0.49 - -
Cytotoxic agent only 31 58.9 -
Cytotoxic agent+targeted agent 5 30.0 - -

OS, overall survival; HR, hazard ratio; CI, confidence interval; BMI, body mass index; CRC, colorectal cancer; DFI, disease
free interval; PM, pulmonary metastases; LN, lymph node.
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Table 4. Comparison of clinical characteristics in the high- and low-risk subgroups

Characteristic High-risk groupa) Low-risk groupb) 
p-value(n=70) (n=52)

Age (yr)
 60 34 (48.6) 21 (40.4) 0.46
> 60 36 (51.4) 31 (59.6)
Mean±SD 60.5±11.2 62.3±11.1 0.38

Sex
Male 48 (68.6) 35 (67.3) > 0.99 
Female 22 (31.4) 17 (32.7)

BMI (kg/m2)
 25 50 (71.4) 38 (73.1) > 0.99
< 25 20 (28.6) 14 (26.9)
Mean±SD 23.3±3.2 23.6±2.9 0.61

Primary tumor location
Colon 34 (48.6) 21 (40.4) 0.46
Rectum 36 (51.4) 31 (59.6)

Tumor stage of CRC
1-3 50 (71.4) 48 (92.3) 0.01
4 20 (28.6) 4 (7.7)

Histology of primary tumor
Well 6 (8.6) 6 (11.5) 0.14
Moderately 59 (84.3) 46 (88.5)
Mucinous or poorly 5 (7.1) 0 (

Previous hepatectomy
No 58 (82.9) 50 (96.2) 0.02
Yes 12 (17.1) 2 (3.8)

Adjuvant therapy for CRC
No 2 (2.9) 3 (5.8) 0.65
Yes 68 (97.1) 49 (94.2)

DFI (mo)
< 12 21 (30.0) 0 ( < 0.001
 12 49 (70.0) 52 (100)
Median (range) 15.0 (4-83) 28.0 (13-85)

No. of pulmonary tumors
Solitary 25 (35.7) 52 (100) < 0.001
Multiple 45 (64.3) 0 (
Median (range) 2.0 (1–14) 1.0 (

Maximal tumor size (mm)
 20 58 (82.9) 48 (92.3) 0.18
> 20 12 (17.1) 4 (7.7)
Median (range) 13.5 (2-70) 10.0 (3-38)

Distribution of metastases
Unilateral 56 (80.0) 52 (100) < 0.001
Bilateral 14 (20.0) 0 (

Resection
Non-anatomical 51 (72.9) 39 (75.0) 0.84
Anatomical 19 (27.1) 13 (25.0)

Mediastinal LN involvementc)

No 27 (77.1) 17 (100) 0.04
Yes 8 (22.9) 0 (
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tively. The median number of PMs was 2.0 (range, 2 to 14) in
the high-risk group. Of 70 patients (54.3%) in the high-risk
group, 38 patients developed recurrent PM after initial pul-
monary metastasectomy compared with 10 of 52 (19.2%) in
the low-risk group (p < 0.001). Development of recurrent PM
occurred within 12 months in 16 of 38 patients (42.1%) in the
high-risk group, compared with three of 10 (30.0%) in the
low-risk group. The high- and low-risk groups differed sig-
nificantly in stage of CRC, distribution of PM and recurrent
PM, whereas there was no significant difference in the per-
centage who received adjuvant chemotherapy (Table 4). OS
and DFS rate also showed significant difference in the two
groups (Fig. 1).

Discussion

This study demonstrates the potential benefit of curative
pulmonary metastasectomy for survival in patients with
metachronous PM from CRC. Our results showed that DFI,
number of pulmonary lesions, and mediastinal LN involve-
ment were independent prognostic factors in patients with
CRC who underwent curative pulmonary metastasectomy.
In addition, better survival rates were observed for patients
with recurrent PM  12 months compared to those who 
developed recurrent PM < 12 months after pulmonary
metastasectomy.
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Fig. 1. Five-year overall survival (A) and disease-free survival (B) in the high- and low-risk groups. a)High-risk group was
defined as patients with disease-free interval (DFI) < 12 months, or multiple pulmonary metastases, or mediastinal lymph
node (LN) involvement, b)Low-risk group was defined as patients with DFI  12 months, solitary lesions, and absence of 
mediastinal LN involvement.

Table 4. Continued

Characteristic High-risk groupa) Low-risk groupb) 
p-value(n=70) (n=52)

Recurrent PM
No 32 (45.7) 42 (80.8) < 0.001
Yes 38 (54.3) 10 (19.2)

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; BMI, body mass index; CRC, colorectal
cancer; DFI, disease-free interval; LN, lymph node; PM, pulmonary metastases. a)High-risk group was defined as patients
with DFI < 12 months, or multiple PM, or mediastinal LN involvement, b)Low-risk group was defined as patients with DFI 
 12 months, solitary lesions, and absence of mediastinal LN involvement, c)Including 52 patients who underwent mediastinal
LN dissection.
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We observed 5-year OS and DFS rates of 66.4% and 50.9%,
respectively; this OS rate is at the high end of the range of
previously reported 5-year OS rates (30% to 68%) [18]. How-
ever, the current study only included patients with
metachronous lesions who underwent R0 resection. These
findings suggest that patients should be carefully selected by
strict multimodal assessment of the probability of R0 pul-
monary metastasectomy.

Various factors, including number of pulmonary lesions,
patient age, stage of the primary tumor, history of liver 
resection, maximum tumor size, histology of the primary
tumor, DFI, and CEA level, have been associated with the
prognosis of patients who undergo pulmonary metastasec-
tomy [2,7,14]; however, the results remain controversial 
because of the heterogeneity of selection criteria and varia-
tions in multimodal treatment [19]. Therefore, only patients
with metachronous PM who underwent R0 resection were
assessed, since it is important to determine whether pul-
monary resection offers a chance of cure.

There is no definite consensus regarding synchronous and
metachronous PM. In previous studies lesions detected prior
to or within 3 months after CRC surgery were defined as syn-
chronous PM [15], whereas in some studies lesions detected
at least 6 months after  the primary resection were defined
as synchronous PM [14]. The first opportunity for follow-up
imaging study usually occurred at 3 months after the pri-
mary CRC surgery; therefore, metachronous PM was defined
as a new lesion detected at least 4 months after primary CRC
surgery.

DFI has been reported to be prognostic of pulmonary
metastasectomy for PM from CRC [14]; however, various
cut-off values have been used to define short DFI, and the
correlation between DFI and survival rate was not deter-
mined in several studies [7,20]. The mechanism underlying
this finding may be related to the time of detection of disease
progression, or earlier metastasis may represent a more dis-
seminated disease and tendency to spread than later metas-
tasis [21]. Our results showed that DFI was independently
prognostic of pulmonary metastasectomy for PM. Therefore,
careful follow-up is required after pulmonary metastasec-
tomy for patients who develop PM less than 1 year after pri-
mary tumor resection.

Similar to previous studies, we observed significantly bet-
ter prognosis for patients with a solitary pulmonary lesion
than for those with multiple lesions [8], although several
studies found no significant association between prognosis
and number of PMs [4,13]. Multiple lesions may increase the
likelihood of widespread undetected tiny nodules through-
out the lungs or even in other distant organs. Therefore,
meticulous preoperative staging for PM is critical in detec-
tion of occult metastatic lesions.

Several studies suggested an association of mediastinal LN

involvement with an increased risk of death [6,13] and a
meta-analysis showed poor 5-year survival in the group with
LN involvement (range, 0% to 33.5%) compared to those
with no thoracic LN metastases (range, 38.7% to 71%) [19].
However, mediastinal LN was not routinely performed in
most studies. Our results showed that mediastinal LN 
involvement was a significantly prognostic factor for DFS in
univariable and multivariable analysis, although there were
no differences in DFS between patients who underwent 
mediastinal LN dissection and those who did not. Therefore,
we suggest that mediastinal LN dissection could be per-
formed in patients with expected LN involvement who show
an enlarged LN on preoperative chest CT or hypermetabolic
lesion on PET-CT.

This study also identified a subgroup of patients, based on
DFI and number of PMs, who are expected to benefit most
from pulmonary metastasectomy. A significantly higher 
recurrent PM rate was observed in the high risk group com-
pared with the low-risk group (54.3% vs. 19.2%, p < 0.001),
suggesting that pulmonary metastasectomy might have the
greatest benefit in the low-risk group. Careful attentive sur-
veillance based on a regular follow-up schedule may result
in early identification of these patients.

Repeated pulmonary metastasectomy has been found to
offer a chance for long-term survival to patients with pro-
longed DFI after initial pulmonary metastasectomy [22], a
solitary recurrent pulmonary lesion [23], and normal CEA
level [17]. In addition, a recent meta-analysis reported a 5-
year survival rate of 57.9% for patients who underwent 
repeated pulmonary metastasectomy [21], perhaps because
these patients were highly selected, based on initial resection
of PM. In our study a better prognosis was observed for 
patients with longer recurrent DFI than for patients with
shorter recurrent DFI, whereas OS rate was not affected by
treatment of recurrent PM with chemotherapy and surgical
intervention. Therefore, repeated pulmonary metastasec-
tomy in selected patients in whom the capacity of the rem-
nant lung parenchyma could be preserved after resection
may be a valuable alternative to palliative chemotherapy.

There was no definite consensus regarding recurrent DFI
of recurrent PM, as DFI after the first pulmonary metastasec-
tomy. Park et al. [17] reported that recurrent DFI was 
dichotomized before and after 12 months, whereas two other
studies could not set the cut-off value of recurrent DFI, in
which median recurrent DFI was 14 months (range, 4.0 to
29.0 months) and 16.8 months (range, 2.0 to 38.2 months), 
respectively [22,23]. Our results showed a median recurrent
DFI of 13.0 months (range, 4.0 to 31.0 months). Therefore, we
used the cut-off value of 12 months for recurrent DFI, as 
reported in a previous study [17].

Similar to the number of PMs, bilateral PM [6,22] and
larger PM size [8] may indicate a greater likelihood of the
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presence of other undetectable metastatic lesions. However,
in a previous study bilateral PM had no effect on OS [24], and
most studies found no significant association between sur-
vival and PM size [19]. The current study found no associa-
tion between these factors and survival rate. These findings
suggest that bilateral PM and larger PM size that can be com-
pletely resected are not contraindications for pulmonary
metastasectomy.

Several studies have reported better survival outcomes for
patients with metachronous PM compared to those with syn-
chronous PM, the latter being considered more aggressive
[6]; however, it remains controversial [15]. In the current
study, it did not appear that patients treated with metachro-
nous PM had longer survival compared to those with syn-
chronous PM, although patients with synchronous PM had
more aggressive primary tumor stage, multiple PMs, and 
bilateral PMs. This might be due to the fact that only patients
who underwent pulmonary metastasectomy for synchro-
nous PM were included, because of the study limitation by
retrospective design. Nevertheless, survival outcomes did
not differ between patients who underwent pulmonary
metastasectomy for synchronous PM and those who under-
went pulmonary metastasectomy for metachronous PM.
Therefore, pulmonary metastasectomy might be feasible in
selected patients with either synchronous or metachronous
PM.

Previous studies have reported on the usefulness of chest
CT scan for detection of lung nodules, with > 70% sensitivity
for detection of suspicious pulmonary metastatic nodules
from CRC [25]. However, it does not appear to show corre-
lation with an equal specificity, which may cause difficulty
in interpreting the nature of a pulmonary lesion, because
pathologic confirmation is too difficult or occasionally risky
in most cases, particularly for small lesions. Therefore, we
have used the regular follow-up program for patients with
PM from CRC in accordance with National Comprehensive
Cancer Network guidelines, and treatment decisions were
made by the MDT.

This study had some limitations. First, there was a poten-
tial for selection bias, compounded by the retrospective 
design. Inclusion of patients was highly selective, with pre-
sumed good performance status, and fewer comorbidities,

which might have contributed to the demonstrated long-
term survival. Second, in this study chemotherapy after pul-
monary metastasectomy did not appear to be significantly
prognostic of OS, which may affect survival rate. Neverthe-
less, surgical resection of PM and recurrent PM after primary
pulmonary metastasectomy was feasible for patients with or
without systemic chemotherapy. In addition, we identified
prognostic factors of survival in patients who underwent
complete resection for metachronously developed PM, and
divided them according to high- and low-risk groups using
these factors. Further large-scale prospective studies will be
helpful in verifying our results.

Conclusion

In conclusion, there is a potential survival benefit for 
patients with metachronous PM from CRC who undergo
pulmonary metastasectomy, even those with recurrent pul-
monary metastases. These findings suggest that pulmonary
metastasectomy might benefit carefully selected patients,
particularly those with longer DFI, solitary lesions, and 
absence of mediastinal LN involvement.
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Purpose
Chemotherapy targets all rapidly growing cells, not only cancer cells, and thus is often 
associated with unpleasant side effects. Therefore, examination of the chemosensitivity
based on genotypes is needed in order to reduce the side effects. 

Materials and Methods
Various computational approaches have been proposed for predicting chemosensitivity
based on gene expression profiles. A linear regression model can be used to predict the 
response of cancer cells to chemotherapeutic drugs, based on genomic features of the
cells, and appropriate sample size for this method depends on the number of predictors.
We used principal component analysis and identified a combined gene expression profile
to reduce the number of predictors

Results
The coefficients of determinanation (R2) of prediction models with combined gene expres-
sion and several independent gene expressions were similar. Corresponding F values, which
represent model significances were improved by use of a combined gene expression profile,
indicating that the use of a combined gene expression profile is helpful in predicting drug
sensitivity. Even better, a prediction model can be used even with small samples because
of the reduced number of predictors. 

Conclusion
Combined gene expression analysis is expected to contribute to more personalized man-
agement of breast cancer cases by enabling more effective targeting of existing therapies.
This procedure for identifying a cell-type-specific gene expression profile can be extended
to other chemotherapeutic treatments and many other heterogeneous cancer types.
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Gene expression, Drug sensitivity, Combined predictor
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Introduction

Breast cancer, the most common cancer in women, is a
major cause of female mortality. Approximately 232,340 new
cases of invasive breast cancer and 39,620 breast cancer
deaths were reported in the United States in 2013 [1-3]. In
Korea, breast cancer is the second most common cancer in
women, accounting for 19.8% of female cancer cases. 
Approximately 13,400 breast cancer cases were reported in

2009 and the rate of new diagnosis has been rising steadily
[4,5].

Treatment of breast cancer usually involves one or more
drugs, surgery, and sometimes radiation. Positive clinical 
responses to anticancer therapies are often restricted to a sub-
set of patients. Chemotherapy, a systematic drug regimen 
intended to stop cancer cells from dividing and growing, tar-
gets all rapidly growing cells, not only cancer cells, and is
therefore associated with unpleasant side effects [6]. Mutated
cancer genes contain biomarkers, making them good candi-
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dates for drug targeting [7]. Therefore, study of the relation-
ship between gene expression and drug sensitivity is requi-
red in order to administer the right drug to the right patient
and reduce the side effects of cancer treatment.

Scherf et al. [8] examined gene-gene, gene-drug, and drug-
drug interactions by combining gene expression data and
drug sensitivity data. The first limitation of their research
was that laboratory cell lines differ from tumor cells. Later,
Kao et al. [9] reported that gene expression patterns were
similar in their cell lines and primary breast cancer tumors.
Therefore, many studies for predicting chemosensitivity with
gene expression have used cell lines.

Several studies have demonstrated that genomic biomark-
ers can be used in prediction of chemotherapeutic responses
in human cancer patients [7,10-15]. Many such studies used
statistical methodologies or machine learning methods [10-
12].

The aim of this study was to predict drug sensitivity using
gene expression analysis and a linear regression model. The
necessary sample size for linear regression depends on the
number of predictive variables [16]. Sample size must 
increase as the number of predictors increases.

In this study, we suggest a method for implementing a
chemosensitivity prediction model with a reduced number
of predictors, which will be useful in cases with small sample
sizes. We identify a combined gene expression pattern that
requires fewer predictors than analysis involving several 
individual genes. Doxorubicin, an anthracycline widely used
in the treatment of breast cancer, was the targeted chemo-
therapeutic agent [17].

Materials and Methods

1. Data preparation

Two publicly available datasets of gene expressions and
drug sensitivities were used in this study. The first dataset
was compiled by Felding-Habermann et al. [18] for exami-

nation of gene expression in cell lines; it is accessible from a
public microarray database (gene expression omnibus
[GEO], GSE51086). This dataset consists of 29 cell lines, 
including 14 luminal, four basal A, and eight basal B cell lines
(the other three cell lines are of unknown type), and includes
45,220 probes, and it was summarized by 19,722 gene sym-
bols for this study. 

The other dataset, published by Garnett et al. [7], consists
of 608 cell lines and reports the IC50 scores of 111 drugs [10]
(inhibitory concentration, IC50, represents the concentration
of a drug required for 50% growth inhibition in vitro). Of
those, we looked at 43 breast cancer cell lines and 98 drugs,
because those missing more than 50% of data were excluded.
The datasets are summarized in Table 1.

2. Statistical methods

IC50 scores were standardized before performing statistical
analysis. Associations between gene expression and cell line,
drug sensitivity and cell line, and drug sensitivity and gene
expression in the combined dataset were examined. For this,
analysis of variance (ANOVA) was performed for identifica-
tion of significantly expressed genes among different types
of breast cancer cells. Correlation analysis was performed to
examine the relation of drug sensitivity to gene expression.
Linear regression was used for identification of a drug sen-
sitivity prediction model with gene expression as the predic-
tor.

3. DG-matrix analysis (the association of drug sensitivity
and gene expression)

The degree of similarity between the G-matrix (association
of gene expression and cell line) and D-matrix (association
of drug sensitivity and cell line) was calculated using the
Pearson correlation coefficient, r, calculated as follows:

, where xi denotes the gene expression of ith cell, yi denotes

r = !(xi –x ) 2 (yi –y ) 2

!(xi –x ) (yi –y )

Table 1. Summary of the datasets used in this work
Data set No. of samples No. of probes
GSE51086 14 Lu, 4 BaA, 8 BaB, 3 unknown 45,220 probes (Agilent-014850  
(Dataset was published on (29 untreated breast cancer cell lines Whole Human Genome Microarray 4x44K),
Nov 27, 2013) vs. pool of all 29 cell lines) 19,722 gene symbol

Garnett et al. [7] 43 Breast cancer cell lines
(total 608 cell lines, 111 drugs)

Xianglan Zhang, Drug Sensitivity Prediction Using Gene Expression Profiles

VOLUME 49 NUMBER 1 JANUARY 2017  117



the IC50 of iih cell to drug y, x represents the average expres-
sion of gene x, and y represents the mean chemosensitivity
of drug y.

Principal component analysis (PCA) was used to reduce
the number of independent variables (the number of genes)
in the prediction model for drug sensitivity [19]. PCA is a
simple nonparametric statistical method that reduces data
dimensionality for conversion of correlated variables into 
uncorrelated variables, which are termed principal compo-
nents. Each principal component is represented in the form
of linear combinations of original variables. Therefore, a

value for each cell line can be calculated according to the fol-
lowing formula, which we call combined gene expression:

Combined gene expression=C1g1+C2g2+C3g3+… +Cngn

, where g1, g2, g3 … gn are gene expressions, and C1, C2, C3 …
Cn are weights of each gene expression.

In examining the association of gene expression and drug
sensitivity, cell lines which did not include gene expressions
or IC50 scores were excluded. The usage of datasets and a
schematic diagram of the study design are shown in Fig. 1.

Breast cancer cell lines
  including 3 subgroups

Gene expression

Cell lines G-matrix

Cell lines D-matrix

Common cell lines

63
8 

ge
ne

s

Implementation of prediction model
  using several predictive genes

Implementation of prediction model
  using a combined gene expression

Identification of specific drug sensitivity-related genes

G-matrix

DG-matrix

D-matrix

Comparison of model performance

638 genes

Pearson correlation
  coefficient matrix

98
 d

ru
gs

Breast cancer cell lines
  including 3 subgroups

Drug sensitivity: IC50

98
 d

ru
gs

Fig. 1. The summary of the study plan using two published datasets. G-matrix includes 638 genes, which showed signifi-
cantly different expression among subtypes of breast cancer cell lines.
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Statistical analyses were performed using R ver. 3.1.1 (R
Foundation for Statistical Computing, Vienna, Austria), 
p < 0.05 was considered statistically significant. The PCA 
algorithm was also performed using R [20].

Results

1. Gene expression profiling of breast cancer cell lines 
(G-matrix)

The GSE51086 microarray dataset was used to examine the
relationship between gene expression and subtypes of breast
cancer cell lines. The dataset included 45,220 probes, and it
was summarized by 19,722 gene symbols for this study. The
three cell lines in the dataset that did not include subtype 
information were excluded. A total of 638 genes were iden-
tified by significance among breast cancer subtypes. The sub-

Basal A
Basal B
Luminal

SU
M

19
0P

T

BT
20

M
DA

_M
B4

68

HC
C1

93
7

M
CF

12
A

SU
M

14
9P

T

M
CF

10
A

M
DA

_M
B1

57

M
DA

_M
B4

36

M
DA

_M
B2

31

BT
54

9

Hs
57

8T

M
DA

_M
B1

34
_6

BT
47

4

M
DA

_M
B3

61

ZR
75

30

M
DA

_M
B1

75
_7

M
DA

_M
B4

15

UA
CC

89
3

AU
56

5

SK
BR

3

M
CF

7

T4
7D

CA
M

A1

ZR
75

1

BT
48

3

–3 –2 –1 0 1 2 3

Fig. 2. Expression patterns of 638 genes in breast cancer cell lines, identified by ANOVA. The vertical and horizontal axes
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types of breast cancer cell lines were 14 luminal, four basal
A, and eight basal B. 

Unsupervised hierarchical clustering performed to exam-
ine the genetic characteristics of each cell line revealed sig-
nificant grouping of cell lines based on subtypes of breast
cancer (Fig. 2).

Orange color denotes low expression and yellow denotes
high expression. The gene expression pattern was clearly 
divided into several sections, which were strongly associated
with subtypes of breast cancer cell lines. Expression of the
first gene group was decreased in the order of basal A > basal
B > luminal, and expression of the second group was 
increased according to the same order (i.e., basal A < basal B
< luminal).

2. Chemosensitivity profiling of breast cancer cell lines 
(D-matrix)

The dataset from Garnett et al. [7] was used to examine the
chemosensitivity of breast cancer cell lines. The dataset orig-
inally included 111 drugs and 43 breast cancer cell lines;
however, cell lines and drugs with more than 50% missing
data were excluded. Thus, 98 drugs and 31 breast cancer cell
lines from this dataset were used in this study. The IC50

scores were standardized due to the large variation in the
scale of IC50 scores for different drugs.

When unsupervised hierarchical clustering was applied to
the dataset, there was no association between drug sensitiv-
ity and cell line (Fig. 3). 

Each column represents a cell line, and each row repre-
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sents the IC50 score for the particular compound. Both rows
and columns are clustered hierarchically. Yellow color rep-
resents high IC50 score (resistant), orange color represents
low IC50 score (sensitive), and white indicates absence of
data.

As shown in Fig. 3, no clear relationship was observed 
between drug sensitivity and breast cancer cell line. The cell
lines CAL51 and MCF7 were sensitive to most drugs (orange
color represents low IC50 scores), compared to other cell lines.
By contrast, UACC812 was resistant to most drugs, though
it should be noted that there were several drugs which did
not include IC50 scores.

To examine the relationship between gene expression and
drug sensitivity in detail, we selected four drugs, mitomycin,
doxorubicin, gemstabine and obatoclax mesylate, all of
which have been used for the treatment of breast cancer. 

Unsupervised hierarchical clustering showed an associa-
tion between drug sensitivity and cell line (Fig. 4). 

The cell lines were divided into three groups by unsuper-
vised hierarchical clustering, which were independent of
breast cancer subtype, indicating that drug sensitivity is 
associated with specific gene expression rather than subtype
of breast cancer. 

Given this association pattern, doxorubicin was selected
as a specific drug for implementing the drug sensitivity pre-
diction model. Doxorubicin, which was discovered in 1969
by Farmitalia Research Laboratories in Italy, is used in treat-

ment of early-stage or node-positive breast cancer, HER2-
positive breast cancer, and metastatic disease. The first two
cell line groups were sensitive to doxorubicin while the third
was resistant, as shown in the tree diagram (Fig. 4).

3. Correlation between drug sensitivity and gene expres-
sion (DG-matrix)

For screening of the genes associated with chemosensitiv-
ity, the databases for gene expression and for chemosensitiv-
ity were integrated into one database matrix (DG-matrix)
using the Pearson correlation coefficient. Using the DG-
matrix, hierarchical clustering was performed based on the
correlation between drug sensitivity and gene expression
(Fig. 5).

Significantly expressed genes among subgroups of breast
cancer cell lines were used to examine the association of gene
expression and drug sensitivity. Several sectional blocks 
(indicated by orange and yellow) are shown in Fig. 5, sug-
gesting a relationship between gene expression and drug
sensitivity. The orange and yellow colors represent the neg-
ative and positive relationship between gene expression and
drug sensitivity, respectively. Therefore, it can be interpreted
that the drugs shown in the dashed box could be sensitive
when the genes shown in the box are overexpressed (nega-
tive relationship).

It also shows that the genes related to subtypes of breast
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cancer cell lines are also related to drug sensitivity. Therefore,
implementation of a drug sensitivity prediction model using
gene expression data is reasonable, as gene expression differs
between subtypes of breast cancer.

4. Selection of genes associated with drug-specific chemo-
sensitivity

Correlation coefficients and their significance of both gene
expression and IC50 scores in the four drugs were calculated.
Drug sensitivity-related genes were identified as having cor-
relation coefficients of |0.7| with drug-specific chemosen-
sitivity. The results are listed in Table 2. Fifteen genes
showed strong correlation with the IC50 score of each drug.

Genes showing strong correlation with specific drug sen-
sitivity for implementing the drug sensitivity prediction
model were selected. 

5. Drug sensitivity prediction model using gene expression

In implementing our prediction model for sensitivity to
doxorubicin, 10 genes were used as predictive variables. Five
genes showed positive correlation with drug sensitivity and
the other five genes showed negative correlation (Fig. 6). 

As shown in Fig. 6, doxorubicin-related genes showed
strong association with sensitivity to doxorubicin (|r|> 0.77,
p < 0.001) but were not associated with sensitivity to mito-
mycin (|r|< 0.45, p > 0.05). This result indicates that the drug
sensitivity model can be implemented for each specific drug
and the genes related to it.

The optimal prediction model was identified by backward
estimation in linear regression, and the final model included
PARVA, TBX21, SHF, and FAM158A as predictors. The 
expression data of the four genes were combined to reduce
the number of predictors. Combined gene expression was
calculated by PCA.

–0.5 0 0.5

Fig. 5. DG-matrix. Correlation pattern of 638 gene expressions and standardized IC50 scores of 98 drugs. The vertical and
horizontal axes represent 638 genes and 98 drugs, respectively. Correlation coefficients range from –1 to 1.
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We compared the significances of two models, one using
four independent genes and the other using the combined
gene expression (Table 3).

A combined biomarker was calculated by linear, weighted
combination of the four genes. The two models were similar
in p-value and R2, and the F value was significantly increased
when a combined biomarker was used. Hence, the combined
biomarker is reliable in our drug sensitivity prediction
model.

Sensitivity to doxorubicin was associated with up-regula-
tion of TBX21, SHF, and FAM159A. The combined factor
showed a strong negative association with doxorubicin IC50

score. These results indicate that the more up-regulated the
expression of these genes, the more sensitive the cells are to
doxorubicin. Different color points represent subtypes of
breast cancer cell lines. Breast cancer subtype was not found
to be a predictive factor in this study (Fig. 7).

Discussion

Development of a method to predict what drug will be
most effective in each case is needed in order to reduce the
unpleasant side effects of chemotherapy for breast cancer 
patients. We suggest a prediction method using combined

gene expression. This method is based on linear regression
with IC50 scores of doxorubicin as the response variable. A
statistical method was applied to reduce the number of pre-
dictors in the regression model so that the model is useful
even in a small dataset.

The number of predictive variables has a significant influ-
ence on sample size and statitical power [21]. As the number
of predictive variables is increased, the sample size must also
be increased. Therefore, PCA was applied to reduce the num-
ber of predictive variables by combining several predictors.

By combining gene expression profiling with drug sensi-
tivity data, we examined a large set of possible gene-drug 
relationships. These two datasets, which include gene expre-
ssion and drug sensitivity, were derived from the public
database (GEO database) and a previously published dataset
[8]. Previous results showed that breast cancer is comprised
of molecularly distinct subtypes that may respond differently
to targeted therapies [22]. However, in this study drug sen-
sitivity was related to gene expression rather than subtype
of breast cancer cell lines. 

Scherf et al. [8] reported that clustering of cell lines on the
basis of gene expression yielded relationships that were very
different from those obtained by clustering cell lines based
on their response to drugs. This is in accordance with our
study. However, a strong relationship was observed between
gene expression and drug sensitivity, indicating that drug
sensitivity can be predicted by gene expression data.

Mitomycin Doxorubicin Gemcitabine Obatoclax mesylate

Gene r Gene r Gene r Gene r
FAM149A 0.8089 LHFPL2 0.8043 IPW 0.8351 TAZ 0.7864
GLRB 0.7851 ARSB 0.8026 SNURF 0.8122 RHBDL2 0.75747
PRDM5 0.7739 GLRX 0.7797 NAGA 0.7867 YOD1 0.73705
PPAP2A 0.7611 GLRXL 0.7787 TNFAIP8L3 0.7519 KEL 0.7330
PXK 0.7369 PARVA 0.7556 COPS5 0.7476 LEMD2 0.7227
ZNF525 –0.7583 ACR –0.7751 NKRF –0.8465 FBXL19 –0.8170
SCN7A –0.7399 DARS2 –0.7712 UBL4A –0.8294 APOH –0.8033
PTPN4 –0.7359 TBX21 –0.7605 USP29 –0.7876 TSEN2 –0.7928
USP8 –0.7296 SHF –0.7571 CDH24 –0.7829 TUBD1 –0.7908
FTO –0.7291 FAM158A –0.7537 SPATA12 –0.7791 PFDN4 –0.7777
EPB41 –0.7233 RFC1 –0.7429 CC2D2B –0.7501 BCAS3 –0.7654
PPM1B –0.7217 KCTD15 –0.7333 KRT80 –0.7433 POU1F1 –0.7502
WDR33 –0.7214 PTP4A3 –0.7299 ANKRD39 –0.7423 CA4 –0.7419
AIFM1 –0.7182 MNX1 –0.7296 MFSD9 –0.7409 CTRB1 –0.7411
BCL2L11 –0.7089 KRT32 –0.7270 DXS542 –0.7388 GABPB1 –0.7316

The p-values of the genes were less than 0.001. The standardized IC50 scores were used for calculating correlation coefficients.
r represents correlation coefficient.

Table 2. List of the top-ranked genes which showed positive or negative association with drug-specific chemosensitivity
for four drugs
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Table 3. Comparison of model significances in cases using four individual genes and a combined gene expression

Drug Gene list in Model Weights of genes Model 
the model significance (combined biomarker) significance

Doxorubicin PARVA F=58.238a) –0.812 F=198.309
TBX21 p < 0.001b) 0.772 p < 0.001
SHF R2=0.939c) 0.614 R2=0.934
FAM158A 0.552

a)F value represents model statistics, model significance is improved as F value is increased, b)p < 0.05 is generally interpreted
as statistically significant, c)R2 ranged from 0 to 1. When this value is 1, the model is perfectly predictive.
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Fig. 7. Association of gene expressions and chemosensitivity to doxorubicin in breast cancer. Doxorubicin represents IC50

scores against doxorubicin and combined biomarker represents combined gene expression.
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Various statistical and computational methods have been
previously applied for prediction of IC50 scores [10-12]. When
the statistical method is used for predicting chemosensitivity,
sample size can be a very influential factor for achieving high
statistical power, and sample size depends on the number of
predictors in the linear regression method, which can be used
for predicting numeric dependent variables (e.g., IC50). 

Therefore, our aim in this study was not to suggest a novel
prediction method, but rather to show that the performance
of a prediction model can be improved by reducing the num-
ber of predictors. PCA was used to reduce the number of pre-
dictors and to identify a combined gene expression profile. 

The performance of the prediction model using combined
gene expression was better than that of the model using sev-
eral independent gene expressions. Model significance was
improved when combined gene expression was used as a
predictive variable.

The discovery of biomarkers of breast cancers has led to
development of treatment strategies for breast cancer 
patients. Identification of combined gene expression profiles
is expected to contribute to more personalized menagement
of breast cancer patients and to improve existing therapies
and it will be helpful in finding new therapies by identifying
more predictive biomarkers. It can also be extended to other
chemotherapeutic treatments and other cancer types.

Conclusion

The advantage of the proposed method is that the predic-
tion model can be implemented with a relatively small sam-
ple dataset by reducing the number of predictive variables.
A limitation of this study is that we did not consider the sub-
types of breast cancer cell lines in our prediction model. With
more available data, subtype of breast cancer should be con-
sidered as a predictive factor, even though it was not associ-
ated with drug sensitivity in this study. Our further study
will include the validation of the result using an independent
dataset and extension of the proposed method to other can-
cer types. 
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Post-bevacizumab Clinical Outcomes and the Impact of 
Early Discontinuation of Bevacizumab in Patients with 
Recurrent Malignant Glioma

Original Article

Purpose
Bevacizumab±irinotecan is effective for treatment of recurrent malignant gliomas. However,
the optimal duration of treatment has not been established.

Materials and Methods
Ninety-four consecutive patients with recurrent malignant glioma who were treated with 
bevacizumab at our institutions were identified. Patients who continued bevacizumab until
tumor progression were enrolled in a late discontinuation (LD) group, while those who
stopped bevacizumab before tumor progression were enrolled in an early discontinuation
(ED) group. Landmark analyses were performed at weeks 9, 18, and 26 for comparison of
patient survival between the two groups.

Results
Among 89 assessable patients, 62 (69.7%) and 27 (30.3%) patients were categorized as
the LD and ED groups, respectively. According to landmark analysis, survival times from
weeks 9, 18, and 26 were not significantly different between the two groups in the overall
population. However, the LD group showed a trend toward increased survival compared to
the ED group among responders. In the ED group, the median time from discontinuation to
disease progression was 11.4 weeks, and none of the patients showed a definite rebound
phenomenon. Similar median survival times after disease progression were observed 
between groups (14.4 weeks vs. 15.7 weeks, p=0.251). Of 83 patients, 38 (45.8%) received
further therapy at progression, and those who received further therapy showed longer sur-
vival in both the LD and ED groups.

Conclusion
In recurrent malignant glioma, duration of bevacizumab was not associated with survival
time in the overall population. However, ED of bevacizumab in responding patients might
be associated with decreased survival.
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Bevacizumab, Glioma, High-grade glioma, Glioblastoma
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Introduction

Malignant gliomas are among the most vascular tumors,
and, considering the widespread expression of pro-angio-
genic factors and robust angiogenesis required for their
growth, targeting angiogenesis in treatment of malignant
gliomas is particularly tempting [1].

Treatment with antiangiogenic agent bevacizumab has 
repeatedly shown significant antitumor activity in recurrent
malignant gliomas [2-5]; however, some important questions
regarding its use, including dosing, duration, and use in
combination with other anti-tumor agents have not been 
answered [6,7]. Regarding treatment duration, most oncolo-
gists continue bevacizumab therapy until tumor progression,
in the hope that it might continue to exert antitumor activity
[6]. There has also been concern that stopping bevacizumab
may lead to rapid clinical deterioration (“rebound phenom-
enon”) as a result of cerebral edema [8,9].

On the other hand, for various reasons, many patients with
recurrent malignant glioma discontinue bevacizumab ther-
apy before tumor progression [10]. Use of bevacizumab
and/or its partner drug may be accompanied by significant
toxicities, and bevacizumab is also associated with increased
treatment-related mortality [11]. A high financial burden is
another important reason for premature discontinuation [7].
In addition, an optimal treatment duration in responding 
patients is still a controversial issue; therefore, some oncolo-
gists prefer to discontinue bevacizumab in patients who
show a prolonged response [6].

To address issues concerning treatment duration, the clin-
ical outcomes of patients with recurrent malignant gliomas
who discontinued bevacizumab therapy prior to tumor pro-
gression for reasons other than progression were analyzed,
and their survival was compared with that of patients who
continued bevacizumab until tumor progression. We also 
examined post-bevacizumab clinical outcomes and further
treatments selected for patients who discontinued beva-
cizumab.

Materials and Methods

1. Patients and procedures

The study population included patients with recurrent 
malignant gliomas who were treated with bevacizumab
alone or in combination with irinotecan between August
2006 and September 2012 at Seoul National University Hos-
pital and Seoul National University Bundang Hospital. His-

tological diagnosis of a grade of III or IV glioma as defined
by the World Health Organization was required for inclusion
in the study. In addition, to avoid the risk of recording inac-
curate data due to pseudo-progression, only patients who
demonstrated objective radiographic progression at > 12
weeks post-radiotherapy or in whom the majority of progres-
sive disease was occurring outside the radiation field were
included [12]. Bevacizumab (Avastin, Roche Pharma
SChweiz AG, Reinach, Switzerland) alone (10 mg/kg) was
administered intravenously once every 2 weeks, or was 
administered in combination with irinotecan (125 mg/m2 for
patients not receiving enzyme-inducing antiepileptic drugs
[EIAEDs] or 340 mg/m2 for patients receiving EIAEDs). The
patients were followed and evaluated for clinical findings
during every cycle of therapy. Brain magnetic resonance
(MR) imaging was performed every three to four cycles, and
when neurological deterioration was suspected. Clinical
records and MR images of the patients were reviewed retro-
spectively. Responses were determined according to the new 
Response Assessment in Neuro-Oncology (RANO) criteria
based on the MR imaging, clinical findings, and steroid 
requirements [13]. This study was approved by the Institu-
tional Review Boards of both hospitals.

2. Statistical considerations

Pearson’s chi-square test or Fisher exact test was used for
clinical comparisons between the two groups. The two-sam-
ple t test or Mann-Whitney test was used for comparison of
the two groups for interval variables, as appropriate. Pro-
gression-free survival (PFS) was defined as the time from
treatment initiation to documentation of disease progression
or death from any cause, and overall survival (OS) was 
defined as the time from treatment initiation to death from
any cause. The Kaplan-Meier method was used to estimate
the median durations of PFS and OS, and PFS and OS were
compared using log-rank tests. 

Patients were categorized according to two groups based
on the timing of bevacizumab discontinuation. Patients who
continued bevacizumab until tumor progression were cate-
gorized as the late discontinuation (LD) group, while those
who stopped bevacizumab therapy before tumor progres-
sion were categorized as the early discontinuation (ED)
group. Landmark analyses were performed for comparison
of survival times between the LD and ED groups. The timing
of bevacizumab discontinuation was an event that varied
over time; therefore, simple plotting of the survival function
in both the LD and ED groups was inappropriate [14], and
comparison of survival between the two groups using log-
rank test was also inappropriate [14]. Landmark analysis 
determines OS from a specific time point after initiation of
treatment (i.e., landmark). Thus, in landmark analysis, the
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OS for each patient is defined as the time from the landmark
to death, not as the time from initiation of treatment to death.
A survival function can then be plotted for comparison of
survival rates between groups according to treatment out-
come variables (the timing of discontinuation in our study).
Three landmarks were selected in this study (weeks 9, 18,
and 26). Because patient response was evaluated every 3-4
cycles (i.e., 6-8 weeks) during treatment, we believed that 
response evaluations and decisions regarding treatment con-
tinuation could best be made at those time points. Assessing
the effects of ED on survival in primary non-responders is
not relevant; therefore, our landmark analyses included only
patients with a response showing stable or better than stable
disease (SD) at their first response assessment visit. For each
landmark analysis, multivariable analysis was performed
using the Cox proportional hazard regression model to 
adjust for important baseline characteristics including age,
performance status, number of relapses, and histologic
grades, as well as the response achieved at each landmark.
The proportionality of hazards assumption was checked by
plotting the log minus log (LML) of the survival functions
and the Cox proportional hazards model with time varying
coefficients. The curves of LML for each variable were par-
allel, and time varying coefficients were not statistically sig-
nificant. All p-values are the two-tailed type, and p < 0.05
was considered statistically significant. Statistical analyses
were performed using IBM SPSS Statistics ver. 20.0 (IBM Co.,

Armonk, NY). The statistical methods and analyses used in
this study were reviewed by the Medical Research Collabo-
rating Center of Seoul National University Hospital.

Results

1. Bevacizumab discontinuation

A total of 94 consecutive patients were enrolled in this
study. The median patient follow-up period was 4.8 years
(range in living patients, 0.2 to 5.9 years). At the time of their
last follow-up visit, 88 patients (93.6%) had discontinued 
bevacizumab containing chemotherapy and one patient was
still receiving treatment (on the 19th cycle). The five remain-
ing patients were lost to follow-up during treatment and
were excluded from further analyses. Sixty-one patients who
had discontinued bevacizumab treatment at the time of
tumor progression and one patient still receiving beva-
cizumab therapy were classified as the LD group. Twenty-
seven patients who discontinued bevacizumab treatment 
before tumor progression were classified as the ED group.
The reasons for treatment discontinuation in the ED group
included treatment toxicities in two patients (7.4%) (pul-
monary thromboembolism and anaphylaxis), physician’s

Yongjun Cha, Bevacizumab Duration in Recurrent Malignant Glioma

Variable 
Timing of discontinuationa)

p-value
LD (n=62) ED (n=27)

Age (yr) 45 (17-78) 51 (19-79) 0.062
Sex

Male 40 (64.5) 18 (66.7) > 0.99
Female 22 (35.5) 9 (33.3)

ECOG performance scale 
0 2 (3.2) 0 ( 0.954
1 40 (64.5) 18 (66.7)
2 13 (21.0) 8 (29.6)
3 7 (11.3) 1 (3.7)

Histology
Glioblastoma multiforme 39 (62.9) 17 (63.0) > 0.99
Anaplastic glioma 23 (37.1) 10 (37.0)

Surgical resection 39 (63.9) 16 (59.3) 0.812
Radiation therapy 59 (95.2) 27 (100) 0.550
No. of recurrences, median (range) 2 (1-4) 2 (1-4) 0.942
Time from diagnosis (wk) 55.3 (12.1-255.7) 72.6 (14.3-231.9) 0.313

Values are presented as median (range) or number (%). LD, late discontinuation; ED, early discontinuation; ECOG, Eastern 
Cooperative Oncology Group. a)The patients shown in this table were categorized into LD and ED groups as determined at
the time of the last follow-up visit.

Table 1. Baseline characteristics according to timing of bevacizumab discontinuation
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choice in five patients (18.5%), and patient’s choice in 20 
patients (74.1%) (financial burden in 12 patients, unknown
reasons in eight patients). The baseline characteristics of all
89 patients are shown in Table 1. Bevacizumab regimens
(combination vs. single-agent), median duration, and cycles
of treatment were comparable between the groups (Table 2);
however, a higher response rate was observed in the ED
group than in the LD group, although the difference was not
statistically significant (45.8% vs. 22.6%, p=0.055).

2. Impact of ED of bevacizumab

Survival times in the LD and ED groups were compared
by landmark analyses. The median survival times from each
landmark (weeks 9, 18, and 26) in the LD and ED groups
were as follows: 27.3 weeks versus 25.4 weeks (week 9); 19.1
weeks versus 19.0 weeks (week 18); and 14.3 weeks versus
18.1 weeks (week 26), respectively (Table 3). In comparison
using log-rank tests, the residual survival times from all three
landmarks were not significantly different between groups
(Fig. 1). In multivariable Cox analysis, the timing of beva-
cizumab discontinuation was not a significant factor affect-
ing survival at any time point (adjusted hazard ratio for the
ED group, 1.02 [95% confidence interval (CI), 0.40 to 2.60] at
week 9; 1.13 [95% CI, 0.56 to 2.29] at week 18, and 0.72 [95%

CI, 0.37 to 1.39] at week 26) (Table 3). Because patients who
achieve an objective response to bevacizumab treatment are
more likely to be included in the ED group than those with
SD, we further compared the two groups among both 
responders and non-responders separately at each landmark
(Table 3). Although residual survival times from each land-
mark were not significantly different according to timing of
bevacizumab discontinuation, a trend toward increased sur-
vival time was observed in the LD group compared to the
ED group among patients who achieved an objective 
response at the 18th week (Fig. 2). The impact of beva-
cizumab discontinuation was also analyzed by histologic
grades (glioblastoma multiforme and anaplastic glioma) 
(Tables 4 and 5). Patients with glioblastoma and anaplastic
glioma showed clinical outcomes comparable to those found
in the overall population.

3. Clinical outcomes following bevacizumab discontinua-
tion

In the ED group, 22 patients had experienced disease pro-
gression at the time of the last follow-up and the median time
from discontinuation to progression (DTP) was 11.4 weeks
(95% CI, 8.0 to 14.9) (Table 6). Among the 11 responders, the
median time from DTP was prolonged to 13.3 weeks (95%

Cancer Res Treat. 2017;49(1):129-140

Variable 
Timing of discontinuationa)

p-value
LD (n=62) ED (n=27)

Bevacizumab treatment regimen, n (%)
Bevacizumab+irinotecan 57 (91.9) 27 (100) 0.317
Bevacizumab alone 5 (8.1) 0 (

Duration of treatment, median (range, wk) 11.4 (1.0-53.0) 14.9 (1.0-64.9) 0.993
Cycles of treatment, median (range) 6 (1-23) 6 (1-24) 0.727
Response, n (%)b)

CR/PR 14 (22.6) 11 (45.8) 0.055
SD 37 (59.7) 12 (50.0)
PD 11 (17.7) 1 (4.2)

Duration of treatment by responses, median (wk)
CR/PR 29.4 ( 26.0 ( 0.551
SD 11.7 ( 8.9 ( 0.226

PFS, median (95% CI, wk)c) 16.7 (14.2-19.3) -
6-Month PFS (95% CI, %)c) 22.7 (14.4-31.0) -
OS, median (95% CI, wk)c) 32.0 (28.1-35.9) -
6-Month OS (95% CI, %)c) 67.7 (58.5-76.9) -
12-Month OS (95% CI, %)c) 24.6 (16.1-33.1) -

LD, late discontinuation; ED, early discontinuation; CR, complete response; PR, partial response; SD, stable disease; PD, pro-
gressive disease; PFS, progression-free survival; CI, confidence interval; OS, overall survival. a)The patients shown in this table
were categorized into LD and ED groups as determined at the time of the last follow-up visit, b)Calculated for 24 response-
evaluable patients in the ED group, c)Calculated for all 89 patients.

Table 2. Bevacizumab treatment and efficacy
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CI, 11.1 to 15.5). Among the seven cases with a DTP of  8
weeks, two patients were primary non-responders and four
patients had previously shown signs of impending progres-
sive disease (within the range of SD) as recorded by MR 
images taken while on treatment. In comparison of patterns
of disease progression between groups, a non-enhancing
progression pattern was observed less frequently in the ED
group than in the LD group (13.6% vs. 21.3%), although the
difference was not statistically significant (p=0.746). The 
median time from progression to death was similar between
the two groups (14.4 weeks [95% CI, 12.5 to 16.4] for the LD
group vs. 15.7 weeks [95% CI, 12.3 to 19.1] for the ED group,
p=0.251). The median time from discontinuation of beva-
cizumab to death was 28.6 weeks (95% CI, 25.0 to 32.1) in the
ED group.

4. Post-bevacizumab treatment

Among 83 patients (61 in the LD group and 22 in the ED
group, respectively) who experienced disease progression at
the time of the last follow-up, 38 patients (45.8%) underwent
further treatment (Table 7). Fewer patients in the ED group
underwent further treatment after disease progression
(22.7% vs. 54.1%, p=0.013). Types of therapy and chemother-
apy regimens were not significantly different between the
two groups. Patients who underwent further therapy
showed a prolonged median survival time following beva-
cizumab failure (17.7 weeks vs. 12.9 weeks, p=0.016). Patients
in both the ED and LD groups who received further therapy
showed longer survival times (Fig. 3). Among 28 patients
who received chemotherapy, only one patient achieved an
objective response. The median PFS and OS times were 6.0
weeks (95% CI, 4.6 to 7.4) and 17.0 weeks (95% CI, 6.9 to 27.1),
respectively. Notably, three patients (two in the ED group
and one in the LD group) were treated again with beva-
cizumab containing therapy, which was the most common
form of post-bevacizumab treatment (40.0%) in the ED
group. Re-introduction of bevacizumab resulted in a 
response rate of 33.3% and a PFS and OS of 6.1 weeks (95%
CI, 3.9 to 8.4) and 38.4 weeks (95% CI, 4.1 to 72.7), respec-
tively.

Discussion

Bevacizumab has been widely used in patients with can-
cers including colorectal, lung, renal cell, and breast cancer,
as well as malignant glioma. Unlike conventional cytotoxic
chemotherapy, bevacizumab treatment is often continued
until disease progression or unacceptable toxicity. Evidence
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suggesting that prolonged treatment with bevacizumab
might benefit patients includes (1) concerns that have been
raised regarding disease flare after withdrawal of beva-
cizumab therapy [9,15], (2) some observational studies that
support continuing bevacizumab beyond the time of tumor
progression in colorectal cancers and recurrent glioblastomas
[16,17]. By contrast, long-term bevacizumab treatment is
likely to increase the risk for serious adverse events along
with socioeconomic burden. More importantly, the high-
dose and/or prolonged antiangiogenic therapy can induce
excessive vessel pruning and aggravation of tumor hypoxia,
which is regarded as a critical mediator of tumor progression
and treatment resistance in malignant glioma [1,18,19]. Sev-
eral reports have described increased tumor invasiveness
and metastasis after antiangiogenic treatment or VEGFA

gene ablation in a glioblastoma mouse model and human
cases [20,21]. The occurrence of tumor phenotypic changes
is also supported by frequent non-enhancing and distal pro-
gression patterns following bevacizumab treatment [22,23].
In this context, avoidance of long-term treatment with beva-
cizumab might be preferable, especially in patients showing
a prolonged response.

To study the impact of bevacizumab treatment duration in
patients with recurrent malignant glioma, landmark analysis
was performed for direct comparison of survival times by
timing of the discontinuation of treatment. Among patients
with stable or better than SD, patients in the ED group
showed similar survival times at all three landmarks. How-
ever, it is difficult to exclude the possibility that the negative
impact of ED on survival might have been counterbalanced
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Variable 
Timing of discontinuationa)

p-value
LD ED

Overall population
Discontinuation to progression (wk) 62 ( 27 (

Median (95% CI) (0- 11.4 (8.0-14.9) . -
Range (0- 2.3-132.1

Non-enhancing progression, n (%)b) 13 (21.3) 3 (13.6) 0.746
Progression to death (wk)b)

Median (95% CI) 14.4 (12.5-16.4) 15.7 (12.3-19.1) 0.251
Discontinuation to death (wk)

Median (95% CI) (0- 28.6 (25.0-32.1) . -
GBM

Discontinuation to progression (wk) 38 ( 17 (
Median (95% CI) (0- 13.1 (9.3-17.0) . -
Range (0- 2.4-132.1

Non-enhancing progression, n (%)c) 6 (15.8) 1 (7.1) 0.655
Progression to death (wk)c)

Median (95% CI) 14.0 (10.9-17.1) 15.6 (14.3-16.9) 0.219
Discontinuation to death (wk)

Median (95% CI) (0- 28.7 (23.0-34.4) . -
AG

Discontinuation to progression (wk) 23 ( 10 (
Median (95% CI) (0- 6.0 (1.6-10.4) . -
Range (0- 2.3-19.4

Non-enhancing progression, n (%)d) 7 (30.4) 2 (25.0) > 0.99
Progression to death (wk)d)

Median (95% CI) 14.6 (11.7-17.5) 19.9 (3.3-36.4) 0.919
Discontinuation to death (wk)

Median (95% CI) (0- 27.9 (20.7-35.0) . -

LD, late discontinuation; ED, early discontinuation; CI, confidence interval; GBM, glioblastoma multiforme; AG, anaplastic
glioma. a)The patients shown in this table were categorized into LD and ED groups as determined at the time of the last fol-
low-up visit, b)Calculated for 83 patients who progressed on bevacizumab (61 in LD and 22 in ED groups, respectively), c)Cal-
culated for 52 patients who progressed on bevacizumab (38 in LD and 14 in ED groups, respectively), d)Calculated for 31
patients who progressed on bevacizumab (23 in LD and 8 in ED groups, respectively).

Table 6. Clinical outcomes following bevacizumab discontinuation

Table 7. Post-bevacizumab treatment
Treatment No. (%) LD (n=33) ED (n=5) p-value
Surgical therapy 1 (2.6) 1 (3.0) 0 0.358a)

Radiation therapy 9 (23.7) 9 (27.3) 0 0  -
Chemotherapy 28 (73.7) 23 (69.7) 5 (100)

Metronomic temozolomide 10 (26.3) 9 (27.3) 1 (20.0) 0.146b)

ACNU+CDDP 8 (21.1) 7 (21.2) 1 (20.0)
Bevacizumab re-introduction 3 (7.9) 1 (3.0) 2 (40.0)
Erlotinib 4 (10.5) 4 (12.1) 0
PCV (procarbazine+CCNU+vincristine) 3 (7.9) 2 (6.1) 1 (20.0)

LD, late discontinuation; ED, early discontinuation. a)Calculated for treatment types (surgery, radiation therapy, and
chemotherapy), b)Calculated for chemotherapy regimens.
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by inclusion of more patients with favorable prognosis in the
ED group as indicated by higher response rates (45.8% vs.
22.6%, p=0.055). Patients with a better prognosis are more
likely to be included in the ED group, because their favorable
response allows them to receive therapy long enough to have
the opportunity to discontinue it before tumor progression.
Therefore, multivariable analyses were performed to mini-
mize the confounding effects produced by uneven distribu-
tion in prognostic groups, and we adjusted for patient
response as well as for well-identified baseline characteris-
tics. In our study, the adjustment for response was particu-
larly important because response rates were different
between the two groups, and response to bevacizumab ther-
apy by itself is suggested as a predictor for overall survival
in patients with malignant glioma [24]. Response and the
timing of discontinuation are also outcome variables. 
Because landmark analysis can deal with the statistical prob-
lems inherent in the comparison of time-to-event distribution
between groups according to the other outcome variables
[14], adjustments for both response and timing of discontin-
uation were successful. The timing of bevacizumab discon-
tinuation was not a significant factor for survival after 
adjusting for the covariates in the overall population; there-
fore, our data support that ED of bevacizumab is not associ-
ated with poorer outcomes at least in patients with SD while
on bevacizumab treatment. However, the trend for increased
survival shown in the LD group with an objective response
suggests a possible association of ED of bevacizumab in 

responding patients with unfavorable clinical outcomes.
In our study, patients with recurrent malignant glioma

showed poor post-bevacizumab clinical outcomes. However,
the disease course after ED was relatively favorable with a
median DTP of 11.4, and the time from progression to death
was similar between the ED and the LD groups (15.7 weeks
and 14.4 weeks, p=0.251). These results are similar to those
reported in a case study showing a median DTP of 4 months
and a 6-month PFS of 43% for seven responders who discon-
tinued bevacizumab prior to progression [10]. Our results
were also in agreement with those for other indications. In a
pooled analysis of randomized phase III trials including
4,205 patients with breast, colorectal, renal, and pancreatic
cancer, prognosis after discontinuation of bevacizumab was
relatively favorable, and patients did not experience disease
flare [25].

Our results have some limitations resulting from the ret-
rospective nature of the study, the relatively small and het-
erogeneous patient population. Although covariates were
adjusted by multivariable analysis, the effects from potential
confounding factors not included in the analysis could not
be excluded, and the absence of a statistically significant dif-
ference in survival analyses between the LD and ED group
cannot be translated into an equivalence of outcomes. There-
fore, any inference or decision making based on our results
should be made with caution and these inherent limitations
should be considered. However, considering limited studies
regarding optimal bevacizumab treatment in patients with
recurrent malignant glioma, we believe that our study still
provides valuable information.

Conclusion

In conclusion, results of our study suggest that in patients
with recurrent malignant glioma, survival times were not
significantly different according to duration of bevacizumab
treatment in the overall population. However, ED of beva-
cizumab in patients who show an objective response while
on treatment might be associated with decreased survival.
Therefore, the potentially deleterious effects associated with
ED of bevacizumab in responding patients should be further
assessed in future studies. Despite generally poor clinical
outcomes after discontinuing bevacizumab in both treatment
groups, there was no definite evidence of disease flare that
could be attributed to ED.

Cancer Res Treat. 2017;49(1):129-140
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Reactive Oxygen Species Modulator 1 (Romo1) Predicts Poor 
Outcomes in Advanced Non-small Cell Lung Cancer Patients Treated
with Platinum-Based Chemotherapy

Original Article

Purpose
Reactive oxygen species modulator 1 (Romo1) is a key mediator of intracellular reactive
oxygen species production. However, examination of the clinical usefulness of Romo1 in
cancers has been limited. We evaluated the association of Romo1 expression with clinical
outcomes in advanced non-small cell lung cancer (NSCLC) patients treated with platinum-
based chemotherapy. 

Materials and Methods
Romo1 expression in tumor tissue was examined by immunohistochemistry and evaluated
by histological score. Survival analyses were performed according to Romo1 expression
and the association between Romo1 expression and clinical parameters was evaluated.

Results
A total of 88 tumor specimens were analyzed. Significantly shorter median progression-free
survival (PFS) was observed in the high Romo1 group compared with the low Romo1 group
(4.5 months vs. 9.8 months, p < 0.001), and the median overall survival (OS) of the high
Romo1 group was also significantly shorter than that of the low Romo1 group (8.4 months
vs. 15.5 months, p < 0.001). Results of multivariate analyses showed significant association
of high Romo1 expression with both poor PFS (hazard ratio [HR], 2.75; 95% confidence 
interval [CI], 1.71 to 4.44) and poor OS (HR, 3.99; 95% CI, 2.36 to 6.74). Results of the
subgroup analysis showed a similar association regardless of tumor histology. Romo1 
expression showed no association with any clinical parameter including age, sex, smoking
status, stage, differentiation, or tumor histology.

Conclusion
Romo1 overexpression was associated with poor response to treatment and shorter survival
in advanced NSCLC patients treated with platinum-based chemotherapy. Romo1 could be
a potential adverse predictive marker in this setting.

Key words
Lung neoplasms, Biomarkers, Reactive oxygen species, 
Prognosis, Drug therapy, Platinum
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Introduction

With increasing incidence and mortality, lung cancer has
become the leading cause of cancer-related death and a chal-
lenging clinical problem worldwide [1]. Non-small cell lung
cancer is a major type of lung cancer accounting for 80% of
lung cancer cases. Despite the development of early diagnos-
tic modalities and tumor markers, it is often diagnosed at an
advanced stage and the 5-year survival rate is less than 20%
[2]. Despite increasing use of targeted agents including epi-
dermal growth factor receptor (EGFR) tyrosine kinase 
inhibitor and anaplastic lymphoma kinase (ALK) inhibitor
for treatment of lung cancer, platinum-based combination
chemotherapy is still the standard first-line treatment for
non-small cell lung cancer (NSCLC), particularly for tumors
without EGFR mutation or ALK translocation [3]. 

The discovery and clinical application of biomarkers is crit-
ical not only for early detection of the disease but also for the
identification of patients expected to show the best response
to therapy. Despite numerous studies, there is no biomarker
with clinical significance for the prediction of outcomes after
platinum-based chemotherapy. The KRAS mutation, despite
its association with poor survival of NSCLC patients in sev-
eral studies [4,5], does not appear to be predictive of chemo-
therapeutic efficacy [6,7]. Excision repair cross-complemen-
tation group 1 (ERCC1) has been linked with resistance to
platinum-based chemotherapy in NSCLC [8,9]. Low ERCC1
levels are related to increased recurrence in untreated 
patients after lung resection and correlated with prolonged
survival of NSCLC patients treated with platinum-based 
adjuvant and palliative chemotherapy [10-12]. However,
ERCC1-tailored chemotherapy failed to prove its utility in a
prospective randomized trial [13]. Thus, discovery of novel
biomarkers is needed to improve therapeutic outcomes. 

Reactive oxygen species modulator 1 (Romo1) is a novel
protein first cloned from head and neck cancer tissue in 2006.
It is located in the mitochondrial membrane and is a key
modulator of intracellular reactive oxygen species [14]. 
Upregulation of Romo1 was reported in a variety of cancer
cells and Romo1-induced reactive oxygen species (ROS) pro-
duction is essential for the proliferation of both normal and
cancer cells [15]. Interestingly, Romo1-derived ROS produc-
tion is related to chemoresistance in lung cancer cells [16]. In
a recent study, we demonstrated that Romo1 expression is
increased in lung tumor tissue compared to normal sur-
rounding tissue [17]. In addition, we found that serum
Romo1 levels are significantly increased in lung cancer 
patients as compared to a cancer-free population [17], and
that Romo1 overexpression was associated with poor clinical
outcome in NSCLC patients who underwent surgical resec-
tion [18]. However, few studies regarding the clinical impli-

cations of Romo1 in advanced NSCLC have been reported.
The aim of this study is to examine the question of whether

Romo1 protein expression is associated with responses to
treatment and survival rates in NSCLC patients who 
received platinum-based chemotherapy. 

Materials and Methods

1. Patients and data collection 

Patients with advanced NSCLC who received platinum-
based doublet as first-line chemotherapy at Korea University
Anam Hospital from May 2008 to March 2010 were recruited
retrospectively. Formalin-fixed paraffin-embedded tumor
specimens acquired by percutaneous needle biopsy or endo-
scopic bronchial biopsy were used for evaluation of Romo1
expression. Patients who died within 1 month after diagno-
sis, those with a history of other cancers, and those who had
received chemotherapy or radiation therapy were excluded.
During the study period, of 123 patients who underwent
first-line chemotherapy with platinum-based doublet for
NSCLC, tissue specimens were available from 102 patients.
Six cases were excluded because the samples were unsuitable
for immunohistochemical staining, five cases were excluded
due to unavailable survival data, and three cases were 
excluded according to the exclusion criteria. Thus, a total of
88 patients were enrolled.

All patients underwent chest computed tomography, brain
magnetic resonance imaging, and 18F-fluorodeoxyglucose
positron emission tomography for clinical staging deter-
mined according to the International Association for the
Study of Lung Cancer TNM staging classification of NSCLC
[13]. Clinical data were reviewed retrospectively from the
medical records. Tumor response was examined by com-
puted tomography every two cycles and evaluated according
to the Response Evaluation Criteria in Solid Tumors 
(RECIST) 1.1 as complete response (CR), partial response
(PR), stable disease (SD), or progressive disease (PD) [19].
The study protocol was approved by the clinical research
ethics committee of Korea University Anam Hospital. 

2. Quantification of Romo1 protein expression

Romo1 protein expression was measured by immunohis-
tochemical staining. Four-micron-thick sections were pre-
pared for each specimen and the staining was performed
using a BOND-MAX Immunoautostainer (Leica Biosystems,
Newcastle Upon Tyne, UK). Slides were heated at 98°C for
20 minutes and cooled for 10 minutes in Epitope Retrieval
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Solution 1 and 0.01 M citrate buffer (pH 6.0), respectively.
Slides were then washed in distilled water, followed by
blocking of endogenous peroxidase activity using a Bond
Polymer Refine Detection Kit (Leica Biosystems) for 5 min-
utes. Slides were washed and placed in Tris-buffered saline,
followed by incubation for 30 minutes with a Romo1 mono-
clonal antibody (OriGene Technologies, Rockville, MD) at a

1:200 dilution. Sections were developed with 3,3-diami-
nobenzidine chromogen solution for 7 minutes, counter-
stained with hematoxylin, and dehydrated. Human colon
adenocarcinoma tissue was used as a positive control, and
slides stained without the primary antibody were used as a
negative control.

Histopathological assessment was performed separately

Variable No. of patients (%)   
Romo1 expression

p-value
Low (< 200) High ( 200)

Total 88 (100) 53 (60) 35 (40)
Sex

Female 23 (26) 13 (25) 10 (29) 0.672
Male 65 (74) 40 (75) 25 (71)

Age (yr)
< 65 31 (35) 22 (42) 9 (26) 0.129
 65 57 (65) 31 (58) 26 (74)

Smoking
Never 25 (28) 15 (28) 10 (29) 0.978
Ever 63 (72) 38 (72) 25 (71)

ECOG PS
0, 1 59 (67) 35 (66) 24 (69) 0.804
 2 29 (33) 18 (34) 11 (31)

T stage
T1 7 (8) 3 (6) 1 (3) 0.645
 T2 81 (92) 49 (94) 34 (97)

N stage
N0 9 (10) 5 (10) 3 (9) > 0.99
 N1 79 (90) 47 (90) 32 (91)

Stage
IIIB 25 (28) 16 (30) 9 (26) 0.648
IV 63 (72) 37 (70) 26 (74)

EGFR mutationa)

Positive 6 (37) 3 (33) 3 (43) 0.781
Negative 10 (63) 6 (67) 4 (57)

Differentiation 
Well 61 (69) 39 (74) 22 (63) 0.285
Mod-poor 27 (31) 14 (26) 13 (37)

Tumor histology 
ADC 50 (57) 32 (60) 18 (51) 0.171
SQCC 38 (43) 23 (40) 15 (49)

First-line treatment
Pemetrexed/Platinum 30 (34) 16 (53) 14 (47) 0.948
Gemcitabine/Platinum 36 (40) 20 (56) 16 (44)
Paclitaxel/Platinum 14 (16) 8 (57) 6 (43)
Docetaxel/Platinum 8 (9) 4 (50) 4 (50)

Romo1, reactive oxygen species modulator 1; ECOG PS, Eastern Cooperative Oncology Group performance status; T, tumor;
N, lymph node; EGFR, epidermal growth factor receptor; ADC, adenocarcinoma; SQCC, squamous cell carcinoma. a)EGFR
mutation data were available in 16 adenocarcinoma patients. 

Table 1. Clinical characteristics of patients according to low and high Romo1 expression
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by two investigators (S.H.L. and S.I.C.) and then a consensus
was made on discordant assessment. Stained cells were 
interpreted as positive when cytoplasmic staining was iden-
tified. Staining intensities of individual cells were graded as
0 (no staining), 1 (weak), 2 (distinct), or 3 (strong), and the
percentages of cells with these staining intensities were cal-
culated. Finally, histological scores (H scores) were calcu-
lated by multiplying staining intensities by the percentages
of cells with each staining intensity (possible range, 0 to 300).

3. Statistical analyses

The cutoff H score for discriminating between low and
high Romo1 expression was defined as the point with the
lowest p-value on the log-rank test for all possible H scores.
Clinical outcomes were assessed using response rate (RR),
progression-free survival (PFS), and overall survival (OS).
RR was defined as the percentage of patients with CR and
PR among the population. PFS was defined as the time from
the first day of chemotherapy to disease progression or death
from any cause. OS was defined as the time from the first day
of chemotherapy to death from any cause. Chi-square test or
Fisher exact test was used as appropriate for analysis of the
proportions of low and high H scores in the different patient
groups. Associations between clinical parameters and sur-
vival were first evaluated by univariate analysis using the
log-rank test, and multivariate Cox’s proportional hazard 
regression was performed with adjustment for parameters
with p-values of less than 0.3 in the univariate analysis. Sur-

vival curves were generated using the Kaplan-Meier method.
p-values of less than 0.05 were considered significant. Statis-
tical analyses were performed using SPSS ver. 19.0 for Win-
dows (SPSS Inc., Chicago, IL).

Results

1. Patients’ characteristics

The clinical characteristics of the study population are
summarized in Table 1. All subjects were Korean and the 
median age was 69 years (range, 39 to 81 years). Sixty-five
patients (74%) were male, and 57 patients (65%) were over
65 years of age. Sixty-three patients (72%) were current or
former smokers. Fifty-nine patients (67%) had an Eastern 
Cooperative Oncology Group (ECOG) performance status of
0 or 1, and 25 patients (28%) were stage IIIB and 63 patients
(72%) were stage IV. Twenty-five patients (28%) had well-
differentiated cancer and 63 patients (72%) had moderately-
to poorly-differentiated cancer. Fifty patients (57%) had ade-
nocarcinoma and 38 patients (43%) had squamous cell carci-
noma. EGFR mutation analysis was performed in only 16
adenocarcinoma patients; six patients (37%) were positive for
the activating mutation while 10 patients (63%) were nega-
tive. 

The chemotherapy regimens used for first-line treatment

Cancer Res Treat. 2017;49(1):141-149

A B C

ADC

SQCC

Fig. 1. Representative samples of immunochemical staining for Romo1 with different H scores (200). Romo1 was primarily
detected in the cytoplasm of adenocarcinoma and squamous cell carcinoma cells. (A) H score of 50. (B) H score of 150. (C) 
H score of 250. Romo1, reactive oxygen species modulator 1; H scores, histological scores; ADC, adenocarcinoma; SQCC,
squamous cell carcinoma.
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were pemetrexed/platinum (n=30, 34%), gemcitabine/plat-
inum (n=36, 40%), paclitaxel/platinum (n=14, 16%), and 
docetaxel/platinum (n=8, 9%). The median number of cycles
of first-line chemotherapy was 4 (range, 1 to 9). Of the 88 
patients, 48 patients (54.0%) underwent second-line or later
treatment during the follow-up period. Second-line treat-
ment regimens were gemcitabine/vinorelbine (n=11, 23%),
pemetrexed (n=14, 29%), docetaxel (n=4, 8%), erlotinib (n=10,
21%), and gefitinib (n=9, 20%). Twenty-one patients under-
went third-line treatment with gemcitabine/vinorelbine
(n=8, 38%), pemetrexed (n=3, 14%), docetaxel (n=2, 9%), or
gefitinib (n=8, 38%). 

2. Romo1 protein expression

Representative slides with different H scores are shown in
Fig. 1. Romo1 protein was primarily localized to the cyto-
plasm of cancer cells. The Romo1 H scores were normally
distributed with a median of 180.7 (range, 17 to 295).

3. Relationship between Romo1 expression and clinical 
parameters

The optimal cutoff H score determined for discriminating
between low and high Romo1 expression was 200. Using this
cutoff, 53 patients (60%) were allocated to the low Romo1
group and 35 patients (40%) to the high Romo1 group.

To determine which clinical parameters are associated
with the level of Romo1 expression, we compared the pro-
portion of low and high Romo1 expression in the different
patient groups. There was no difference in the proportion of

patients with low and high Romo1 expression in all patients
groups (Table 1). This result indicates that none of the clinical
parameters including age, sex, smoking status, performance
status, stage, tumor differentiation, or histological type were
associated with Romo1 expression. 

4. Relationship between Romo1 protein expression and RR

Forty-one patients (46%) showed PR, 11 patients (12%)
showed SD, and 36 patients (42%) showed PD. Thus, the
overall RR was 46%. In patients with low Romo1 expression,
29 patients (55%) showed PR while 12 patients (36%) in the
high Romo1 group had PR. Significantly higher RR was 
observed in the low Romo1 group compared with that in the
high Romo1 group (p=0.017). Clinical parameters including
female sex, young age, never smoker, well-differentiated can-
cer, and better performance status showed a trend toward a
good response to treatment but were not statistically signif-
icant.

5. Relationship between Romo1 expression and PFS

Results of survival analyses according to the clinical 
parameters are summarized in Table 2. The median PFS for
the whole population was 6.7 months (95% confidence inter-
val [CI], 2.2 to 10.8). In the univariate analysis, poor perform-
ance, advanced T stage, advanced stage, and squamous
histology showed association with poor PFS, and high
Romo1 expression showed association with poor PFS (4.5
months vs. 9.8 months, p < 0.001). In the multivariate analy-
sis, advanced stage (hazard ratio [HR], 1.78; 95% CI, 1.07 to
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Fig. 2. Kaplan-Meier survival curves for progression-free survival (PFS) (A) and overall survival (OS) (B) in the overall pop-
ulation. p-values were determined using the log-rank test. Romo1, reactive oxygen species modulator 1.
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2.96) and high Romo1 expression (HR, 2.75; 95% CI, 1.71 to
4.44) showed significant association with poor PFS. Kaplan-
Meier survival curves showed that poor survival was likely
in terms of PFS for patients with high Romo1 expression 
(Fig. 2A).

6. Relationship between Romo1 expression and OS  

The median OS for all study subjects was 12.5 months (95%
CI, 9.8 to 15.5). In univariate analysis, poor performance sta-
tus and advanced stage showed significant association with
poor OS, and high Romo1 expression also showed significant
association with poor OS (15.5 months vs. 8.4 months, 
p < 0.001). In multivariate analysis, male gender (HR, 2.58;
95% CI, 1.49 to 4.46), poor performance status (HR, 2.42; 95%
CI, 1.47 to 3.99), advanced stage (HR, 1.84; 95% CI, 1.09 to
3.10), and high Romo1 expression (HR, 3.99; 95% CI, 2.36 to
6.74) showed significant association with poor OS. Kaplan-
Meier survival curves showed that poor survival in terms of
OS was likely in patients with high Romo1 expression (Fig. 2B).

7. Subgroup analyses according to tumor histology  

Further survival analyses were performed according to
tumor histology. The median PFS of patients with adenocar-
cinoma was 8.8 months (95% CI, 4.6 to 12.5). In univariate
analysis patients with adenocarcinoma, male gender, smok-
ing history, advanced stage, and high Romo1 expression
showed significant association with poor PFS and in  multi-
variate analysis, high Romo1 expression showed association
with poor PFS (HR, 2.43; 95% CI, 1.42 to 3.67). In terms of OS,
the median survival was 14.6 months (95% CI, 11.7 to 17.4).
In univariate analysis, old age, smoking history, poor per-
formance, advanced stage, and high Romo1 expression
showed significant association with poor OS. In multivariate
analysis, poor performance (HR, 2.91; 95% CI, 1.46 to 5.79),
advanced stage (HR, 1.87; 95% CI, 1.16 to 3.81), and high
Romo1 expression (HR, 2.08; 95% CI, 1.03 to 4.21) showed
significant association with shorter OS. 

In patients with squamous cell carcinoma, the median PFS
was 4.5 months (95% CI, 2.7 to 7.1). In univariate analysis
high Romo1 expression showed association with poor PFS,
and in the multivariate analysis, high Romo1 expression
showed significant association with poor PFS (HR, 4.41; 95%
CI, 2.94 to 8.69). In terms of OS, the median survival was 9.8
months (95% CI, 6.8 to 12.4). In univariate analysis advanced
stage and high Romo1 expression showed association with
poor OS, and in the multivariate analysis, advanced stage
(HR, 1.15; 95% CI, 1.07 to 2.38) and high Romo1 expression
(HR, 3.30; 95% CI, 2.65 to 9.10) showed significant association
with poor OS. The Kaplan-Meier survival curves showed
that poor survival in terms of PFS and OS in both cell types

was likely for patients with high Romo1 expression.

Discussion

In the current study, Romo1 overexpression was signifi-
cantly associated with poor PFS and OS in advanced NSCLC
patients who received platinum-based chemotherapy as first
line treatment. These findings were consistent regardless of
tumor histology. To the best of our knowledge, this is the first
study demonstrating the relation of Romo1 expression to
clinical outcome as well as its potential as a predictive
marker in advanced NSCLC.

Although Romo1 was discovered a decade ago, the clinical
significance of this protein is not well known. Several in vitro
studies have suggested possible involvement of Romo1 in
many steps in carcinogenesis, including tumor progression
and invasion [14,16,20,21]. Based on our previous findings
[17,18], we hypothesized that Romo1 might have clinical 
implications in advanced lung cancer. The current study
demonstrates the potential of Romo1 in prediction of clinical
outcomes not only in early stage lung cancer but also in 
advanced disease. In addition, the consistently positive find-
ings of Romo1 in lung cancers may provide a foundation for
future studies examining the clinical usefulness of this pro-
tein in other malignancies. 

Although the exact mechanism by which Romo1 overex-
pression is related to poor response and shorter survival of
patients who received platinum-based treatment is unclear,
adaptation to oxidative stress could be a possible explana-
tion. Adaption involves regulation of the redox buffering
system and upregulation of antioxidant enzymes required
for survival of cancer cells from external stimulation or ther-
apeutic drugs [22]. The anticancer activity of platinum is
mainly the result of crosslinking with DNA and inhibition of
DNA synthesis; however, induction and accumulation of
ROS is another important mechanism involved in its activity
[23]. Romo1 is a key mediator that maintains intracellular
ROS production and is essential for survival in both normal
and cancer cells [15,24]. Thus, we can hypothesize that
Romo1-induced ROS production enhances expression of var-
ious antioxidants, resulting in chemoresistance to platinum-
related oxidative stress. Although further in vitro studies are
required to confirm our hypothesis, it is supported by a pre-
vious finding that Romo1 is responsible for upregulation of
antioxidant enzymes and the adaptive response to 5-fluo-
rouracil treatment in lung cancer cells [16]. 

In the current study, we found no difference in expression
levels of Romo1between adenocarcinoma and squamous cell
carcinoma, and the association between Romo1 expression
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and clinical outcome was similar regardless of tumor histol-
ogy. This result is consistent with those of previous studies
reporting Romo1 overexpression in NSCLC patients with
both cell types [17,18]. Based on these findings, Romo1 over-
expression can be considered as a common phenomenon and
Romo1 has potential as a novel biomarker applicable to both
cell types. However, considering the relatively closer rela-
tionship with cigarette smoking and the less frequent asso-
ciation of driving mutations in squamous cell carcinoma than
in adenocarcinoma, further experiments are required to elu-
cidate possible differences in the clinical implications of
Romo1 between different cell types.

There are several limitations in this study. First, this study
was conducted retrospectively at a single institution and 
included a relatively small sample size. Second, immunohis-
tochemical staining was performed for the quantification of
Romo1 protein expression, which may be less sensitive than
other methods. However, a standard quantification method
for Romo1 expression has not been established and immuno-
histochemistry is a widely used method for measurement of
protein expression. Third, EGFR mutation data were avail-
able in only a small proportion of the subjects; therefore,
analysis of the relationship between EGFR status and Romo1

expression was not possible. Most of our study subjects were
enrolled before the IPASS trial [25]; since that trial EGFR
mutation analysis has become an essential test for newly-
diagnosed NSCLC patients. 

Conclusion

In summary, Romo1 showed potential as an adverse pre-
dictive marker in NSCLC patients treated with platinum-
based chemotherapy. Further large-scale investigations are
required to determine the clinical implications of Romo1 in
different clinical settings involving patients treated with tar-
geted agents and using different quantification methods. 
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Purpose
MicroRNAs (miRNAs) regulate various cellular functions, including development, cell prolif-
eration, apoptosis, and tumorigenesis. Different signatures associated with various tissue
types, diagnosis, progression, prognosis, staging, and treatment response have been iden-
tified by miRNA expression profiling of human tumors. miRNAs function as oncogenes or
as tumor suppressors. The relationship between gastric cancer and miRNA garnered atten-
tion due to the high incidence of gastric cancer in Asian countries. miR-222/221 expression
increases in gastric tumor tissues. The oncogenic effect of miR-222/221 was previously
determined in functional studies and xenograft models. In this study, transgenic mice over-
expressing miR-222/221 were generated to confirm the effect of miR-222/221 on gastric
carcinogenesis. 

Materials and Methods
At 6 weeks of age, 65 transgenic mice and 53 wild-type mice were given drinking water
containing N-nitroso-N-methylurea (MNU) for 5 alternating weeks to induce gastric cancer.
The mice were euthanized at 36 weeks of age and histologic analysis was performed. 

Results
Hyperplasia was observed in 3.77% of the wild-type mice and in 18.46% of the transgenic
mice (p=0.020). Adenoma was observed in 20.75% of the wild-type mice and 26.15% of
the transgenic mice (p=0.522). Carcinoma was observed in 32.08% of the wild-type mice
and 41.54% of the transgenic mice (p=0.341). The frequency of hyperplasia, adenoma,
and carcinoma was higher in transgenic mice, but the difference was statistically significant
only in hyperplasia.   

Conclusion
These results suggest that hyperplasia, a gastric pre-cancerous lesion, is associated with
miR-222/221 expression but miR-222/221 expression does not affect tumorigenesis itself. 
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microRNAs, Transgenic mouse, Stomach neoplasms, 
Gastric carcinogenesis, MNU (N-nitroso-N-methylurea)
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Introduction

MicroRNAs (miRNAs) are small non-coding RNAs of
about 22 nucleotides in length; they function as post-tran-
scriptional regulators by base-pairing with the complemen-
tary sites at the 3-untranslated region of mRNA. Since
miRNA was identified, many studies of small regulators
have been published [1]. miRNAs can control the stability of
target mRNA and the efficiency of translation [2]. The latest
version of the miRBase database (Release 18) includes 1,921
miRNAs from humans [3]. Bioinformatic analyses predict
that miRNAs may regulate almost all of the human protein-
coding genes [4]. Each miRNA is predicted to suppress over
hundreds of target genes by target prediction programs. In
other words, each target mRNA can be repressed by different
miRNAs. Since the importance of miRNAs was magnified,
many efforts have been made to identify miRNA target genes
for individual miRNA using computational and experimen-
tal approaches. 

Until now, various functions of miRNAs have been sug-
gested, ranging from development to the life span of many
diseases, especially for cancer [5]. Many targets of miRNAs
are also related to human diseases, especially to cancer. For
instance, cell cycle regulators, tumor suppressor genes, onco-
genes, growth factors, and various genes regulating cell
growth are targets of miRNAs that relate to cancer. These
findings suggest that aberrant alterations of miRNA levels
are linked to human malignancy [6]. Recent studies showed
that, by regulating the expression of oncogenes and tumor
suppressor genes, miRNAs may play critical roles in main-
taining cellular homeostasis. Based on the broad scope of the
target genes regulated by miRNAs, it is important to deter-
mine the role of various miRNAs and incorporate these func-
tions into cellular signaling pathways in order to apply these
findings to treatment of diseases.

Gastric cancer is the second most common cause of death
from cancer worldwide, especially in many Asian countries,
including China, Japan, and Korea. It is responsible for about
10% of tumor-related deaths worldwide [7]. Gastric cancer
received international attention because of its high incidence
and mortality rates in Eastern Asia [8]. Although the level of
cell cycle regulators is known to be abnormal in gastric can-
cer, the molecular pathology of gastric cancer is not yet com-
pletely understood [9]. Because of the importance of gastric
cancer in Eastern Asia, many groups studied the relation 
between microRNAs and human gastric malignancy. Differ-
ential expression of microRNAs in gastric cancer has been
recently shown [10]. Furthermore, functional studies of 
microRNAs in gastric cancer have been reported by many
groups [11,12]. In a previous study, our group investigated
human miRNA profiles in gastric carcinoma compared to

matched normal gastric tissue using miRNA microarray [13].
The miR-222/221 cluster, one of the most upregulated clus-
ters, was selected as a candidate oncogene miRNA in gastric
carcinoma. From this finding, we speculated that miR-222/
221 overexpression in transgenic mice would promote gastric
carcinogenesis by suppressing the target genes of miR-222/
221, p27, and the CDK inhibitor, thereby helping cancer cells
to overcome the cell-cycle checkpoint [13]. 

In the present study, a miR-222/221 transgenic mouse
model was generated to provide further evidence supporting
the carcinogenic effect of miR-222/221. N-methyl-N-nitro-
sourea (MNU), an alkylating agent that induces adenomas
and adenocarcinomas in the stomach, was administered to
the mice to induce gastric carcinogenesis [14,15]. The goals
of the present study were to clarify the role of miR-222/221
in gastric carcinogenesis not only in vitro, but also in vivo by
assessing the phenotype of the generated transgenic mice
and by validating the suppressive effect of miR-222/221 on
target genes such as p27 and p57.

Materials and Methods

1. Animals 

All mice were housed in an air-conditioned room under
adequate temperature (20.7°C-22.8°C) and humidity (41.6%-
59.9%) control with a 12-hour dark/light cycle and free 
access to water and food (Lab diet 5002, LabDiet, Richmond,
IN). All animal experiments were performed after receiving
approval from the Institutional Animal Care and Use Com-
mittee (IACUC) of Clinical Research Institute at Seoul 
National University Hospital (SNU-070509-4), and the 
National Research Council (NRC) guidelines for the care and
use of laboratory animals were followed (revised in 1996). 

To produce miR-222/221 transgenic mice, miR-222/221
was first amplified using C57/BL6J mice. It was cloned into
pGEM-T easy vector and subsequently transferred into the
pcDNA3 vector using the BamHI and XhoI sites. The 
nucleotide sequence of the plasmid was confirmed by 
sequencing. The plasmid was then injected into fertilized
eggs. Quantitative polymerase chain reaction screening was
performed to verify that the transgene was transferred to the
mice. Genomic DNA was extracted from the tail of each
mouse. The presence of the miRNA-222/221 transgene was
assessed by using LaboPass Tissue Mini DNA Purification
Kit (Cosmo Genetech, Seoul, Korea) according to the manu-
facturer's protocol. The primer sequences are listed in Sup-
plementary Table 1. 
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2. MNU treatment

MNU (Sigma Chemical Co., St. Louis, MO) was dissolved
in distilled water at a concentration of 240 ppm and added
to drinking water in light-shielded bottles. It was freshly pre-
pared thrice per week. At 6 weeks of age, mice from each
group were given drinking water containing MNU on alter-
nating weeks for a total of 10 weeks of exposure as previ-
ously described [16]. At the end of the treatment, the drin-
king water was replaced by autoclaved distilled water. 

3. Experimental design

A total of 53 wild-type mice and 65 transgenic mice were
used. At 6 weeks of age, mice from each group were treated
with MNU five times during alternate weeks. The animals
were carefully autopsied at 36 weeks of age, under anesthe-
sia. At the end of the experiment, all mice were fasted for 24
hours, but had free access to water. Prior to euthanasia, blood
samples were collected from the vena cava for blood chem-
istry tests. The stomachs and other organs were carefully 
examined macroscopically. After pathologic observation of
the stomach and intestine, immunohistochemistry and vali-
dation studies were performed (Fig. 1).

4. Tissue preparation and immunohistochemistry

All mice underwent a thorough postmortem examination
at the time of euthanasia. The stomach was tied with silk
thread at the esophagus and duodenum and then removed.
Thereafter, phosphate buffered saline was injected into the
stomach and 10 minutes later, the stomach was excised along
the greater curvature with scissors and fixed with a pin. Half
of the excised stomach was frozen in liquid nitrogen for 
molecular biology experiments and the remaining stomach
was fixed for 24 hours, processed by standard methods, 
embedded in paraffin, sectioned at 5 µm, and stained with
hematoxylin and eosin (H&E). The intestine was removed
from the abdomen and tied with silk thread at the duodenum
and the edge of the rectum. It was then injected with 10%
neutral buffered formaldehyde solution. Twenty-four hours
later, the knots were untied, the intestine was excised longi-
tudinally with scissors and the contents were carefully 
removed. Next, the segment was rolled up longitudinally,
with the mucosa outwards, using forceps [13]. Finally, the
intestine was placed in a fixative for paraffin-wax embedding
and sectioned. The 5-µm-thick sections were stained with
H&E. Formalin-fixed, paraffin-embedded, 4-µm sections were
dewaxed in xylene, rehydrated through graded alcohol, and
placed in an endogenous peroxide block for 15 minutes. Sec-

Wild type mouse 
(n=53)

Mice aged 6 weeks treated with MNU
  5 times during alternate week

miR-222/221 transgenic mouse 
(n=65)Group

Mice were sacrificed on week 36

Immunohistochemistry and
  pathologic observation

60 8 10 12 14 36

MNU treatment
(240 ppm) Sacrifice

Fig. 1. Schematic diagram of the study design indicating that mice were observed for 36 weeks, followed by immunohisto-
chemical analysis. MNU, N-nitroso–N–methylurea.
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tions were washed in water, antigen retrieved, and then
placed in citrate buffer. Nonreactive staining was blocked by
treating sections with 1% horse serum in Tris-buffered saline
(pH 6.0) for 3 minutes.

Anti-CD31 (1:80, goat polyclonal, Santa Cruz Biotechnol-
ogy, Santa Cruz, CA), anti–Ki-67 (1:200, rat monoclonal,
DAKO, Glostrup, Denmark), anti-cleaved caspase-3 (1:100,
rabbit monoclonal, Cell Signaling, Danvers, MA), anti-p27

(1:500, rabbit polyclonal, Santa Cruz Biotechnology), and
anti-p57 (1:300, rabbit monoclonal, Epitomics, Burlingame,
CA) were then applied. Antibody binding was detected
using an avidin-biotin-peroxidase complex (Universal Elite
ABC Kit, Vectastain, Burlingame, CA) for 10 minutes. 
Diaminobenzidine tetrahydrochloride solution (Kit HK153-
5K, Biogenex, San Ramon, CA) was then used as the chro-
mogen.  
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Fig. 2. Phenotype of miR-222/221 transgenic (TG) mice and selection. (A) miR-222/221 expression was confirmed in the
stable cell line by northern blot analysis. Pre-miRNA-222/221 and mature miRNA-222/221 levels were increased in the
stable cell line transfected with miR-222/221. (B) miR-222/221 expression was assessed by polymerase chain reaction analysis
with the CMV promoter and miR-222 primers in offsprings to select TG or wild-type (WT) mice. Mouse 1, 2, and 4 were
generated from a TG mouse. (C) miR-222/221 expression level in various organs from miR-222/221 TG and WT mice. 
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5. Northern blot analysis

Total RNA was extracted from mouse tissues by using TRI-
zol reagent (Invitrogen, Carlsbad, CA) and 30 µg was loaded
on a 12.50% urea-polyacrylamide gel. The resolved RNA was
transferred to a Zeta-Probe GT blotting membrane (Bio-Rad
Laboratories, Hercules, CA) by capillary method and fixed
by ultraviolet crosslinking. Oligonucleotides complementary
to each miRNA were end-labeled at the 5-end with 32P--
ATP using T4 polynucleotide kinase (Takara, Tokyo, Japan)
and used as probes. Prehybridization and hybridization were
carried out using ExpressHyb Hybridization Solution (Taka-
ra) according to the manufacturer's instructions. The seque-
nces of the antisense oligos are complimentary to mature
miR-222 and miR-221. The sequences of the probes are
shown in Supplementary Table 1. Membranes were prehy-
bridized for 30 minutes at 37°C using hybridization solution
in hybridization tubes. Subsequently, the probes were added
into the tubes and incubated for 1 hour at 37°C. After 
hybridization, the membranes were washed twice for 30

minutes using buffer 1 (0.05% sodium dodecyl sulphate
[SDS], 2 sodium saline citrate [SSC]) at room temperature
and then washed twice for 15 minutes using buffer 2 (10%
SDS, 20 SSC) at room temperature. BAS 2500 Image Analy-
sis System and Multi Gauge V3.0 software (Fujifilm, Tokyo,
Japan) were used for quantitation. Ethidium bromide stain-
ing of rRNA was used for RNA loading control. 

6. Cell culture

Ten human GC cell lines, SNU-638, and AGS were 
obtained from the Korean cell line bank. RPMI 1640 (Wel-
gene, Daegu, Korea) supplemented with 10% fetal bovine
serum (Thermo Scientific, Waltham, MA) and 1% penicillin
and streptomycin (Life Technologies, Carlsbad, CA) was
used for cell culture. The cells were maintained at 37°C under
an atmosphere of 5% CO2-95% air. 

Transfection to AGS cells was performed one day after
seeding using Lipofectamine 2000 (Invitrogen).

Male Female
Variable WT mouse TG mouse WT mouse TG mouse

(n=6) (n=6) (n=3) (n=3)
Body weight 32.950 39.600 28.280 29.100
Spleen 0.057 0.056 0.059 0.061
Liver 0.089 0.089 0.059 0.061
Kidney, left 0.130 0.133 0.098 0.108
Kidney, right 0.139 0.133 0.105 0.111
Thymus 0.036 0.034 0.002 0.002
Heart 0.283 0.116 0.104 0.104
Lung 0.134 0.126 0.132 0.089
Brain 0.423 0.415 0.427 0.427
WBC (103/mm3) 2.36 1.30 . - . -
RBC (106/mm3) 7.36 7.82 . - . -
HGB (g/dL) 11.20 11.50 . - . -
HCT (L%) 30.00 32.60 . - . -
PLT (103/mm3) 678 665 . - . -
MCV 40.80 41.70 . - . -
MCH (pg) 15.30 14.80 . - . -
MCHC (g/dL) 37.40 35.50 . - . -
Neutrophil (%) 6.75 5.70 . - . -
Eosinophil (%) 0.10 0.00 . - . -
Basophil (%) 0.20 0.20 . - . -
Lymphocyte (%) 88.20 90.30 . - . -
Monocyte (%) 3.90 2.90 . - . -

WT, wild-type mouse; TG, miR-222/221 transgenic mouse; WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin;
HCT, hematocrit; PLT, platelet count; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration.

Table 1. Organ weight and blood chemistry test of miR-222/221 transgenic mice (56-week-old)
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7. Quantitative real-time polymerase chain reaction

One microgram of total RNA was used for single-stranded
cDNA using the SuperScript First Strand cDNA synthesis
(Life Technologies). RNA quantification was conducted by
real-time polymerase chain reaction (PCR) using the compar-
ative Ct method with the Bio-Rad iCycler Real-Time PCR
system. Real-time PCR was performed in a 20 µL final vol-
ume containing 10 µL of SYBR 2 master mix (Thermo Fisher
Scientific), 10 pmol of each primer in a volume of 1 µL, and
1 µL of cDNA. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) primer sets were used for normalization. Each
sample was run in triplicate (Bio-Rad Laboratories). Primers
for the amplification of mature miR-221 and miR-222 are pre-
sented in Supplementary Table 1.

8. Statistical analysis

Statistical analyses were performed using SPSS ver. 13.0
(SPSS Inc., Chicago, IL) and graphs were generated using
GraphPad Prism 5.0 (GraphPad Software Inc., San Diego,
CA). Chi-square was used to measure the carcinogenesis 
association between the miR-222/221 transgenic and wild-
type mice. p-values less than 0.05 are considered statistically
significant.

Results

1. Phenotype of transgenic mice and selection 

The expression level of pre-miRNA-222/221 and mature
miR-222/221 was increased in the stable cell line transfected
with miR-222/221 as compared to the cell line transfected
with pcDNA3 null vector (Fig. 2A). To examine whether off-
springs contained the injected foreign DNA, germ-line trans-
mission was tested by PCR using the CMV promoter primer
and miR-222 primer at 3 weeks of age, all mice were screened
by PCR (Fig. 2B). At 10 weeks of age, the expression levels
of pre-miRNA-222/221 and mature miR-222/221 were com-
pared between wild-type and transgenic mice in nine organs
(brain, thymus, heart, lung, stomach, liver, intestine, spleen,
and kidney) by northern blotting (Fig. 2C). miR-222/221 was
expressed in transgenic mice, but not in wild-type mice.
Compared to wild-type mice, transgenic mice strongly over-
expressed both pre-miRNA-222/221 and mature miR-222/
221 in the stomach, brain, lung, and kidney. The organ
weight and blood chemistry were investigated in 56-week-
old mice to compare the phenotype of transgenic and wild-
type mice. There was no difference in organ weight between

the two groups. When we compared body weights between
male mice, transgenic mice were about 20% heavier than
wild-type mice. The white blood cell (WBC) count was 1.8-
fold lower in transgenic mice in blood chemistry tests (Table 1).

2. Histological findings

MNU treated mice were euthanized at 36 weeks of age.
Transgenic and wild-type mice were randomly selected and
the expression levels of miR-222 and miR-221 were con-
firmed by northern blot and real-time PCR (Supplementary
Fig. S1). Approximately 85% of transgenic mice survived
until 36 weeks of age (Table 2). At the end of the experiment,
all surviving mice were euthanized, and their stomachs and
other organs were carefully examined. From the pathological
findings, after treatment with the carcinogen MNU, carci-
noma and other lesions, including hyperplasia, microcarci-
noma in adenoma, angiosarcoma, microscopic dysplasia,
adenoma in pylorus region, and squamous papilloma in the
fundus region, were detected in the mice stomachs. How-
ever, only flat serrated adenoma was observed from the 
intestines of three mice. From these results, adenoma and 
hyperplasia, the two most frequently observed pre-cancerous
lesions, were selected and included for MNU-induced multi-
gastric carcinogenesis steps. Representative histological 
images of normal, pre-cancerous lesions and carcinoma are
shown in Fig. 3. Hyperplasia was observed in 3.77% of the
wild-type mice and in 18.46% of the transgenic mice (p=0.020).
Adenoma was observed in 20.75% of the wild-type mice and
26.15% of the transgenic mice (p=0.522). Carcinoma was 
observed in 32.08% of the wild-type mice and 41.54% of the
transgenic mice (p=0.341). The frequency of hyperplasia, ade-
noma, and carcinoma was higher in transgenic mice, but the
difference was statistically significant only in hyperplasia
(Table 3). When hyperplasia and adenoma were combined
as a pre-cancerous lesion, it was observed in 44.62% of trans-
genic mice and 24.53% of wild-type mice; this difference was
statistically significant (p=0.033).

3. Cancer-related marker expression 

To test the correlation between cancer and miR-222/221 in
our in vivo model, cancer related markers were selected for
immunohistochemistry. CD31 was used as a marker of 
angiogenesis, Ki-67 was used to assess cell proliferation, and
cleaved caspase 3 was used as an apoptosis marker. More-
over, two antibodies against proteins encoded by two miR-
222/221 target genes, p27 and p57, were used to compare p27
and p57 protein expression in the stomachs of transgenic and
wild-type mice by immunohistochemistry. Based on our 
hypothesis, in transgenic mice overexpressing miR-222/221,
the expression of p27 and p57 should be repressed as com-

Boram Choi, Gastric Carcinogenesis of miR-222/221 

VOLUME 49 NUMBER 1 JANUARY 2017  155



Table 2. Mortality within 30 weeks and MNU intake of mice according to group
Group Total No. of mice No. of mice finally evaluated Dead No. of mice (%)
WT mouse 59 53 6 (10.16)
TG mouse 76 65 11 (14.47)

MNU, N-nitroso–N–methylurea; WT, wild-type mouse; TG, miR-222/221 transgenic mouse. 

Table 3. Percent of carcinoma and pre-cancerous lesions occurrence by histologic findings
Histological type WT Percentage TG Percentage p-value
Normal 23 43.40 9 13.85 < 0.001*
Hyperplasia 2 3.77 12 18.46 0.020*
Adenoma 11 20.75 17 26.15 0.522
Carcinoma 17 32.08 27 41.54 0.341
Total 53 65 0.001*

WT, wild-type mouse; TG, miR-222/221 transgenic mouse. *Statistically significant. 

Normal Hyperplasia

Adenoma Carcinoma

Fig. 3. Representative histological images of normal, pre-cancerous lesions, and carcinoma in transgenic and wild-type mice
(A, C, D, H&E staining, 40; B, H&E staining, 100). 
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WT carcinoma

CD31

Ki-67

Caspase 3

p57

p27

TG carcinoma

A

B

p27

Fig. 4. Cancer-related markers analyzed by immunohistochemistry. (A) Histological analysis of the stomachs of MNU-
treated mice. CD31 and Ki-67 expression increased in transgenic (TG) mice compared to that in wild-type (WT) mice (100).
No significant difference was observed in caspase 3, p57, and p27 expression. (B) Histological analysis of the stomachs of
MNU-untreated mice. p27 expression was similar in the stomachs of WT and TG mice.
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pared to that in wild-type mice. However, there was no sig-
nificant difference in term of p27 and p57 expression between
the transgenic and wild-type mice. Compared to wild-type
mice, in transgenic mice, CD31 (angiogenesis marker) and
Ki-67 (proliferation marker) were highly expressed, suggest-
ing that cancer-related biological processes, angiogenesis and
proliferation, were activated. However, the expression of
cleaved caspase 3 (apoptosis marker), p27, and p57 was not
significantly different between the two groups (Fig. 4A). 
Additionally, p27 expression was similar in the stomach of
untreated wild-type and transgenic mice (Fig. 4B). 

Discussion

Despite the significant number of patients with gastric can-
cer, surgery is often the only treatment option because of the
many side effects of chemotherapy and radiation therapy
[8,17]. Surgery is also limited to local treatment. For this rea-
son, miRNA has gained much attention due to its assumed
role in carcinogenesis. However, the molecular pathology of
gastric cancer remains poorly understood even though gas-
tric cancer is a major health burden throughout the world.
Therefore, the study of miRNAs implicated in gastric cancer
formation is urgent and may provide opportunities to 
develop new means for diagnosis and treatment of gastric
cancer. In addition, the accurate function of miRNAs in vivo
still need to be further investigated. Many groups attempted
to generate miRNA knockout or transgenic mice to validate
the specificity and efficiency of microRNA in vivo animal
models.

Regarding the phenotype of the miR-222/221 transgenic
mice, the body weight of male transgenic mice was about
20% higher than that of the control group whereas no signif-
icant difference was observed in term of body weight 
between transgenic and wild-type female mice. The result of
blood testing indicated unique differences in WBC and
monocytes. Levels of WBC and monocytes were significantly
lower by 1.8-fold and 1.3-fold, respectively, in transgenic
mice than in wild-type mice. WBC and monocytes are related
to immune response and, therefore, aberrantly low levels of
WBC and monocytes result in a decreased ability to fight
virus or other pathogens. This shortage of immune response
may contribute to the enhanced gastric cancer development
in miR-222/221 transgenic mice. After euthanasia, the Swiss
roll technique was performed on all mice to detect abnormal
intestinal lesions. No carcinoma or cancer-related lesions
were detected in the intestine, but flat serrated adenoma was
observed in three transgenic mice.

When the phenotype of transgenic mice was examined at

56 weeks of age, no aberrant lesions were observed macro-
scopically and during histological examination. This result
suggested that miR-222/221 overexpression in these trans-
genic mice was not sufficient to cause gastric carcinogenesis
by itself. Therefore, MNU, which is a well-known rodent car-
cinogenic, was administered to both transgenic and wild-
type mice to promote gastric carcinogenesis using a previo-
usly described protocol [14-16,18].

The MNU-induced mouse models for gastric carcinogen-
esis have been widely used to study carcinogenesis of the
stomach [14-16,18]. These animal models have been used not
only to investigate the pathogenesis of gastric carcinogenesis,
but also to identify tumor promoters and chemopreventive
agents [16,19]. To determine the accurate time at which car-
cinogenesis and cancer-related lesions could be detected, five
MNU-treated mice from each group were euthanized at 27
weeks of age, but no significant histological difference 
between transgenic and wild-type mice was observed. This
can be explained by the fact that mice are known to be rela-
tively resistant to MNU. Therefore, a longer period is 
required to induce gastric carcinoma in C57BL/6J mice
[15,19-21]. When the MNU-treated mice were euthanized at
36 weeks of age, MNU-induced gastric carcinogenesis steps
were detected.

After euthanasia at 36 weeks of age, pathological exami-
nation was performed to evaluate whether the lesions 
observed were related to cancer. The alkylating agent MNU
induces the development of different patterns of cancer-
related lesions. For instance, hyperplasia is frequently 
observed when using MNU, as previously reported by many
groups [14,15,19]. The reason why hyperplasia is often 
detected in MNU-induced gastric carcinogenesis models is
not fully understood, but it is commonly found in other car-
cinogen-induced gastric carcinogenesis models. The result
was also similar to macroscopic findings. The whole stomach
of the mice was thickened and stiff with pre-cancerous 
lesions. 

Recent studies revealed that miR-222/221 is overexpressed
in several types of cancer and has oncogenic effects [22-24].
In most cases, in vitro studies have been reported, but one
group recently developed an in vivo model of liver cancer.
The transgenic model, in which miR-221 is expressed specif-
ically in the liver, was developed and characterized by the
appearance of spontaneous liver tumors in a fraction of male
mice and a strong acceleration of tumor development in
100% of mice treated with diethylnitrosamine [25]. However,
in our study, carcinoma occurrence was not statistically sig-
nificant, while frequently observed pre-cancerous lesions
were statistically significant. In our transgenic model, the 
occurrence of carcinoma could not be dramatically induced.
This can be explained by the fact that we did not use a pro-
moter specific for the stomach and could not transcription-
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ally control the expression of miR-222/221 when the trans-
genic mouse model was developed. In the case of the miR-
221 liver cancer transgenic mouse, a liver-specific promoter
was used and the overexpression of miR-221 was induced.
Our transgenic mice expressed miR-222/221 in all organs.
Thus, showing a strong effect of miR-222/221 in the stomach
was expected to be difficult. 

Ultimately, even though assessing the expression of p27
was difficult because of the changes (mRNA, protein, and
immunohistochemistry) induced by MNU, we demonstrated
that the gastric carcinogenic effect of miR-222/221 with the
help of MNU was more frequently detected in transgenic
mice than in wild-type mice, although it was a mild effect. 

Conclusion

This study showed that MNU-induced pre-cancerous 
lesions were enhanced in miR-222/221 overexpressing trans-
genic mice compared to that in wild-type mice but miR-
222/221 does not affect tumorigenesis itself.
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Paired Primary and Metastatic Tumor Analysis of Somatic Mutations in
Synchronous and Metachronous Colorectal Cancer

Original Article

Purpose
Although the mutation status of KRAS is highly concordant in primary and metastatic lesions,
it has not been generalized to other major pathway genes. 

Materials and Methods
In this study, 41 genes were evaluated and the mutational profiles were compared in 46
colorectal cancer patients with paired surgical specimens of primary and metastatic lesions:
synchronous (n=27) and metachronous (n=19) lesions. A high-throughput mass spectrom-
etry-based genotyping platform validated by orthogonal chemistry, OncoMap v.4.4, was
used to evaluate the formalin-fixed, paraffin-embedded surgical specimens. The patients’
demographics, tumor characteristics, and microsatellite instability status were analyzed by
a retrospective chart review.

Results
In this study, with OncoMap, mutations were identified in 80.4% of patients with the following
frequency: KRAS (39.1%), TP53 (28.3%), APC (28.3%), PIK3CA (6.5%), BRAF (6.5%), and
NRAS (4.3%). Although 19.6% (9/46) of the patients showed no gene mutations, 43.5%
(20/46) and 37.0% (17/46) had mutations in one and two or more genes, respectively.
The synchronous and metachronous lesions showed similar mutational profiles. Paired
samples between primary and metastatic tumors differed in 7.4% (2/27) and 10.5% (2/19)
for synchronous and metachronous according to OncoMap.

Conclusion
These findings indicate the major pathway genes, including KRAS, TP53, APC, PIK3CA,
BRAF, and NRAS, are often concordant between the primary and metastatic lesions regard-
less of the temporal relationship of metastasis.
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Introduction

Tumor progression often occurs according to the scheme
of the gradual accumulation of genetic abnormalities that
leads to intertumor and intratumor heterogeneity according
to the spatial and temporal differences. Gerlinger et al. [1] 
revealed a classic example of intratumor heterogeneity with
a renal cell carcinoma and its implications on tumor adapta-
tion and therapeutic failure through Darwinian selection.

These results have challenged the clinical practice of per-
forming a single biopsy and genetic analysis of a patient, par-
ticularly in cases where the genetic profiles influence the
therapeutic decisions. Therefore, the need for a clinical 
rebiopsy at relapse and metastasis after a resected cancer is
being evaluated continuously. 

Colorectal cancer (CRC) have been investigated exten-
sively to evaluate the role of a secondary biopsy due to two
factors. First, tissues from the primary and metastatic lesions
have been assessable in many cases because a metastasec-
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tomy has a proven role in the care of metastatic CRC [2]. This
has made it feasible to perform extensive molecular patho-
logic evaluations to evaluate the tumor heterogeneity within
a patient. The other important factor is that RAS mutations
have been important in predicting the responses to anti–epi-
dermal growth factor receptor (EGFR) therapy [3]. Therefore,
there would be a necessity to perform a second biopsy if RAS
mutation status changes according to time or location with a
patient. In addition, other genes that interact with RAS and
affect the response to therapy can also be present.   

This is the first study designed to evaluate the mutational
profile of CRC lesions according to the location (primary vs.
metastatic lesion) and time (synchronous vs. metachronous)
in individual patients with paired specimens. This study 
examined whether the CRC spatial and temporal progression
could be related to a difference in somatic mutations and cor-
relate them with the clinicopathologic features.

Materials and Methods

1. Patient and tumor samples 

Retrospective analysis was performed on the database of
Bio-Resource Center, a de-identified tissue bank linked with
the Asan Biomedical Research Environment (ABLE), an
anonymized electronic medical record of the Asan Medical
Center, in which patients were informed before surgery that
their surgical specimens might be used for research purposes
and provided consent for using their archival tissues for 
genetic testing. Between June 2004 and June 2012, patients
with histologically confirmed CRC, who underwent surgical
resection of the primary tumor with an adequate amount of
tissue for genomic profiling, were selected. In addition, 
patients with a surgical resection of a corresponding liver
metastasis were included. All tumor samples were obtained
from the formalin-fixed, paraffin-embedded (FFPE) tumor
specimens based on an 80% cutoff for tumor sample purity.
Synchronous was defined as metastatic disease at the time
or within 6 months of the original diagnosis of CRC.
Metachronous was defined as the absence of metastatic dis-
ease at the time of the initial diagnosis with metastatic dis-
ease developing later than 6 months of the original diagnosis.
This study was approved by the Institutional Review Board
(2013-0989). The patients’ demographic and tumor charac-
teristics were reviewed. 

2. DNA extraction and genotyping

The genomic DNA was extracted from 6-µm-thick slides
per FFPE block and purification of genomic DNA was per-
formed using a QIAamp DNA FFPE tissue kit (#56404, Qia-
gen, Hilden, Germany). Each genomic DNA sample was
eluted in 50 µL of DNase- and RNase-free water, quantified
using the Quant-iT PicoGreen dsDNA Assay kit (Invitro-
gen/Life Technologies, Grand Island, NY), and normalized
to a 5 ng/µL concentration. High-throughput profiling of 
somatic mutations that span 471 unique mutation sites in 41
oncogenes and tumor suppressor genes was performed
using OncoMap version 4.4 Core (OncoMap_v4.4C) under
the Sequenom MassARRAY technology platform (Seque-
nom, San Diego, CA) [4,5]. 

3. Detection of microsatellite instability and loss of het-
erozygosity

The microsatellite instability (MSI) status of the tumors
was determined based on the Bethesda panel (BAT25,
BAT26, D5S346, D2S123, and D17S250). The polymerase
chain reaction products were run on an ABI Prism 3130XL
DNA Sequencer (Applied Biosystems, Foster City, CA), and
analyzed using GeneScan 3.1 software (Applied Biosystems)
according to the manufacturer's instructions. Tumors with
two or more unstable markers were classified as MSI-high,
whereas those with none or one unstable marker were clas-
sified as microsatellite stable or low level MSI. Additional
loss of heterozygosity (LOH) or MSI were assayed for
D18S57, D18S58, and D18S474 using the same instrument.
Tumors with a 50% or more signal intensity difference 
between the two alleles were defined as LOH positive cases.

4. Statistical analyses

The continuous variables are presented as the medians and
range. The categorical variables are presented using contin-
gency tables and were compared using a chi-square test or
Fisher exact test. The differences were considered statistically
significant at p < 0.05.  

The overall survival (OS) was the primary endpoint for
this study and was calculated from the date of surgery until
the date of death. The relapse-free survival (RFS) was calcu-
lated from the date of surgery until the date of relapse. The
patients who died without relapse were censored at the time
of death. The patients lost to follow-up were censored at the
time of the last visit. The Kaplan-Meier method was used to
estimate the OS and RFS. The survival rates were compared
using a log-rank test.
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Table 1. Characteristics of the colorectal patients with paired primary and metastatic mutational profiles

Characteristic Synchronousa) Metachronous
(n=27) (n=19)

Initial stage
1 - -
2 - 6
3 - 10
4 27 3

Location of primary disease
Ascending 4 4
Transverse 2 -
Descending 13 9
Rectum 8 6

Histology (adenocarcinoma)
Well differentiated 3 -
Moderate differentiated 23 18
Poor differentiated 1 1

Adjuvant chemotherapy
FOLFOX 1 4
Capecitabine - 6
Leucovorin+5-FU - 2
UFT - 3
None - 4

Interval between primary surgery and initial recurrence (wk) - 83.9 (27.3-344.3)
Microsatellite instabilitya)

Microsatellite stable 24 19
Microsatellite instable 1 -

Loss of heterozygositya) 6 8
Resection

R0 24 16
R1 3 3

Perioperative chemotherapyb)

FOLFOX/XELOX 23 13
FOLFIRI 4 4
Capecitabine - 2

Recurrence
Yes 20 14
No 7 5

Survival
Yes 20 17
No 7 2

FOLFOX, cetuximab plus 5-fluorouracil, folinic acid, and oxaliplatin; 5-FU, 5-fluorouracil; UFT, tegafur-uracil; XELOX,
capecitabine plus oxaliplatin; FOLFIRI, folinic acid, 5-fluorouracil, and irinotecan. a)Microsatellite status and loss of heterozy-
gosity were not assessed in two patients, b)Perioperative chemotherapy: chemotherapy with 6 months of surgery (neoadju-
vant/pseudoadjuvant). 
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Results

1. Clinicopathologic characteristics

This study reviewed 105 patients with various stages of
CRC, who all received a surgical resection and had sufficient
tissue of genomic profiling (Supplementary Table 1). Of
those patients, this study selected a subset of 46 patients
(43.8%, 46/105), who had paired samples from the primary
and metastatic tumor in synchronous (n=27) and metachro-
nous (n=19) lesions as a result of metastasectomy (Table 1).
The median follow-up of these patients was 117.1 weeks
(range, 39.7 to 393.6 weeks). Most (16/19) of the metachro-
nous patients had adjuvant chemotherapy following the 
resection of the primary lesion. The median interval between
the primary surgery and initial recurrence for the metachro-
nous group was 83.9 weeks (range, 27.3 to 344.3 weeks). MSI
and a loss of heterozygosity were obtained in 44 patients.
MSI was confirmed in only one patient with a synchronous
metastasis (1/44) and LOH in 24.0% (6/25) and 42.1% (8/19)
for synchronous and metachronous patients, respectively. 

2. Mutational profile

Mutations were identified in 80.4% (35/46) of the patients
(Table 2), which was similar to the other patients within the
Bio-Resource Center (mutation rate, 70.5%, 74/105) (Supple-
mentary Table 2). The degree of concordance of the gene 
mutations between the primary and metastatic tumors were
examined in both synchronous and metachronous metastatic
lesions. The genomic profile of synchronous and metachro-
nous diseases did not show a significant difference (Table 2).
In addition, most of the paired samples between the primary

and metastatic tumors were concordant and differed in 7.4%
(2/27) and 10.5% (2/19) for synchronous and metachronous,
respectively. In the synchronous patients, one patient had an
APC mutation in the metastatic liver alone, while the other
patient had a KRAS mutation only in the primary lesion. On
the other hand, one patient had a TP53 mutation in the
metastatic liver alone, whereas the other patient had a BRAF
mutation only in the primary lesion in the metachronous
group. Although there was one patient with MSI in the
paired analysis, a total of four patients in the 105 patients
were evaluated by OncoMap analysis (Supplementary Table
2). All four patients had at least one mutation: KRAS, 1/4;

Cancer Res Treat. 2017;49(1):161-167

Gene  
Synchronous (n=27) Metachronous (n=19)

Primary Liver Primary Liver 
KRAS 12 (44.4) 11 (40.7) 7 (36.8) 7 (36.8)
APC 7 (25.9) 8 (29.6) 4 (21.1) 4 (21.1)
STK11 - - 1 (5.3) 1 (5.3)
TP53 9 (33.3) 8 (29.6) 4 (21.1) 5 (26.3)
BRAF 1 (3.7) 1 (3.7) 2 (10.5) 1 (5.3)
MLH1 4 (14.8) 4 (14.8) ( - ( - 
AKT1 1 (3.7) 1 (3.7) ( - ( - 
PIK3CA 1 (3.7) 1 (3.7) 1 (5.3) 1 (5.3)
NRAS 2 (7.4) 2 (7.4) ( - ( - 
CTNNB1 1 (3.7) 1 (3.7) ( - ( - 

Values are presented as number (%).

Table 2. Mutational profile of the patients according to stage and paired analysis of primary and metastatic lesions
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Fig. 1. Relapse-free survival of synchronous (n=27) and
metachronous (n=19) metastasis after metastasectomy.
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APC, 2/4; STK11, 0/4; TP53, 2/4; BRAF, 1/4; MLH1, 0/4;
AKT1, 1/4; PIK3CA, 1/4; NRAS, 0/4; and CTNNB1, 0/4.  

3. Clinical outcome

All the metastatic diseases were resected in the 46 patients
with synchronous and metachronous disease (Table 1). 
Recurrence was observed in 80.4% (37/46) of the patients
after the metastasectomy. The median RFS was 43.0 weeks
(95% confidence interval, 27.7 to 58.3) and there was no sig-
nificant difference between the synchronous and metachro-
nous disease (p=0.870) (Fig. 1). Owing to the limited
follow-up, only 19.6% (9/46) had expired and the median OS
could not be evaluated. 

Discussion

In this study with OncoMap, mutations were identified in
80.4% of the patients with the following frequency: KRAS
(39.1%), TP53 (28.3%), APC (28.3%), PIK3CA (6.5%), BRAF
(6.5%), and NRAS (4.3%). Although 19.6% (9/46) of the 
patients showed no gene mutations, 43.5% (20/46) and 37.0%
(17/46) had mutations in one and two or more genes. The
synchronous and metachronous lesions showed no differ-
ence in the mutational profiles. The paired samples between
the primary and metastatic tumors differed in 8.3% (2/24)
and 9.1% (2/22) for the synchronous and metachronous 
lesions, respectively. 

The clinical impact of a rebiopsy at relapse has been con-
troversial. One important aspect is whether the molecular 
information changes from the primary biopsy/resection
until relapse. This may be related to the temporal and spatial
differences between the primary and relapsed lesions. In 
addition, the therapeutic intervention between the primary
and relapsed lesions, such as adjuvant chemotherapy, may
also induce changes at the molecular level. 

RAS mutations have been important for predicting the 
response to anti-EGFR therapy [3]. Whether the RAS muta-
tion status was stable throughout disease progression and
treatment is unclear. A recent meta-analysis by Mao et al. [6],
who pooled studies on the concordance rates of KRAS,
BRAF, and PIK3CA mutation between primary and metasta-
tic lesion, showed that the pooled concordance rate was
92.0% for KRAS in 43 studies including 2,774 pairs of primary
and metastatic lesions. In that analysis, 9% of patients with
wild-type KRAS in the primary tumors who received anti-
EGFR treatment had mutant KRAS in the metastases,
whereas 11.3% patients with the mutant KRAS primary 
tumors had wild-type KRAS in the metastases. The concor-

dance for other mutations was also high: 96.8% for BRAF,
93.9% for PIK3CA, and 71.7% for PTEN. In addition, one
study evaluated the impact of the discordant cases on clinical
care and found that the information obtained by 
additional mutation analysis changed the medical decision
for subsequent therapy in 2% (6/305) of the cases [7]. On the
other hand, Misale et al. [8] showed that the emergence of
RAS mutations can be observed both in tissue and plasma
DNA after anti-EGFR therapy. In their study, the acquisition
of secondary KRAS mutations in 60% (6/10) of the cases were 
observed by deep sequencing (high coverage 454 sequence
analysis or BEAMing) [8]. Cytotoxic agents alone, however,
have not shown changes in the mutational profiles in studies
including Misale et al. [8] and the present study. Because
anti-EGFR therapy has no role in an adjuvant setting, the role
of a rebiopsy at relapse after the standard operation and 
adjuvant cytotoxic chemotherapy may be limited [9].  

Another important issue is the platform for sequencing.
Lee et al. [10] assessed the polyclonality and genetic hetero-
geneity in CRC by performing targeted exome sequencing
and high resolution copy number variation analysis of 15
triplets of normal colorectal tissue, primary, and matched
synchronous liver metastatic lesions. In that study, the dis-
cordance rate of the KRAS mutation between the primary-
metastatic pairs was 50% (3/6). On the other hand, Brannon
et al. [11] used IMPACT targeted sequencing, a next genera-
tion sequencing method, for 230 key cancer-associated genes
for 69 matched primary and metastatic tumors, and reported
100% concordance for the KRAS, NRAS, and BRAF muta-
tional profiles. The present study had a discordance rate of
less than 10% for the 41 genes evaluated by OncoMap in 46
matched tumors. The identification of somatic mutations
using an OncoMap system was performed with two different
sequential reactions, called iPLEX and homogenous Mass 
Extension (hME) chemistries. Screening of the mutation can-
didates was done with Sequenom MassARRAY iPLEX, fol-
lowed by a specific hME reaction for further validation for
each detected mutation. The genotypes were named using
the Typer Analyzer module in the MassARRAY Typer 4
(Agena Bioscience) software, and further reviewed manually
by two independent researchers to clarify uncertain calls due
to clustering artifacts. The detection sensitivity of Sequenom
MassARRAY technology is approximately 5%. The results
obtained from the iPLEX and hME assays were compared;
only the concordant calls are regarded as validated muta-
tions. As the samples had a tumor percentage of at least 80%,
the discordancy was attributed to actual sample characteris-
tic rather than the low mutant allele frequency. Future stud-
ies and practice may differ according to platforms; therefore,
the issues among platforms must be validated in precedent
to make further conclusions.

Hypermutation and MSI should also be considered when
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interpreting the heterogeneity of mutations. Two out of three
metastatic cases with discordant KRAS mutations showed
hypermutation in one study [10]. The discordance may be
the result of acquired mutations in the DNA mismatch repair
genes after the carcinogenesis of primary tumors, which
leads to dynamic polyclonal evolution. On the other hand,
in the present study, all four cases with discordant mutations
were microsatellite stable. As MSI is not often checked in a
metastatic setting, more data will be needed to fully evaluate
this issue. The clinicopathologic factors associated with MSI
were difficult to characterize due to the limited number of
patients (one in the synchronous group). On the other hand,
four patients were identified in the expanded analysis. All
patients had right side colon cancer, but there was no specific
pattern in the comutations or number of mutations (KRAS,
1/4; APC, 2/4; TP53, 2/4; BRAF, 1/4; AKT1, 1/4; and
PIK3CA, 1/4).  

The biology of the metachronous and synchronous
metastatic tumors in CRC is controversial. While some have
observed no prognostic difference between the two entities,
others have suggested metachronous disease to have a favor-
able prognosis [12,13]. Some authors have also suggested
that the two entities have a different biology [14]. Rose et al.
[15] evaluated KRAS and showed no difference between the
two entities. This finding was expanded to 41 genes that
cover the major signal pathways including the RAS–RAF–
mitogen-activated protein kinase (MAPK) pathway for both
primary and metastatic lesions. Although limited in size, this
study showed a similar clinical outcome and mutational pro-
files of metachronous and synchronous metastatic tumors.

This study had several limitations. Patients who have 
received prior anti-EGFR therapy were not included. The use
of anti-EGFR therapy and other molecular targeted agents is
increasing prior to surgery in borderline resectable or con-
version cases of metastatic CRC [16]. These agents may have
an impact on the mutational profile, particularly the RAS-
RAF-MAPK pathway. In a relapsed setting, however, most
of the patients will be exposed only to cytotoxic agents due
to the limited role of anti-EGFR therapy in an adjuvant set-
ting. Second, metastatic lesions were limited to the liver.
Metastatic lesions of the lymph node and lung may have dif-
ferent characteristics to the liver-limited lesions [17,18]. In
the present clinical practice, however, the majority of metas-
tasectomy cases will be related to liver-limited disease 
because its role has been established in other settings. 

Conclusion

These results suggest that a conventional second biopsy or
mutational profiling may not be helpful in managing CRC
patients who have relapsed after adjuvant chemotherapy. In
addition, metachronous and synchronous CRC has concor-
dant mutational profiles in both primary and metastatic 
tumors. On the other hand, as highly reliable and sensitive
mutation profiling methods, such as BEAMing, emerge and
more patients are exposed to preoperative anti-EGFR ther-
apy, this may need to be reevaluated in both tissue and liquid
biopsy specimens.
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Purpose
The purpose of this study was to evaluate the benefits of adjuvant treatment for curatively
resected thoracic esophageal squamous cell carcinoma (ESCC) and determine the optimal
adjuvant treatments. 

Materials and Methods
One hundred ninety-five patients who underwent a curative resection for thoracic ESCC 
between 1994 and 2014 were reviewed retrospectively. Postoperatively, the patients 
received no adjuvant treatment (no-adjuvant group, n=68), adjuvant chemotherapy (AC
group, n=62), radiotherapy (RT group, n=41), or chemoradiotherapy (CRT group, n=24).
Chemotherapy comprised cisplatin and 5-fluorouracil administration every 3 weeks. The
median RT dose was 45.0 Gy (range, 34.8 to 59.4 Gy). The overall survival (OS), disease-
free survival (DFS), locoregional recurrence (LRR), and distant metastasis (DM) rates were
estimated. 

Results
At a median follow-up duration of 42.2 months (range, 6.3 to 215.2 months), the 5-year OS
and DFS were 37.6% and 31.4%, respectively. After adjusting for other clinicopathologic
variables, the AC and CRT groups had a significantly better OS and DFS compared to the
no-adjuvant group (p < 0.05). The LRR rate was significantly lower in the RT and CRT groups
than in the no-adjuvant group (p < 0.05), whereas no significant difference was observed
in the AC group. In the no-adjuvant and AC groups, 25% of patients received high-dose sal-
vage RT due to LRR. The DM rates were similar. The anastomotic stenosis and leakage
were similar in the treatment groups. 

Conclusion
Adjuvant treatment might prolong survival after an ESCC resection, and RT contributes to a
reduction of the LRR. Overall, the risks and benefits should be weighed properly when 
selecting the optimal adjuvant treatment.
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Introduction

Esophageal cancer is a fatal disease that causes 400,000
deaths per year worldwide [1]. The current guidelines rec-
ommend surgery as the mainstay of treatment for esophageal
cancer [2,3]. Although neoadjuvant chemoradiotherapy
(CRT) is the treatment of choice for locally advanced

esophageal cancer [4], upfront surgery has been performed
for several decades. Currently, some patients continue to 
undergo upfront surgery for a variety of reasons. On the
other hand, radical esophagectomy without adjuvant treat-
ment has been associated with suboptimal disease control
rates [5]. A few randomized trials have been conducted to
evaluate the benefits of adjuvant chemotherapy (AC) and
postoperative radiotherapy (RT) [6,7]. Although these trials
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failed to demonstrate a survival benefit of adjuvant treat-
ment, these treatments reduced the recurrence rates signifi-
cantly. In addition, certain subgroups of patients, such as
node-positive patients, who received adjuvant treatment
showed significantly higher survival rates  [8,9]. Recently,
some researchers suggested that a combination of chemo-
therapy and RT might reduce the recurrence rate and 
improve survival [10]. 

Unfortunately, there is no clear consensus regarding
whether adjuvant treatment is required after a complete 
resection and what this ideal adjuvant treatment might be.
At the authors’ institution, the practice has changed from 
upfront surgery to neoadjuvant treatment followed by sur-
gery in response to the accumulating evidence supporting
the benefits of neoadjuvant treatment. On the other hand,
some patients without adjacent organ invasion or equivocal
lymph node involvement undergo upfront surgery, either
with or without adjuvant treatment. Patients with an
esophageal squamous cell carcinoma (ESCC) who under-
went upfront surgery were reviewed retrospectively to 
determine the effects of adjuvant treatment and the optimal
adjuvant treatment.

Materials and Methods

1. Patients 

This study identified 330 patients who underwent a front-
line radical resection for nonmetastatic thoracic ESCC 
between April 1994 and October 2014. None of the patients
had received preoperative RT or chemotherapy. Patients
with pathological stage T1N0 (n=102), a history of other can-
cer (n=19), and/or death within 2 months postoperatively
(n=14) were excluded, yielding a total of 195 patients for
analysis. 

The preoperative evaluation included a physical examina-
tion, laboratory blood tests, esophagogastroduodenoscopy
with biopsy, endoscopic ultrasonography, chest computed
tomography (CT), abdominopelvic CT, and positron emis-
sion tomography scanning. 

2. Surgery

Details of the surgical resection are described elsewhere
[11,12]. Briefly, patients with middle and lower esophageal
cancers underwent a transthoracic esophagectomy with a
two-field lymph node dissection and cervical esophagogas-
trostomy, using the whole stomach as a conduit (McKeown
esophagectomy). Gastric pull-up was performed through the

substernal route. A three-field lymph node dissection was
performed on the patients with upper esophageal cancer. 
Beginning in 2006, a robot-assisted thoracoscopic esophagec-
tomy protocol was adopted and the results have been 
reported [13]. Pathology staging was determined according
to the seventh edition of the American Joint Committee on
Cancer staging system. 

3. Adjuvant treatment

Adjuvant treatment was administered 4-6 weeks after sur-
gery in accordance with the pathology risk factors, physi-
cians’ preference, patients’ performance status, and age. In
general, the indications for adjuvant RT included a positive
resection margin, locally advanced disease (T3-4), and mul-
tiple positive lymph nodes. AC was administered commonly
to node-positive patients. Sixty-eight patients received no 
adjuvant treatment (no-adjuvant group); 62 patients received
AC without RT (AC group); 41 patients received RT without
chemotherapy (RT group); and 24 patients received both RT
and AC (CRT group).

The median RT dose was 45 Gy (range, 34.8 to 59.4 Gy),
which was delivered in daily fraction doses of 1.8 Gy. One
patient did not complete the planned treatment of 45 Gy and
refused further treatment after receiving 34.8 Gy. The RT
field included the tumor bed, anastomosis site, and lymph
node drainage areas. Although the supraclavicular fossa was
not irradiated routinely, it was performed on the patients
with upper esophageal cancer or involvement of the supra-
clavicular lymph nodes. 

The chemotherapy regimen comprised the intravenous 
infusion of cisplatin and 5-fluorouracil every 3 weeks for 
4-6 cycles. For the patients in the CRT group, RT was initi-
ated 1 week after the completion of two cycles of chemother-
apy in a sequential manner. Chemotherapy was re-initiated
after the completion of RT. 

4. Follow-up evaluation

The patients were followed up every 3 months after the
esophagectomy for the first year, every 6 months for the next
2 years, and annually thereafter. Abdominopelvic CT was
performed every 6-12 months and an esophagogastroduo-
denoscopy was performed annually. The incidence of post-
operative complications, such as anastomotic stenosis and
leakage, were evaluated. Endoscopic balloon dilatation was
performed when symptomatic anastomotic stenosis was 
evident and prevented the passage of the gastroduodeno-
scope. A biopsy was performed if a malignant anastomotic
stricture was suspected. 

Recurrences at the anastomotic site, tumor bed, and 
regional lymph node area were considered locoregional,
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Table 1. Characteristics of the patients in the four treatment groups

Characteristic No-adjuvant AC RT CRT p-value(n=68) (n=62) (n=41) (n=24)
Age (yr)
 60 20 (29.4) 32 (51.6) 22 (53.7) 15 (62.5) 0.008
> 60 48 (70.6) 30 (48.4) 19 (46.3) 9 (37.5)

Sex
Male 58 (85.3) 57 (91.9) 40 (97.6) 21 (87.5) 0.166a)

Female 10 (14.7) 5 (8.1) 1 (2.4) 3 (12.5)
ECOG performance status

0 52 (76.5) 56 (90.3) 26 (63.4) 17 (70.8) 0.117
1 16 (23.5) 6 (19.7) 15 (36.6) 7 (29.2)

Location
Upper to mid thoracic 32 (47.1) 21 (33.9) 17 (41.5) 7 (29.2) 0.310
Lower thoracic to EGJ 36 (52.9) 41 (66.1) 24 (58.5) 17 (70.8)

Histologic grade
Grade 1 or unknown 9 (13.2) 14 (22.6) 12 (29.3) 3 (12.5) 0.150
Grade 2-3 59 (86.8) 48 (77.4) 29 (70.7) 21 (87.5)

Tumor length (cm)
 5 58 (85.3) 47 (75.8) 29 (70.7) 17 (70.8) 0.246
> 5 10 (14.7) 15 (24.2) 12 (29.3) 7 (29.2)

T classification
T1 13 (19.1) 16 (25.8) 1 (2.4) 7 (29.2) 0.003a)

T2 28 (41.2) 14 (22.6) 9 (22.0) 5 (20.8)
T3 26 (38.2) 32 (51.6) 31 (75.6) 12 (50.0)
T4 1 (1.5) 0 ( 0 ( 0 (

N classification
N0 34 (50.0) 7 (11.3) 17 (41.5) 3 (12.5) < 0.001a)

N1 24 (35.3) 31 (50.0) 16 (39.0) 15 (62.5)
N2 8 (11.8) 17 (27.4) 6 (14.6) 5 (20.8)
N3 2 (2.9) 7 (11.3) 2 (4.9) 1 (4.2)

Lymphovascular invasion
No 56 (82.4) 43 (69.4) 33 (80.5) 15 (62.5) 0.126
Yes 12 (17.6) 19 (30.6) 8 (19.5) 9 (37.5)

Perineural invasion
No 64 (94.1) 55 (88.7) 37 (90.2) 23 (95.8) 0.618a)

Yes 4 (5.9) 7 (11.3) 4 (9.8) 1 (4.2)
Resection margin

R0 66 (97.1) 58 (93.5) 38 (92.7) 24 (100) 0.506a)

R1 2 (2.9) 4 (6.5) 3 (7.3) 0
Extracapsular extension

No 61 (89.7) 46 (74.2) 30 (73.2) 20 (83.3) 0.080
Yes 7 (10.3) 16 (25.8) 11 (26.8) 4 (16.7)

Treated period
1994 to 2002 32 (47.1) 26 (41.9) 30 (73.2) 11 (45.8) 0.013
2003 to 2014 36 (52.9) 36 (58.1) 11 (26.8) 13 (54.2)

AC, adjuvant chemotherapy; RT, radiotherapy; CRT, chemoradiotherapy; ECOG, Eastern Cooperative Oncology Group; EGJ,
esophagogastric junction. a)Fisher exact test. 
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Fig. 1. Estimated overall survival (OS) (A), disease-free survival (DFS) (B), locoregional recurrence (LRR) (C), and distant
metastasis (DM) rates (D) of the patients who received no adjuvant treatment, adjuvant chemotherapy (AC), postoperative
radiotherapy (RT), and postoperative chemoradiotherapy (CRT). CI, confidence interval.
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whereas recurrences elsewhere were considered distant. 

5. Statistical analysis 

A Pearson’s chi-square test or Fisher exact test was per-
formed where appropriate to compare the characteristics of
the different patient groups. The overall survival (OS), dis-
ease-free survival (DFS), locoregional recurrence (LRR), and
distant metastasis (DM) rates were calculated from the date
of surgery to the date of death from any cause, any recur-
rence or death, LRR, and distant metastasis, respectively. The
survival endpoints were analyzed using the Kaplan-Meier
method with a log-rank test for comparisons of the three
treatment groups. The LRR and DM rates were estimated
using the cumulative incidence method and Gray’s test [14].
To adjust for the effects of other variables on the treatment
outcome of the different adjuvant treatments, multivariable
models were generated to include the factors with p-values
of < 0.10 in univariate analyses. Cox proportional hazards 
regression was used to conduct univariate and multivariate
analyses of the OS and DFS. For LRR and DM, univariate and
multivariate models were generated by Fine and Gray 
regression analysis [15]. All tests were two-sided and con-
sidered significant at a p-value < 0.05. Statistical analyses
were performed using IBM SPSS ver. 20.0 (IBM Corp., 
Armonk, NY) and R software ver. 3.2.2 (R Development Core
Team, Vienna, Austria).

Results

1. Patient and treatment characteristics

Table 1 lists the characteristics of the patients in the no-
adjuvant, AC, RT, and CRT groups. The no-adjuvant group 
included a larger number of elderly patients, whereas the
AC, RT, and CRT groups included more locally advanced
patients. The majority of patients who received adjuvant
treatment had lymph node involvement and adventitial 
invasion. Fewer patients were treated with RT alone in the
more recent period. The tumor location, histology grade,
tumor length, and other histologic risk factors were similar
in the three groups. Most patients underwent a McKeown
esophagectomy (n=159), whereas others underwent an Ivor-
Lewis (n=21) or transhiatal esophagectomy (n=15). 

A median of four cycles (range, 1 to 6) of chemotherapy
were administered. Nine patients (eight in the AC group and
one in the CRT group) did not complete the planned
chemotherapy due to poor performance (n=6) and refusal
(n=3). One patient failed to complete the full course of RT,

and 22 patients had a treatment break during RT. 

2. Survival rates according to different adjuvant treatments

The median follow-up duration was 42.2 months (range,
6.3 to 215.2 months). The median OS and DFS durations were
36.0 months (95% confidence interval [CI], 27.5 to 44.5) and
23.7 months (95% CI, 16.5 to 30.9), respectively. The 5-year
OS and DFS rates were 37.6% (95% CI, 30.7 to 46.0) and 31.4%
(95% CI, 24.9 to 39.5), respectively. The OS and DFS were
similar in the different treatment groups (Fig. 1A and B). In
particular, sex, T classification, N classification, lymphovas-
cular invasion, resection margin, and treated period were sig-
nificant factors associated with both DFS and OS (Table 2).
After adjusting for these significant clinicopathological fac-
tors, the AC (adjusted hazard ratio [aHR], 0.47; 95% CI, 0.28
to 0.77) and CRT groups (aHR, 0.52; 95% CI, 0.29 to 0.96) 
exhibited a significantly lower risk of death relative to the
no-adjuvant group. In addition, the AC (aHR, 0.56; 95% CI,
0.35 to 0.90), RT (aHR, 0.58; 95% CI, 0.35 to 0.98), and CRT
groups (aHR, 0.51; 95% CI, 0.28 to 0.91) exhibited a signifi-
cantly lower risk of recurrence or death compared to the 
no-adjuvant group.

3. Patterns of initial recurrence and recurrence rates

Table 3 provided the data concerning recurrences. LRR
was the dominant pattern of recurrence in the no-adjuvant
group, whereas DM was dominant in the RT and CRT
groups. The rates of LRR and DM were similar in the AC
group. The 5-year LRR rate was lowest in the CRT group
(Fig. 1C). Compared to the no-adjuvant group, the RT and
CRT groups had a significantly lower risk of LRR, whereas
the AC group did not. After adjusting for the significant fac-
tors, the RT (aHR, 0.26; 95% CI, 0.13 to 0.54) and CRT groups
(aHR, 0.05; 95% CI, 0.01 to 0.39) exhibited a significantly
lower risk of LRR (Table 4). The 5-year DM incidence was
similar in the treatment groups (p=0.186) (Fig. 1D), even after
the adjustment (Table 4).

4. Application of RT after LRR

A total of 52 patients who did not receive postoperative RT
experienced LRR. Among these patients, 40 underwent sal-
vage treatment for the recurrent lesions; locoregional RT was
delivered to 33 patients, including 18 in the no-adjuvant
group and 15 in the AC group. A median dose of 59.4 Gy
(range, 14.4 to 63.0 Gy) was delivered to these patients. After
salvage RT, 18 patients exhibited a partial response or stable
disease, nine progressed, and six were nonevaluable accord-
ing to the Response Evaluation Criteria in Solid Tumors ver.
1.1 [16]. The median survival duration after salvage RT was
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10.1 months and was 15.2 months for those who did not
progress after salvage RT.

5. Postoperative complications 

The overall incidence of anastomotic stenosis requiring 
intervention (e.g., endoscopic balloon dilatation) was 29.2%,
and was similar in the no-adjuvant, AC, RT, and CRT groups
(29.4% vs. 30.6% vs. 26.8% vs. 29.2%, p=0.991). Anastomotic
leakage was an uncommon event with an overall incidence
of 3.6%; no significant differences were observed among the
no-adjuvant, AC, RT, and CRT groups (1.5% vs. 4.8% vs.
4.9% vs. 4.2%, p=0.651). None of the patients who received
RT suffered from severe radiation-induced gastritis. 

Discussion

In the present study, patients with resected ESCC who 
received AC and postoperative CRT showed significantly
higher survival rates than those who did not receive adjuvant
treatment. In terms of LRR, those who received adjuvant
treatments that included RT experienced significantly less
LRRs than those who did not receive adjuvant treatment.
Currently, patients with locally advanced ESCC are treated
preferably with preoperative CRT followed by a resection,
rather than upfront surgery [4]. On the other hand, a certain
portion of patients may undergo upfront surgery because of
the patients’ or physicians’ preferences, an inability to receive
preoperative chemotherapy or RT, and/or minimally 
advanced-stage disease. In such cases, the current guidelines
do not suggest further treatment after a R0 resection for
ESCC because of a lack of randomized evidence of improved
survival after adjuvant treatment [2,3]. 

Several randomized trials that compared surgery with or
without postoperative RT demonstrated a lack of a survival

benefit [7,17-19]. The most recently conducted randomized
trial, however, showed that stage III patients gained a signif-
icant survival benefit from postoperative RT [7]. In Japan, a
randomized controlled trial that compared surgery with and
without AC failed to show a significant OS benefit [6]. In con-
trast, several retrospective studies have shown higher sur-
vival rates in patients with positive lymph nodes or stage III
disease who received postoperative RT or AC compared to
the no-adjuvant treatment [8,20-23]. Similarly, in the present
study, the AC and CRT group showed a significantly lower
risk of death compared to the no-adjuvant group even after
adjusting for other clinicopathologic variables. Most patients
in this study had either lymph node involvement or local 
invasion beyond the muscularis propria. For patients with
less advanced disease after a resection, adjuvant treatment
might not yield a demonstrably significant survival benefit. 

No randomized controlled trials have been conducted to
compare the treatment outcomes of different adjuvant treat-
ments. Chen et al. [24] reviewed retrospectively 366 patients
with mid-thoracic ESCC who underwent an esophagectomy
followed by no-adjuvant treatment, AC, or RT. Although
they did not compare the survival, they found that patients
who received RT had a significantly lower incidence of 
regional recurrence. On the other hand, a remaining concern
regarding postoperative RT is that it cannot prevent recur-
rences beyond the radiation field; therefore, distant metas-
tases comprise the major failure sites [21]. Despite the limited
data, a recent report on patients with node-positive ESCC
showed that patients receiving both chemotherapy and post-
operative RT had lower recurrences rates, including distant
metastases, and superior OS compared to those receiving
postoperative RT only [10]. According to the data in the pres-
ent study, the CRT group, not the RT group, showed signif-
icantly higher OS than the no-adjuvant group. In addition,
the LRR risk reduction rate was more prominent in the CRT
group than in the RT group. No difference in DM was 
observed with the addition of chemotherapy. The most plau-
sible explanation for these findings appears to be an imbal-

Table 3. Patterns of initial recurrence

Event No-adjuvant AC RT CRT
(n=68) (n=62) (n=41) (n=24)

Locoregional recurrence 28 (41.2) 24 (35.3) 10 (24.4) 1 (4.2)
Local only 6 (8.8) 2 (2.9) 2 (4.9) 0 (
Regional only 19 (27.9) 17 (25.0) 8 (19.5) 1 (4.2)
Local and regional 3 (4.4) 5 (7.4) 0 ( 0 (

Distant recurrence 14 (20.6) 22 (35.5) 13 (31.7) 9 (37.5)
Concurrent locoregional and distant recurrence 8 (11.8) 11 (16.2) 2 (4.9) 0 (

Values are presented as number (%). AC, adjuvant chemotherapy; RT, radiotherapy; CRT, chemoradiotherapy.
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ance in the tumor characteristics among the different treat-
ment groups. Patients who received chemotherapy were
more likely to have the risk factors for distant metastasis,
such as lymph node involvement and lymphovascular inva-
sion compared to those who did not receive AC. 

When deciding the optimal adjuvant treatment, the risks
and benefits of the treatment should be measured. This study
suggests that both AC and CRT might effectively increase
the OS; therefore, AC would be a better option because RT
could be spared. On the other hand, 25% (33 of 130) of the
patients who did not receive postoperative RT ultimately 
received locoregional RT because of LRR; these patients com-
prised 63% (33 of 52) of those who developed a LRR. A 
median dose of 60 Gy was delivered to these recurrent 
patients, which is considered a definitive dose for gross
tumor eradication. This suggests that 75% of patients could
have been spared unnecessary RT. More than half of the 
patients responded to salvage RT, leading to a median sur-
vival of 15 months after recurrence. A previous phase II trial
reported a median survival of 35 months after salvage CRT
[25]. These salvage rates, however, were consequent to high-
dose irradiation to the mediastinum. In particular, the dose
delivered in a recurrent setting is higher than that adminis-
tered to patients receiving postoperative RT (45-50 Gy). In
patients subjected to thoracic surgery, the actual effects of RT
on the surrounding normal organs might be more prominent
than the anticipated effects (based on nonoperated patients),
and a higher dose might cause fatal damage to the surround-
ing organs. Therefore, patients at a higher risk of LRR might
benefit most from RT because it could reduce the need for
subsequent high-dose RT. 

One of the greatest concerns associated with postoperative
RT after esophagectomy is the risk of anastomotic leakage
and stenosis. A randomized trial reported an increased inci-
dence of anastomotic stenosis after postoperative RT [17]. In
contrast, a more recent randomized trial observed no signif-
icant increase in the incidence of anastomotic stenosis after
postoperative RT [7]. These results also support the finding
that postoperative RT does not increase significantly the 

incidence of anastomotic stenosis or leakage after esophagec-
tomy. In addition, severe gastritis was not observed after RT,
mainly because of the surgical technique that positioned the
stomach conduit through the substernal route. Accordingly,
the stomach remained outside of the RT field. 

Several limitations stemmed from the retrospective nature
of this study. Adjuvant treatment selection was nonrandom-
ized, and there were significant differences in the patient
characteristics among the study groups. An attempt was
made to adjust for these imbalances in characteristics thro-
ugh multivariate analysis. In addition, data on the complica-
tions or patients’ quality of life, which are also important
endpoints, were not collected prospectively. Finally, the 
patient number in each treatment group was relatively small,
and the statistical power was low. 

Conclusion

CRT and AC might be considered relevant options for 
adjuvant treatment in patients with a resected ESCC. Assum-
ing that the patient can tolerate both chemotherapy and RT,
CRT may be an optimal choice because it could spare the 
patients from later high-dose irradiation for LRR without
causing an increase in the long-term postsurgical complica-
tions. On the other hand, this study cannot draw conclusions
regarding the most beneficial adjuvant treatment because of
the nonrandomized study design and the afore-mentioned
limitations. Additional well-designed prospective random-
ized trials will be needed to confirm these results. 
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Tumor Stage-Related Role of Radiotherapy in Patients with an External
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Purpose
The purpose of this study was to evaluate the clinical outcomes of patients treated with 
radiotherapy (RT) for a carcinoma of the external auditory canal (EAC) and middle ear.

Materials and Methods
The records of 32 patients who received RT from 1990 to 2013 were reviewed retrospec-
tively. The Pittsburgh classification was used to stage all the cancers (early stage, T1/T2
[n=12]; advanced stage, T3/T4 or N positive [n=20]). Twenty-one patients (65.6%) were
treated with postoperative RT and 11 patients (34.4%) were treated with definitive RT. The
median radiation doses for postoperative and definitive RT were 60 Gy and 64.8 Gy, 
respectively. Chemotherapy was administered to seven patients (21.9%).

Results
The 5-year overall survival and disease-free survival rates for all patients were 57% and
52%, respectively. The disease control rates for the patients with early stage versus 
advanced stage carcinoma were 55.6% (5/9) and 50% (6/12) in the postoperative RT group
and 66.7% (2/3) and 37.5% (3/8) in the definitive RT group, respectively. Overall, 15 cases
(14 patients, 46.7%) experienced treatment failure; these failures were classified as local
in four cases, regional in one case, and distant in 10 cases. The median follow-up period
after RT was 51 months (range, 7 to 286 months).

Conclusion
Patients with early stage carcinoma achieved better outcomes when definitive RT was used.
Advanced stage carcinoma patients experienced better outcomes with postoperative RT.
The high rate of distant failure after RT, with or without surgery, reflected the lack of a con-
sensus regarding the best therapeutic approach for treating carcinoma of the EAC and mid-
dle ear. 
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Introduction

Cancer of the external auditory canal (EAC) and middle
ear is rare, with a prevalence of one to six patients per 1 mil-
lion people [1-3]. The disease presents variable patterns of
clinical practice in terms of management. Although several
treatment modalities have been investigated, there are no
standard guidelines for treating cancers of the EAC and mid-
dle ear due to a lack of prospective randomized studies. A

surgical resection with a clear tumor margin is usually rec-
ommended for resectable disease [4]. On the other hand, the
role of adjuvant and definitive radiotherapy (RT) in treating
unresectable disease is less well-defined.

The prognosis of an EAC carcinoma depends on the dis-
ease stage and the primary treatment approach used [5]. 
Investigators have reported the 5-year survival rates ranging
from 10% for advanced stage to as high as 85% for early stage
disease [4,6-9]. In the literature, the 5-year locoregional con-
trol rates range from 20% for advanced stage to 70% for early



stage disease [10]. As there is no widely accepted staging sys-
tem, using the results from different reports to compare the
treatment outcomes can be difficult [3,11]. Moreover, 
although several articles describe the efficacy of RT for EAC
tumors, there is little information on the relationships 
between the extent of disease and the clinical outcomes for
different types of RT [4,12,13]. To help fill this void, this
study evaluated the treatment outcomes for 32 patients with
a carcinoma of the EAC and middle ear who were treated
with postoperative or definitive RT, with or without chemo-
therapy, at the authors’ institution over a 20-year period.

Materials and Methods

1. Patients 

The records of 32 patients treated with postoperative or
definitive RT at the Yonsei Cancer Center for primary carci-
noma of the EAC and middle ear between 1990 and 2013
were reviewed retrospectively. The Institutional Review
Board of Severance Hospital, Korea (IRB No. 4-2015-0884)
approved this retrospective study in accordance with the eth-
ical guidelines and the Declaration of Helsinki. Initially, all
patients had previously untreated primary cancer. All 
patients had received computed tomography (CT) or mag-
netic resonance imaging (MRI) scans, or both, prior to treat-
ment. The tumor stage was established according to the
University of Pittsburgh system [14]. Four, eight, five, and 15
patients were classified as having stage I (T1N0), stage II
(T2N0), stage III (T3N0), and stage IV (T3N1, T4N0, T4N1)
carcinoma, respectively. Early stage carcinoma and advanced
stage carcinoma was defined as T1/T2 (n=12) and T3/T4 or
N positive (n=20), respectively. Four patients had regional
node involvement (12.5%). Surgical procedures were chosen
at the discretion of the surgeon in accordance with the tumor
extent and nodal status. Twenty-one patients (65.6%) were
treated surgically. Six of these patients received a total or
subtotal temporal bone resection (TBR), eight received a par-
tial or lateral TBR, and seven received a wide excision. A
neck dissection was performed only in patients with clini-
cally positive neck nodes. Postoperative RT was used to treat
21 (65.6%) patients and definitive RT was used to treat 11
(34.4%). Chemotherapy was administered to seven patients
(21.9%).

All patients were treated using external beam RT with cur-
ative intent. With the exception of two patients treated before
the year 2000, all patients underwent CT-based simulation.
The structures were contoured manually on the CT scan
slices. An immobilization device was used during RT. In the

postoperative setting, radiation was given once per day at
1.8 to 2.25 Gy. The total doses applied to the primary tumor
bed were 59.4 or 60 Gy for patients with negative tumor mar-
gins and between 54 and 71.4 Gy for those patients with pos-
itive tumor margins. The prescribed doses in definitive RT
were 51 to 75.6 Gy at 1.8 to 2.5 Gy per fraction for the primary
tumor bed. Based on the pretreatment CT or MRI scan 
results, the treatment volumes were drawn to include the pri-
mary tumor bed or ipsilateral lymph nodes, or both, with 
1-2 cm margins. No patient received prophylactic clinically
negative neck irradiation. Most patients were treated using
three or more fields. Two patients received treatment using
a wedge-pair field arrangement with megavoltage irradia-
tion. Eleven patients (34.4%) were treated with intensity-
modulated RT.

2. Statistical analysis

The differences in patient characteristics between the two
radiation groups were assessed using a chi-square test. The
overall survival (OS) rates, disease-free survival (DFS) rates,
disease control rates, and failure patterns were evaluated.
The survival time was defined as the interval from the date
of the completion of RT to the date of the last follow-up or
death. The survival data were analyzed using the Kaplan-
Meier method. The sites of failure were recorded as local, 
regional, or distant. Statistical analysis was carried out using
SPSS ver. 18.0 (SPSS Inc., Chicago, IL). A p  0.05 was con-
sidered significant.

Results

1. Patient characteristics

Table 1 lists the patient and tumor characteristics. The 
median age was 51 years (range, 26 to 87 years) at the time
of diagnosis. Twenty patients were male, and 12 patients
were female. The primary tumor site was the EAC and mid-
dle ear in 31 and one patient, respectively. A histological 
examination revealed squamous cell carcinoma (SCC) in 21
patients (65.6%). The other histological types present in the
other patients were adenoid cystic carcinoma (ACC, 28.1%),
adenocarcinoma (3.1%), and malignant melanoma (3.1%).
Most of the patients had Eastern Cooperative Oncology
Group performance scores of 0 or 1.

The most frequent symptoms and signs were otorrhea
(n=12, including two patients with hemorrhagic otorrhea),
preauricular mass (n=8), otalgia (n=7), and facial palsy (n=5).
Two patients complained of hearing loss. An analysis of the
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treatment patterns showed that 59% (n=19) of the patients
had been treated with combined surgery and RT, 22% (n=7)
with chemoradiotherapy, and 19% (n=6) with RT alone. Nine
of the 12 patients with stage I-II disease received surgery
with RT; three patients received RT alone. None the patients
with stage I-II carcinoma received chemotherapy. Ten of the
20 patients with stage III-IV disease underwent surgery with
RT; seven underwent combined chemoradiotherapy and
three were treated using RT alone (Fig. 1). Concurrent
chemoradiotherapy was delivered only to those patients
with stage III-IV disease.

2. Treatment outcomes

The median post-RT follow-up period was 51 months
(range, 7 to 286 months). Twenty-four of the 32 patients
(75%) experienced a complete response after RT; five patients
(15.6%) had a partial response. The 5-year OS and DFS rates
for all patients were 57% and 52%, respectively. Fig. 2 pres-
ents the survival outcomes according to the stage and RT

Table 1. Comparison of the patient and tumor characteristics according to the type of radiotherapy

Characteristic Total Postoperative RT   Definitive RT 
(n=21) (n=11)

Sex
Male 20 (62.5) 12 8
Female 12 (37.5) 9 3

Age (yr)
 50 15 (46.9) 10 5
> 50 17 (53.1) 11 6

Location
EAC 31 (96.9) 20 11
ME 1 (3.1) 1 0

Stage
I-II 12 (37.5) 9 3
III-IV 20 (62.5) 12 8

Histologic type
SCC 21 (65.6) 11 10
ACC 9 (28.1) 8 1
Others 2 (6.3) 2 0

Total dose (Gy)
 60 15 (46.9) 12 3
> 60 17 (53.1) 9 8

Resection margin
Positive 15 (71.4) 15 -.
Negative 6 (28.6) 6 -.

RT-related toxicity 5 (15.6) 4 1
Follow-up (mo) 51 (7-286)

Values are presented as number (%) or median (range). RT, radiotherapy; EAC, external auditory canal; ME, middle ear; SCC,
squamous cell carcinoma; ACC, adenoid cystic carcinoma.
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Fig. 1. Patterns of care for 32 patients with external audi-
tory canal and middle ear carcinoma according to the
tumor stage. RT, radiotherapy; CRT, chemoradiation ther-
apy.
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type. The 5-year OS and DFS rates for early stage versus 
advanced stage disease were 70.7% versus 48% (p=0.315) and
65.6% versus 41.4% (p=0.435), respectively. The 5-year OS
rate was 64.8% and 42.4% for the postoperative and defini-
tive RT group, respectively (p=0.261). The 5-year DFS rate
was 49.1% for the postoperative RT group and 62.2% for the
definitive RT group (p=0.835). No patient experienced grade
3 or higher acute or chronic radiation-induced toxicity.

Table 2 lists the stage-related disease control rates. Sixteen
patients (50%) showed no evidence of a disease status with-

out recurrence at the last follow-up visit. The disease control
rates for patients with early stage versus advanced stage car-
cinoma were 55.6% (5/9) versus 50% (6/12) in the postoper-
ative RT group and 66.7% (2/3) versus 37.5% (3/8) in the
definitive RT group, respectively. Eleven patients (52.4%)
and five patients (45.5%) in the postoperative RT and defin-
itive RT group, respectively, were considered cured.
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Fig. 2. Overall survival and disease-free survival rates for patients with early stage versus advanced stage external auditory
canal and middle ear carcinoma (A) and for treatment with postoperative radiotherapy (RT) vs. definitive RT (B).
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3. Patterns of failure

Two patients experienced disease progression after the ini-
tial treatment, and were excluded from the analysis of the
failure patterns. Overall, 14 patients (46.7%) experienced
treatment failure; four of these were classified as local failure
and one as regional failure. Ten distant failures were 
observed as the first site of recurrence. The most common
metastatic site was the lung (seven cases), followed by the
spine (two cases) and bone (one case). One patient had 
simultaneous lung and spine metastases at the time of fail-
ure. Table 3 lists the results of an analysis of the failure pat-
terns according to the RT type. The “any recurrence” rate
was 52.4% (11/21) in the postoperative RT group and 44.4%
(4/9) in the definitive RT group.

Discussion

Primary cancer of the EAC and middle ear is extremely
rare and tends to be locally advanced at presentation and has
a poor prognosis [1]. Surgery (e.g., lateral TBR for T1/T2 dis-
ease and subtotal or total TBR for T3/T4 disease) is generally

the recommended treatment. In most clinical settings, how-
ever, less invasive surgeries are undertaken to treat this dis-
ease, even when T3/T4 disease is present, because the EAC
is located adjacent to the critical organs, such as the brain and
major vessels. Nevertheless, the use of less invasive surgical
techniques is the main reason for local failure after surgical
treatment [15]. 

A comparison of the treatment strategies for EAC and mid-
dle ear cancer is hindered by treatment and staging classifi-
cation heterogeneity due to the small patient populations in
published series. According to the Pittsburgh staging system
[14], standard therapies include lateral TBR or definitive RT
for T1 EAC tumors, lateral TBR combined with postoperative
RT for T2 tumors, and subtotal or total TBR with postopera-
tive RT for T3 and T4 tumors. On the other hand, despite
these standardized treatment recommendations, the prog-
noses remain poor [15]. At a single institutional experience,
seven patients were treated using definitive RT and 22 
patients were treated with postoperative RT. Better local and
local-regional control was achieved for the early stage (T1/2) 
tumors than for the late-stage (T3) tumors, even though less
than half of the patients were cured [16]. This suggests that
a suboptimal treatment approach is being used for the local
management of EAC cancers. 

The use of meta-analysis is important for an optimal eval-
uation of the treatment strategies because it has been difficult
for a single institution to obtain a sufficient number of cases
to achieve satisfactory statistical power. A review of 26 pub-
lications containing information on 144 patients showed that
patients with carcinoma confined to the EAC had similar sur-
vival times, regardless of the type of surgery performed (e.g.,
mastoidectomy, lateral TBR, and subtotal TBR) [17]. Patients
with an extension of the disease into the middle ear had
longer survival times if they received a subtotal TBR. On the
other hand, the addition of radiation therapy to lateral TBR
did not improve the survival rates [17]. Another multi-insti-
tutional review of 87 records that focused primarily on the

Table 2. Stage-related disease control rates for external
auditory canal and middle ear cancer patients treated with
RT

Early stage Advanced stage
Postoperative RT 5/9 (55.6) 6/12 (50)
Definitive RT 2/3 (66.7) 3/8 (37.5)
Total 7/12 (58.3) 9/20 (45)

Values are presented as number (%). RT, radiotherapy.

Table 3. Patterns of failure for patients with external auditory canal and middle ear cancer according to the RT type

Recurrence site All patients Postoperative RT   Definitive RT 
(n=30) (n=20) (n=9)

Any recurrence 15 11 4
Local failure 4 3 1
Regional failure 1 0 1
Distant 10 8 2
Lung 7 6 1
Spine 2 1 1
Bone 1 1 0

RT, radiotherapy.
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roles of surgery and RT in these patients found that the 
5-year OS and DFS rates for all patients were 55% and 54%,
respectively [13]. Moreover, the T stage and treatment
modality were significant prognostic factors. The 5-year DFS
rates for the T1, T2, and T3 patients were 83%, 45%, and 0%
in the RT group, and 75%, 75%, and 46% in the surgery with
RT group, respectively. They concluded that a radical RT is
the treatment of choice for stage T1, and surgery combined
with RT is recommended for T2 or T3 stage cancer. The role
of chemotherapy, however, remains unclear [13].

Many authors have suggested that postoperative RT is 
effective for the control of residual tumors at incomplete 
resection margins [3,4,18]. The present study compared treat-
ment outcomes between early stage and advanced stage 
tumors according to the treatment modality (e.g., postoper-
ative and definitive RT). Although the results were not sta-
tistically significant, they suggested that the prognosis of
patients with early stage tumors is more favorable than for
patients with advanced stage tumors. Tumor extension is an
important prognostic factor for patients with these cancers.
These results also indicated that patients with early stage
cancer achieve better outcomes with definitive RT rather
than postoperative RT. The stage-related disease control rates
for definitive and postoperative RT were 66.7% and 55.6%,
respectively. Therefore, this study suggests that patients with
early stage cancer can undergo less invasive treatment. These
results and conclusions are consistent with those of a previ-
ous report [19]. Some authors have suggested that small 
lesions without bony erosion can be treated with RT alone
[17,20]. On the other hand, the disease control rates for 
advanced stage tumors treated with postoperative and 
definitive RT were 50% and 37.5%, respectively. Therefore,
patients with advanced stage tumors show better outcomes
when postoperative RT is used. Although the optimal radi-
ation dose is unclear, the median doses for tumor control in
this study were 59.4 Gy for postoperative RT and 68.4 Gy for
definitive RT. A previous study indicated that total doses of
65 to 75 Gy are needed to control the disease [21].

One limitation of this study was that it was a retrospective,
single institution study that included a 20-year time period.
Heterogeneity among the patient characteristics (e.g., tumor
histologic type) might have confounded the results. The most
common histologic type of carcinoma of the EAC and middle
ear is SCC. This type was also the most common type (65.6%)
in the present study population. ACC (28.1%) was the second
most common histologic type. ACC is a special entity among
tumors of the EAC; it has a slow proliferation rate and a low
tendency towards lymphatic spread. On the other hand, 
lesions recur frequently when they are not excised com-
pletely, which contributes to the poor prognosis of ACC 
patients [4]. Therefore, more aggressive surgery is recom-
mended for patients with incompletely resected ACC and

patients with late-stage diseases [19]. Paradoxically, this
study revealed 5-year OS rates of 76.2% and 50% for patients
with ACC and SCC, respectively. Secondly, although the
MRI findings can be used to evaluate the parotid, soft tissue,
infratemporal fossa, and temporal dura mater involvement
[22], the patients in the present study were staged according
to the clinical and CT-based radiologic findings so that the
results would be comparable to those in other studies that
used the Pittsburgh staging system. This staging system was
applied to all histologic types of tumors. Thirdly, 14 patients
(46.7%) experienced treatment failure; the incidence of dis-
tant failure was particularly high. Further investigation will
be needed to identify the role of chemotherapy for these 
patients. Physicians from several institutions have applied
chemoradiation therapy (CRT) to improve the patients’ prog-
nosis. They found preoperative CRT to be effective [3,22].
The results of meta-analysis to assess the role of CRT for EAC
SCC [15] suggested that preoperative CRT may improve the
survival of surgically treated patients with EAC SCC. The
meta-analysis results also suggested that definitive CRT may
be an effective alternative to surgical resection.

Surgical approaches to treat advanced stage EAC and mid-
dle ear cancer often cause severe complications [17,23]. In 
addition, because the recurrence rates are high, a minimum
of 66 Gy is recommended for patients with positive margins
[4]. Newer treatment techniques, such as 3-dimensional con-
formal and intensity-modulated RT, can be used to deliver
higher doses to the tumor and lower doses to the surround-
ing critical organs.

Conclusion

Patients with early stage EAC and middle ear carcinoma
had better outcomes when definitive RT was used. Patients
with advanced stage cancer experienced better outcomes
with postoperative RT. The high rate of distant failure after
RT, with or without surgery, reflected the lack of a consensus
on the best therapeutic approach for treating carcinomas of
the EAC and middle ear.
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Rare Incidence of ROS1 Rearrangement in Cholangiocarcinoma 

Original Article

Purpose
The recent discovery and characterization of an oncogenic ROS1 gene rearrangement has
raised significant interest because small molecule inhibitors are effective in these tumors.
The aim of this study was to determine frequency and clinicopathological features associ-
ated with ROS1 rearrangement in patients with cholangiocarcinoma (CCA). 

Materials and Methods
A total of 261 patients who underwent surgery for CCA between October 1997 and August
2013 were identified from an international, multi-institutional database. ROS1 rearrange-
ment was evaluated by break-apart fluorescence in situ hybridization using tissue microar-
rays of these patients. 

Results
Of 261 CCA evaluated, three cases (1.1%) showed ROS1 rearrangement by fluorescence
in situ hybridization (FISH), all of which were derived from intrahepatic origin. ROS1 protein
expression was observed in 38 samples (19.1%). Significantly larger tumor size was 
observed in ROS1 immunohistochemistry (IHC)–negative patients compared with ROS1
IHC–positive patients. ROS1 FISH–positive patients had a single tumor with a median size
of 4 cm and well-to-moderate differentiation. Overall, there was no difference in terms of
baseline characteristics, overall survival, and recurrence-free survival between ROS1-posi-
tive and -negative patients.

Conclusion
ROS1 rearrangement was detected in 1.1% of CCA patients. Although rare, conduct of clin-
ical trials using ROS1 inhibitors in these genetically unique patients is warranted. 

Key words
Cholangiocarcinoma, ROS1, Fluorescent in situ hybridizations 
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Introduction

Cholangiocarcinoma (CCA) is a lethal biliary tract cancer
[1]. The age-adjusted incidence rate is 3.3 per 100,000 among
Asians, and despite the relatively low incidence, the overall
incidence of CCA is increasing worldwide [2,3]. CCA is gen-
erally regarded as a surgical disease, and surgical resection
offers the only chance for long-term survival [4]. However,
most patients are diagnosed with advanced-stage disease,
which limits the treatment options. In addition, even after
curative-intent surgery, the survival outcomes are disap-
pointing with a 5-year survival rate of 20%-30% [5]. Combi-
nation chemotherapy with gemcitabine and a platinum agent
is regarded as a standard first-line treatment [6]; however,
the prognosis is still poor and overall survival (OS) remains
less than 12 months. Therefore, efforts to improve outcomes
for CCA by incorporating novel targeted therapeutics are 
urgently needed. 

Contemporary research techniques have enabled identifi-
cation of several markers involved in molecular pathogenesis
of CCA [7]. In a recent study from Singapore, 206 somatic
mutations were identified through exome sequencing of
liver-fluke associated CCA [8]. TP53 accounted for the most
common cancer-related gene (44%), followed by KRAS (17%)
and SMAD4 (17%). Genetic alterations associated with deac-
tivation of histone modifiers including ARID1A (9%) were
also identified. However, none of these genetic alterations is
amenable to targeted therapy. Recently, in the first phase 3
trial to assess a targeted therapy plus chemotherapy combi-
nation, improvement in OS was not observed by treatment
with gemcitabine and oxaliplatin with or without erlotinib.
Only a small improvement in median progression-free sur-
vival was observed in a subset of patients with CCA (5.9
months vs. 3.0 months) [9], and there was no distinct predic-
tive biomarker for erlotinib response in this study.

ROS1 rearrangements were recently detected in CCA 
patient tissues, suggesting that this could play a role as a
driver oncogene. The reported incidence of ROS1 rearrange-
ment was 8.7% of CCA patients [10]. Interestingly, fused-
in-glioblastoma-c-ros-oncogene 1 (FIG-ROS) fusion acceler-
ated cholangiocarcinogenesis in mouse models [11], support-
ing ROS1 as a novel therapeutic target in CCA. ROS1
rearrangement was previously detected in other solid tumors
including non-small-cell lung cancer (NSCLC) and glioblas-
toma [12-14]. To date, nine different ROS1 fusion partners
have been identified, all of which are potentially targetable
due to the intact cytoplasmic portion of the ROS1 tyrosine
kinase domain [15]. Due to the biological similarity of ROS1
and anaplastic lymphoma kinase (ALK), inhibition of ROS1
by several ALK inhibitors has been demonstrated [16]. 
Recent data from a phase 1 trial of crizotinib in the ROS1-

positive NSCLC expansion cohort showed an overall 
response rate of 72% [17]. Therefore, identification of ROS1
rearrangement in CCA could offer a new therapeutic option
in treatment of this fatal disease. 

The current study uses the largest data set yet generated
of CCA. The aim of this study was to determine the fre-
quency of ROS1 rearrangement and to evaluate clinicopatho-
logical features associated with ROS1 rearrangement in CCA
patients. 

Materials and Methods

1. Patients  

A total of 261 patients with CCA who underwent surgical
resection with curative intent between October 1997 and 
August 2013 were identified at two institutions (Yonsei Uni-
versity College of Medicine, Seoul, Korea; National Univer-
sity of Singapore, Singapore). The database was reviewed
retrospectively and only patients with histologically con-
firmed CCA and available tissue for ROS1 analysis were 
included. Patient records/information was anonymized and
de-identified prior to analysis. This study was approved by
the Institutional Review Boards of Severance Hospital and
Singapore General Hospital and the requirement for consent
was waived. 

Out of 261 patients, 242 patients (93%) were available for
ROS1 analysis. Standard demographic and clinicopathologic
data were collected, including sex, age, and primary tumor
characteristics. Specifically, data were collected on primary
tumor location, size, and number as well as morphologic
subtype and presence of vascular invasion, biliary invasion,
lymph node involvement, and stage. Staging was done 
according to the seventh edition of the American Joint Com-
mittee on Cancer/Union for International Cancer Control
staging manual. Dates related to treatment including sur-
gery, recurrence, and last follow-up were collected on all 
patients. OS was measured from the date of diagnosis until
the date of death and recurrence-free survival (RFS) was meas-
ured from the date of surgery until the date of recurrence. 

2. Tissue microarrays

The tumor samples were fixed in 10% buffered formalin,
processed, and embedded in paraffin using the standard pro-
tocol [18]. All hematoxylin and eosin–stained slides were 
reviewed, and representative areas were carefully selected
and marked on individual paraffin blocks. Three 3.0-mm tis-
sues cores were taken from each tumor specimen.
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3. ROS1 fluorescence in situ hybridization

For identification of ROS1 rearrangement, fluorescence in
situ hybridization (FISH) assays were performed using a
break-apart probe to ROS1 (Break-Apart Rearrangement
Probe, Abbott Molecular, Des Plaines, IL) according to the
manufacturer’s instructions using tissue microarrays. At
least 100 nuclei of tumor cells per case were evaluated. FISH
positivity for ROS1 rearrangement was defined as > 15% of
tumor cells with a split signal or > 15% of single green sig-
nals. FISH studies were interpreted by two experienced eval-
uators (J.E.Y. and Y.N.P.) who were blinded to the clinical
data. 

4. Immunohistochemical staining

Protein expression of ROS1 was detected by immunohis-
tochemical staining in the Korean cohort, and it was not per-
formed in the Singapore cohort due to lack of unstained
slides. Tissue microarray sections were stained using the
Ventana automated immunostainer BenchMark XT (Ventana
Medical Systems, Tucson, AZ). The slides were dried at 60°C
for 1 hour and deparaffinized using EZ Prep (Ventana Med-
ical Systems) at 75°C for 4 minutes. Cell conditioning was
performed using CC1 solution (Ventana Medical Systems) at
100°C for 8 minutes. ROS1 antibody (rabbit monoclonal,
clone D4D6, Cell Signaling Technology, Danvers, MA) was
diluted to 1:10, followed by treatment, and incubation at
37°C for 2 hours. Signals were detected using the OptiView
DAB IHC Detection Kit (Ventana Medical Systems). Coun-
terstaining was performed using Hematoxylin I (Ventana
Medical Systems) for 4 minutes at room temperature. 

5. Statistical analysis

Statistics were obtained using established methods and
presented as percentages, mean, or median values. Survival
was estimated using the Kaplan-Meier method for the 
median and 95% confidence interval (CI); comparison 
between groups was performed using a two-sided log-rank
test. Fisher exact test, t test, or Mann-Whitney U test were
used for comparison of differences between groups. p-values
of  0.05 were considered statistically significant. Statistical
analyses were performed using SPSS ver. 20.0 (IBM Co., 
Armonk, NY).

Results

1. Patient characteristics

The clinicopathological features of 261 patients including
208 intrahepatic CCAs and 53 extrahepatic CCAs are shown
in Table 1. The median age of all patients was 65.6 years and
males (56%) were predominant compared with females
(44%). The majority of patients presented with intrahepatic
CCAs (80%), a single tumor (81%) with a median tumor size
of 4.6 cm. The tumor was well-to-moderately differentiated
in 80% of patients. Lymphadenectomy was performed in 209
patients (80%), and 67 patients (32%) presented with lymph
node positive disease. The median preoperative carbohy-
drate antigen 19-9 level was 71.9 U/mL (range, 0 to 20,000
U/mL; reference value,  37 U/mL). In comparison of sam-
ples from the Korea and Singapore cohorts (Supplementary
Table 1), no significant difference in clinicopathological fea-
tures was observed between the two cohorts. 

2. Break-apart FISH and immunohistochemical analysis of
ROS1

Among 261 patients screened for ROS1 rearrangement, 245
cases were analyzed by FISH (detection rate, 93.9%), and

Table 1. Demographic and clinical characteristics of 
patients 

Variable No. (%) (n=261)
Age, median (range, yr) 65.6 (33-91)
Sex

Male 148 (56)
Female 113 (44)

Tumor location
Intrahepatic 208 (80)
Extrahepatic 53 (20)

Tumor size, median (range, cm) 4.6 (0.8-15)
Multiple tumors 51 (19)
Tumor differentiation

Well-moderately differentiated 211 (80)
Poorly differentiated 50 (20)

Lymph node disease 67/209 (32)
CA19-9, median (range, U/mL) 71.9 (0-20,000)
Stage

I 88 (34)
II 55 (21)
III 23 (9)
IV 95 (36)

CA19-9, carbohydrate antigen 19-9.
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FISH signal was not detected in 16 cases due to sample qual-
ity. Three cases showed ROS1-positivity (1.2%) by FISH; 
patients 1 and 2 showed break-apart signals, while patient 3
showed a single signal as shown in Fig. 1. Comparison of
ROS1-negative and -positive patients showed no significant
differences in baseline demographic and clinical characteris-
tics. For immunohistochemistry (IHC) analysis, 198 cases
were available for analysis of ROS1 protein expression. ROS1
protein expression was observed in 38 samples (19.1%).
Comparison of ROS1-negative and -positive patients showed
a significant difference in tumor size, while there was no dif-
ference in other parameters. ROS1-negative patients had a
significantly larger tumor size than ROS1-positive patients
(p=0.025) (Supplementary Table 2). Of note, among three
ROS1 FISH–positive cases, two patients (66.7%) showed
ROS1 immunoreactivity (Fig. 1). The sensitivity for the 
detection of ROS1 rearranged CCA was 66.7% with 81.5%
specificity.

3. Clinical outcome of patients

The clinical outcomes of all patients and ROS1-positive
versus ROS1-negative patients were compared. The median
OS was 36.6 months (95% CI, 26.8 to 46.3 months), and the
median RFS was 9.9 months (95% CI, 7.5 to 12.4 months) for
all patients (Fig. 2A and B). There were no statistical differ-
ences in terms of OS and RFS (Fig. 2C and D) between ROS1
FISH–positive and ROS1 FISH–negative patients, and there
was no statistical difference in terms of OS and RFS between
ROS1 IHC–positive and ROS1 IHC–negative patients.

4. Analysis of ROS1 FISH–positive patients

A detailed summary of the clinicopathological data of
three patients with ROS1 rearrangement is shown in Table 2.
These patients were all intrahepatic CCA, and no signs of 
hepatolithiasis and parasitic infection were detected. 
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Fig. 1. Representative ROS1 rearrangement features in cholangiocarcimomas. Fluorescence in situ hybridization (FISH)
showing ROS1 rearrangement with break-apart signals in patients 1 and 2 and single green signals in patient 3. FISH showing
ROS1 rearrangement with break-apart signals in low-power field  (A, F, K) and high-power field (B, G, L). FISH showing
ROS1 rearrangement with single green signals (K, L). The arrows indicate ROS1 break-apart or single green signals (A, F,
K, 400; B, G, L, 630). Immunohistochemical stain for ROS1 in ROS1 rearranged cholangiocarcinoma (C, H, M, 200). 
Microscopic features (D, I, N, H&E staining, 200) and photographs of surgical specimens (E, J, O) are also shown. 
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Patient 1 had a 6.5-cm-sized mass forming tumor with
moderate differentiation. Patient 2 had a 3-cm-sized CCA
with intraductal growth and well differentiation. Patient 3
had a 3-cm-sized CCA with periductal infiltrative growth
and moderate differentiation. Patients 1 and 3 showed lymph
node metastasis of CCA. 

Discussion

In this study, we screened CCA tissue archives and found
that approximately 1.1% of CCA patients harbored ROS1
rearrangement. Of note, all ROS1-positive patients had 
intrahepatic CCA. To date, this is the first large-scale screen-
ing effort to examine the frequency of ROS1 rearrangement
in CCA patient tissue.

CCA is a fatal disease with a huge unmet need for novel
therapeutics and efforts have been made to define genetic
sub-classification of CCA. The potentially targetable signal-
ing pathways in CCA include EGFR, VEGF, HER2/neu, MET,
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AKT, PI3K/mTOR, MEK, PARP1/2, IDH1, and IDH2 [1]. How-
ever, clinical trials targeting these genetic alterations have
not been successful in proving survival benefit. Combina-
tions of doublet chemotherapy with anti-EGFR agents have
shown modest results, and responses with small molecule
inhibitors are limited. Use of erlotinib, lapatinib, sorafenib,
cetuximab, and bevacizumab has been attempted in biliary
tract cancer patients, but the response rates are between 
0%-12%, median progression-free survival of 1.8 to 3.7
months, and median OS of 4.4 to 9.8 months. Therefore,
greater effort is required for identification of genomically 
homogenous patient subsets who would benefit from spe-
cific targeted agents. 

The discovery and characterization of ROS1 rearrange-
ment in CCA has attracted significant clinical interest 
because small molecule inhibitors have effective antitumor
activity. Because ALK and ROS1 share an approximately 49%
amino acid sequence in the kinase domain, ALK inhibitors
have been proved to be effective in inhibiting ROS1 activity
[16]. In addition, an orthotopic allograft mouse model of 
intrahepatic CCA validated FIG-ROS1 fusion as a potent
oncogene where it cooperates with KRAS and mutant p53 to
accelerate tumor onset [11]. These results suggest that ROS1
rearrangement in CCA may be a promising druggable target
requiring further investigation.  

While nine fusion partners to ROS1 have been identified
(FIG, CCDC6, CD74, EZR, KDELR2, LRIG3, SLC34A2, SDC4,
and TPM3), all of which retain the ROS1 cytoplasmic kinase
domain [15,16], only FIG-ROS1 fusion transcript has been
identified in CCA so far. The frequency of ROS1 rearrange-
ment in CCA has not yet been well-defined. Gu et al. [10],
who screened for ROS1 rearrangement by reverse transcrip-
tase-polymerase chain reaction (RT-PCR) in CCA patients,
reported the frequency of FIG-ROS1 rearrangement as 8.7%
(2 out of 23). However, Arai et al. [18] recently reported that
the FIG-ROS1 fusion in CCA was 0% when screened by 
RT-PCR in 102 patients. We report the frequency of ROS1
rearranged tumors as 1.1% in the largest cohort ever. Despite
its low incidence, we agree that ROS1 rearrangements war-
rant a new molecular subtype of CCA. Indeed, the results of
an ongoing clinical trial of a drug targeting ROS1 rearrange-
ment in CCA patients are eagerly awaited (NCT02374489). 

Regarding the screening method of ROS1 rearrangement,
FISH and RT-PCR have been commonly used, although time
consuming, costly, and not suitable for massive screening.
Accurate identification of ROS1-rearranged cancers by IHC
analyses using an anti-ROS1 rabbit monoclonal antibody
(D4D6) showing 100% (8/8) sensitivity and 100% (138/138)
specificity when compared with break-apart FISH in lung
cancer was recently reported [19]. However, there are no con-
crete data validating the screening utility of IHC in CCA. 
In a recent study IHC screening of ROS1 expression in intra-
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hepatic CCA showed 37.1% (72/194) positivity, but all were
FISH-negative [20]. Similarly, in our study incidence of ROS1
protein expression was significantly higher than gene 
rearrangement (19.1% vs. 1.2%). As protein expression of
ROS1 may result from amplification and epigenetic changes,
we should be cautious in interpreting results of ROS1 
immunohistochemistry in CCA. For now, IHC cannot be an
efficient screening method, and further validation with 
respect to ROS1 diagnostics should be established in the 
future. 

The limitation of this study is the lack of information on
the fusion variants in ROS1-positive samples, which was due
to insufficient tissue samples and poor quality of extracted
RNA in formalin-fixed, paraffin-embedded tumors.

Conclusion

In conclusion, we screened for ROS1 rearrangement in the
largest-ever international of cohort of 261 CCAs including
208 intrahepatic CCAs and 53 extrahepatic CCAs. ROS1
rearrangement was detected in 1.2% of total CCAs and 1.4%
of intrahepatic CCAs. Our results indicate that future screen-
ing efforts may offer a new therapeutic option for advanced
CCA patients. Further investigation on the impact of ROS1
inhibition on the survival of CCA patients harboring ROS1
rearrangements is necessary. 
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Concurrent Chemoradiotherapy with Temozolomide Followed by 
Adjuvant Temozolomide for Newly Diagnosed Glioblastoma Patients: 
A Retrospective Multicenter Observation Study in Korea

Original Article

Purpose
The purpose of this study was to investigate the feasibility and survival benefits of combined
treatment with radiotherapy and adjuvant temozolomide (TMZ) in a Korean sample. 

Materials and Methods
A total of 750 Korean patients with histologically confirmed glioblastoma multiforme, who
received concurrent chemoradiotherapy with TMZ (CCRT) and adjuvant TMZ from January
2006 until June 2011, were analyzed retrospectively. 

Results
After the first operation, a gross total resection (GTR), subtotal resection (STR), partial 
resection (PR), biopsy alone were achieved in 388 (51.7%), 159 (21.2%), 96 (12.8%), and
107 (14.3%) patients, respectively. The methylation status of O6-methylguanine-DNA methyl-
transferase (MGMT) was reviewed retrospectively in 217 patients. The median follow-up
period was 16.3 months and the median overall survival (OS) was 17.5 months. The actu-
arial survival rates at the 1-, 3-, and 5-year OS were 72.1%, 21.0%, and 9.0%, respectively.
The median progression-free survival (PFS) was 10.1 months, and the actuarial PFS at 1-,
3-, and 5-year PFS were 42.2%, 13.0%, and 7.8%, respectively. The patients who received
GTR showed a significantly longer OS and PFS than those who received STR, PR, or biopsy
alone, regardless of the methylation status of the MGMT promoter. Patients with a methy-
lated MGMT promoter also showed a significantly longer OS and PFS than those with an
unmethylated MGMT promoter. Patients who received more than six cycles of adjuvant TMZ
had a longer OS and PFS than those who received six or fewer cycles. Hematologic toxicity
of grade 3 or 4 was observed in 8.4% of patients during the CCRT period and in 10.2%
during the adjuvant TMZ period.   

Conclusion
Patients treated with CCRT followed by adjuvant TMZ had more favorable survival rates and
tolerable toxicity than those who did not undergo this treatment.

Key words
Glioblastoma, Temozolomide, MGMT, Chemoradiotherapy
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Introduction

Glioblastoma multiforme (GBM) is the most common 
malignant type of primary brain tumor, comprising approx-
imately 52% of all primary brain tumors [1]. Despite the use
of a multidisciplinary treatment approach, the prognosis of
GBM is extremely poor; most patients die within 2 years after
the initial diagnosis [2-4]. Currently, the standard treatment
for newly diagnosed GBM consists of a surgical resection to
the extent feasible, followed by concurrent chemoradiother-
apy with temozolomide (CCRT) and adjuvant temozolomide
(TMZ). In 2004, a randomized phase III multicenter trial 
reported that CCRT followed by adjuvant TMZ improved
the median survival and 2-year survival over postoperative
radiotherapy (RT) alone [5]. Based on these results, the U.S.
Food and Drug Administration approved the concomitant
use of TMZ with RT for newly diagnosed GBM patients.
Through a follow-up study longer than 5 years, Stupp et al.
[6] reported that CCRT followed by adjuvant TMZ improved
the long-term survival compared to RT alone, and that
methylation of the O6-methylguanine-DNA methyltrans-
ferase (MGMT) promoter was correlated with a better overall
survival (OS). Recently, Yang et al. [7] reported a variance in
the correlations between MGMT promoter methylation and
both the OS and progression-free survival (PFS) among an
ethnically-diverse sample of GBM patients. In their meta-
analysis, they found that subjects of European descent had a
better OS and PFS in GBM with the MGMT promoter methy-
lation compared to different race according to univariate or
multivariate analysis, whereas subjects of East Asian descent
had a longer OS compared to difference race according to
multivariate analysis only. Only a few studies of OS and PFS
among Korean GBM patients that account for MGMT pro-
moter methylation have been reported. In particular, there
are no large case studies of Korean GBM patients examining
the efficacy and safety of CCRT followed by adjuvant TMZ. 

This study assessed the efficacy and safety of CCRT fol-
lowed by adjuvant TMZ for patients with a newly diagnosed
GBM through a multicenter, retrospective study of a large
case series for the first time in Korea. 

Materials and Methods

1. Patient sample 

Patients older than 20 years with a newly diagnosed GBM
were assessed through retrospective chart reviews. All 
patients were confirmed histologically with GBM. Nineteen 

institutions participated in the study, and chart reviews for
the clinical and radiological findings were performed inde-
pendently and analyzed at each institution. The institutional
review boards of all participating centers approved the
study. A central pathologic review of histopathological spec-
imens from all patients included in the study was performed
by three neuropathologists (K.-H.L., Y.-S.L., and S.H.K.).

2. Treatment protocols 

All patients were treated with CCRT with or without 
adjuvant TMZ according to Stupp’s regimens [5]. The maxi-
mal surgical resection of tumors was performed within the
feasible limits. The extent of the resection was classified as a
gross total resection (GTR), subtotal resection (STR), partial
resection (PR), or biopsy alone. Patients received CCRT
within 6 weeks after the pathological confirmation of GBM
where possible. The patients were irradiated with a total
dose of 60 Gy, with daily fractions of 2 Gy given 5 days per
week for 6 weeks, using conventional three-dimensional
conformal RT. Alternative RT protocols, such as two-dimen-
sional RT and intensity-modulated RT with or without a 
simultaneous-integrated boost were included to avoid any
selection bias and reflect regular clinical situations. TMZ was
administered at 75 mg/m2 every day for 6 weeks during the
RT period. After a 4-week break, the patients received adju-
vant TMZ for the first 5 days of each 28-day cycle provided
that they continued to tolerate the treatment. The dose of 
adjuvant TMZ was 150 mg/m2/day for the first cycle, which
was increased to 200 mg/m2/day at the beginning of the sec-
ond cycle if no hematologic toxicity had occurred. 

3. Follow-up and evaluations

The extent of the resection was evaluated by postoperative
brain magnetic resonance imaging (MRI) with gadolinium
enhancement within 48 hours after surgery. The GTR was
defined as > 99% removal of the initial tumor, STR as 50%-
99%, and the PR as < 50%. The MRI scans were performed
before the first cycle and after every two or three cycles of
adjuvant TMZ. The assessments of the radiologic outcomes
were defined according to the RANO criteria [8]. The pri-
mary end-point was the OS, and the secondary end-points
were PFS and safety. The PFS was defined as the time from
the date of the initial operation to documented disease pro-
gression or the date of the final follow-up visit. The OS time
was measured from the date of the initial operation to death
or the date of the final follow-up visit. Patients who were
alive at the time of analysis were included as censored 
observations. The methylation status of the MGMT promoter
was evaluated using a methylation-specific polymerase chain
reaction where possible. The toxic effects of the treatment
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were graded as follows according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events
(NCI CTCAE) ver. 4.0.3: a score of 1, indicating mild adverse 
effects; 2, indicating moderate adverse effects; 3, indicating
severe adverse effects; 4, indicating life-threatening adverse
effects; and 5, denoting death related to adverse effects.

4. Statistical analysis

The prognostic factors associated with survival, including
the age at diagnosis, sex, preoperative Karnofsky perform-
ance status (KPS), tumor location, extent of resection, use of
adjuvant TMZ, and methylation status of the MGMT pro-
moter, were examined by univariate and multivariate analy-
ses. The OS and PFS were analyzed using the Kaplan-Meier
method with two-sided log-rank tests. Differences were con-
sidered statistically significant at p-value < 0.05. All statistical
analyses were performed using SPSS ver. 23.0 (IBM Corp.,
Armonk, NY).

Results

1. Patient characteristics

A total of 750 patients from 19 institutions were enrolled
and treated according to Stupp’s protocol from January 2006
until June 2011. Of these patients, 415 (55.3%) were male and
335 (44.7%) were female; the median age at the first operation
was 57.5 years (range, 20 to 86 years). Three hundred eighty-
seven patients (51.7%) showed a KPS score  90 at diagnosis.
Supratentorial lesions were observed in 719 patients (95.9%)
and infratentorial lesions were noted in 31 patients (4.1%).
Among the supratentorial lesions, deep-seated GBMs were
found in 106 patients (4.7%) and superficial GBMs were
found in 613 patients (85.3%). At the first operation, GTR,
STR, PR, and biopsy alone were achieved in 388 (51.7%), 159
(21.2%), 96 (12.8%), and 107 (14.3%) patients, respectively. A
central pathological review confirmed the diagnosis of GBM
in all cases reviewed. The median time from diagnosis to the
start of RT was 3.6 weeks (range, 0.7 to 26.6 weeks). The 
median therapeutic radiation dose was 60 Gy (range, 4 to 84
Gy). Among the 750 patients assigned to receive CCRT, 659
(87.9%) completed CCRT as planned. After CCRT, 660 
patients (88%) started adjuvant TMZ and received a median
of six cycles (range, 0 to 15 cycles); 407 patients (61.7%) com-
pleted six cycles. The reasons for not starting or not complet-

Byung Sup Kim, Combined Treatment with RT and TMZ in GBM

GTR
STR, PR, Bx

Resection status

Su
rv

iva
l p

ro
ba

bi
lit

y

1.0

0.8

0.6

0.4

0.2

0
0

Time from diagnosis until death (mo)
4020 60 80 100 120 0 4020 60 80 100 120

A

 P
FS

 ra
te

1.0

0.8

0.6

0.4

0.2

0

Time from diagnosis until progression (mo)

B

GTR
STR, PR, Bx

Resection status

p < 0.001 p=0.001

Fig. 1. Kaplan-Meier curves showing overall survival (OS) (A) and progression-free survival (PFS) (B) according to the extent
of the resection. Patients who received gross total resection (GTR) showed a significantly longer OS (21.0 months vs. 15.8
months) and PFS (10.9 months vs. 9.1 months) than those who received subtotal resection (STR), partial resection (PR), or
biopsy (Bx) alone. 
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ing adjuvant TMZ therapy were disease progression (32.6%),
toxic effects (3.5%), and follow-up loss (2.3%). The median
KPS in those patients who completed and did not complete
adjuvant TMZ was 90 (range, 20 to 100) and 80 (30 to 100),
respectively. The methylation status of the MGMT promoter
was evaluated in 217 of the 750 patients (28.9%). Of the 217
patients, 89 (41.0%) had the methylated MGMT promoter,
and 128 (59.0%) had the unmethylated MGMT promoter. 

2. Survival outcome and progression

At the time of the analysis, 690 patients (92.0%) had died.
The median follow-up period was 16.3 months (range, 0.3 to
105.1 months), and the median OS was 17.5 months (95%
confidence interval [CI], 16.5 to 18.5). The actuarial survival
rates at 1-, 3-, and 5-year OS were 72.1%, 21.0%, and 9.0%, 
respectively. The median PFS was 10.1 months (95% CI, 9.3
to 10.9), and the actuarial PFS at 1-, 3-, and 5-year PFS was
42.2%, 13.0%, and 7.8%, respectively. In univariate analysis
for survival in all patients, the age at diagnosis (p < 0.001),
preoperative KPS (p < 0.001), tumor location (p < 0.001), 
extent of resection (p < 0.001), use of adjuvant TMZ (p < 0.001),
and methylation status of the MGMT promoter (p=0.012)
were correlated with survival. The age at diagnosis (p=0.003),
extent of the resection (p < 0.001), and use of adjuvant TMZ
(p < 0.001) were correlated with the survival in both univari-
ate and multivariate analyses. In addition, the methylation

status of the MGMT promoter (p=0.083) was not correlated
with survival in multivariate analysis. Patients who had 
received GTR showed a significantly longer OS (21.0 months
vs. 15.8 months, p=0.001) (Fig. 1A) and longer PFS (10.9
months vs. 9.1 months, p=0.001) (Fig. 1B) than those who had
received STR, PR, or biopsy alone in both univariate and
multivariate analyses. Patients with the methylated MGMT
promoter had a longer OS (23.9 months vs. 16.7 months,
p=0.012) (Fig. 2A) and longer PFS (13.2 months vs. 9.3
months, p=0.006) (Fig. 2B) than those with the unmethylated
MGMT promoter. When analyzing the extent of the resection
according to the methylation status of the MGMT, patients
receiving GTR showed a significantly longer OS than those
receiving STR, PR, or biopsy alone in the groups with both
the methylated (28.6 months vs. 16.7 months, p=0.001) 
(Fig. 3A) and unmethylated MGMT promoter (19.0 months
vs. 14.8 months, p=0.001) (Fig. 3C). As with OS, a signifi-
cantly higher PFS was observed in patients receiving GTR
compared to those receiving STR, PR, or biopsy alone in both
groups with the methylated (20.7 months vs. 11.1 months,
p=0.041) (Fig. 3B) and unmethylated MGMT promoter (10.6
months vs. 7.2 months, p=0.030) (Fig. 3D). The use of adju-
vant TMZ was associated with survival according to both
univariate and multivariate analyses. The OS and PFS were
compared in patients with the methylated and unmethylated
MGMT promoter, considering the degree of completeness of
adjuvant TMZ (Table 1). Patients with the methylated
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MGMT promoter had a longer OS and longer PFS as the
number of adjuvant TMZ cycles approached six compared
to those who had the unmethylated MGMT promoter (Fig. 4).

3. Treatment-related hematologic toxicity

The incidence and degree of hematologic toxicity were 
analyzed separately according to the period of CCRT and 
adjuvant TMZ. A total of 115 patients (15.3%) showed grade
3 or 4 hematologic toxicity, as evaluated by CTCAE ver. 4.0.3
during the CCRT and the adjuvant TMZ period. During the
CCRT period, grade 3 or 4 hematologic toxicity was noted in
63 patients (8.4%), including 41 patients (5.5%) with lympho-
cytopenia, 10 patients (1.3%) with neutropenia, eight patients
(1.1%) with thrombocytopenia, seven patients (0.9%) with
leukopenia, and five patients (0.7%) with anemia. During the
adjuvant TMZ period, grade 3 or 4 hematologic toxicity was
reported in 66 patients (10.2%), including 42 patients (6.4%)
with lymphocytopenia, 17 patients (2.6%) with neutropenia,
13 patients (2.0%) with thrombocytopenia, five patients
(0.8%) with anemia, and two patients (0.3%) with leukope-
nia.

Discussion

In previous studies, age, performance status, extent of 
resection, methylation status of the MGMT promoter, and
the use of TMZ were identified as prognostic factors for 
patients with GBM [6,9,10]. In the present study, age, extent
of the resection, and use of adjuvant TMZ were correlated
with a better OS according to univariate and multivariate
analyses, whereas the tumor location and methylation status
of the MGMT promoter were prognostic factors of OS in uni-
variate analysis alone. These findings are consistent with
those of previous studies. Table 2 summarizes the results of
Stupp’s trial and other studies in East Asian samples.

In 2004, the European Organization for Research and
Treatment of Cancer (EORTC) and National Cancer Institute
of Canada (NCIC) trial (Stupp’s trial) demonstrated a median
OS and PFS of 14.6 and 6.9 months in patients with newly
diagnosed and histologically proven GBM, respectively. In
the present study, the median OS and PFS were 17.5 and 10.1
months, respectively. Although the treatment in the present
study was based on Stupp’s protocol, better clinical out-
comes were observed than those of Stupp’s trial. Several dif-
ferences were observed between the studies, which could
explain the improved survival. One possible explanation was
the superior GTR rate. The number of TMZ-treated patients
who received GTR was larger than that in Stupp’s trial
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(51.7% vs. 39%). The literature indicates that GTR is a signif-
icant prognostic factor in patients with a primary GBM 
[11-15]. In the current series, patients who received GTR
showed a longer OS and longer PFS than those who received
STR, PR, or biopsy alone, regardless of the methylation status
of the MGMT promoter. Selection bias may also have 

occurred due to the differences between a prospective ran-
domized study (Stupp’s trial) and a retrospective multi-
institutional study (the present study).

The methylation status of the MGMT promoter is a sug-
gested predictive factor of the survival of patients with newly
diagnosed GBM treated with RT and TMZ [6,16,17]. The epi-
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genetic silencing of the MGMT gene by methylation of the
MGMT promoter leads to a loss of MGMT expression and a
decrease in DNA repair activity, resulting in increased sen-
sitivity to TMZ and a longer OS [5]. On the other hand,
whether methylation of the MGMT promoter is truly a prog-
nostic marker or a predictive marker of the sensitivity to
alkylating agents or radiation is unclear [18-20]. In the cur-
rent study, the MGMT methylation status was a prognostic
factor of survival in univariate analysis alone. Patients with
a methylated MGMT promoter and underwent Stupp’s pro-
tocol showed significantly a longer OS and longer PFS than
those with the unmethylated MGMT promoter. These results
are consistent with those of a previous study [18]. Among
the 573 patients enrolled in Stupp’s trial, Hegi et al. [18] 
analyzed the MGMT methylation status in 206 patients for
whom the MGMT status could be evaluated. In 106 patients
who received CCRT, patients with methylated MGMT pro-
moter (43.4%) showed a significantly longer OS and longer
PFS than those with the unmethylated MGMT promoter
(56.6%) (OS, 21.7 months vs. 12.7 months; PFS, 10.3 months
vs. 5.3 months). These results also imply that a methylated
MGMT promoter is predictive of a response to RT and is a
prognostic factor in GBM.

The differences in survival between the present and pre-
vious studies could also be explained by the early start of
postoperative RT and the number of adjuvant TMZ cycles
administered. The median cellular doubling time of GBM is
17 days. As the tumor grows and produces satellite growths,
the chance of a regional miss increases during radiation treat-
ment [21]. Consequently, any delays in time from surgery to
the start of RT are correlated with a poor survival [22]. The
median time from surgery to the start of RT was 5 weeks in
Stupp’s trial, whereas postoperative RT was started within a
median time of 3.5 weeks in the present study. A disparity
in the degree of completion of adjuvant TMZ was observed
between the groups. Although adjuvant TMZ was adminis-
tered for a maximum of six cycles in Stupp’s trial, in the pres-
ent study, adjuvant TMZ was continued provided that it was
tolerated (median cycle, 3 cycles vs. 6 cycles, respectively).
The number of patients completing six cycles of adjuvant
TMZ was also greater in the present study than in Stupp’s
trial (61.7% vs. 47%). Seiz et al. [23] compared the OS and PFS
in patients who received six cycles or fewer and more than
six cycles of adjuvant TMZ. Among a total of 114 patients
treated with Stupp’s protocol, 55 received adjuvant TMZ of
six cycles or less, and 59 received more than six cycles. Cor-
relations were observed between the degree of completion
of adjuvant TMZ and both OS and PFS [23]. In the present
study, the administration of adjuvant TMZ after CCRT was
the strongest prognostic factor of survival, and the degree of
completion of adjuvant TMZ was correlated with the OS and
PFS regardless of the methylation status of the MGMT pro-

moter. These results suggest that adjuvant TMZ is crucial for
prolonging the OS and PFS in Korean patients with a newly
diagnosed GBM. 

Finally, the incidence of hematologic toxicity of grade 3 or
4 during the CCRT period was slightly greater in the present
study than in Stupp’s trial (8.4% vs. 6.7%). In contrast to the
CCRT period, the incidence of hematologic toxicity of grade
3 or 4 during the adjuvant TMZ period was lower in the pres-
ent study than in Stupp’s trial (10.2% vs. 14.3%). Hematologic
toxicity of grade 3 or 4 was considered tolerable compared
to other studies [5,10,24,25]. 

Conclusion

Patients treated with CCRT followed by adjuvant TMZ
had more favorable survival rates and tolerable toxicity. On
the other hand, the present study has limitations because of
its retrospective nature, the study range was restricted to
adult GBM, and the use of a different treatment protocol
from that already recognized as the standard for newly 
diagnosed GBM. Nevertheless, this study is the first large,
multicenter, observational study of GBM treatment in a sam-
ple of Korean patients. A randomized, prospective study of
a large case series will be needed explore ways of improving
the survival among Korean GBM patients. 
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Purpose
Gastric cancer is the third-leading cause of cancer-related death in Korea. As the Korean
population is ageing, the number of extremely old patients with this disease is increasing.
This study examined the clinicopathological characteristics of gastric cancer in extremely
old (over 85 years) patients who received treatment or conservative observations and com-
pared the treatment outcomes according to the treatment modality. 

Materials and Methods
A total of 170 patients over 85 years of age were diagnosed with gastric cancer. Of these,
81 underwent treatment for gastric cancer and 89 received conservative observations. The
clinicopathological characteristics of the treatment and conservative groups were compared. 

Results
The mean age of the patients was 86.5 years. The conservative group included significantly
more patients with older ages, macroscopically advanced cancer and upper-middle located
cancer. The overall survival rate of the treatment group was significantly higher than that of
the conservative group. The disease-specific mortality rate was significantly lower in the
treatment group than in the conservative group. Multivariate analysis revealed the clinical
course, alarm sign, and macroscopic classification to be independent prognosis factors.

Conclusion
By itself, the chronological age should not be used as a strategy to determine whether treat-
ment will be administered for gastric cancer. Patients who have early gastric cancer or lower-
risk preexisting comorbidities should not be discouraged from treatment, even if they are
older than 85 years.
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Introduction

Following thyroid cancer, gastric cancer (GC) is the second
most common cancer in Korea [1]. Recently, as the Korean
society is aging, there has been an increasing number of eld-
erly patients diagnosed with GC. Despite this, there is little
data available on the clinicopathological characteristics of GC
in elderly patients, particularly in those who are very elderly.
In Korea, the life expectancy is more than 80 years and the

most common cause of death is cancer [2]. According to the
statistics released by Statistics Korea, approximately 12% of
cancer-related deaths have been caused by GC in recent
years. Although the 5-year survival rate of GC has been 
increasing over the past two decades due to early detection
by screening endoscopy [3], little is known about GC screen-
ing in the very elderly. 

Endoscopic treatment is the accepted standard treatment
for selected cases of GC. The safety of endoscopic treatment
is comparable to surgery in elderly patients [4-8]. Endoscopic
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resections (ERs) are also performed on elderly patients with
comorbid heart and lung diseases [9]. Therefore, the strategy
of GC treatment varies in elderly patients with age-associ-
ated comorbidities. Age is a clinically important factor for
determining the treatment modality [10], and clinicians are
often cautious when managing elderly patients with GC 
because of their age-related performance status [11-13].

This study investigated the clinicopathological character-
istics of GC in extremely old (over 85 years) patients who 
received treatment or conservative observations. In addition,
the treatment outcomes were compared according to the
treatment modality. 

Materials and Methods

1. Patients 

From June 1998 to July 2014, a total of 358 patients over 85
years old were diagnosed with GC at Severance Hospital
(Seoul, Korea). For the present analysis, the following 
patients were excluded (1) those who had no subsequent fol-
low-up visits after diagnosis, (2) those who had a significant
comorbidity that could affect the mortality, and (3) those
who had been treated at another hospital during the follow-
up period. Of the 358 patients, 188 were excluded and the 
remaining 170 were enrolled. The patients were evaluated in
terms of their general information, such as age, sex, and treat-
ment method. The variables investigated also included the
macroscopic classification, histological classification, comor-
bidity, postoperative mortality, and clinical outcome. As cat-
egorized by the treatment modality for GC, 81 patients
underwent treatment (treatment group), such as an endo-
scopic resection, surgery, chemotherapy, or radiotherapy,
and 89 patients received conservative observation (conserv-
ative group). The staging of the patients in the conservative
group could not be evaluated accurately. Therefore, the 
patients were divided roughly into two groups: those with
macroscopically early GCs (cancer confined to the mucosa
or submucosa) and those with macroscopically advanced GC
(cancer with invasion extending through the muscularis pro-
pria). The patients’ medical records were reviewed retrospec-
tively. The Institutional Review Board (IRB) of Severance
Hospital approved this study (IRB approval number: 4-2014-
0464).

2. Statistical analysis

The chi-square test and Fisher exact test were used to com-
pare the clinicopathological characteristics between the treat-

ment-modality groups. Follow-up data on all patients were
obtained from the Korea National Health Insurance Service
database. The median follow-up period was 17.8 months
(range, 0.1 to 172.4 months). The survival curves were esti-
mated using the Kaplan-Meier method. The accepted signif-
icant level was p < 0.05. All statistical analyses were perfor-
med using SPSS ver. 20.0 for Windows (IBM Co., Armonk,
NY).

Results

1. Clinicopathological characteristics 

The sex or histologic type was similar in the two groups.
On the other hand, older age, macroscopically advanced can-
cer, and upper-middle located cancer were significantly
more common in the conservative group (Table 1). In the
treatment group, 21 patients underwent ER, 48 patients 
underwent gastrectomy, and 12 patients underwent chemo-
therapy or radiotherapy. Of the 21 patients who received ER,
20 had lesions included in the absolute indication and one
patient had lesions included in the expanded indication. Of
the 48 patients who received surgery, 46 underwent a cura-
tive gastric resection (subtotal gastrectomy, n=43; total gas-
trectomy, n=3) and two received palliative gastrectomy. The
curative resection rate was 18/21 (85.7%) for ER and 46/48
(95.8%) for gastrectomy. In the conservative observation
group, 38/89 patients (42.7%) refused the recommended
treatment. 

In the overall study cohort, the most common concomitant
disease was hypertension (32.9%). Eighty-two patients
(48.2%) had one or more comorbid diseases and 37 patients
(21.8%) had more than two comorbid diseases.

One hundred forty-three patients (84.1%) visited the hos-
pital with symptoms and 27 patients (15.9%) were diagnosed
with GC during a health check-up. The most common initial
presentation was abdominal pain, which was present in 69
patients (40.6%). Thirty-seven patients (21.8%) had alarm
signs (weight loss, signs and symptoms of upper gastroin-
testinal bleeding, and anemia), and the presence of an alarm
sign was significantly more common in the conservative 
observation group than in the treatment group. On the other
hand, indigestion was significantly more common in the
treatment group.

2. Clinical outcomes

A postoperative complication (bleeding) occurred in one
patient who underwent a gastrectomy; this patient died three
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days after surgery. No other procedure-related complications
were observed in the patients who received ER. Recurrence
developed in two of the patients who received ER. One 
patient had a local recurrence and the other patient devel-
oped liver metastasis. Eight of the patients who underwent
surgery experienced a recurrence.

3. Survival 

The overall survival rate in the treatment group was sig-
nificantly higher than that in the conservative group 
(Fig. 1A). Furthermore, the disease-specific mortality was
significantly lower in the treatment group than in the con-

Table 1. Clinicopathological characteristics of the treatment and conservative observation groups

Factor Treatment group Conservative group p-value(n=81) (n=89)
Age (yr) 85.9±1.9 87.1±2.6

Range 85.0-94.0 85.0-96.0 0.003
Sex

Male 58 (71.6) 53 (59.6) 0.109
Female 23 (28.4) 36 (40.4)

Macroscopic classification
Early 34 (42.0) 12 (13.5) < 0.001
Advanced 47 (58.0) 77 (86.5)

Histologic type
Differentiated 55 (67.9) 58 (65.2) 0.747
Undifferentiated 26 (32.1) 31 (34.8)

Location
Upper 5 (6.2) 22 (24.7) 0.001
Middle 23 (28.4) 30 (33.7)
Lower 53 (65.4) 35 (39.3)
Unknown 0 ( 2 (2.2)

Tumor size (cm) 4.63±3.42 4.64±2.44 0.981
Distant metastasis

Absence 74 (91.4) 50 (56.2) < 0.001
Presence 7 (8.6) 25 (28.1)
Unknown 0 ( 14 (15.7)

Concomitant disease
None 40 (49.4) 48 (53.9) 0.645
Hypertension 28 (34.6) 28 (31.5) 0.744
Cardiovascular disease 5 (6.2) 3 (3.4) 0.481
Diabetes mellitus 13 (16.0) 11 (12.4) 0.516
Cerebral infarction 13 (16.0) 3 (3.4) 0.007
Chronic pulmonary disease 2 (2.5) 4 (4.5) 0.684
Chronic kidney disease 1 (1.2) 2 (2.2) > 0.99
Other malignancy 3 (3.7) 7 (7.9) 0.335

Initial presentation
Abdominal pain 30 (37.0) 39 (43.8) 0.435
Indigestion 21 (25.9) 10 (11.2) 0.017
Hematemesis 4 (4.9) 9 (10.1) 0.255
Melena 2 (2.5) 8 (9.0) 0.103
Hematochezia 2 (2.5) 0 (0.0) 0.226
Anemia 1 (1.2) 7 (7.9) 0.068
General weakness 1 (1.2) 5 (5.6) 0.215
Weight loss 2 (2.5) 2 (2.2) > 0.99
None 18 (22.2) 9 (10.1) 0.037

Values are presented as mean±standard deviation or number (%) unless otherwise indicated.
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servative group (Fig. 1B). The 81 patients in the treatment
group and the 89 patients in the conservative group were 
divided into early GC and advanced GC subgroups, as
shown in Fig. 2. For the patients with advanced GC, the over-
all survival rate was significantly higher in the treatment
group than in the conservative group. For patients with early

GC, the overall survival rate was also significantly higher in
the treatment group than in the conservative group 
(p < 0.001) (Fig. 2A). Similarly, the disease-specific mortality
in the treatment group was significantly lower than that in
the conservative group, regardless whether early or 
advanced GC had been diagnosed (p < 0.001) (Fig. 2B). Sub-
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Fig. 1. (A) Overall survival rate of the treatment (n=81) and conservative (n=89) groups. (B) Disease-specific mortality of the
treatment (n=81) and conservative (n=89) groups.  
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group analysis was performed on the overall survival and
disease specific mortality between the conservative observa-
tion group who refused the recommended treatment and the
treatment group. The overall survival rate of the treatment
group was significantly higher than the conservative obser-
vation group who refused the recommended treatment and

the disease specific mortality rate was significantly lower
(Fig. 3). The patients in the treatment group and the conser-
vative observation group who refused the recommended
treatment were divided into early GC and advanced GC sub-
groups. The overall survival rate was significantly higher
and the disease-specific mortality rate was significantly
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Fig. 3. (A) Overall survival rate of the treatment (n=81) and conservative (n=38) groups refused recommended treatment.
(B) Disease-specific mortality of the treatment (n=81) and conservative (n=89) groups refused recommended treatment.  
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lower in the treatment group than in the conservative obser-
vation group who refused the recommended treatment, 
regardless whether early or advanced GC had been diag-
nosed (Fig. 4). In addition, the survival according was eval-
uated to treatment modality. The overall survival rate of the
ER and surgery group was similar and the disease-specific
mortality of the ER and surgery group was also similar (data
not shown).

4. Effects of clinicopathological characteristics on progno-
sis

Seven factors (clinical course, age, sex, histologic type,
macroscopic classification, alarm sign, and concomitant dis-
ease) were evaluated by univariate analyses to investigate
the associations of the clinicopathological characteristics with
the prognosis. Significant differences were observed for the
clinical course (p < 0.001), age (p=0.027), histologic type
(p=0.031), alarm sign (p < 0.001), and macroscopic classifica-
tion (p < 0.001) (Table 2). The same seven factors were then

Table 2. Correlation between the prognostic factors and the survival rates of 170 gastric cancer patients

Factor No. 3-Yr p-valuesurvival rate (%)
Clinical course

Treatment group 81 50.7 < 0.001
Conservative observation 89 16.8

Age (yr)
< 90 150 35.0 0.027
 90 20 26.4

Sex
Male 111 32.8 0.525
Female 59 36.1

Histologic type
Differentiated 113 37.0 0.031
Undifferentiated 57 27.0

Macroscopic classification
Early 46 68.1 < 0.001
Advanced 124 21.4

Alarm sign
Absence 133 38.3 < 0.001
Presence 37 15.8

Concomitant disease
Absence 88 29.4 0.344
Presence 82 38.6

Table 3. Multivariate analysis of the prognosis factors for mortality
Factor Odds ratio (95% CI) p-value
Clinical course (conservative observation vs. treatment group) 2.7 (1.7-4.2) < 0.001
Age ( 90 yr vs. < 90 yr) 1.0 (0.5-1.8) 0.997
Sex (male vs. female) 1.0 (0.7-1.5) 0.941
Histology (undifferentiated vs. differentiated) 1.4 (0.9-2.1) 0.107
Macroscopic classification (advanced vs. early) 2.4 (1.4-4.1) 0.001
Comorbidity (presence vs. absence) 0.8 (0.6-1.2) 0.283
Alarm sign (presence vs. absence) 1.9 (1.2-3.0) 0.009

CI, confidence interval.
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analyzed by multivariate analysis, which revealed the clini-
cal course (p < 0.001), alarm sign (p=0.009), and macroscopic
classification (p < 0.001) to be independent prognosis factors
(Table 3).

Discussion

As the society ages, clinicians are increasingly being con-
fronted with the challenges of treating elderly patients. In
Korea, the number of patients diagnosed with GC at 
extremely old ages has been increasing [1]. Several reports
have shown that older patients tend to receive less treatment
for GCs than younger patients [14-18]. When clinicians make
the decision to treat cancer, they consider the cancer stage,
the patient’s performance status, deterioration of the 
patient’s mental status, and concomitant disease together;
they do not rely on the patient’s age alone. Generally, the
prognosis of elderly patients has been thought to be worse
than that of younger patients because of concomitant disease.
On the other hand, deaths due to other concomitant diseases
amounted to 34%-37% of the total deaths in > 80-year-old 
patients with GC [11,19]. Matsushita et al. [20] investigated
patients with GC who were older than 80 years and reported
that the survival rate after surgical treatment was signifi-
cantly higher than that for conservative observation, regard-
less of the patient’s performance status and irrespective of
whether his or her mental status had deteriorated. The
macroscopic classification of the case (e.g., early or advanced
cancer) was an important prognostic factor. Therefore, they
recommended surgical treatment for patients older than 80
years [20]. Treatments are recommended for GC, even for
older patients with age-associated comorbidities that are
under control [21]. In a study of the natural history of early
GC, Tsukuma et al. [22] reported that the cumulative 5-year
risk for progression to an advanced stage was 63.0%. Even
patients with early GC usually die within 3 years in the 
absence of treatment [20]. On the other hand, Katai et al. [23]
reported that when a gastrectomy had been performed safely
by specialists, the survival rate of elderly patients with early
GC was not significantly different from that of the general
population. Therefore, the treatment of early GC should not
be discouraged in very elderly patients. In this study, 
patients in the treatment group, those with early GC, and
those without an alarm sign showed higher overall survival
rates than the others. 

Currently, ER is widely accepted as a standard treatment
for early GC [24]. Compared to gastrectomy, ER is a less 
invasive treatment for GC and has many advantages. These
advantages include preservation of the stomach, which 

increases the quality of life and reduces the length of hospi-
talization compared to gastrectomy. Furthermore, ER-related
complications result from the difficulties encountered when
performing the resection endoscopically, which are associ-
ated with the tumor size and location, rather than age [6,8].
Several reports have shown that ER is a safe and feasible
treatment for GC in elderly patients [5,6,8]. Etoh et al. [25] 
reported that the results of an endoscopic mucosal resection
in patients older than 80 years were outstanding, and were
the same as those obtained via gastrectomy. Therefore, eld-
erly patients with earlier-stage cancer should receive less-
invasive treatments. As the techniques of preoperative and
perioperative management have improved, the outcomes of
gastric surgery in the elderly have also shown favorable 
results [23,26]. Therefore, treatment should not be discour-
aged for elderly patients with GC. Similarly, the overall sur-
vival rate of the patients in the present study’s treatment
group was significantly higher than that in the conserva-
tively observed group. 

In this study, advanced GC accounted for 72.9% of cases.
The percentage of patients with advanced cancer was signif-
icantly higher in the conservative observation group than in
the treatment group. Advanced-stage cancers were a cause
of the poor prognosis. Therefore, it is important to recognize
cancers at the earlier stage to provide a better prognosis in
elderly patients. In a previous study, the prevalence of pre-
existing concomitant disease was significantly higher in eld-
erly patients [8]. In the present study, 88 patients (51.8%) did
not have any concomitant disease. Furthermore, 143 patients
(84.1%) presented with symptoms and 37 patients (21.8%)
showed an alarm sign. In addition, patients with an alarm
sign had advanced-stage cancers. Therefore, elderly patients
who are being followed up for concomitant disease also need
to be checked for gastrointestinal disease. When patients
have symptoms, the clinicians need to consider further eval-
uations. 

This study had some limitations. This study was retrospec-
tive and could not investigate exactly how the decision was
made as to whether to treat the patients or not. In addition,
the TNM classification of the patients could not be evaluated
because the staging of the patients in the conservative group
could not be investigated accurately. In this study, however,
the overall survival of the patients with advanced GC was
significantly lower than in the early GC. Furthermore, the
macroscopic classification was an independent prognosis
factor in multivariate analysis.
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Conclusion

Chronological age alone should not be used as a strategy
of determining if treatment will be administered for GC. 
Patients with early GC or lower-risk preexisting comorbidi-
ties should not be discouraged from treatment, even if they
are older than 85 years.
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Clinicopathological Features of Low-Grade Thyroid-like 
Nasopharyngeal Papillary Adenocarcinoma

Original Article

Purpose
Primary low-grade thyroid-like papillary adenocarcinomas are extremely rare neoplasms
that generally originate in the nasopharynx. Here, we describe a novel case of a 15-year-old
Chinese girl who was diagnosed with low-grade thyroid-like papillary adenocarcinoma, 
including a brief review of the literature to reveal the clinicopathological features of low-
grade thyroid-like nasopharyngeal papillary adenocarcinoma.

Materials and Methods
Immunohistochemistry was used to evaluate the expression of pan-cytokeratin (CKpan), 
cytokeratin (CK) 7, thyroid transcription factor 1 (TTF-1), vimentin, epithelial membrane anti-
gen (EMA), thyroglobulin, CD15, S100, P40, CK20, CDX-2, glial fibrillary acidic protein
(GFAP), and Ki-67. Additionally, in situ hybridization investigation was utilized to identify the
presence of small Epstein-Barr virus (EBV)–encoded RNA.

Results
Histopathological analysis revealed florid proliferation of papillary structures lined by colum-
nar epithelial cells with fibrovascular cores. Immunohistochemically, the neoplastic cells
were positive for CKpan, CK7, TTF-1, vimentin, and EMA, but negative for thyroglobulin,
CD15, S100, P40, CK20, CDX-2, and GFAP. The Ki-67–labeling index reached 5% in the
most concentrated spot. In situ hybridization for EBV was negative. 

Conclusion
Due to the distinct rarity of low-grade thyroid-like papillary adenocarcinomas with a favorable
clinical outcome, a nationwide effort to raise public awareness of this neoplasm is required.
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Papillary adenocarcinoma, Thyroid gland, Nasopharynx, 
Thyroid nuclear factor 1, Human herpesvirus 4 
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Introduction

As a common head and neck cancer, nasopharyngeal car-
cinomas are generally either keratinizing or nonkeratinizing
squamous cell carcinomas. Primary nasopharyngeal adeno-
carcinomas (NPACs) are rare neoplasms, constituting only
0.38% to 0.48% of all malignant nasopharyngeal neoplasms
[1,2]. Thyroid-like low-grade nasopharyngeal papillary ade-
nocarcinoma (TL-LGNPPA) is a small minority of conven-

tional nasopharyngeal adenocarcinoma that exhibits papil-
lary growth and abnormal expression of thyroid transcrip-
tion factor 1 (TTF-1). To the best of our knowledge, only
thirteen cases have been reported in the English-language lit-
erature and eleven in the Chinese-language literature to date
(Table 1). In this article, we present a case of primary 
TL-LGNPPA and an analysis of its clinicopathological fea-
tures.
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Materials and Methods

A 15-year-old Chinese girl presented with a complaint of
rhinorrhoea and nasal congestion with a duration of 1
month. On clinical examination, no thyroid tumor or other
physical abnormalities were found. Nasal endoscopy identi-
fied a pedunculated polypoid mass with smooth surface that
measured approximately 2.52 cm arising from the posterior
nasal septum (Fig. 1). A biopsy of the dominant portion of
the mass was performed. Pathological analysis revealed an
adenocarcinoma with papillary structure. Therefore, com-
plete excision of the tumor was performed through an endo-
scope. Follow-up data showed no signs of local recurrence
at up to 2 years after complete surgical removal.

The tissue was fixed in formalin and embedded in paraffin,
after which 4-µm thin sections were cut and stained with
hematoxylin and eosin. Immunohistochemical staining was
performed using commercially available antibodies to the
following antigens: pan-cytokeratin (CKpan), epithelial
membrane antigen (EMA), vimentin, cytokeratin (CK) 7,
CD15, thyroid transcription factor 1 (TTF-1), Ki-67, P40, S100,
glial fibrillary acidic protein (GFAP), CK20, CDX-2, and thy-
roglobulin. At the same time, in situ hybridization for the
presence of small Epstein-Barr virus (EBV)–encoded RNA
was performed to identify the association between this tumor
and EBV. All protocols were employed according to the man-
ufacturers’ recommendations (Table 2).

Results

Histological examination of the biopsy specimen revealed
a tumor that showed papillary configuration with hyalinized
fibrovascular cores, similar to thyroid papillary carcinoma
(Fig. 2A and B). The papillae were complex and tightly
packed, and most were lined with cuboidal or columnar 
epithelia containing overlapping round to ovoid nuclei that
displayed fine chromatin and mildly eosinophilic cytoplasm
(Fig. 2C). Only minor degrees of pleomorphism and hyper-
chromatism were observed. Small intra-nuclear cytoplasmic
inclusions were present focally, although neither nuclear
grooving nor ground glass nuclei were found. In small parts
of the tumor, psammoma bodies were exhibited (Fig. 2C). No
necrosis or mitotic activity was discerned and no continuity
between the tumor epithelia and normal nasopharyngeal
mucosa or mucous glands was identified. 

Immunoperoxidase studies showed that neoplastic cells
were positive for CK7, vimentin, TTF-1, CKpan, and EMA
(Fig. 2D-F). There was no immunoreactivity for thyroglobu-

lin, CD15, S100, P40, CK20, CDX-2, and GFAP. In the most
concentrated spot, the Ki-67–labeling index reached 5%. Neg-
ative results were revealed by in situ hybridization investi-
gation of EBV.

Discussion

NPAC contains two subtypes: conventional/surface ori-
gin-type and salivary gland-type. The former often originates
from nasopharyngeal surface mucosa and presents with pap-
illary configuration. The latter includes polymorphous low-
grade adenocarcinoma, mucoepidermoid adenocarcinoma,
and adenoid cystic carcinoma [12]. In 1988, Wenig et al. [20]
first described thyroid-like papillary adenocarcinoma of the
nasopharynx and proposed that these papillary adenocarci-
nomas should been regarded as a distinct entity from con-
ventional adenocarcinomas in this region based on their
indolent clinical behavior and low-grade histological fea-
tures. Nasopharyngeal papillary adenocarcinoma (NPPA)
was enrolled in the World Health Organization classification
system of malignant epithelial tumors of the nasopharynx in
2005 [21]. 

Papillary configuration and aberrant TTF-1 expression are
the distinguishing features of TL-LGNPPA, mimicking pap-
illary thyroid carcinoma (PTC). TL-LGNPPA is an extremely
rare neoplasm. To the best of our knowledge, few cases have
been reported [3-19]. Clinical features of the published cases

Minhua Li, Clinicopathological Features of TL-LGNPPA

Fig. 1.  Nasal endoscopy shows a pedunculated polypoid
mass originating in the posterior nasal septum.
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are listed in Table 1. The median age is 35 years in 
patients, ranging from 9 to 68 years. No difference was 
observed between the ratio of males to females. Instances of
TL-LGNPPA were usually localized in the roof of the 
nasopharynx and posterior edge of the nasal septum. The 

excellent prognosis was obvious, with local excision being
performed in all reported cases, and no local recurrence or
metastasis reported. 

Histologically, these neoplasms frequently exhibit papil-
lary architecture lined by moderately pleomorphic columnar

Cancer Res Treat. 2017;49(1):213-218

A B C

D E F

Fig. 2.  (A) The tumor displayed papillary structures with hyalinized fibrovascular cores (H&E staining, 100). (B) Most
papillae were lined with cuboidal or columnar epithelia (H&E staining, 200). (C) Overlapping round to ovoid nuclei that
displayed fine chromatin and psammoma bodies were exhibited (H&E staining, 400). (D) Strong positive staining of 
cytokeratin 7 was displayed (immunohistochemical [IHC] staining, 200). (E) Nuclear staining for thyroid transcription
factor 1 was shown (IHC staining, 200). (F) Positivity of vimentin was evident (IHC staining, 200).

Table 2. Summary of primary antibodies and results of immunohistochemistry
Antibody Source Dilution Result 
CK Ascend Bio, Guangzhou, China 1:100 +
EMA Ascend Bio, Guangzhou, China 1:100 +
Vim Ascend Bio, Guangzhou, China 1:100 +
CK7 Ascend Bio, Guangzhou, China 1:100 +
CD15 Ascend Bio, Guangzhou, China 1:200 –
TTF-1 Ascend Bio, Guangzhou, China 1:400 +
Ki-67 Ascend Bio, Guangzhou, China 1:200 5% in the most

concentrated spot
P40 ZSGB Bio, Beijing, China 1:200 -
S-100 Dako, Glostrup, Denmark 1:3,200 -
GFAP Dako, Glostrup, Denmark 1:1,600 -
CK20 Ascend Bio, Guangzhou, China 1:200 -
CDX2 Ascend Bio, Guangzhou, China 1:400 -
Thyroglobulin Ascend Bio, Guangzhou, China 1:800 -
EBER Triplex International Bio, Fuzhou, China RTU -

CK, cytokeratin; EMA, epithelial membrane antigen; Vim, vimentin; TTF-1, thyroid transcription factor-1; GFAP, glial fibrillary
acidic protein; CK, cytokeratin; EBER, Epstein-Barr virus–encoded RNA; RTU, ready to use.

216 CANCER  RESEARCH  AND  TREATMENT



Minhua Li, Clinicopathological Features of TL-LGNPPA

epithelial cells with fibrovascular cores, overlapping nuclei
with clear optically chromatin, and psammoma bodies.
These features are generally ascribed to PTC as well. How-
ever, the biphasic pattern of low-grade NPPA with a spindle
cell component has been described in three case reports
[7,9,12]. In this case, no obvious spindle cell component was
observed. The biphasic pattern of TL-LGNPPA should be
further investigated if a large number of cases can be col-
lected. 

Immunohistochemically, the positive expression of TTF-1
was the most characteristic feature of TL-LGNPPA. As a
homeodomain containing transcription factor coded by
NKX2-1, TTF-1 is usually found in lung, thyroid, and central
nervous system tissue [22,23]. Nevertheless, the positive 
expression of TTF-1 was also observed in other organs, 
including endometrium, colon, and breast [24]. Although the
etiology of TTF-1 positive staining in TL-LGNPPA is still not
clear, three mechanisms to explain this phenomenon were
proposed in a recent case report. First, TL-LGNPPA may 
develop from ectopic thyroid tissue. Second, a gene rea-
rrangement that affects TTF-1/NKX2-1 may result in abnor-
mal expression of TTF-1. Finally, genetic instability and
reprogramming of the cancer cells can cause dis-differentia-
tion and lead to deregulation of TTF-1/NKX2-1 [12]. How-
ever, these presumptions are poorly evidenced owing to the
extreme rarity of this tumor at the present time. 

There are limited options available for differential diagno-
sis of papillary lesions in the nasopharynx. Because 
TL-LGNPPA display a striking resemblance to PTC, it is 
important to exclude nasopharyngeal metastasis from pap-
illary adenocarcinoma of the thyroid gland for accurate 
diagnosis, treatment, and prognosis of the patient. Immunos-
taining for thyroglobulin and CD15 are critical and highly
recommended to distinguish these two entities [25]. How-
ever, a case of TL-LGNPPA with focal expression of thy-
roglobulin was recently reported [11]. Polymorphous
low-grade papillary adenocarcinoma (PLGA) is more aggres-
sive and positive for vimentin and S100-protein. To date,
positivity for TTF-1 has never been reported in PLGA [12].
Papillary variants of the intestinal type of adenocarcinoma
(ITAC) show more nuclear atypia and commonly display
mucinous differentiation. Moreover, these are often positive
for CK20 and CDX2 [26]. Acinic cell carcinomas (ACC) with

a papillary component are frequently cystic and variably
positive for S100-protein and vimentin according to the
range of differentiation (acinar to intercalated ducts) [9]. 
Extraventricular choroid plexus papillomas (CPP) at unusual
localization must be taken into consideration, most of them
was positive for S100 and negative for EMA, part of them
was positive for GFAP. In our report, negative staining for
thyroglobulin, CD15, S100, GFAP, CK20, and CDX-2 was 
revealed; therefore, PTC, PLGA, ITAC, ACC, and CPP
should not be considered for accurate diagnosis. 

It has been well documented that tumors originating from
the nasopharyngeal epithelium were associated with the
EBV. Investigation of in situ hybridization for EBV revealed
negative results, which is concordant with reports by Wu et
al. [4] and Fu et al. [5]. A close relationship between 
TL-LGNPPA and EBV was not confirmed; however, further
investigation is needed because of the rarity of this neoplasm.

To date, no case of lymphatic metastasis or recurrence has
been reported, indicating excellent prognosis for patients
with thyroid-like papillary adenocarcinoma [8]. Generally,
surgical excision is adequate for the treatment of TL-LGNPPA
[20]. When surgical excision is not feasible or positive surgi-
cal margins have been observed, radiotherapy can be 
employed as an adjuvant treatment [20,27].

Conclusion

In conclusion, we present here a novel case of TL-LGNPPA
with a review of its main clinicopathological features. Due
to the rarity of this neoplasm and favorable clinical outcome,
clinicians should pay more attention to accurate diagnosis of
this entity, as well as its treatment and clinical prognosis.
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Anti-cancer Effects of a Novel Quinoline Derivative 83b1 on Human
Esophageal Squamous Cell Carcinoma through Down-Regulation of
COX-2 mRNA and PGE2
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Purpose
83b1 is a novel quinoline derivative that has been shown to inhibit cancer growth in human
esophageal squamous cell carcinoma (ESCC). This study was conducted to comprehensively
evaluate the cytotoxic effects of 83b1 on a series of ESCC cell lines and investigate the
mechanisms by which 83b1 suppresses cancer growth based on molecular docking analy-
sis.

Materials and Methods
A series of ESCC and nontumor immortalized cell lines were exposed to 83b1 and cisplatin
(CDDP) in a dose-dependent manner, and the cytotoxicity was examined by a MTS assay
kit. Prediction of the molecular targets of 83b1 was conducted by molecular docking analy-
sis. Expression of cyclooxygenase 2 (COX-2) mRNA and COX-2–derived prostaglandin E2

(PGE2) were measured by quantitative real-time polymerase chain reaction and enzyme-
linked immuno-sorbent assay, respectively. In vivo anti-tumor effect was determined using
a nude mice xenografted model transplanted with an ESCC cell line, KYSE-450.

Results
83b1 showed the significant anti-cancer effects on all ESCC cell lines compared to CDDP;
however, 83b1 revealed much lower toxic effects on non-tumor cell lines than CDDP. The
predicted molecular target of 83b1 is peroxisome proliferator-activated receptor delta
(PPAR), which is a widely known oncoprotein. Additionally the expression of COX-2 mRNA
and COX-2–derived PGE2 were down-regulated by 83b1 in a dose-dependent manner in
ESCC cell lines. Furthermore, 83b1 was shown to significantly reduce the tumor size in nude
mice xenograft.

Conclusion
The results of this study suggest that the potential anti-cancer effects of 83b1 on human
esophageal cancers occur through the possible oncotarget, PPAR, and down-regulation of
the cancer related genes and molecules.
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Introduction

Esophageal cancer is the eighth most prevalent cancer and
the sixth leading cause of cancer deaths throughout the
world [1]. At present, the treatments for esophageal cancers
include surgical resection, radiotherapy and chemotherapy
[2,3]. However, the curative effects of the existing treatments
appear to be insufficient, as reflected by the sub-optimal 
5-year survival rate (almost less than 20%) and the observed
toxicities of the anti-cancer drugs [3,4]. Therefore, identifica-
tion of new anti-cancer drugs for treatment of esophageal
and other cancers has become a crucial issue.

Quinoline derivatives, which have been widely reported
to possess a broad range of pharmaceutical activities, can be
isolated from different plant sources [5]. The first commonly
known natural quinoline compound, 4-hydroxy-6-methoxy-
quinoline-2-carboxylic acid (Fig. 1), was extracted from
Ephedra pachyclada ssp. sinaica, which has been widely used
in traditional herbal medicine against allergy, inflammation,
microbial and cardiovascular diseases, and cancer [6,7]. 
8-Hydroxyquinoline and its derivatives were also reported
as natural products such as those isolated from the roots of
Centaurea diffusa with phytotoxic activities [8] and Suaeda cor-
niculata with anti-bacterial and anti-fungal activities [9].
Therefore, researchers have further improved the efficacy
and potency of quinoline by modifying its structure. Our pre-
vious findings also revealed that the 8-hydroxyquinoline 
derivatives showed relatively promising in vitro and in vivo
anti-cancer effects [5], as well as anti-bacterial effects, imply-
ing the importance of the 8-hydroxyl group for their biolog-
ical actions [10].

Peroxisome proliferator-activated receptor (PPAR), a
member of the nuclear hormone receptor superfamily, exists
as three main subtypes, PPAR, PPAR, and PPAR (also
known as PPAR). These receptors can also act as ligand-
activated transcription factors. PPAR is ubiquitously 
expressed in most human tissues, and many studies have

shown that PPAR is highly overexpressed in tumor cells rel-
ative to non-tumor cells. Moreover, it has been shown to be
involved in cell differentiation and inflammation, which are
highly related to tumor development [11]. In the ligand-
bound state, PPAR can bind to an activator and associate
with the peroxisome proliferated response element to pro-
mote gene transcription. The potential pathways related to
the PPAR for inducing tumor growth include the cyclooxy-
genase 2 (COX-2) [12,13]. It has also been reported that there
are solid correlations among the pathways of PPAR, over-
expression of COX-2 and tumor development [12]. Thus, tar-
geting PPAR forms a very important direction for exploring
novel anti-cancer agents. 

Cyclooxygenase, which is also known as prostaglandin H
synthase, exists as two main isoforms, COX-1 and COX-2.
COX-1 is constitutively expressed in most mammalian cells
and has functions such as regulation of renal blood flow and
platelet aggregation [14]. However, COX-2 is inducible and
usually overexpressed in gastrointestinal cancers, including
esophageal cancer [15,16]. Previous studies showed that
COX-2 is highly related to tumorigenic events involving cell
proliferation, invasion, apoptosis, inflammation and angio-
genesis [17,18]. Moreover, it has been shown that COX-2 
derived prostaglandin E2 (PGE2) is one of the potential prod-
ucts that promotes development of tumors [19]. PGE2 is a
well-known molecule that participates in tumorigenesis by
binding to complementary EP2 and EP4 receptors on cell
membranes [16].

In this study, a novel quinoline derivative (8-(4-(trifluo-
romethyl)benzyloxy)-1,2,3,4-tetrahydro-2-methylquin-oline,
named as 83b1) was examined through in vitro and in vivo
anti-cancer tests on esophageal cancer cell lines. The associ-
ated mechanisms were also investigated based on molecular
docking analysis to reveal PPAR as a target in cancer treat-
ment.

Materials and Methods

1. Reagents and materials

Cell culture medium RPMI-1640, F-12, Dulbecco's modi-
fied Eagle's medium, minimum essential medium  (MEM),
keratinocyte serum-free medium (KSFM), fetal bovine serum
(FBS), and penicillin/streptomycin were purchased from Life
Technologies (Carlsbad, CA). 83b1 was completely dissolved
in dimethylsulfoxide (DMSO). 

MeO

OH

COOHN

Fig. 1. Structure of 4-hydroxy-6-methoxyquinoline-2-car-
boxylic acid.
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2. Synthesis of 83b1 with electrospray ionization mass spec-
trometry and 1H-NMR examination

8-(4-(Trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydro-
2-methylquinoline (compound 83b1) (Fig. 2) was prepared
according to our previously reported method of asymmetric
hydrogenation on 8-(4-(trifluoromethyl)-benzyloxy)-2-methy-
lquinoline, which was obtained through nucleophilic substi-
tution of commercially available 8-hydroxy-2-methylqui-
noline (Sigma-Aldrich, St. Louis, MO) [20]. The structure and
purity of 83b1 was examined through 1H-NMR and liquid
chromatography mass spectrometry (LC-MS). 

83b1, which appeared as a white solid, was dissolved in
CDCl3 completely and examined by 1H-NMR (Supplemen-
tary Fig. S1). Upon analysis the following spectrum was 
reported: 1H-NMR (500 MHz, CDCl3):  1.30 (d, 3H, J=6.0
Hz), 1.63-1.72 (m, 1H), 1.95-1.98 (m, 1H), 2.75-2.79 (m, 1H),
2.85-2.90 (m, 1H), 3.39-3.43 (m, 1H), 4.17 (bs, 1H), 5.13 (q, 2H,
J=12.5 Hz), 6.54 (t, 1H, J=8.0 Hz), 6.68 (d, 1H, J=8.0 Hz), 6.72
(d, 1H, J=7.5 Hz), 7.55 (d, 2H, J=8.0 Hz), 7.66 (d, 2H, J=8.5
Hz). These findings are consistent with the expected struc-
ture shown in Fig. 2. The purity and molecular weight of the
synthesized 83b1 were further examined by LC-MS (Supple-
mentary Fig. S2). According to the data obtained, there were
three peaks separated in different retention periods. The
peaks were analyzed by electrospray ionization mass spec-
trometry (Supplementary Fig. S3), and the peak comprising
99.7% total area showed a m/z ratio of 83b1 (molecular
weight 321 g/mol), whereas the other two peaks comprising
0.3% total area were found to be impurities. Therefore, the
purity of 83b1 is very high.

3. Cell lines and culture conditions

One of the esophageal squamous cell carcinoma (ESCC)
cell lines of Hong Kong Chinese origin, SLMT-1 [21], was
kindly provided by Professor Gopesh Srivastava of the 
Department of Pathology, the University of Hong Kong. The
other two ESCC cell lines of Hong Kong Chinese origin, 
including HKESC-2 and HKESC-4, and three ESCC cell lines
of Japanese origin, including KYSE-150, KYSE-450, and
KYSE-520 [22], were purchased from DSMZ (Braunschweig,
Germany). Two non-tumor esophageal epithelial cell lines
including NE-1 [23] and NE-3 [24] were kindly provided by
Professor George S. W. Tsao from the Department of
Anatomy, the University of Hong Kong. A human skin cell
line, HEK001, was purchased from the American Type Cul-
ture Collection (ATCC) and cultured as suggested. The cul-
ture medium for KYSE-150 and KYSE-450 was RPMI with
45% F-12 and 10% FBS, that for KYSE-520 was RPMI with
10% FBS, that for SLMT-1, HKESC-2, and HKESC-4 was
MEM with 10% FBS, and NE-1, NE-3, and HEK001 were
cultured on KSFM with complementary supplements. All
media were supplemented with 100 units/mL penicillin G
and 100 µg/mL streptomycin, and all cell lines mentioned
above were cultured at 37°C in a humidified incubator with
5% CO2. 

4. In vitro cytotoxicity studies by MTS

3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay was per-
formed to evaluate the growth inhibitory effects of 83b1 on
the six described ESCC cell lines and three immortalized
non-tumor cell lines using the CellTiter96 AQueous One 
Solution (Promega, Madison, WI) for cell proliferation assay
as previously reported [25]. In addition, a widely used anti-
cancer drug, cisplatin (CDDP), was used as a positive control
[26]. Briefly, 5103 cells were seeded onto each well of the 96-
well plate and allowed to grow for 24 hours. After incubation
for 24 hours, different concentrations of 83b1 and CDDP 
(0, 1.5625, 3.125, 6.25, 12.5, 25, and 50 µg/mL) were added as
the treatment. The results were recorded after 72 hours of the
treatments using a micro-plate reader to measure the 
absorbance at 495 nm. 

5. Molecular docking analysis

Evaluation of the possible molecular binding targets of
83b1 was conducted based on the similarity ensemble 
approach (SEA) using the search engine available from
http://sea.bkslab.org. The binding of 83b1 to the protein tar-
gets was predicted based on molecular structures matched
against the ChEMBL medicinal chemistry database version

Ivan Ho Yuen Pun, Anti-cancer Effects of 83b1 on Esophageal Cancer
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Fig. 2. Structure of 83b1.
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Fig. 3.  (A-I) Inhibitory effects of 83b1 on ESCC and non-tumor cell lines examined by MTS cytotoxicity assay. ESCC,
esophageal squamous cell carcinoma; MTS, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium. (Continued to the next page)
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12 as previous described [27]. Another docking program 
involving the molecular docking server (http://www.dock-
ingserver.com/web) was used to determine the binding
affinity of 83b1 to its predicted target relative to the natural
ligand of the target. The docking calculations were con-
ducted using DockingServer [28].

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

The gene expression levels of COX-2 in the four ESCC cell
lines (KYSE-150, KYSE-450, SLMT-1, and HKESC-4) with the
treatments of 83b1 were studied by quantitative real-time
polymerase chain reaction (qPCR). Approximately 1106

cells from each cell line were evenly separated into eight

replicates and allowed to seed for 24 hours. Three different
concentrations of 83b1 (5, 10, and 20 µg/mL) and a negative
control (0.05% DMSO) were used to incubate the cells for 24
hours. The total RNA of each the cell line was extracted using
a RNeasy Mini Kit (Qiagen, Valencia, CA) according to the
manufacturer’s instructions. Two micrograms of extracted
RNA was reverse-transcribed to cDNA using reverse-tran-
scriptase (Promega). 

Two-step reverse transcription polymerase chain reaction
(RT-PCR) assay reagents with SYBR Green (Promega) were
used for the qPCR reactions, which were conducted as fol-
lows: pre-denaturation for 2 minutes at 95°C; polymerase
chain reaction (PCR) amplification for 40 cycles of 15 seconds
at 95°C and 2 minutes at 60°C. The threshold cycle (Ct) was
recorded using a Pikoreal real-time PCR system (Thermo Sci-
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entific, Waltham, MA). Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was used as an internal control to nor-
malize the quantity of cDNA synthesized from all cell lines.
The specific primers for COX-2 were as follows: 5-CCA GCA
CTT CAC GCA TCA GT-3 (forward) and 5-ACG CTG TCT
AGC CAG AGT TTC AC-3 (reverse) [29] and the specific
primers for GAPDH were as follows: 5-AAA TCA AGT
GGG GCG ATG CTG-3 (forward) and 5-GCA GAG ATG
ATG ACC CTT TTG-3 (reverse) [30].

7. Enzyme-linked immuno-sorbent assay

The effects of 83b1 on the production of PGE2 in the cell
lines (KYSE-150, KYSE-450, and SLMT-1) were examined
using an enzyme-linked immuno-sorbent assay (ELISA) kit
(Cayman, Ann Arbor, MI). Approximately 1106 cells from
each cell line were evenly separated into eight replicates and
then seeded for 24 hours. Three different concentrations of
83b1 (5, 10, and 20 µg/mL) and a negative control (0.05%
DMSO) were used to incubate the cells for 48 hours. The cul-
ture medium was then removed for quantitative determina-

tion of PGE2 with reference to the standard curve according
to the manufacturer’s instructions. 

8. In vivo studies of 83b1 in nude-mice xenograft with
KYSE-450

Athymic nude mice 4 weeks of age were purchased from
the State Key Laboratory of Chinese Medicine and Molecular
Pharmacology (Shenzhen, China), the Hong Kong Polytech-
nic University. All procedures were approved by the ethics
committee. Approximately 5106 KYSE-450 cells were 
injected subcutaneously into the mid-dorsal region of eight
athymic nude mice. Tumors were allowed to grow without
treatment until a volume of 150 mm3 was reached. The ten
nude mice were randomly divided into two groups. 83b1
was then injected into five mice intraperitoneally at 10
mg/kg/day, while the rest of the mice were used as the 
vehicle control. Tumor volumes were measured daily with
calipers and calculated as previously described [25]. 

9. Statistical analyses

All values expressed in the charts are shown as the
mean±standard error of means, and statistical analyses were
conducted using the statistic program Prism ver. 5. A p-value
of < 0.05 was considered statistically significant.

Results

1. In vitro cytotoxicity studies

The inhibitory effects of 83b1 on the described ESCC cell
lines and immortalized non-tumor cell lines were examined
by MTS cytotoxicity assay. As shown in Fig. 3A-F, 83b1
showed comparable inhibitory effect on all ESCC cell lines
with CDDP in a dose-dependent manner. The inhibitory 
effects are summarized in terms of MTS50 (50% reduction of
MTS signals compared with the vehicle control) in Table 1.
In addition, 83b1 showed significantly weaker cytotoxic 
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Table 1. Summary of inhibitory effects (MTS50) of 83b1 on
ESCC and non-tumor cell lines

MTS50 (µg/mL) for 72 hr
83b1 CDDP

ESCC cell line
KYSE-150 11.72 8.58
KYSE-450 9.71 15.85
KYSE-520 12.47 10.08
SLMT-1 5.87 8.99
HKESC-2 5.94 1.98
HKESC-4 6.87 18.81

Non-tumor cell line
NE-1 5.15 1.03
NE-3 > 50 0.02
HEK001 133.30 1.94

ESCC, esophageal squamous cell carcinoma; CDDP, cis-
platin.

Table 2. Two human proteins with the highest ranking for ligand-binding to 83b1
Reference name Species Expected value Maximum target  complementary value
Peroxisome proliferator- Human 4.01e-7 0.36
activated receptor delta

Protein-tyrosine Human 2.38e-8 0.33
phosphatase 1C
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effects on NE-1, NE-3, and HEK001 than CDDP (Table 1, 
Fig. 3G-I). 

2. Molecular docking analysis

The SEA, which has been shown to be an important step
for predicting possible drug target(s), was used to evaluate
possible biological targets of 83b1 in cells [26]. The possible
predicted protein targets with promising ligand-protein
binding are shown in Table 2. These two targets were found
to be complementary to 83b1, with the highest complemen-
tary score based on their molecular structures according to
the ChEMBL medicinal chemistry database indicating that
they are protein-tyrosine phosphatase 1C and PPAR. 
Another docking program in molecular docking server was
utilized to determine the binding affinity of 83b1 to its pre-
dicted target, PPAR (Fig. 4). The free binding energy of 83b1
to PPAR is –7.41 kcal/mol (Fig. 4A), which shows a more
stable and stronger binding than that between PPAR with
its natural ligand, arachidonic acid that the free binding 
energy of arachidonic acid to PPAR was estimated to 
be –5.66 kcal/mol (Fig. 4B).

3. Effects of 83b1 on the mRNA expression of COX-2 in
ESCC cell lines 

Based on the prediction of PPAR as possible targets of
83b1 from the molecular docking analysis, qPCR was con-
ducted to determine the down-regulating effect of 83b1 on
COX-2 mRNA expression in four of the ESCC cell lines
(KYSE-150, KYSE-450, SLMT-1, and HKESC-4). As previ-
ously described, the four ESCC cell lines were seeded for 24
hours and three concentrations of 83b1 (5, 10, and 20 µg/mL)
were used to treat the cells before harvest. RT-PCR was per-
formed to obtain the cDNA for qPCR to determine the 
expression of COX-2 mRNA with specific primers. As shown
in Fig. 5, the expression of COX-2 mRNA in all four ESCC
cell lines was significantly reduced after treatment with 83b1
(p < 0.05, p < 0.01, and p < 0.001 vs. untreated control, n=4).

4. Effects of 83b1 on PGE2 production in ESCC cell lines

ELISA was performed to estimate the suppressing effects
of 83b1 on PGE2 production in the three ESCC cell lines
(KYSE-150, KYSE-450, and SLMT-1). As mentioned above,
the three ESCC cell lines were seeded for 24 hours, then
treated with 83b1 at three different concentrations (5, 10, and
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Fig. 4. Molecular docking of 83b1 (A) and arachidonic acid (B) on peroxisome proliferator-activated receptor .

A

B

VOLUME 49 NUMBER 1 JANUARY 2017  225



20 µg/mL) for 48 hours before the medium was collected for
the assay. As shown in Fig. 6, 83b1 significantly down-regu-
lated the production of PGE2 in all three ESCC cell lines at
the respective doses (p < 0.01, p < 0.001 vs. untreated control,
n=4).

5. In vivo anti-tumor effect of 83b1 on nude-mice xenograft
with KYSE-450

Athymic nude mice xenografted with the human KYSE-
450 ESCC cell line were used to test the in vivo anti-tumor 
effect of 83b1.

As shown in Fig. 7, 83b1 significantly inhibited the tumor
growth in mice when administered at 10 mg/kg/day relative
to the vehicle controls. On day 19, the xenografts of the nude
mice showed a significant reduction in tumor size after daily
treatment with 83b1. Overall, the results showed that 83b1

effectively suppressed tumor growth in vivo (p < 0.001 vs.
control, n=5).

Discussion

Natural compounds have been shown to have great poten-
tial in pharmaceutical applications. The greatest advantage
of these compounds over traditional anti-cancer medicines
is that they show much weaker cytotoxicity against normal
cells because of their target-specificity. Actually, most exist-
ing anti-cancer drugs show very strong inhibitory effects
against different kinds of tumors, but also trigger a series of
side effects, some of which might be severe. Therefore, chem-
ically modified natural compounds show great potential for
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use in disease therapies. Chemically modified quinoline-
derivatives have wide pharmaceutical power as therapeutic
agents, and 83b1 is a quinoline-derivative that has been
shown to exert significant anti-tumor effects against ESCC
with low cytotoxicity toward non-tumor cells. 

In this study, 83b1 showed significantly greater anti-tumor
effects against a series of ESCC cell lines relative to the
widely used anti-cancer drug, CDDP, with much lower 
cytotoxicity against nontumor cells. It is an important crite-
rion that anti-cancer drugs are able to suppress cancer
growth selectively while they are not provoking damaging
effects on normal cells.

Possible targets of 83b1 were determined by molecular
docking analysis, which revealed that it has a high binding
preference to compete with the natural ligand to target
PPAR, which has been known as an oncoprotein. The func-
tions of PPAR in COX-2 and COX-2–derived PGE2 produc-

tion have been described, and the involvement of COX-2 and
PGE2 in tumorigenesis in the ESCCs has been widely 
reported in many studies. Accordingly, it is important to see
the effects of 83b1 on the production of COX-2 and COX2–
derived PGE2.

Our results showed that 83b1 can significantly down-reg-
ulate COX-2 mRNA expression in ESCC cell lines. Moreover,
the production of COX-2–derived PGE2 in ESCC cell lines
was also significantly reduced by treatment with 83b1.
Therefore, it is possible that 83b1 can antagonize its possible
target PPAR and hence suppress cancer growth through
down-regulation of COX-2 and PGE2 production. The in vivo
study also showed that 83b1 can significantly suppress 
tumors in animals within 19 days, and that tumors inside of
nude mice almost disappeared. 

Overall, this study comprehensively described the func-
tions and effects of 83b1 on ESCC cell lines. The findings of
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this study also revealed the potential use of chemically mod-
ified natural compounds in disease therapy.

Conclusion

Chemically modified quinoline derivatives were recently
shown to inhibit tumor growth through different kinds of
mechanisms by interacting with various targets [5,10]. Here,

we demonstrated that a novel quinoline derivative, 83b1, has
strong inhibitory effects on tumor growth with less toxicity
in non-tumor cell lines and nude mice xenograft models. The
predicted target PPAR of 83b1 has been widely reported as
a cancer-promoting protein ubiquitously overexpressed in
different types of cancer tissues [26]. We found that 83b1 can
target PPAR, resulting in downregulation of COX-2 mRNA
expression and reduced production of PGE2. The results pre-
sented herein will greatly advance development of novel
drugs for cancer therapy by targeting PPAR.
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Purpose
The purpose of this study is to examine the role of the double-stranded RNA (dsRNA) acti-
vated Toll–interleukin-1 receptor domain-containing adaptor inducing interferon  (TRIF)
signal pathway in triggering apoptosis in hepatocellular carcinoma (HCC) cells. 

Materials and Methods
First, siRNA targeted autophagy–related gene LC3 (pU6H1-LC3 siRNA and siLC3) and a
dsRNA used as a Toll-like receptor 3 (TLR3) ligand was constructed and synthesized, 
respectively. Then, a human HCC cell line was transfected with dsRNA, siLC3, and cotrans-
fected with siLC3 and dsRNA (siLC3+dsRNA), respectively. Finally, quantification real-time
polymerase chain reaction, western blotting, and immunofluorescence staining were used
in the HCC line (SMMC7721), and MTT assay, flow cytometry, terminal deoxynucleotidyl
transferase-mediated dUTP nick-end-labeling, and transmission electron microscopy were
used in an HCC xenograft model of nude mice. Human umbilical vein endothelial cell tube
forming assay, color Doppler ultrasonographic flow image examination, and CD34-positive
microvessel density were used in vitro and in vivo.

Results
Compared with untreated cells, the protein and mRNA expression of TLR3 and TRIF was
up-regulated, in order, siLC3+dsRNA, dsRNA, and siLC3. Expression of LC3 was obviously
down-regulated and the autophagosomes were significantly decreased in siLC3+dsRNA
and siLC3, whereas in dsRNA (p < 0.05). LC3 and TRIF colocation was observed in HepG2
cells. Decreased cell viability, increased apoptosis, decrease in xenograft tumor volume,
and angiogenesis potential were also observed in order (p < 0.05). 

Conclusion
Suppression of intracellular autophagy resulted in decreased degradation of TRIF protein,
which can promote triggering of apoptosis by the TLR3-TRIF pathway. dsRNA and siLC3
could play anticancer roles in coordination.
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Introduction

Cancer is a multistep human disease related to a series of
complex biological processes, encompassing apoptosis and
autophagy. Inducing cell apoptosis is a key strategy of tumor
therapy. Reduced apoptosis in chemoresistance remains a

major clinical obstacle to successful cancer treatment and 
results in poor prognosis of the patients.

Toll-like receptors (TLRs) play a pivotal role in triggering
various innate immune responses associated with both phys-
iological and pathological immunity. After recognizing
pathogen-associated molecular patterns or danger-associated
endogenous molecules, TLRs activate a signaling pathway
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through recruitment of two key adaptor molecules, termed
myeloid differentiation factor 88 (MyD88) and Toll–inter-
leukin-1 receptor domain-containing adaptor inducing inter-
feron (IFN)  (TRIF, also called TICAM-1) [1]. MyD88 is a
universal signaling adaptor for all TLR members except
TLR3, whereas TRIF is a unique signaling adaptor only for
TLR3 and TLR4. Among the TLRs, activation of TLR3 by
viral double-stranded RNA (dsRNA) as well as its analog
poly I:C [2] or BM-06 [3], a virus-associated molecular pat-
tern, has been reported. Therefore, dsRNA is a specific ligand
for TLR3 signaling specificity by TRIF [4].

Most of the TRIFinteracting proteins, including RIP1, have
been found to mediate apoptosis through the RIP–Fas-asso-
ciated protein with death domain–caspase-8 pathway [5].
McAllister et al. [6] concluded that activation of the TLR3-
TRIF-caspase 8 signaling pathway by dsRNA has a signifi-
cant impact on cell death and survival in vivo. These studies
suggest that TRIF plays divergent roles in TLR3-mediated
signaling. 

Autophagy, as a type II programmed cell death, is a com-
mon and important life process in eukaryotic cells; its main
role is clearing and degrading damaged organelles and extra
large biological molecules to provide energy and reconstruc-
tion of the cellular structure and plays an important role in
maintaining cell homeostasis and cellular activities [6]. In 
tumorigenesis and developmental processes, the role of 
autophagy is bidirectional, on one the hand, cell autophagy
can inhibit cancer cells by preventing the accumulation of
toxic or carcinogenic damage to proteins and organelles, on
the other hand, it may also promote the growth of tumors by
limiting necrosis and inflammation to promote tumor cell
survival in metabolic stress or immune suppression [7,8]. 
Autophagy involves the formation of double-membraned
vesicles termed autophagosomes, which sequester cytoplasm
and organelles, and then fuse with lysosomes to form 
autolysosomes, thus degrading the contents of the vacuole
[9]. Microtubule-associated protein light chain 3 (LC3), a
mammalian homolog of yeast autophagy-related genes (Atg)
8, is known to exist on autophagosomes. Autophagosome
formation involves the conversion of LC3-I to the lipidated
form LC3-II, consequently conversion from LC3-I to LC3-II
is a common indicator of autophagy [9]; therefore, LC3
serves as a widely used marker for autophagosomes [10]. 

Emerging evidence has recently affirmed autophagic fea-
tures in cells treated with chemotherapeutic agents. There
was a question regarding whether the high level of 
autophagy induced by cytotoxic drugs should be regarded
as a direct cell death; however, cells expressing their viability
for long-time survival led to chemoresistance [11]. Therefore,
it now seems clear that a major function of autophagy is to
fight to keep cells alive under stressful “life-threatening” con-
ditions [12]. Numerous studies have been conducted to 

determine the molecular mechanism of autophagy, to deter-
mine the significance of targeting the autophagic signaling
pathway to anticancer therapeutics. According to some 
research, the high-level of autophagy in tumor cells follow-
ing anticancer treatment can be regarded as a survival mech-
anism of cancer cells; thus, therapeutic targeting of the
autophagic signaling pathway might represent a novel 
molecular avenue to reducing chemoresistance [13].

Recent studies have reported on the critical link between
pathogen recognition of TLRs and autophagy [14-16]; how-
ever, it is not known whether LC3 has any regulatory effect
on TLR3 induction of cell apoptosis signaling. In this 
research, dsRNA synthesis was based on the highly con-
served 5 untranslated region (5 UTR) of a viral genome
with no homology to human genes as a TLR3 ligand to 
activity of the TLR3-TRIF signal pathway for induction of
apoptosis, and siRNA targeted LC3-II (pU6H1-LC3 siRNA
and siLC3) was simultaneously constructed for knockdown
of autophagy gene LC3, and LC3-based molecular biological
and microscopic assays were performed for detection of 
autophagy in hepatocellular carcinoma (HCC) cells and node
mice xenograft tumors to examine the question of whether
or not autophagy might inference apoptosis by TLR3-TRIF.
These findings will increase our understanding of the rela-
tionship between autophagy and apoptosis in HCC.

Materials and Methods

1. dsRNA design and synthesis  

dsRNAs sequences were designed based on cell surface
TLR3 sensitive viral sequences. A 5 UTR region of human
EV70 (GenBank accession No. DQ201177) is highly con-
served in enterovirus families, and highly homologous tar-
geting and no homology with human genome after blasted
in the NCBI nucleic acid sequence data bank as a template
for design of dsRNA, with a stable secondary structure, Tm
value, and GC content. The targeting sequences (53) of
dsRNAs were UAGGUACUUCGAGAAGCCUAGUA TAA-
TACGACTCACTATAGGGAGA (dsRNA, sense), UACUA-
GGCUUCUCGAAGUACCUA TAATACGACTCACTATA-
GGGAGA (dsRNA, antisense). The optimal concentration
(50 µM) of dsRNA was selected based on the cell growth
curve from 24 hours to 72 hours.

2. siRNA targeted LC3-II construction

Three sequences of siRNA were designed on the basis of
LC3-II sequences from GenBank (accession No. NM032514.3)
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using Qiagen siRNA software (Qiagen, Shanghai, China).
The designed 21nt sequences were submitted to BLAST
analysis to ensure that the selected sequences were specifi-
cally targeted. Then, these siRNA sequences targeting LC3-
II gene were cloned into pU6H1-GFP vector (5.5 kb, Qiagen)
for construction of an siRNA expression plasmid targeting
LC3-II (siLC3). pU6H1-GFP vector, showing a green color,
was used to assay the function of the transfected siRNA. The
effective siLC3 was selected among three siLC3s and verified
by sequencing. Information on the three siLC3s is shown in
Table 1.

3. Cell culture and groups

Four human HCC cells (SMMC-7721, Huh7, HepG2, and
MHCC97H) and human umbilical vein endothelial cells
(HUVECs) were purchased from the Institute of Cell Biology.
HCC cells and HUVECs were maintained in Dulbecco’s
modified Eagle medium (DMEM; Invitrogen, Carlsbad, CA)
plus 10% fetal bovine serum (Invitrogen), 2 mM L-glutamine,
100 U/mL of penicillin, and 100 µg/mL of streptomycin at
37°C under 5% CO2 in a 95% humidified incubator. After
reaching 70% confluence, the cells were transfected with 
either siLC3 or dsRNA, or co-transfection with both siLC3

Table 1. Sequences of three siLC3
Name Sequences (5-3') Position
siLC3-1 Sense: GCGAGUUGGUCAAGAUCAUTAATACGACTCACTATAGGGAGA 352

Antisense: AUGAUCUUGACCAACUCGCTAATACGACTCACTATAGGGAGA  
siLC3-2 Sense: GCUUCCUCUAUAUGGUCUATAATACGACTCACTATAGGGAGA 490

Antisense: UAGACCAUAUAGAGGAAGCTAATACGACTCACTATAGGGAGA
siLC3-3 Sense: GUAAGGAGGUACAGCAGAUTAATACGACTCACTATAGGGAGA

Antisense: AUCUGCUGUACCUCCUUACTAATACGACTCACTATAGGGAGA 220

siLC3, siRNA targeted autophagy–related gene LC3.

Table 2. Primer sequences
Name Sequence
LC3

Forward 5-TACGAGCAGGAGAAAGACGAGG-3
Reverse 5-GGCAGAGTARGGTGGGTTGGTG-3

TLR3
Forward 5-CCTGGTTTGTTAATTGGATTAACGA-3
Reverse 5-TGA GGTGGAGTGTTGCAAAGG-3

TRIF
Forward 5-GGCCCATCACTTCCTAGCG-3
Reverse 5-GAGAGATCCTGGCCTCAGTTT-3

Caspase 3
Forward 5-AGAACTGGACTGTGGCATTGAG-3
Reverse 5-GCTTGTCGGCATACTGTTTCAG-3

Caspase 8
Forward 5-CATCCAGTCACTTTGCCAGA-3
Reverse 5-GCATCTGTTTCCCCATGTTT-3

Caspase 9
Forward 5-GGCTGTCTACGGCACAGATGGA-3
Reverse 5-CTGGCTCGGGGTTACTGCCAG-3

GAPDH
Forward 5-GAAGGTGAAGGTCGGAGTC-3
Reverse 5-GAAGATGGTGATGGGATTC-3

LC3, microtubule-associated protein light chain 3; TLR3, Toll-like receptor 3; TRIF, Toll–interleukin-1 receptor domain-con-
taining adaptor inducing interferon ; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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and dsRNA (siLC3+dsRNA) using Lipofectamine 2000 
(Invitrogen) in accordance with the manufacturer's protocol.
HUVECs were used between the third and eighth passages.
Simultaneously, untreated cells were used as a control.

4. Quantitative real-time polymerase chain reaction 

Total RNA was extracted from cell lines using TRIZOL 
(Invitrogen). Quantitative real-time polymerase chain reac-
tion (qRT-PCR) was performed to evaluate the mRNA 
expression of TLR3, TRIF, and LC3 using an ABI 7700 
Sequence Detection System (Applied Biosystems, Foster
City, CA) according to the manufacturer’s protocol. Cycling
for amplification was as follows: 95°C for 3 minutes; 35 
cycles at 95°C for 45 seconds, 60°C for 45 seconds, and 72°C
for 30 seconds; and terminated at 72°C for 7 minutes. The
primer pairs (10 pmol) are listed in Table 2. All samples were
run in triplicates. The relative levels of individual mRNA in
each sample were calculated using the 2Ct method, and
glyceraldehyde-3-phosphate dehydrogenase served as a con-
trol. 

5. Western blotting 

After transfection for 48 hours, cells were lysed with 
radioimmunoprecipitation assay buffer (Sigma-Aldrich, St.
Louis, MO). Then an equal amount of protein was separated
by 10% sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis and subsequently transferred to a PVDF mem-
brane with protein, which was blocked for 2 hours with 5%
nonfat milk in TBST. Following incubation with the primary
antibodies (a rabbit anti-LC3 monoclonal antibody, a mouse
anti-TLR3 monoclonal antibody [Abcam, Cambridge, UK],
and a mouse anti-TRIF polyclonal antibody [Sigma-Aldrich],
all diluted at 1:500 dilution; a rabbit anti–-actin antibody
[Sigma-Aldrich], at 1:2,000 dilution) overnight at 4°C, mem-
branes were washed in TBST for 5 minutes3 times, followed
by incubation with peroxidase-conjugated goat anti-rabbit or
goat anti-mouse secondary antibodies (Sigma-Aldrich) at
1:2,500 dilution for 1 hour at room temperature, and devel-
oped using a chemiluminescence system (Pierce, Rockford,
IL). The film was scanned and the density of the bands meas-
ured using Image Quant software (Molecular Dynamics,
Sunnyvale, CA) and then expressed as the percentage of the
density of the -actin band.

6. Flow cytometry assay 

Flow cytometry (Beckman Coulter, Fullerton, CA) was
used to determine the apoptotic rate. The testing cells 
described above were suspended in 500 µL binding buffer
(Becton Dickinson, Franklin Lakes, NJ), incubated with 5 µL

annexin V–FITC/PI (Becton Dickinson) and 5 µL propidium
iodide (PI; Becton Dickinson) for 15 minutes. Phosphatidyl
serine translocation to the cell surface serves as an indicator
of early apoptotic cells; therefore, annexin V–positive and 
PI-negative cells were identified as apoptotic cells. Cell apop-
totic ratio was determined using Cell Quest software (FCM,
Becton Dickinson).

7. Hoechst staining 

Testing cells were exposed to staining solution containing
Hoechst 33258 (1 µg/mL, Beyotime Institute of Biotechnol-
ogy, Haimen, China) at 37°C for 20 minutes. Apoptotic cells
were defined as those containing nuclear fragmentation and
condensed  chromatin. Cells were observed and photog-
raphed using a digital fluorescence microscope (Olympus,
Tokyo, Japan) at 20 minutes after addition of the staining 
solution. Chromatin condensation is the most characteristic
feature of apoptosis. Cell apoptotic ratio was obtained by
counting the number of apoptotic cells with condensed 
nuclei among all cells in five randomly selected areas. 

8. Terminal deoxynucleotidyl transferase-mediated dUTP-
biotin nick end labeling assay in cells 

Cellular apoptosis was also evaluated using the terminal
deoxynucleotidyl transferase (TdT)-mediated dUTP-biotin
nick end labeling (TUNEL) method with an in situ cell 
detection kit (Roche Molecular Biochemicals, Mannheim,
Germany), according to the manufacturer’s protocol. Four
groups were treated as described above for 24 hours, and
then fixed in 4% paraformaldehyde, followed by incubation
with 50 µL TUNEL reaction mixture (TdT and fluorescein-
dUTP) at 37°C for 1 hour in a humid atmosphere, followed
by evaluation of apoptotic cells under a digital fluorescence
microscope (Olympus). Cells containing green granules in
the nucleus were regarded as positive for TUNEL. A total of
100 cells were counted at high magnification, and the per-
centage of TUNEL-positive cells was calculated as apoptotic
index (AI).

9. Immunofluorescence staining

Cells were incubated with rabbit anti-LC3 monoclonal 
antibody (1:200), mouse anti-TLR3 monoclonal antibody
(1:200), and mouse anti-TRIF polyclonal antibody (1:100) at
4°C overnight, respectively. Staining patterns were visual-
ized with goat anti-rabbit IgG TRITC-conjugated (1:200 
dilution) and goat anti-mouse IgG FITC-conjugated (1:200
dilution) secondary antibody for 1 hour at room temperature.
Samples were counterstained with Hoechst 33258 and pho-
tographed using digital fluorescent microscopy (Olympus).
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10. Transmission electron microscopy observation

Cells treated for 24 hours were fixed in ice-cold 2.5% glu-
taraldehyde in 0.1 mol/L phosphate buffered saline (PBS) at
4°C, and were post-fixed in 1% osmium tetroxide in the same
buffer, dehydrated in graded alcohols, embedded in Epon
812, sectioned with an ultra-microtome, and stained with
uranyl acetate and lead citrate. Autophagic vacuoles in cells
were identified using a transmission electron microscope
(Philips CM120, Eindhoven, Netherlands).

11. MTT assay [(3-(4,5)-Dimethylthiazol-2-yl)-2,5-dipheny-
ltetrazolium bromide]

Cells were seeded at 3103 cells/well (0.1 mL) in 96-well
plates and maintained in phenol-red-free DMEM containing
10% fetal calf serum at 37°C for 12 hours, followed by addi-
tion of 10 µL MTT (5 mg/mL) to each well at the time the
cells were treated at 24 hours, 48 hours, and 96 hours and the
cell mixture was incubated at 37°C for 4 hours. Then, 100 µL 
dimethyl sulfoxide solution was added to each well to dis-
solve crystals. The absorbance of the solution was measured
at 570 nm using a microplate reader to determine cell viabil-
ity. Four replicate wells were tested per assay and each 
experiment was repeated three times.

12. Tube formation assays 

Matrigel Basement Membrane Matrix (BD Bioscience, Bed-
ford, MA), 100 µL, was planted in each well and incubated
for 30 minutes at 37°C. HUVECs were cultured in the super-
natant of the above described experimental cell culture, and
then seeded on top of the Matrigel at a density of 3104

cells/well. Following incubation for 16 hours, the wells were
photographed in five random fields under an inverted phase
contrast microscope (200). The untreated cells formed a
branching plexus of tubes on artificial extracellular matrix,
such as Matrigel. A tube forming node was defined as one
having three or more branches coming from a common cen-
ter. Quantification was blinded and carried out by counting
each nodal branch point having three or more branches.
Branch point counts per image constituted the raw data for
statistical analysis. There were four images per treatment
group. Experiments were run in triplicate.

13. Development of xenograft HCC nude mice models and
drug treatment 

Six- to eight-week-old specific pathogen-free athymic nude
mice (BALB/c Nude, female) were provided by the Animal
Experiment Center of Nantong University. To confirm that
the cells used for development of xenografts in nude mice

were stably transfected with siLC3, dsRNA and siLC3+
dsRNA, colony formation assays were performed for selec-
tion of single-cell colonies at 2-3 weeks after growth in soft
agar. The selected single-cell clones were then expanded in
the medium containing G418. Mice were randomly divided
into four groups (n=6 for each group, total 24): single-cell
clones (5106 cells in 0.2 mL basic culture medium) were 
injected subcutaneously into both sides of the mice nape for
development of subcutaneous xenografts in nude mice. The
tumor masses were measured every 3 days using a caliper,
and tumor volume was calculated according to the following
formula: V=ab2/2 mm3 (a and b represent the two maximum
diameters, respectively) [17]. The animals were euthanized
after 30 days with examination of finished blood signals by
B-model ultrasound diagnosis. Subcutaneous tumors were
removed and fixed in buffered formaldehyde (4% wt/vol in
PBS) and 4-µm paraffin sections were stained in hematoxylin
and eosin using standard histological techniques. All nude
mice were treated and all procedures were performed in 
accordance with the guidelines for experimental animals 
approved by the Animal Care and Use Committee of Nan-
tong University, China.

14. B-model ultrasound evaluating intratumor blood flow
signals 

The B-mode and color Doppler ultrasonographic flow
image examination was performed before the nude mice
were sacrificed. Twinkling was performed on the tumors and
basilar part of the nude mice to evaluate the blood flow of
tumors. Then, flow imaging was analyzed by estimating the
red area for flow toward the probe, and the blue for flow
back to the probe.

15. Immunohistochemical staining 

A two-step immunohistochemical method was performed
on formalin-fixed, paraffin-embedded 4-µm sections from all
xenografts to detect the expression of TLR3 (1:100), TRIF
(1:100), and LC3 (1:100), and apoptosis-related genes caspase
3, caspase 8, and caspase 9 (1:100, Cell Signaling Technology,
Danvers, MA) and CD34 (1:100, Zymed Laboratories, South
San Francisco, CA). Eight consecutive slides were prepared
from each tissue. The slides were deparaffinized by dimethyl
benzene and dehydrated by gradient ethanol. For antigen 
retrieval, slides were heated at 95°C for 10 minutes in sodium
citrate buffer (10 mM sodium-citrate monohydrate, pH 6.0),
and then allowed to cool for 20 minutes at room temperature,
followed by incubation in 0.3% H2O2 at room temperature
for 15 minutes to inhibit endogenous peroxidase, and then
incubated with primary antibodies at 4°C overnight. A two-
step reagent kit (HRP–anti-mouse/rabbit IgG 1:200 dilution,
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Fuzhou Maixin Biotechnology Co., Ltd., Fuzhou, China) was
then applied for detection of the immunoreactivity. Slides
were stained using 0.05% 3,3'-diaminobenzidine tetrahy-
drochloride (DAB) solution (DAB kit IL1-9032, Fuzhou
Maixin Biotechnology Co., Ltd.), and sections were slightly
counterstained with  hematoxylin. Positive controls (human
HCC tissues with cytoplasmic TLR3, TRIF, LC3, and cas-
pases 3, 8, 9, and CD34 for microvessels) as well as negative

controls (TBS was substituted for primary antibody at the
same concentration) were performed for each immunohisto-
chemical run.

16. TUNEL detection in tissues 

TUNEL detection kits (Promega, Madison, WI) were used
for the detection of cell apoptosis in tissues. In brief, after tis-
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sue sections were deparaffinized and dehydrated, sections
were treated in order with 20 µg/mL Proteinase K for 20
minutes, 0.3% Triton X-100 for 10 minutes, followed by
washing in PBS, TUNEL reaction mixture at 37°C for 1 hour,
HRP conjugated streptavidin (1:200, Beijing Zhongshan
Biotech Co., Ltd., Beijing, China) at 37°C for 30 minutes,
0.04% DAB and 0.03% H2O2 at room temperature for visual-
ization for 10 minutes, counterstaining with hematoxylin fol-
lowed by mounting with resin. In the negative control, the
TUNEL reaction mixture was replaced with PBS. The posi-
tive control sections were pre-treated with DNase I for 10
minutes followed by TUNEL staining. Cells with brownish
yellow granules in the nucleus were regarded as positive for
TUNEL. The average percentage of TUNEL-positive cells
was calculated using a five high powered microscope as AI.

17. Statistical analysis

Data were expressed as the mean±standard deviation and
were analyzed using independent samples t test using the
statistical software program SPSS ver. 17.0 (SPSS Inc.,
Chicago, IL). p-values were calculated using Student’s t test
and one-way analysis of variance, and were considered sig-
nificant at levels of p < 0.05.

Results

1. Screening cells especially expressing TLR3 and LC3
mRNA and protein 

Under fluorescence microscopy, the TLR3 and LC3 mRNA
and protein were located in cytoplasma (Fig. 1A). Expression
of TLR3 and LC3 mRNA and protein in SMCC7721, HepG2,
MHCC97L, and MHCC97H cells was detected by qRT-PCR
(Fig. 1B) and western blotting (Fig. 1C). Because HepG2 cells
showed higher mRNA and protein expression of TLR3 and
LC3 compared with other HCC cell lines (p < 0.05), HepG2
cell was chosen for the subsequent experiments.

2. Screening siRNAs especially targeting LC3 mRNA

Electron microscopy was used to monitor the number of
autophagosomes. Under transmission electron microscopy,
the typical signs of autophagosomes easily determine the
most efficient siRNA capable of knocking down LC3 mRNA,
the three siRNAs against LC3 genes were transfected with
Lipofectamine 2000 into HepG2 cells, respectively. At 48
hours after transfection, total RNA was isolated using TRIzol
reagent for qRT-PCR and western blotting was performed.
Among the three siRNAs, siLC3-2 exerted a more intense
suppressive effect on LC3 mRNA and protein than the other
two siRNAs (p < 0.05) (Fig. 2). Therefore, siLC3-2 was chosen
for the subsequent experiments.
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3. Expression of TLR3, TRIF, and LC3 in different testing
HepG2 cells

qRT-PCR and western blotting analyses were performed
to determine the expression of TLR3, TRIF, and LC3 mRNA
and protein in all testing cells. Compared with untreated
cells, the mRNA and proteins of TLR3 and TRIF were 
up-regulated in transfecting cells, in order, with dsRNA+
siLC3, or dsRNA, or siLC3 (every p < 0.05), which showed
the effect of activation of the TLR3 signaling pathway by
dsRNA and siLC3. LC3 was down-regulated in cells trans-
fected with either dsRNA+siLC3 or siLC3 (p < 0.05, respec-
tively), which determined the inhibiting effect of siLC3.
However LC3 was increased in dsRNA (Fig. 3) .

Fluorescence microscopy detected the subcellular localiza-
tion of TLR3, TRIF, and LC3. The results indicated that TRIF
and LC3 localized mainly in the cytoplasm of cells, and 
co-localization of both genes was detected in HepG2 cells.
Obviously lower expression of LC3 protein was detected in

siLC3+dsRNA and siLC3 treated cells compared with that in
dsRNA treated cells; however, the expression of TRIF protein
was obviously increased (p < 0.05), similar to dsRNA treated
cells (p < 0.05)  (Fig. 4). However, TLR3 and LC3 protein did
not show co-localized expression.

Effects of dsRNA and siLC3 on autophagophagy are 
observed as autophagic vacuoles with some round shaped
double-membrane structures containing normal looking 
organelles, nucleus and chromatin, indicating autophago-
somes, which are possibly derived from ribosome-free endo-
plasmic reticulum. The average number of autophagosomes
was quantified by counting the double-membrane structures
in three different fields for each treatment. There were fewer
autophagosomes in siLC3 (1.8±0.25) and siLC3+dsRNA
treated cells (2.2±0.16) than in dsRNA (4.9±0.31) and 
untreated cells (3.3±0.13) (p < 0.01). An obvious difference
was observed between that in dsRNA and untreated cells 
(p < 0.05); however, no difference was observed between
siLC3 and siLC3+dsRNA treated cells (p > 0.05) (Fig. 5). 
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4. Effects of dsRNA and siLC3 on cell apoptosis 

First, MTT and tube formation assays were performed to
examine the question of whether dsRNA and siLC3 could 
affect the viability of HepG2 cells and tube formation of 
HUVECs treated as described above. According to the 
results, after 48 hours, siLC3+dsRNA treated cells showed
the lowest viability (p < 0.01), and viability of dsRNA and

siLC3 treated cells was also significantly lower than that in
untreated cells (p < 0.01 and p < 0.05), which was associated
with a time-dependent inhibition (Fig. 6). 

Flow cytometry analysis of HepG2 cells was performed 24
hours after treatments, the apoptosis rates, in order, were
31.49±1.23%, 23.11±0.86%, 15.17±0.49%, and 6.56±0.50% in
dsRNA+siLC3, dsRNA, siLC3, and untreated cells. Signifi-
cant differences were observed between treated cells and 
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Fig. 4. Toll–interleukin-1 receptor domain-containing adaptor inducing interferon  (TRIF) and microtubule-associated pro-
tein light chain 3 (LC3) protein expression with co-localization detected by immunofluorescence (100). FITC and TRITC la-
beled TRIF (green) and LC3 (red) were localized in the cytoplasm of cells, respectively. The nuclei of cells were counter
stained by Hoechst in blue and the merged figure was yellow-green. Compared with untreated cells, TRIF expression was
markedly increased in siRNA targeted autophagy–related gene LC3 (siLC3)+dsRNA, dsRNA, and siLC3 treated cells, and
LC3 expression was markedly decreased in siLC3+dsRNA and siLC3 treated cells. TRIF and LC3 showed co-localized 
expression in cytoplasm.
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Fig. 5. Transmission electron microscopy detected the autophagosomes. Electron microscopic analysis of testing cells. Arrows
indicate autophagosome with double-membrane structures (15,000). siLC3, siRNA targeted autophagy–related gene LC3.
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untreated cells (p < 0.05) (Fig. 7A). In addition, the AI were
evaluated using the nuclear binding dye Hoechst 33285 
(Fig. 7B) and TUNEL by fluorescence microscopy (Fig. 7C).
Compared with AI of  untreated cells (6±0.34% and 3±0.03%),
higher AI was detected in all treated cells (every p < 0.01);
however, the highest AI was detected in dsRNA+siLC3
treated cells (41.34±1.21 and 32.43±2.11) compared to both
dsRNA treated cells (24.00±1.76 and 14.71±1.02) and siLC3
treated cells (21.82±2.65 and 11.94±1.03) (every p < 0.01).

5. Effects of dsRNA and siLC3 on the growth of xenograft
tumors

Tumor growth curves during the entire study period and
the xenograft tumor volumes in sacrificed mice showed that
xenograft tumor growth was significantly slower and tumor
volumes were significantly reduced, in order, siLC3+dsRNA
(0.475 mg), dsRNA (0.525 mg), and siLC3 (0.856 mg) com-
pared with PBS controls (1.064 mg) (p < 0.05) (Fig. 8). 

6. Expression of TLR3, TRIF, and LC3 in xenograft tumors
tissues 

Expression of TLR3, TRIF, and LC3 in vivo was similar to
that in vitro. In addition, TUNEL detection showed that AI
was significantly increased in all testing groups in histolog-
ical sections of tumor, the effect of siLC3+dsRNA was the
most prominent (p < 0.05) compared with PBS controls 
(p < 0.05) (Fig. 9).

Expression of TLR3, TRIF was markedly up-regulated, in
order, in the siLC3+dsRNA, dsRNA, and siLC3 treated
groups. LC3 was up-regulated in dsRNA, but markedly
down-regulated in siLC3+dsRNA and siLC3, respectively,
compared with PBS control groups. In TUNEL staining,
apoptotic cell nuclei were stained in brownish yellow, while
normal nuclei were stained in blue. AI in the cells was obvi-
ously increased, in order, siLC3+dsRNA, dsRNA, and siLC3
compared with PBS controls. 

7. Effects of dsRNA and siLC3 on angiogenesis in vitro and
in vivo

In the tube forming assay, untreated HUVECs formed an
organized network of tubes within 24 hours, the average ring
number of tube formation was 65±4.3, whereas that for tube
formation decreased in siLC3+dsRNA treated cells (7±1.1)
and dsRNA treated cells (15±4.2) or siLC3 treated cells
(22±2.5) compared with untreated cells (p < 0.01 and p < 0.05).
These results indicate that siLC3 and dsRNA had a potential
inhibitory effect on angiogenesis (Fig. 10A). The role of
dsRNA and siLC3 in angiogenesis of xenograft models was
evaluated by blood flow signals under B-model ultrasound
diagnosis and CD34-positive microvessels with immunohis-
tochemistry staining. The intratumor blood flow was signif-
icantly reduced, in order, in the siLC3+dsRNA, dsRNA, and
siLC3 groups compared with PBS controls (p < 0.05) 
(Fig. 10B). The results observed by CD34 expressing positive
microvessels analyses were similar to that in HUVEC tube-
formation or B-model ultrasound diagnosis (Fig. 10C). 

Discussion

TLR3, a TLR family member, can identify the common 
intermediate dsRNA in the process of viral replication. TLR3-
mediated signaling is critically dependent on TRIF. TRIF–/–
lung fibroblasts are defective in poly I:C-induced activation
of nuclear factor B (NF-B) and IRF3 as well as production
of type I IFNs, demonstrating that TRIF is indispensable for
TLR3-mediated signaling [18]. In this paper, we first synthe-
sized a dsRNA for transfection of targeting cells; the results
showed that dsRNA is used to active TLR3 signaling through
upregulation of TLR3 and TRIF.

Nascently, LC3 is processed at its C terminus by Atg4 and
becomes LC3-I, which has a glycine residue at the C-terminal
end and subsequently conjugates with phosphatidylethano-
lamine (PE) to become LC3-II (LC3-PE) by a ubiquitination-
like enzymatic reaction. Therefore, LC3-II serves as a widely
used marker for autophagosomes [11,17]. In this study, siLC3
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was constructed and used to inhibit intracellular autophagy
levels. The mRNA and protein expression of LC3 was signif-
icantly reduced in HCC cells transfected by siLC3, proving
the target specificity of siLC3. 

Previous studies have demonstrated that TLR3 can directly
induce cell apoptosis in human cancer cells [1-5,19], and the
influence of autophagy on apoptosis has been studied. The
relatively large cytoplasmic volume in human hepatoma cell
lines was selected as the experimental object. Compared with
the other HCC cell lines, HepG2 cells showed higher mRNA
and protein expression of TLR3 and LC3, and were therefore
chosen for this study. After transfection, in qRT-PCR and
western blotting, elevated mRNA and protein expression of
TLR3 and TRIF, respectively, was observed for siLC3+
dsRNA, dsRNA, and siLC3, compared with untreated cells.

The characteristics of these protein expressions by immuno-
histochemistry in xenograft tumors of nude mice were simi-
lar to those detected in vitro, indicating that dsRNA and
siLC3 can also activate TLR3 signaling pathways. Immuno-
fluorescence staining showed the expression of TRIF and
LC3 protein presenting co-localization in cytoplasma of
HepG2 cells, in the subcellular structure. The study found
that LC3 expression was reduced in association with an 
increasing TRIF expression in siLC3+dsRNA and siLC3, sug-
gesting that knock down of LC3 expression can reduce the
degradation of TRIF, and is more favorable to TLR3 signaling
pathways activited by dsRNA. Alhough TLR3 is located in
endosomes or phagolysosomes, static TRIF does not bind
with TLR3, but with the stimulated ligand poly I:C, which
initiates TLR3 signal transduction [20]. Because TRIF cannot
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Fig. 7. Apoptosis in HepG2 cells detected by flow cytometry (A), Hoechst33285 (B), and terminal deoxynucleotidyl trans-
ferase-mediated dUTP-biotin nick end labeling (TUNEL) staining (C) (arrows indicating apoptotic nuclei were bright blue
in Hoechst33285 staining, and bright green in TUNEL staining, 200). PI, propidium iodide; siLC3, siRNA targeted 
autophagy–related gene LC3.
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co-locate with any of the currently defined endogenous
markers, the exact location of TRIF in cells is not yet conclu-
sive. Results of research reported by Biswas et al. [14]
showed interaction of ubiquitin related Uba structure 
domain in ubiquitin protein 1 (ubiquitin 1 or PLIC-1) and
TRIF [21]. We found that co-localized expression of TRIF and
LC3 protein in cytoplasma of HepG2 cells may be due to the
the interaction between TRIF and LC3, thus suggesting a new
possibility that TRIF can locate into an autophagosome. 
Because the recently proposed selective autophagic degra-
dating protein is mediated by an autophagy receptor, to 
determine whether the TRIF is degradated by a specific 
autophagy receptor, Inomata etc. [14] using HEK293T cells,
examined the question of whether activation of TRIF signal-
ing can be recruited to the selective degradation of TRAF6
and TRIF mediated by autophagy receptor NDP52 and by
transfection of NDP52 to HEK293T cells can be weakened by
TRIF overexpression induced by activation of NF-B and
IRF3 transcription, these roles of degradation can be reversed
through autophagy inhibitor 3-mA. This finding indicates

that the TLR3-TRIF signaling protein can be directly deg-
raded by an autophagy receptor.

At the ultrastructural level, an autophagosome is defined
as a double-membraned structure containing undigested 
cytoplasmic contents, which has not fused with a lysosome
[22]. It should be noted that the quantitation of relative num-
bers of autophagosomes observed by electron microscopy
can help in reflection of autophagy activation. In this study,
autophagosomes were reduced in siLC3+dsRNA and siLC3
treated cells, whereas, only dsRNA stimulation can increase
the expression of LC3 leading to increased autophagosomes
in cells. 

These results indicate that activation of TLR3 by dsRNA
in promoting apoptosis can also induce autophagy to stren-
gthen TLR3-TRIF signaling pathways. Perhaps autophagy is
not the result of TLR3 activation, but the role of the TLR3 sig-
naling pathway or a bypass procedure [14,21]. Some findings
have demonstrated that TLRs utilize the mechanism of 
autophagy to eliminate intracellular pathogens [15,16]. TLR-
activated autophagy is regulated by the interaction of MyD88

siLC3+dsRNA dsRNA siLC3 Untreated
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TRIF3

LC3

TUNEL

Fig. 9. Results of immunohistochemistry and terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling
(TUNEL) detection in xenograft tumor tissues (400). TLR3, Toll-like receptor 3; TRIF3, Toll–interleukin-1 receptor domain-
containing adaptor inducing interferon ; LC3, microtubule-associated protein light chain 3; siLC3, siRNA targeted 
autophagy–related gene LC3.
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or TRIF with Beclin 1, a key factor in autophagosome forma-
tion and induction of the interaction by TLR. The interaction
of Beclin 1 and TRAF6 can facilitate activation of Beclin 1 and
formation of autophagosomes [23]. Shi and Kehrl [23]
demonstrated that TLR family members induce autophagy
in macrophages, and MyD88 and TRIF co-immunoprecipi-
tate with Beclin-1. While TLR signaling enhances the inter-
action of MyD88 and TRIF with Beclin-1, it reduces the
binding of Beclin-1 and Bcl-2 by recruiting Beclin-1 into the
TLR-signaling complex, which leads to autophagy [23]. TLR3
is the only TLR to have TRIF as an adaptor. Xu et al. [11] sug-
gested that the TRIF-RIP1 pathway was essential for 
autophagy.

Many literature studies have reported that TLR-signaling
promoted apoptosis by different signaling pathways, includ-
ing the extrinsic caspase pathway [3], TLR3–TRIF–NF-B and
STAT-1 pathways [11], survivin-mediated pathways [17],
and TRIF-dependent pathway [19]; however, whether or not
apoptosis is influenced by autophagy levels, particularly
whether or not LC3 is related to apoptosis induced by TLR-
signaling is still unclear. In this paper, suppression of cell 

vitality in siLC3+dsRNA was significantly stronger than in
the siLC3 and dsRNA groups. Further cell apoptosis was 
examined through flow cytometry analysis, Hoechst stain-
ing, and TUNEL detection based on cellular and nuclear
morphology. In the results, apoptotic cells were more obvi-
ous, in order, in siLC3+dsRNA, dsRNA, and siLC3 treated
cells, demonstrating that dsRNA and siLC3 might induce
apoptosis of HepG2 cells. In observation of xenograft tumors
of nude mice in vivo, tumor growth curves during the entire
study period indicated marked inhibition of tumor growth,
in order, siLC3+dsRNA, dsRNA, and siLC3, compared with
PBS controls. In TUNEL detection, the results showing 
increased AI also proved that cell apoptosis was significantly
higher in the siLC3+dsRNA group than in the other two
groups. Similarly, as expected, reduced HUVEC cell vitality
and increasing apoptosis resulted in significantly inhibited
tube formation of HUVECs cultured in the above described
experimental cell culture supernatant, and the intratumor-
blood flow under B-model ultrasound diagnosis as well as
CD34-positive microvessels by immunohistochemistry in
siLC3+dsRNA, dsRNA, and siLC3 transfecting cell culture

siLC3+dsRNA

A

B

C

dsRNA siLC3 Untreated

Fig. 10. dsRNA and siRNA targeted autophagy–related gene LC3 (siLC3) inhibited angiogenesis in vitro and in vivo. 
(A) Effects of dsRNA and siLC3 on human umbilical vein endothelial cell (HUVEC) tube-formation (100). Both dsRNA
and siLC3 inhibited the tube formation of HUVECs on matrigel; however, an obvious organized network of tubes was 
observed in untreated HUVECs. (B) The tumor blood flow changes in B-model ultrasound diagnosis. Compared to the phos-
phate buffered saline control group with obvious blood flow in tumor and basilar part, blood flow was moderately inhibited
in dsRNA and siLC3 alone, while most significantly reduced in siLC3+dsRNA (the red area for flow toward the probe, and
the blue area for flow back to the probe). (C) CD34 expressing positive microvessels in immunohistochemistry staining
(400). The results of CD34 expressing microevessels by immunohistochemistry staining were similar to that in HUVEC
tube–formation or B-model ultrasound diagnosis. 
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supernatant treated HUVECs and its stabilizing transfecting
cells in xenograft tumors of nude mice. These results show
that the expression of LC3 increases in HepG2 cells, HUVEC
cells, and xenograft tumors, respectively, treated with
dsRNA, suggesting that downregulation of LC3 by siLC3 can
also promote dsRNA induced apoptosis in HepG2 cells. It
was confirmed that the reduction of autophagosomes by
siLC3 may lead to decreased degradation of TRIF protein.
Therefore, siLC+dsRNA induced apoptosis of HepG2 cells
by two pathways, the TLR3-TRIF-caspase pathway and 
autophagy pathway. On the one hand, apoptosis was trig-
gered by dsRNA directly via the TLR3-TRIF-caspase path-
way, on the other hand, inhibition of autophagy resulted in
decreased degradation of TRIF protein, indirectly promoting
apoptosis. Depending on the multistep characteristics of the
TLR3 signal pathway, siLC+dsRNA could act as a molecular
on-off switche to completely turn on a TLR3-TRIF-caspase
cellular process while turning off the autophagy cellular
process, so that autophagy receptors cannot degrade the
TRIF protein, leading to increased apoptosis. These results
indicated that reduction of autophagy by siLC3 might rein-
force TLR3-TRIF-mediated apoptosis resulting in inhibited
growth of nude mice tumors. It is suggested that inhibition
of the autophagic signaling molecule LC3 in manipulation of
TLR3-TRIF expression levels might increase sensitivity of cell
apoptosis. Our studies have highlighted the pivotal regula-
tory roles of siLC+dsRNA in apoptotic signaling pathways,
with substantial evidence demonstrating that inhibition of
autophagy causes apoptosis [24]. Therefore, it is reasonable
to envision a role for inhibitiion of autophagy to strengthen
TLR3-TRIF apoptotic signaling pathways.

Conclusion

In this study, we report that autophagy is associated with
apoptosis processes, involving LC3 and TRIF-colocation in
human HCC cells. Regulation of autophagy and the TLR3-
TRIF pathway may be effective in the treatment of liver can-
cer. These findings provide a better understanding of the
development of therapeutic approaches based on dsRNA-
modulating agents in combination with siLC3 via activity of
the TLR3-TRIF molecule signaling pathway to strengthen the
occurrence of apoptosis. Future work is required for detailed
exploration of this novel mechanism. 
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Overexpression of PD-L1 and PD-L2 Is Associated with Poor Prognosis
in Patients with Hepatocellular Carcinoma

Original Article

Purpose
Hepatocellular carcinoma (HCC) is one of the most aggressive malignancies. Recently, the
overexpression of programmed cell death 1 (PD-1) and PD-1 ligand 1 (PD-L1) has been
shown to correlate with poor prognosis in many cancers. However, the expression of PD-L1
or PD-1 ligand 2 (PD-L2) and clinical outcomes have not been fully investigated in HCC.

Materials and Methods
Formalin-fixed paraffin-embedded samples were obtained from 85 patients with HCC who
underwent surgery. The expression of PD-Ls (PD-L1, PD-L2) was evaluated by immunohis-
tochemical analysis.

Results
The proportion of high expression groups of PD-L1 and PD-L2 was 27.1% and 23.5%, 
respectively. Univariate analysis revealed that tumor size (p < 0.001), histological differen-
tiation (p=0.010), PD-L1 expression (p < 0.001), and PD-L2 expression (p=0.039) were sig-
nificant prognostic factors of overall survival in patients with HCC. Multivariate analysis
revealed that overall tumor size (hazard ratio [HR], 4.131; 95% confidence interval [CI],
2.233 to 7.643; p < 0.001 and HR, 3.455; 95% CI, 1.967 to 6.067; p < 0.001) and PD-L1
expression (HR, 5.172; 95% CI, 2.661 to 10.054; p < 0.001 and HR, 3.730; 95% CI, 1.453
to 9.574; p=0.006) were independent prognostic values for overall and disease-free sur-
vival. Patients with high expression of PD-Ls had a significantly poorer survival than those
with low expression (p < 0.001, p=0.034). 

Conclusion
The overexpression of PD-Ls in HCC patients is correlated with survival and tumor recur-
rence. Further evaluation of PD-1 and PD-Ls as therapeutic targets and predictive biomark-
ers for HCC is warranted.
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Hepatocellular carcinoma, Programmed cell death 1, 
Programmed cell death 1 ligand, Prognosis 
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Introduction

Hepatocellular carcinoma (HCC) is one of the most aggres-
sive malignancies, accounting for over 1 million deaths 
annually worldwide. There is a clear, causative relationship
between HCC and hepatitis B virus (HBV) infection. The
highest incidence of disease (> 10 to 20 cases per 100,000) is
found in central and Southeast Asia, and in tropical Africa

[1]. South Korea is also a high incidence area at 24.5 per
100,000. Moreover, according to the Korean Central Cancer
Registry of 2010, HCC is the second and fourth most com-
mon cause of cancer death in males and females, respec-
tively, in South Korea. Compounded by underlying cirr-
hosis, the majority of patients with HCC can be treated with
palliative therapy using transarterial chemoembolization or
sorafenib [2]. However, sorafenib is limited by its high cost
and side effects, which include diarrhea, alopecia, fatigue,
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cutaneous desquamation, and hypertension. Additionally,
sorafenib cannot induce tumor necrosis, although it can 
inhibit the growth of HCC [3]. After strategies to minimize
tumor growth with all of the above therapeutic modalities
have failed, only supportive care can be provided. Thus, new
therapeutic modalities are needed.

Programmed cell death 1 (PD-1) is an inhibitory receptor
of T cells and activated B cells. This receptor is a member of
the CD28 family that interacts with the B7 family ligands, 
including PD-1 ligand 1 (PD-L1, B7-H1) and PD-L2 (B7-DC).
These ligands are key check-point molecules of T cells. While
PD-L1 is generally expressed on both hematopoietic cells and
non-hematopoietic cells, such as T cells, B cells, endothelial
cells, and epithelial cells, PD-L2 expression is limited to anti-
gen presenting cells and macro-phages [4]. The interaction
of PD-1 and PD-Ls (PD-L1 and PD-L2) is generally correlated
with immune tolerance and evasion by tumor cells. The
prognostic significance of PD-Ls and the anti-tumor effects
of anti–PD-1 antibody have also been reported in many can-
cers, including breast, lung, ovarian, and melanoma. How-
ever, the roles of PD-Ls in antitumor immunity and their
clinical significance have not been fully investigated in HCC.
Therefore, in the present study, we examined the expression
of PD-Ls in different HCC tissues by immunohistochemical
staining and investigated the correlation of overexpression
of PD-Ls and prognosis in HCC.

Materials and Methods

1. Patients and samples

Eighty-five patients who underwent macroscopically com-
plete curative resection between January 2001 and January
2010 at Soonchunhyang University Cheonan and Bucheon
hospitals with HCC that was pathologically confirmed and
formalin-fixed, paraffin-embedded samples were selected.
No patients received preoperative chemotherapy or radio-
therapy, and none had distant metastasis. No patients died
within 30 days of surgery. Patients lost to follow up were not
included. All of the clinicopathological data were collected
by retrospective review of medical charts and pathological
records. The clinicopathological parameters followed the
rules for the study of primary HCC, third edition, in June
2007, Korea. Tumor differentiation (grade) was assessed
using the Edmondson and Steiner nuclear grading system.
Tumor stage was defined according to TNM classification of
the American Joint Committee on International Union
against Cancer, Okuda staging, Barcelona Clinical Liver Can-
cer (BCLC) staging and Modified Union for International

Cancer Control (UICC) staging. The Institutional Review
Board of the Soonchunhyang University Cheonan Hospital
approved the study (SCHCA 2015-10-020-002).

2. Immunohistochemistry

Samples were sectioned with a thickness of 4 µm and the
antigen was retrieved by heating the slides in antigen 
retrieval solution (0.01 M citrate buffer, pH 6.0). Peroxidase
was inhibited with 3% hydrogen peroxidase in methanol for
40 min at room temperature. Primary antibodies were 
diluted 1:50 (PD-L1 and PD-L2). The sections were allowed
to react with primary antibodies for 2 hours at room temper-
ature, then reacted with a secondary antibody EnVision
HRP-Labeled Polymer (Dako, Carpinteria, CA). The slides
were then visualized using 3,3-diaminobenzidine chro-
mogen (Dako), and counterstained with hematoxylin (Muto
Pure Chemical Ltd., Tokyo, Japan). Protein expression levels
were assessed by two independent pathologists without clin-
ical information using light microscopy.

3. Semiquantitative analysis of PD-Ls

Two independent pathologists who were blinded to the
clinical outcomes of the patients examined the stained slides.
The pathologists determined the expression of PD-Ls semi-
quantitatively by assessing the percentage of positively
stained immunoreactive cells and staining intensity. The
staining percentage (0 points, < 10%; 1 point, 10%-50%; and
2 points, > 50%) and intensity of PD-Ls (0, no staining; 1,
weak staining; 2, moderate staining; and 3, strong staining)
in tumor cells were scored, and the overall score for PD-Ls
expression was the sum of the scores. The samples were 
divided into two groups for statistical analysis according to
the overall scores: low expression scores from 0-2 and high-
expression scores from 3 to 5. After the initial independent
evaluation, both pathologists combined their scores and dis-
cussed the results to resolve any disparities.

4. Statistical analysis 

All data were analyzed using PASW Statistics ver. 18.0
(SPSS Inc., Chicago, IL) with p < 0.05 as the threshold of sta-
tistical significance. Chi-squared and Fisher exact tests were
used to compare the levels of PD-Ls expression and various
clinicopathological characteristics between the groups. Sur-
vival curves for overall survival (OS) and disease-free sur-
vival (DFS) were calculated using the Kaplan-Meier method
and compared by the log-rank test. Multivariate analysis of
prognostic relevance was evaluated by multivariate Cox 
regression analysis. 
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Results

1. Association between PD-L1 and PD-L2 expression and
clinicopathological characteristics of patients with HCC

Among 85 HCC tissue samples, immunohistochemical
staining with anti–PD-L1 and anti–PD-L2 antibodies dis-
played yellow or brown staining in the cell membrane and
cytoplasm. The PD-L1 expression level was scored as 0-1, 2,
3-4, and 5 in 22 (25.9%), 40 (47.1%), 18 (21.2%), and five (5.8%)
samples, respectively. The PD-L2 expression level was
scored as 0-1, 2, 3-4, and 5 in 38 (44.7%), 22 (25.9%), 17
(20.0%), and three (3.5%) samples, respectively. Accordingly,
the proportion of high expression groups (scores of 3-5) of
PD-L1 and PD-L2 was 27.1% and 23.5%, respectively (Fig. 1).
Other clinicopathological characteristics of the PD-Ls are
shown in Table 1. PD-L1 expression was strongly correlated
with tumor size (p=0.049), recurrence (p=0.028), and PIVKA-
II (p=0.037). PD-L2 expression was related to histological dif-
ferentiation (p=0.002) in patients with HCC. However, no
significant correlations were observed between PD-Ls 
expression and the following clinicopathological variables:
age, sex, liver cirrhosis, tumor stage, portal vein invasion, 
microvascular invasion and -fetoprotein. 

2. Univariate and multivariate survival analysis

The Cox proportional hazard model was used to deter-
mine if the independent factors affected the rates of OS and
DFS in patients with HCC (Tables 2 and 3). Univariate analy-

sis revealed that tumor size (p < 0.001), histological differen-
tiation (p=0.010), BCLC stage (p=0.033), modified UICC stage
(p=0.009), microvascular invasion (p=0.016), PD-L1 expres-
sion (p < 0.001), and PD-L2 expression (p=0.039) were signif-
icant prognostic factors of OS in patients with HCC.
Significant factors for DFS were tumor size (p < 0.001), metas-
tasis (p=0.004), and PD-L1 (p < 0.001) (Table 2). Multivariate
analysis showed that tumor size (hazard ratio [HR], 4.131;
95% confidence interval [CI], 2.233 to 7.643; p < 0.001), 
PD-L1 expression (HR, 5.172; 95% CI, 2.661 to 10.054; 
p < 0.001), and PD-L2 expression (HR, 1.960; 95% CI, 1.043
to 3.684; p=0.037) were independent prognostic factors of OS.
The prognostic factors for DFS were tumor size (HR, 3.835;
95% CI, 2.190 to 6.714; p < 0.001) and PD-L1 expression (HR,
3.730; 95% CI, 1.453 to 9.574; p=0.006) (Table 3).

Kaplan-Meier analysis and the log-rank test demonstrated
that the 5-year survival rate of high expression groups of 
PD-Ls were significantly worse than those of low expression
groups (p < 0.001, p=0.034) (Fig. 2A and C). The median sur-
vival times in the low PD-L1 and PD-L2 expressing groups
were 94 and 67 months, compared with 11 and 22 months for
the high PD-L1 and PD-L2 expressing groups, respectively.
The recurrence rates were also higher in the high PD-L1 
expressing group than in the low PD-L1 expressing group 
(p < 0.001) (Fig. 2). However, PD-L2 expression was corre-
lated with an impaired DFS, but the difference was not sta-
tistically significant (p=0.321). We also investigated com-
bined PD-Ls expression and clinical outcomes, including OS
and recurrence. The patients were divided into three groups:
I, both low (n=50); II, either high (n=27); and III, both high
(n=8). The median OS and DFS were 87 and 31 months for

Negative, 0

PD-L1

PD-L2

Moderate, 2 Strong, 3Weak, 1 A

Fig. 1. Immunohistochemical staining of hepatocellular carcinoma tissues using anti–PD-L1 and anti–PD-L2 antibodies. 
(A-H) Representative staining patterns of hepatocellular carcinoma with negative (A, E), weak intensity (B, F), moderate 
intensity (C, G), and strong intensity (D, H) staining of PD-L1 (A-D) and PD-L2 (F-H) are shown (200). PD-L, programmed
cell death 1 ligand.

A B C D

E F G H
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Total cases PD-L1 expression (%) PD-L2 expression (%)
Variable

(n=85) Low High
p-value

Low High
p-value

All cases (%) 100 62 (72.9) 23 (27.0) 65 (76.4) 20 (23.5)
Age (yr)
 53 44 33 (75.0) 11 (25.0) 0.658 34 (77.3) 10 (22.7) 0.857
> 53 41 29 (70.7) 12 (29.3) 31 (75.6) 10 (24.4)

Sex
Male 69 47 (68.1) 22 (31.9) 0.058 51 (73.9) 18 (26.1) 0.338
Female 16 15 (93.8) 1 (6.3) 14 (87.5) 2 (12.5) 

Liver cirrhosis
(–) 60 42 (70.0) 18 (30.0) 0.344 47 (78.3) 13 (21.7) 0.531
(+) 25 20 (80.0) 5 (20.0) 18 (72.0) 7 (28.0)

Tumor size
< 5 52 42 (80.8) 10 (19.2) 0.041 42 (80.8) 10 (19.2) 0.241
 5 33 20 (24.1) 13 (8.9) 23 (69.7) 10 (30.3)

Histologic differentiation
GI 3 3 (100) 0 ( 0.129 1 (33.3) 2 (66.7) 0.002
GII 39 30 (76.9) 9 (23.1) 36 (92.7) 3 (7.7)
GIII 37 27 (73.0) 10 (27.0) 25 (67.6) 12 (32.4)
GIV 6 2 (33.3) 4 (66.7) 3 (50.0) 3 (50.0)

BCLC stage
A 15 12 (80.0) 3 (20.0) 0.473 13 (86.7) 2 (13.3) 0.078
B 39 30 (76.9) 9 (23.1) 33 (84.6) 6 (15.4)
C 27 18 (66.7) 9 (33.3) 17 (63.0) 10 (37.0)
D 4 2 (2.9) 2 (1.1) 2 (50.0) 2 (50.0)

Modified UICC stage
I 5 4 (80.0) 1 (20.0) 0.355 5 (100) 0 ( 0.100
II 47 37 (78.7) 10 (21.3) 39 (83.0) 8 (17.0)
III 29 19 (65.6) 10 (34.5) 19 (65.6) 10 (34.5)
IV 4 2 (50.0) 2 (50.0) 2 (50.0) 2 (50.0)

Portal vein invasion
(–) 72 55 (76.4) 17 (23.6) 0.104 55 (76.4) 17 (23.6) 0.100
(+) 13 7 (53.8) 6 (46.2) 10 (76.9) 3 (23.1)

Microvascular invasion
(–) 30 19 (63.3) 11 (36.7) 0.201 20 (66.7) 10 (33.3) 0.180
(+) 55 43 (78.2) 12 (21.8) 45 (81.8) 10 (18.2)

Recurrence
(–) 24 22 (91.7) 2 (8.3) 0.028 19 (79.2) 5 (20.8) 0.784
(+) 61 40 (65.6) 21 (34.4) 46 (75.4) 15 (24.6)

Distant metastasis
(–) 57 41 (71.9) 16 (28.1) 0.802 45 (78.9) 12 (21.1) 0.587
(+) 28 21 (75.0) 7 (25.0) 20 (71.4) 8 (28.6)

Viral marker
HBV 71 50 (70.4) 21 (29.6) 0.572 55 (77.5) 16 (22.5) 0.635
HCV 3 3 (100) 0 ( 2 (66.7) 1 (33.3)
None 11 9 (81.8) 2 (18.2) 8 (72.7) 3 (27.3)

-FP
< 15 34 27 (79.4) 7 (20.6) 0.325 26 (76.5) 8 (23.5) > 0.990 
 15 51 35 (68.6) 16 (31.4) 39 (76.5) 12 (23.5)

Table 1. Clinicopathologic characteristics and PD-L1 and PD-L2 expression in patients with hepatocellular carcinoma 
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group I, 34 and 12 months for group II, and 6 and 3 months
for group III. There were significant differences between each
group for OS (I vs. II, p=0.007; I vs. III, p < 0.001; II vs. III,
p=0.009), and significant differences in recurrence were also
found between groups I and III (p < 0.001), and groups II and
III (p=0.007). However, disease free survival for groups I and
II did not reach significance. 

Discussion

Many studies have reported that PD-1 inhibits T-cells pro-
liferation, survival and function in in vitro and in vivo. Some
studies of chronic inflammation and autoimmune disease
have shown that PD-1 lymphocyte levels tend to be elevated
in many autoimmune diseases, such as rheumatoid arthritis
and Sjogren’s syndrome. Moreover, antiviral effects have
been reported in chronic lymphocytic choriomeningitis 
infection and human immunodeficiency virus infection [5].
In malignancies, several studies have demonstrated that 
PD-L1 was associated with poor prognosis in other cancers,

Table 1. Continued

Total cases PD-L1 expression (%) PD-L2 expression (%)
Variable

(n=85) Low High
p-value

Low High
p-value

PIVKA-II
< 40 26 23 (88.5) 3 (11.5) 0.037 22 (84.6) 4 (15.4) 0.281
 40 59 39 (66.1) 20 (33.9) 43 (72.9) 16 (13.9)

PD-L1, programmed cell death 1 ligand 1; PD-L2, programmed cell death 1 ligand 2; BCLC, Barcelona Clinic Liver Cancer;
UICC, the Union Internacional Contra la Cancrum; HBV, hepatitis B virus; HCV, hepatitis C virus; -FP, -fetoprotein level;
PIVKA-II, protein induced by vitamin K absence or antagonist-II.

Variable
OS

p-value
DFS

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

Age (> 53 yr vs.  53 yr) 1.452 (0.832-2.533) 0.190 1.516 (0.914-2.515) 0.107
Sex (male vs. female) 0.517 (0.232-1.152) 0.517 0.635 (0.322-1.251) 0.189
Tumor size ( 5 cm vs. < 5 cm) 3.820 (2.148-6.792) < 0.001 2.919 (1.715-4.969) < 0.001
Histologic differentiation (GI, II vs. GIII, IV) 2.124 (1.195-3.777) 0.010 1.360 (0.821-2.254) 0.232
Portal vein invasion (no vs. yes) 1.805 (0.899-3.625) 0.097 1.784 (0.945-3.367) 0.074
Microvascular invasion (no vs. yes) 0.501 (0.286-0.878) 0.016 0.642 (0.384-1.074) 0.091
Modified UICC stage (I, II vs. III, IV) 2.094 (1.198-3.660) 0.009 1.402 (0.843-2.332) 0.193
BCLC stage (A, B vs. C, D) 1.841 (1.050-3.227) 0.033 1.362 (0.814-2.279) 0.239
PD-L1 (low vs. high) 4.017 (2.255-4.017) < 0.001 3.290 (1.912-5.660) < 0.001
PD-L2 (low vs. high) 1.904 (1.035-3.503) 0.039 1.337 (0.745-2.401) 0.331
PD-Ls (1, 2)

Overall NA < 0.001 NA < 0.001
Both low vs. either low 2.262 (1.228-4.166) 0.009 1.576 (0.902-2.754) 0.110
Both low vs. both high 8.217 (3.481-19.397) < 0.001 5.659 (2.479-12.921) < 0.001

Table 2. Univariate analysis using the Cox proportional hazard regression model for OS and DFS in patients with hepato-
cellular carcinoma  

OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; UICC, the Union Internacional
Contra la Cancrum; BCLC, Barcelona Clinic Liver Cancer; PD-L1, programmed cell death 1 ligand 1; PD-L2, programmed
cell death 1 ligand 2; PD-L, programmed cell death 1 ligand; NA, not acquired.
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including melanoma, non-small cell lung carcinoma, eso-
phageal carcinoma, gastric carcinoma, pancreatic carcinoma,
renal cell carcinoma, and ovarian carcinoma [4,6-11]. 

In the present study, PD-L1 and PD-L2 were overex-
pressed in up to 27.1% and 23.5% of HCC specimens. These
rates were not higher than those found for other malignan-
cies, including cancers of the lung (50%), esophagus (44%),
stomach (42%), breast (23%), and kidney (37%) [12]. We did
find that PD-L1 was significantly correlated with tumor size,
recurrence and PIVKA-II levels, and that PD-L2 levels were
correlated with histological differentiation. Moreover, we
found that patients with low expression of PD-Ls had signif-
icantly better survival than those with high expression in
each group. In particular, simultaneous overexpression of
both PD-Ls was more strongly correlated with poorer sur-
vival and postoperative recurrence compared to low expres-
sion of both PD-Ls. Multivariate analyses supported the
finding that the expression of PD-Ls and tumor size were sig-
nificantly associated with poorer prognosis independent of
other potentially confounding factors, such as histological
differentiation, presence of microvascular invasion, and
tumor stage, which was also examined in univariate analy-
ses. Although the overexpression of PD-L2 was not related
to the postoperative recurrences in multivariate analyses,
other factors, including overexpression of PD-L1 and tumor
size were significantly associated with tumor recurrences.
These results were similar to those of a previous study by
Gao et al. [13]. Although the proportion of cirrhosis and HBV
positive were higher when compared with our study (88%
vs. 99.4%), their study also revealed a relationship between

PD-L2 and clinical prognosis. These investigators not only
looked into PD-Ls expression, but also granzyme B+, FoxP3+

regulatory T-cells infiltration on tissue microarrays of 240 
patients with HCC. They reported that overexpression of 
PD-L2 and PD-L1 were significantly related to poorer sur-
vival, but that the difference in recurrence was not statisti-
cally significant [13]. These findings indicate that HBV
infection had less of an effect on PD-L1 and PD-L2 expression
levels in HCC, and that PD-1 blockade is more important
than single PD-L1 or PD-L2 knockdown in targeting cancer.
Another study that lacked clinical or prognostic data also
showed that the expression of PD-L1 in HBV and HCC 
patients was higher at earlier stages of HCC during tumor
progression, and that when the stage increased, there was a
lower level of PD-L1 expression. Moreover, HBV infection
had no significant influence on PD-L1 or PD-L2 expression
in HCC [14]. However, a different study revealed that circu-
lating PD-1/PD-L1 expression was associated with poor
prognosis in HBV-related HCC patients following cryoabla-
tion [15]. Some preclinical studies in animal models reported
that tumor cells in a PD-1 overexpression group grew much
slower in a murine hepatocarcinoma model. Moreover,
macrophages and cytotoxic T cells were increased in the sol-
uble PD-1-CH50 peptide group because of their ability to 
inhibit the interaction of PD-1 and PD-L1 [16]. 

PD-L2 is principally induced through Th-2-associated 
cytokines. PD-L2 is mainly expressed by antigen-presenting
cells, including macrophages, dendritic cells, mast cells, and
some B cells, in response to interleukin (IL) 4 and interferon.
In contrast, PD-L1 is expressed by a wide variety of immune

Variable
OS

p-value
DFS

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

Tumor size ( 5 cm vs. < 5 cm) 4.131 (2.233-7.643) < 0.001 3.835 (2.190-6.714) < 0.001
Histologic differentiation (GI, II vs. GIII, IV) 1.385 (0.730-2.630) 0.319 NA NA
Microvascular invasion (no vs. yes) 0.656 (0.365-1.178) 0.158 NA NA
Modified UICC stage (I, II vs. III, IV) 1.130 (0.476-2.680) 0.781 NA NA
BCLC stage (A, B vs. C, D) 0.710 (0.203-2.487) 0.593 NA NA
PD-L1 (low vs. high) 5.172 (2.661-10.054) < 0.001 3.730 (1.453-9.574) 0.006
PD-L2 (low vs. high) 1.960 (1.043-3.684) 0.037 1.327 (0.717-2.455) 0.368
PD-Ls (1, 2)

Overall NA 0.019 NA 0.019
Both low vs. either low 1.464 (0.772-2.774) 0.243 0.562 (0.242-1.307) 0.181
Both low vs. both high 9.660 (3.989-23.393) < 0.001 1.981 (0.585-6.704) 0.272

Table 3. Multivariate analysis using the Cox proportional hazard regression model for OS and DFS in patients with hepa-
tocellular carcinoma   

OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; NA, not acquired; UICC, the Union
Internacional Contra la Cancrum; BCLC, Barcelona Clinic Liver Cancer; PD-L1, programmed cell death 1 ligand 1; PD-L2,
programmed cell death 1 ligand 2; PD-L, programmed cell death 1 ligand.
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Fig. 2. Kaplan-Meier survival curves for disease-free survival and overall survival according to PD-L1 (A, B), PD-L2 (C, D),
and their combined (E, F) expression status.
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cells and non-immune cells, as well as most normal tissue
cells. The expression of PD-L2 is generally lower than that of
PD-L1 [17]. The regulatory pathways of PD-L2 are different
from those of PD-L1. The two major pathways that have been
reported are the nuclear factor kB pathway and the signal
transducer and activator of transcription 6 pathways [18].
Ohaegbulam et al. [4] revealed that PD-L1 and PD-1 binding 
requires more complex conformational changes than direct
binding of PD-L2 to PD-1. Generally, it is known that the
binding strength of PD-L2 to PD-1 is three times greater than
that of PD-L1. In addition, the simultaneous binding of PD-
L1 and L2 to PD-1 has been disproven, implying that the two
ligands compete with each other to bind to the receptor [4].
The relationship between PD-L2 and disease prognosis 
remains controversial. Rozali et al. [17] reported that PD-L2
positive patients had a worse prognosis than negative 
patients with esophageal carcinoma. However, no correla-
tion with disease free survival was found in many other can-
cers, including pancreatic, ovarian, and HCC [17]. In our
investigation, the overexpression of PD-L2 was found to be
correlated with overall survival significantly, but the differ-
ence was not statistically significant for DFS. Our results sus-
tained the hypothesis that the PD-L2 in the tumor immune
escape differ depending on the status of organ's environ-
ments, for example, our cases had very high proportion of
HBV and HCV. 

Recently, cancer immunotherapies have been highlighted
in other malignancies, such as melanoma [8]. Previously, this
category was primarily composed of cell-based immunother-
apies, such as dendritic, natural killer, and genetically mod-
ified T cells, as well as non-cell–based immunotherapy with
cytokines, oncolytic viruses, and T-cell checkpoint inhibitors.
To date, T-cell checkpoint inhibitors are actively in develop-
ment for enhancing antitumor immunity [3]. Two papers 
reporting that the blockade of cytotoxic T lymphocyte anti-
gen-4 (CTLA-4) improved overall survival in metastatic
melanoma were recently published [19,20]. In addition, three
different checkpoint inhibitors, ipilimumab (anti-CTLA4),
pembrolizumab (anti–PD-1), and nivolumab (anti–PD-1),
have been approved by the U.S. Food and Drug Administra-
tion for melanoma. The drugs have demonstrated great clin-
ical effects on melanoma and non-small cell lung cancer [21].
However, the mechanisms of hepatic carcinogenesis are com-
plex, including genetic, angiogenic, and immunologic factors
[3]. Moreover, the liver maintains self-tolerance because it

contains specialized cells, such as hepatocytes and dendritic,
liver sinusoidal endothelial, Kupffer, hepatic stellate cells,
which enhance the secretion of anti-inflammatory cytokines,
including IL-10, and transforming growth factor . These
cells induce immunosuppression via the release of such 
cytokines and by elevating the expression of CTLA-4 and
PD-L1 [22]. Although this immunosuppression may con-
tribute to difficulty in targeting HCC, lower toxicity and 
immunological responses for clinical outcomes have been
shown in clinical trials of patients with HCC following treat-
ment with tremelimumab (anti–CTLA-4) [23]. In addition,
combination treatments with tumor ablation and nivolumab
(anti–PD-1) are ongoing (NCT01658878).

Conclusion

In conclusion, our study demonstrated that the overex-
pression of PD-Ls in patients with HCC was strongly corre-
lated with overall survival and tumor recurrence. Moreover,
PD-Ls are independent prognostic factors for worse overall
survival; thus, their overexpression may be a therapeutic tar-
get for HCC. However, further multicenter investigations
and functional studies are needed to fortify these findings.
Accordingly, additional research is warranted to investigate
the use PD-Ls as predictive biomarkers for HCC. Moreover,
further studies to target PD-1 and PD-Ls in HCC are urgently
needed for HCC immunotherapy. 
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Irinotecan Monotherapy Versus Irinotecan-Based Combination 
as Second-Line Chemotherapy in Advanced Gastric Cancer: 
A Meta-Analysis

Meta-Analysis

Purpose
A meta-analysis was conducted to examine the question of whether combination regimens
are more effective than monotherapy as a second-line chemotherapy in advanced gastric
cancer.

Materials and Methods
The MEDLINE and the EMBASE databases and the Cochrane Central Register for Controlled
Trials were searched using appropriate keywords. Only randomized controlled trials were
eligible. 

Results
Taxane-based study is rare; thus, four irinotecan-based studies were finally included in the
meta-analysis. Out of 661 patients, 331 patients were assigned to combination therapy
and 330 to monotherapy. Cisplatin or fluoropyrimidine (S-1 or 5-fluorouracil) was used as
a combination partner to irinotecan. The pooled hazard ratio (HR) for overall survival (OS)
and for progression-free survival (PFS) was 0.938 (95% confidence interval [CI], 0.796 to
1.104; p=0.442) and 0.815 (95% CI, 0.693 to 0.958; p=0.013). In subgroup analysis 
according to previous exposure to a partner agent, the PFS benefit of combination was 
observed only in the partially exposed group (HR, 0.784; 95% CI, 0.628 to 0.980; p=0.032).

Conclusion
Second-line irinotecan-based combination was not associated with increased OS, but with
PFS benefit, which seemed particularly significant for patients receiving combination with
a new agent.

Key words
Stomach neoplasms, Chemotherapy, Second-line, Irinotecan,
Monotherapy, Combination drug therapy, Meta-analysis, Survival
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Introduction

Gastric cancer is one of the most common cancer types
worldwide. While its incidence and related mortality is 
declining, its prevalence is still high, accounting for a major
cause of cancer death worldwide including East Asian coun-
tries [1,2].

The prognosis of metastatic or recurrent gastric cancer is
generally poor and only palliative chemotherapy was proven

to provide a survival benefit [3]. Various combination regi-
mens of fluoropyrimidine and platinum with/without
trastuzumab, according to the human epidermal growth fac-
tor receptor 2 status, are commonly used as the front-line
chemotherapy [4], and combination regimens were shown to
be superior to single-drug regimen in terms of overall sur-
vival (OS) [3].

In cases of disease progression after the first-line
chemotherapy, second-line chemotherapy also appears to
provide a survival benefit. Patient survival was significantly
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prolonged by either docetaxel or irinotecan monotherapy in
comparison with best supportive care [5]. In addition, in
comparison of weekly paclitaxel and irinotecan as a second-
line regimen, no difference in terms of survival or tolerability
was reported between these two regimens [6]. Therefore, tax-
ane or irinotecan monotherapy is currently regarded as two
equivalent types of standard second-line chemotherapy. In
a recent study, ramucirumab, vascular endothelial growth
factor receptor 2 antibody, was shown to provide an addi-
tional survival benefit when added to weekly paclitaxel as
second-line treatment [7].

However, we still do not know whether combination
chemotherapy is better than monotherapy in the second-line
setting. In fact, combination chemotherapy is still being used
in clinical practice. According to a large retrospective study
conducted in a single Korean center, out of 725 patients who
received second-line chemotherapy, 218 patients were
treated with monotherapy, but 507 patients were treated
with combination regimen [8]. Clinical trials comparing com-
bination chemotherapy with monotherapy in this setting
have also been conducted. 

A meta-analysis of these trials was conducted to examine
the question of whether combination regimens are more 
effective than monotherapy as a second-line therapy in 
advanced gastric cancer (AGC).

Materials and Methods

1. Literature search

We searched the MEDLINE and the EMBASE databases
and the Cochrane Central Register for Controlled Trials up
to 15 July 2015 using guidelines developed for reporting a
systematic review [9,10]. The following keywords were used
in the search: “gastric or gastro-esophageal or stomach,”
“cancer or tumor or malignancy or carcinoma,” “chemother-
apy,” and “second-line or salvage.” The titles and abstracts
were checked to exclude clearly unrelated articles. All
searches were performed independently by the two authors
(Y.-H.C and S.Y.Y.).

2. Eligibility criteria

Clinical trials that met the following criteria were included
in the meta-analysis: (1) prospective randomized trials; (2)
trials comparing a single-drug regimen with a combination
regimen as the second-line chemotherapy in AGC patients;
(3) trials with available survival data, including progression-
free survival (PFS) and OS and hazard ratio (HR) thereby 

estimated using the 95% confidence interval (CI).

3. Data extraction and quality assessment

Data were extracted from the included studies by two 
authors (Y.-H.C. and S.Y.Y.). The name of the study or the
first author, the year of publication, the study design, the
study location, sample size, randomization methods, che-
motherapy regimens, follow-up, and survival data were 
extracted and reviewed. Discrepancies in data extraction
were jointly reviewed until a consensus was reached. Study
quality was evaluated independently by two authors 
(Y.-H.C. and S.-N.K.) using the Cochrane Risks of Bias 
assessment [11].

4. Data synthesis and analysis

The primary outcomes of this meta-analysis were pooled
HR for OS and PFS for the combination regimen versus
monotherapy. For pooled HR analysis, a fixed effects model
was used in the absence of significant heterogeneity across
the trials. Study heterogeneity was examined by I2, which
measures the percentage of the total variation across studies
and a value greater than 50% defines substantial heterogene-
ity [12,13]. When heterogeneity was observed, a random 
effects model was used to estimate the combined HR. A sen-
sitivity analysis was performed to examine the robustness of
conclusions by eliminating each study in the meta-analysis
one at a time to determine its effect on the pooled HR. Pub-
lication bias was evaluated using the Begg-Mazumdar rank
correlation test [14], and a funnel plot was constructed for
assessment of this bias [15]. Statistical tests were performed
using Comprehensive Meta-Analysis ver. 2.0 (Biostat, Engle-
wood, NJ), and p < 0.05 was considered significant.

Results

1. Literature search 

Initially 1,355 articles were found from three databases
using the pre-defined keywords. After excluding 345 dupli-
cations, 970 articles were identified, which were then
screened by the title or the abstract. Eight articles or abstracts
were considered appropriate and were assessed for eligibil-
ity; two studies were not randomized trials and one study
did not report the HR for survival. Out of the five remaining
studies, four studies compared irinotecan monotherapy with
combination and the other study used either irinotecan or
paclitaxel as monotherapy. Due to the rarity of taxane-based
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study, we decided to focus only on irinotecan-based studies.
Finally, four irinotecan-based studies were included in the
meta-analysis (Fig. 1).

2. Study characteristics 

All studies were published relatively recently (Table 1) 
[16-19]. Two studies evaluated cisplatin as the combination
partner to irinotecan and two other studies evaluated fluo-
ropyrimidine (S-1 or 5-fluorouracil [5-FU]). Except one study,
variable proportions (56%-100%) of patients in the combina-
tion therapy group were previously exposed to the partner
agents. In particular, one Japanese study evaluated S-1 com-
bination in all S-1–refractory patients [19].

While three studies reported no difference in terms of the
OS or PFS between two groups, the TCOG GI-0801/BIRIP
study reported better PFS, but similar OS in the combination
therapy compared with the monotherapy [17].

According to the Cochrane Risk of Bias assessment, three
trials had “unclear” risk of selection biases because they did
not specify randomization methods. Otherwise, there was no
additional risk of bias in all trials (Fig. 2). 

3. Meta-analysis 

A total of 661 patients were included in the meta-analysis;
331 patients were assigned to combination treatment and 330
to monotherapy. The pooled HR for OS and PFS for the com-
bination versus irinotecan monotherapy was 0.938 (95% CI,
0.796 to 1.104; p=0.442) and 0.815 (95% CI, 0.693 to 0.958;
p=0.013) (Figs. 3 and 4). Thus, a significant risk reduction of
progression was observed with combination therapy, 
although survival was not increased. The fixed model was
applied since heterogeneity was not detected across the stud-
ies of OS (p=0.911 and I2=0.000) and PFS (p=0.688 and
I2=0.000). In the sensitivity analysis, which was performed to
examine the robustness of data, no individual study had a
significant effect on the pooled HR for both OS and PFS. The
funnel plot drawn for the assessment of publication bias
showed symmetricity of the studies, and the Begg-Mazum-
dar rank correlation test also showed no evidence of publi-
cation bias in this meta-analysis.

Because it seemed possible that the previous exposure to
the partner drug could affect the therapeutic efficacy of com-
bination regimens, a subgroup analysis was performed

Yo-Han Cho, Irinotecan-Based Combination vs. Monotherapy

Articles identified in MEDLINE
  database search (n=587)

Excluded based on screening of titles 
  and/or abstracts (n=962)

Articles identified in EMBASE
  database search (n=728)

Articles identified in Cochrane
  database search (n=40)

Ineligible studies excluded (n=3)
· Not randomized trial (n=2)
· Hazard ratio not available (n=1)

Taxane-based study excluded (n=1)

Duplication excluded (n=345)

Studies screened by title or abstract (n=970)

Records assessed for eligibility (n=8)

Study characteristics assessed (n=5)

Irinotecan-based studies included (n=4)

Fig. 1.  Flow chart of the literature search.
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based on the degree of previous exposure to the chemo-
agents used in combination. The “full exposure” group (one
Japanese study with S-1 combination in all S-1–exposed 
patients) was compared with the “partial exposure” group
(remaining three studies in which up to 56% of patients were
previously exposed to the partner drugs). The risk reduction
of progression by combination regimen was observed only
in the “partial exposure” group (HR, 0.784; 95% CI, 0.628 to
0.980; p=0.032), not in the “full exposure” group (HR, 0.85;
95% CI, 0.673 to 1.074; p=0.174) (Figs. 5 and 6).

Discussion

In this meta-analysis, irinotecan-based combination che-
motherapy was associated with better PFS, i.e., approxi-
mately 18% risk reduction of progression over irinotecan
monotherapy. However, this prolonged PFS did not translate
to gain of OS, which is not an uncommon observation in can-
cer chemotherapy trials. The reason for this is not obvious;
however, some potential explanations could be offered as fol-
lows. First, because the treatment beyond progression was
not controlled in these trials, there might have been an 
imbalance of post-progression therapy between the two
arms. Second, due to small sample size, it is also possible that
the meta-analysis was underpowered to show a survival dif-
ference, despite a PFS benefit. A biological speculation was
also proposed that a combination therapy could delay pro-
gression for a time but lead to a more aggressive phenotype
after treatment, thus offsetting the earlier delay in progres-
sion [20]. 

Some patients in the combination arm were treated with
previously exposed drugs. Re-administration of a previously
exposed drug is not uncommon in cancer chemotherapy. In
the case of metastatic colorectal cancer or non-small cell lung
cancer, 5-FU/leucovorin or cisplatin is often maintained in
the second-line treatment. However, according to the sub-
group analysis in this meta-analysis, the degree of previous
exposure appears to affect patients’ outcome, i.e., only the
“partial exposure” group showed a significant risk reduction
of progression. Thus, in order to enhance the therapeutic 
efficacy of second-line therapy, a combination with a new
agent might be more desirable. However, due to the limita-
tion of available active agents, use of non-cross-resistant 
derivatives may be a more realistic alternative. A small phase
II trial comparing weekly docetaxel plus oxaliplatin with 
docetaxel alone in 52 metastatic gastric cancer patients pre-
viously treated with cisplatin based regimen [21] reported a
significant prolongation of PFS (median PFS, 4.93 months vs.
1.97 months; p=0.007) and an equivalent OS (median OS, 8.1
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Fig. 3. Standard forest plot of the hazard ratio (HR) for death for combination regimen versus monotherapy [16-19]. CI, con-
fidence interval.
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months vs. 7.2 months; p=0.353) in the doublet arm. 
Oxaliplatin, a platinum derivative, showed substantial 

activity in cisplatin-refractory metastatic gastric cancer [22].
Newer oral fluoropyrimidines, such as capecitabine and S-1,
are currently available, although their cross-resistance with
intravenous 5-FU has not been determined. Further studies
may be warranted.

A few limitations of this meta-analysis should be noted.
First, the number of patients was relatively small. Except

one large Japanese trial, which tested S-1 combination in all
S-1 exposed patients, the three remaining studies were even

smaller. The small sample size might not have been sufficient
to reflect general gastric cancer patients in the second-line
setting.

Second, only irinotecan-based studies were included in the
meta-analysis. Thus, we still may not be able to make a con-
clusion regarding taxane-containing combinations in this set-
ting. 

Third, details regarding relevant clinical and pathological
factors, which might have influenced the patients’ outcome,
were not available and therefore could not be analyzed. For
example, in the above mentioned study by Nishikawa et al.
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[18], irinotecan/cisplatin combination was significantly more
effective for intestinal-type AGC, but not for diffuse type. 

Conclusion

Second-line irinotecan-based combination chemotherapy
was not associated with OS benefit compared to irinotecan
monotherapy for AGC. However, it was associated with 

increased PFS, which seemed particularly significant for 
patients receiving combination therapy that included a new
agent.
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Adjuvant Chemotherapy for Advanced Gastric Cancer in Elderly and
Non-elderly Patients: Meta-Analysis of Randomized Controlled Trials

Meta-Analysis

Purpose
This study evaluated the benefits of adjuvant chemotherapy on elderly patients with 
advanced gastric cancer (AGC) using meta-analysis of well-designed randomized controlled
clinical studies.

Materials and Methods
PubMed, Embase, and Cochrane were searched to retrieve clinical studies evaluating the
benefits of adjuvant chemotherapy in the elderly with AGC. Hazards ratios (HRs) with 95%
confidence intervals (CIs) were pooled across studies using a fixed-effects model.

Results
Two studies were included in this meta-analysis to estimate HR for the overall survival (OS),
and relapse-free survival (RFS) between adjuvant chemotherapy and surgery in elderly and
non-elderly patients. HR for OS in the elderly and non-elderly was 0.745 (95% CI, 0.552 to
1.006, p=0.055) and 0.636 (95% CI, 0.522 to 0.776; p < 0.001), respectively, which
showed no heterogeneity regarding HR between the two groups (pinteraction=0.389). HR for
RFS in the elderly and non-elderly was 0.613 (95% CI, 0.466 to 0.806; p < 0.001) and
0.633 (95% CI, 0.533 to 0.753; p < 0.001), respectively (pinteraction=0.846).

Conclusion
Meta-analysis suggests that the benefit of adjuvant chemotherapy to the elderly is not big
enough to reach statistical significance while the HR for OS is less than 1 (0.745) and no
heterogeneity are observed regarding the HR between the elderly and non-elderly patients.
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Adjuvant chemotherapy, Aged, Stomach neoplasms, 
Meta-analysis 
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Introduction

The incidence of gastric cancer in elderly people has been
increasing with the expanded life span due to advanced
medical science [1,2]. Elderly patients account for more than
50% of total gastric cancer development in Korea [2]. Clini-
cally, most elderly patients could not complete all the
planned adjuvant chemotherapy cycles, and a large propor-
tion of patients stop chemotherapy for many reasons, includ-

ing toxicity [3]. In subgroup analysis for the elderly patients,
the benefit of adjuvant chemotherapy was statistically 
insignificant. This insignificance may result from the low sta-
tistical power or the ineffectiveness of adjuvant chemother-
apy per se. Therefore, it is important to establish evidence-
based guidelines of the adjuvant chemotherapy for the eld-
erly with resectable advanced gastric cancer (AGC). Ran-
domized controlled double blind studies are considered
asthe most significant level of evidence for establishing a
clinical guideline [4-7]. Recently, meta-analysis of random-
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ized controlled double blind studies were shown to provide
more concrete evidence for establishing clinical guidelines.
Therefore, this study performed meta-analysis of the survival
benefit of adjuvant chemotherapy to the elderly with ran-
domized, controlled double blind studies.

Materials and Methods

This meta-analysis was exempt from ethical approval 
because it only involved published data and two individual
studies had already received ethical approval.

1. Data search

The Medline (PubMed) (1968 to June 2015), Excerpta Med-
ica database (1977 to June 2015), and the Cochrane Central
Register of Controlled Trials (CENTRAL) in the Cochrane 
Library (1953 to June 2015) were searched using common
keywords related to adjuvant chemotherapy for elderly gas-
tric cancer in randomized controlled trials (RCTs). The fol-
lowing keywords were selected for the literature search:
(((stomach AND (neoplasm* OR cancer) OR gastric cancer)
AND (adjuvant chemotherapy OR drug therapy) AND (gas-
trectomy OR surgical procedures) AND (survival OR mor-
tality OR death)); AND (randomized controlled trials, OR
randomized clinical trials)). Here, the keywords, “random-
ized controlled trials (RCT)” were used for the literature
search because there were too many studies included with-
out restriction, and high quality RCT-based evidence is
needed.

2. Selection criteria

RCTs that reported the effects of adjuvant chemotherapy
on survival of the elderly patients (older than 65 years) were
included and the results of these trials were compared with
those of the control group who had received gastric surgery
alone (D2 gastrectomy). Duplicated reports, reviews, meta-
analysis articles, meeting abstracts, and studies without 
adequate information on the elderly were excluded. If mul-
tiple studies involved the same trials, only the complete ones
were used in the final analysis. The results of article selection
were compared and any discrepancies were resolved by dis-
cussion with the authors. The main outcome measure was
the hazards ratios (HRs) with 95% confidence intervals (CIs)
for overall survival (OS). Studies that did not investigate the
treatment effect on elderly patients, even in subgroup analy-
sis, were excluded.

3. Data extraction

The following data were extracted carefully and independ-
ently by three authors (S.-H.C., S.-I.G., and W.S.L.): the name
of the first author, year of publication, study design, study
location, study period, age, type of chemotherapy, type of
surgery, OS, disease-free survival, and follow-up duration in
the analysis. Any discrepancies in data extraction were dis-
cussed until consensus was reached.

4. Main analysis

This study mainly estimated the overall effects of adjuvant
chemotherapy on the survival of elderly patients in random-
ized controlled double blind studies. In addition, the effects
of adjuvant chemotherapy on the survival of non-elderly 
patients in the randomized controlled double blind studies
were also evaluated. In addition, the benefits of adjuvant
chemotherapy between elderly and non-elderly patients
were compared.

5. Assessing risk of bias

The risk of bias in each included study was evaluated by
two independent reviewers (S.-H.C. and W.S.L.) using the
Cochrane Collaboration’s “risk of bias” tool [8], which is
used widely for a quality assessment of the RCTs (Table 1).

6. Statistical analyses

The pooled HR with 95% CI were estimated based on the
fixed-effects model for the treatment effects and relative risk
(RR) with 95% CI on random-effects model for the toxicity.
The Mantel-Haenszel method and DerSimonian and Laird
method was used in the fixed-effects model and the random-
effects model was used, respectively. The heterogeneity was
estimated based on the clinical judgement and forest plot
analysis. The Higgins I2 statistic was also used for hetero-
geneity estimation, which measures the percentage of total
variation across the studies due to heterogeneity rather than
chance. Heterogeneity was estimated using I2 values; the 
I2 values lie between 0% (no observed heterogeneity) and
100% (maximal heterogeneity). An I2 value was considered
to indicate no heterogeneity (I2=0%-25%), moderate hetero-
geneity (I2=25%-50%), large heterogeneity (I2=50%-75%), and
extreme heterogeneity (I2=75%-100%). The publication bias
could not be estimated because two studies were included.
The comprehensive meta-analysis ver. 2.0 (Biostat, Engle-
wood, NJ) was used for statistical analysis.
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Results

1. Study selection

Fig. 1 presents a flow diagram showing the study selection;
two articles were obtained after searching the databases.
After exclusion of 149 duplicated articles and 2,156 articles
that did not satisfy the selection criteria, the full texts of nine
articles were reviewed. Among the nine articles [4-12],  seven
articles were excluded because two articles had identical
populations and short-term study results [4,7], another two
articles included patients who had received D1 or D3 lymph
node dissection or D3 lymph node dissection [9,10]. One 
article was a letter to the editor [12]. The remaining two arti-
cles did not describe the results of the elderly patients [8,12].
Therefore, two RCTs were included in the final analysis.

2. Characteristics of selected studies

The final analysis included 512 subjects out of a total of
2,069 who had enrolled in the two clinical trials. In the two
studies, the subjects were distributed evenly; 1,045 in the con-
trol groups and 1,049 in the treatment groups. The elderly
were defined as more 65 years old according to the subgroup

designation of each study. Table 2 lists the general character-
istics of the two articles included in the analysis. The articles
selected were published from 2007 to 2014, spanning 7 years
(four articles of the two studies). The countries in which the
studies were conducted belonged to Asia (Korea and China,
1; Japan, 1). The median treatment and follow-up periods
were 9 months and 5 years, respectively. The following two
trials were reported in four articles with a 5-year follow-up.
They had a homogenous control arm in that they were Asian
and had received a D2 gastrectomy.

1) Effect of adjuvant chemotherapy on the survival of the
patients with AGC

Overall, fixed-effects model meta-analysis of all selected
studies (Fig. 2) showed that adjuvant chemotherapy had a
significant positive influence on the OS, and relapse-free sur-
vival (RFS) of the patients with resectable AGC compared to
D2 gastrectomy alone (OS: HR, 0.665; 95% CI, 0.565 to 0.784;
p < 0.001; RFS: HR, 0.619; 95% CI, 0.536 to 0.714; p < 0.001;
pinteraction=0.519 ). Heterogeneity was not observed across the
selected studies (OS: p=0.936, I2 < 1%; RFS: p=0.421, I2 < 1%).
These findings suggest that adjuvant chemotherapy improve
the OS and RFS of the patients with AGC.

Cancer Res Treat. 2017;49(1):263-273

Records identified through 
database searching (n=562)

Additional records identified 
through other sources (n=1,750)

Duplicates removed (n=163)

Records excluded on 
  screening or titles and/or 
  abstracts based on 
  general criteria (n=2,156)

Full-text articles excluded, 
  with reasons (n=7)

Duplicated (n=2); not D2 
  lymph node dissection (n=2); 
  letter to editor (n=1); 
  did not give data calculated (n=2)

Records after duplicates removed (n=2,164)

Records screened by titles 
and abstract (n=2,164)

Full-text articles assessed for eligibility (n=9)

Studies included in 
qualitative synthesis (n=2)

Studies included in quantitative synthesis 
(meta-analysis) (n=2)

Fig. 1. Flow diagram showing the study selection.
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Fig. 2. Effects of adjuvant chemotherapy (CTX) for advanced gastric cancer on survival outcomes: overall survival (upper
graph) and relapse-free survival (lower graph). Hazard ratios were analyzed using fixed effects model. Value 0-1 favors 
adjuvant chemotherapy. CI, confidence interval.
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2) Effects of adjuvant chemotherapy on the OS of elderly
patients with AGC

The two studies estimated the effects of adjuvant chemo-
therapy on both the elderly and non-elderly with AGC. The
fixed-effects model meta-analysis showed that adjuvant
chemotherapy also had a statistically significant positive 
influence on the OS of non-elderly patients with AGC com-
pared to D2 gastrectomy alone (HR, 0.636; 95% CI, 0.522 to
0.776; p < 0.001), but not on the survival of the elderly 
patients (HR, 0.745; 95% CI, 0.552 to 1.006; p=0.055) (Fig. 3).
Heterogeneity was not observed across the selected studies
in each subgroup (non-elderly: p=0.651, I2 < 1%; elderly:
p=0.731, I2 < 1%). On the other hand, there was no hetero-
geneity regarding HR between the elderly and non-elderly
patients (pinteraction=0.389). These findings suggest that the sur-
vival benefit of adjuvant chemotherapy on the elderly is not
large enough to reach statistical significance, even though
HR < 1, and there was no heterogeneity regarding HR 
between the elderly and non-elderly patients.

3) Effect of adjuvant chemotherapy on the RFS of elderly
patients with AGC

In contrast to meta-analysis of the OS results, a fixed-
effects model meta-analysis showed that adjuvant chemo-
therapy had a significant positive influence on the RFS of
both the non-elderly and elderly patients with AGC com-

pared to D2 gastrectomy alone (non-elderly: HR, 0.633; 95%
CI, 0.533 to 0.753; p < 0.001; elderly: HR, 0.613; 95% CI, 0.466
to 0.806; p < 0.001; pinteraction=0.846) (Fig. 4). Heterogeneity was
not observed across the selected studies in each subgroup
(non-elderly: p=0.824, I2 < 1%; elderly: p=0.249, I2 < 1%).
These findings suggest that adjuvant chemotherapy has a
statistically significant impact on reducing the gastric cancer
relapse after a gastrectomy in both elderly and non-elderly
patients.

4) Toxicity of adjuvant chemotherapy on patients with
AGC

The incidence of grade 3 or 4 toxicity was reported in two
trials. This study estimated RR for the grade 3 or 4 toxicity
of adjuvant chemotherapy in the overall patients, because
the data for the elderly were unavailable. Significant differ-
ences were observed between the two groups in terms of the
incidence of leucopenia (RR, 12.362; 95% CI, 3.582 to 42.663;
p < 0.001; I2=88.04%), and diarrhea (RR, 11.966; 95% CI, 2.830
to 50.596; p=0.001; I2 < 1%) (Fig. 5A and B). In addition, the
incidence of chemo-regimen-specific toxicity (rash for S-1,
and neuropathy for XELOX) was significantly different (RR,
4.474; 95% CI, 1.087 to 18.419; p < 0.038; I2=45.749%) (Fig. 5C).
Unexpectedly, there were no significant differences between
the two groups in terms of the incidence of thrombocytope-
nia (RR, 4.330; 95% CI, 0.704 to 26.649; p=0.114; I2=86.52%),
vomiting (RR, 1.622; 95% CI, 0.986 to 2.668; p=0.057;
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I2=79.88%), and fatigue (RR, 2.582; 95% CI, 0.646 to 10.328;
p=0.18; I2=81.604%) (Fig. 5D-F). On the other hand, meta-
analysis revealed statistically significant heterogeneity in 
incidence of toxicities between the two studies (ACTS-DC
and CLASSIC) (Fig. 5) in which different agents that may
have different toxicity profiles were used in each study. 

Discussion

Meta-analysis of RCTs showed that the benefits of adju-
vant chemotherapy were not statistically significant (p=
0.055), even though HR was less than 1 (HR, 0.745; 95% CI,
0.552 to 1.006), and there was no heterogeneity regarding HR
between the elderly and non-elderly patients (pinteraction=0.389)
in OS. This suggests that the survival benefit from adjuvant
chemotherapy would be statistically significant if the popu-
lation size increases. Here, what this study is pointing out is
that the toxicities which most of patients suffer from would
outstand the benefit of adjuvant chemotherapy to the elderly
patients, even though the marginal survival benefits are, 
because lot of non-elderly patients who had received Xelox
chemotherapy have been suffering the long-lasting neuropa-
thy and other side effects even 2 years after chemotherapy.
Unlike non-elderly patients, these side effects influence day-
time activity and even ambulation elderly patients. The 
reduced daytime activity directly influence on the survival
of elderly patients [13,14]. These finding suggests that the 
effects of adjuvant chemotherapy on OS may be different 
between elderly and non-elderly. 

In this study, the data from subgroup analysis were used.
This may cause some selection bias. On the other hand, the
two studies analyzed appear to be very homogenous not just
because I2 value was almost 0% but because all the patients
had D2 lymph node dissection at very high quality hospitals.
This suggest that the data from subgroup analysis may be
valuable for the analysis. In addition, the analysis showed
that, the benefits of adjuvant chemotherapy on RFS in the
elderly patients were statistically significant (HR, 0.613; 95%
CI, 0.466 to 0.806; p < 0.001). This finding suggests that adju-
vant chemotherapy for elderly patients would have some
anti-cancer effects in preventing cancer relapse itself, but this
anticancer effect would not contribute directly to prolonging
OS. This difference in survival benefit between RFS and OS
is observed frequently in studies using cytotoxic chemother-
apy [15-17] because of the chemotherapy-associated toxicities
that may influence OS and post-chemotherapy quality of life
of the elderly. This interpretation is supported by previous
results of adjuvant therapy with fluorouracil and oxaliplatin
in stage II elderly patients with colon cancer; the addition of

oxaliplatin to fluorouracil with leucovorin (FL) decreases OS
compared to FL in elderly patients in high risk stage II colon
cancer, even though the addition of oxaliplatin appears to
improve the RFS [15]. This is because the addition of oxali-
platin adversely influences the post-disease survival [15].
Therefore, meta-analysis was performed on the toxicities of
adjuvant chemotherapies in this study; the results showed
that grade 3 or 4 toxicities of adjuvant chemotherapies were
much more frequent than those of surgery alone (Fig. 5).

Another possibility is that there is some difference in the
clinicobiological characteristics of gastric cancer between eld-
erly and non-elderly. Histologically, early gastric cancer of
the elderly is predominantly the well-differentiated type, but
the predominant histological type of AGC of the elderly is
the mixed type, which is composed of well-differentiated
adenocarcinoma in the superficial areas, and poorly-differ-
entiated adenocarcinoma in the deeper areas [18,19]. These
findings suggest that majority of elderly AGCs are princi-
pally well-differentiated adenocarcinomas, some of which
have progressed to poorly-differentiated adenocarcinomas
as they advance with time. In addition, comprehensive 
molecular characterization [20] by the Cancer Genome Atlas
(TCGA) network also suggested that elderly gastric cancer
has a more frequent subtype of microsatellite instable (MSI)
gastric cancer (microsatellite instability-high cancer). These
findings suggest that the characteristic features of elderly
gastric cancer are different from those of the gastric cancer
in younger patients [19,21-25]. Furthermore, MSI type gastric
cancer is associated with 5-fluorouracil (5-FU) resistance 
[26-28]. These findings support the possibility that the benefit
of 5-FU–based adjuvant chemotherapy to elderly patients is
different from that to non-elderly patients.

This study had some limitations. First, the number of eli-
gible studies was not large enough to show the small benefit
of chemotherapy. However, considering that only two well-
designed randomized studies were carried out over the 
recent 7 years (from 2007 to 2014), and that the subjects 
included in each study were not too small to detect the adju-
vant chemotherapy benefit, the studies included in this study
are sufficient for meta-analysis and its results would be reli-
able.

The second limitation is that the difference in effects 
between single chemotherapy and combination chemother-
apy could not be determined clearly because the enrolled
study is only two. In addition, the two studies showed that
the OS benefit was similar (ACTS-GC study: 5-year OS,
71.7% for S-1 single adjuvant chemotherapy [S-1] vs. 61.1%
for surgery alone [control]; CLASSIC study: 78% for XELOX
combination adjuvant chemotherapy [XELOX] vs. 69% for
control); they all showed an approximate 10% difference in
OS between adjuvant chemotherapy following D2 gastrec-
tomy and D2 gastrectomy alone. However, subgroup analy-
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sis showed that stage IIIB patients had more survival benefits
from XELOX than did stage IIIA patients (the differences in
5-year OS between XELOX and control was 20% and 10% in
stage IIIB and stage IIIA patients, respectively) [6] while in
ACTS-GC study, the survival benefit of S-1 was smaller in
stage IIIB patients than in stage IIIA patients (the differences
in 5-year OS between S-1 and control was 5% and 10% in
stage IIIB and stage IIIA patients, respectively) [5]. These
findings suggest that there would be some differences in the
effects of adjuvant chemotherapy between single and com-
bination chemotherapy. In addition, in metastatic gastric can-
cer, combination chemotherapy is more effective in pro-
longing OS than single chemotherapy [26]. These findings
also supports that there is some difference in effects between
single chemotherapy and combination adjuvant chemother-
apy following surgery. However, it is unknown whether this
difference is also applied in the elderly patients because the
characteristic features of the elderly gastric cancer are differ-
ent from that of gastric cancer of younger patients [19,21-25],
and the general condition of the elderly is too poor to tolerate
combination chemotherapy. Therefore, further meta-analysis
of the effects of single chemotherapy versus combination 
adjuvant chemotherapy is warranted.

The third limitation is that the benefit of adjuvant che-
motherapy to the elderly with AGC was statistically insignif-
icant, even though HR was less than 1 (HR, 0.745; 95% CI,
0.552 to 1.006), and no heterogeneity was observed regarding
HR between the elderly and non-elderly patients. These find-
ings, however, may explain the results that the survival ben-
efit from adjuvant chemotherapy in elderly patients is
smaller than that in nonelderly patients [29].

Finally, whether there would be some benefits of adjuvant
chemotherapy to the elderly AGC cannot be ruled out com-
pletely, even though it was statistically insignificant. There-
fore, randomized clinical trials are warranted to validate this
result.

Conclusion

This meta-analysis suggests that the benefit of adjuvant
chemotherapy to the elderly is still statistically insignificant,
even though there was no statistically significant heterogene-
ity regarding HR between the elderly and non-elderly 
patients. Therefore, this statistical insignificant survival ben-
efit from adjuvant chemotherapy suggests that a new treat-
ment strategy is needed for the elderly patients with AGC
considering the differences in the clinical and molecular char-
acteristics of gastric cancer and the physical condition 
between elderly and non-elderly patients.
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Human Herpesvirus 8–Unrelated Primary Effusion Lymphoma–Like Lymphoma 
in an Elderly Korean Patient with a Good Response to Rituximab Plus 
Cyclophosphamide, Doxorubicin, Vincristine, and Prednisolone

Case Report

Primary effusion lymphoma (PEL) is a rare type of non-Hodgkin’s lymphoma arising
from a B-cell lineage characterized by the formation of malignant effusion in body
cavities without evidence of a detectable tumor. The effusion contains tumor cells
universally infected with human herpesvirus 8 (HHV8), which is the critical factor dif-
ferentiating PEL from HHV8-unrelated PEL-like lymphoma (PEL-LL). This report 
describes a 77-year-old male patient with pleural effusion and ascites, containing
lymphoma cells expressing a B-cell phenotype, but without markers of HHV8 in 
immunocytochemical analysis. The patient was diagnosed with PEL-LL and treated
with six cycles of rituximab plus cyclophosphamide, doxorubicin, vincristine, and pred-
nisolone (R-CHOP), which resulted in a complete remission. The patient is currently
disease-free 15 months post-treatment. To the best of our knowledge, this is the first
report on administration of R-CHOP in a PEL-LL patient in South Korea.

Key words
Primary effusion lymphoma, Human herpesvirus 8, 
R-CHOP protocol

Introduction

Primary effusion lymphoma (PEL) is a distinct type of non-
Hodgkin’s lymphoma (NHL) presenting with a characteristic
feature of pleural, peritoneal, or pericardial effusions without
detectable tumor masses [1]. PEL is universally associated
with the presence of human herpesvirus 8 (HHV8) within
the neoplastic cells. Most cases are associated with immun-
odeficient states, particularly human immunodeficiency

virus infection, which accounts for more than 75% of 
reported cases [2,3]. However, numerous cases of NHL with
remarkable clinicopathologic similarities to PEL without 
evidence of HHV8 infection, and occasionally, without any
factors predisposing to immunodeficiency have been 
reported [4-6]. This subset of cases, although rare, have been
categorized separately and constitute a distinct disease entity
referred to as HHV8-unrelated PEL-like lymphoma (PEL-
LL). Differentiation of PEL-LL from PEL is important, as they
appear to have distinct demographics, immunophenotypes,
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responses to treatment, and prognoses [5,7,8]. Herein, we 
report on an elderly male patient diagnosed with PEL-LL
who received six cycles of rituximab plus cyclophosphamide,
doxorubicin, vincristine, and prednisolone (R-CHOP) che-
motherapy. To the best of our knowledge, this is the first 
report on administration of R-CHOP in a PEL-LL patient in
South Korea.

Case Report

A 77-year-old male presented with abdominal distension
and pitting edema of both lower limbs for 1 month. He had
no complaints of respiratory symptoms, such as a cough,
sputum, dyspnea, and no history of fever or chills. On exam-
ination, his abdomen was soft and distended, with shifting
dullness on percussion, and decreased breath sounds were
detected in the right lower lung field, without audible crack-

les or wheezes on auscultation. He had grade 2 pitting edema
of both lower extremities, and there was no evidence of 
hepatosplenomegaly or enlargement of superficial lymph
nodes. The hemogram was unremarkable, although the
serum lactate dehydrogenase (LDH) level was elevated to
393 IU/L (reference range, 100 to 225 IU/L). The chest X-ray
showed a large right-sided pleural effusion, and electrocar-
diogram and thyroid function tests were normal.

Both thoracentesis and paracentesis were performed. The
pleural effusion contained 5,750/µL of red blood cells (RBCs)
and 2,990/µL of white blood cells (WBCs). In the differential
cell count, 82% of the WBCs in the routine cell count had an
atypical morphology. The results of the chemical analysis of
the pleural effusion were as follows: protein 3,833 mg/dL,
glucose 13 mg/dL, LDH 6,000 IU/L, and adenosine deami-
nase 310 IU/L. The acid-fast bacilli smear and culture and
real-time nested polymerase chain reaction for Mycobacterium
tuberculosis complex DNA in both the pleural effusion and
sputum showed negative results. No microorganisms were
identified on Gram stain and from bacterial culture. Ascites
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Fig. 1.  Pleural effusion showing large and pleomorphic cells with immunoblastic or anaplastic features in cytospin or cell
block preparation, which were positive for CD20 and MUM-1 with weak-to-moderate intensity, but negative for CD138,
human herpesvirus 8 (HHV8), and Epstein-Barr virus–encoded small RNA, showing a high Ki-67 proliferating index: 
Papanicolaou (PAP) (100) (A), PAP (400) (B), H&E (400) (C), CD20 (D), MUM-1 (E), CD138 (F), HHV8 (G), Epstein-Barr
virus (H), and Ki-67 (I). 
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contained 200/µL of RBCs and 10,880/µL of WBCs with 33%
lymphocytes and 67% atypical cells. Results of chemical
analysis showed a total protein of 3,908.9 mg/dL, albumin
of 2,400 mg/dL, glucose of 34 mg/dL, and LDH of 3,476
IU/L. The serum-ascites albumin-gradient was 0.8 g/dL, and
the Gram stain and bacterial cultures were negative. 

The cytological evaluation of both the pleural effusion and
ascites demonstrated numerous large and pleomorphic cells
with eosinophilic macronucleoli and abundant cytoplasm,
with an immunoblastic or anaplastic appearance (Fig. 1A-C).
Tumor markers, including prostate-specific antigen (PSA),
carcinoembryonic antigen, and carbohydrate antigen 19-9
were assessed in order to clarify the origin of the malignant
effusion. Esophagogastroduodenoscopy (EGD), colonoscopy
(CS), computed tomography (CT) of the chest, abdomen, and
pelvis, whole body positron emission tomography–com-

puted tomography (PET-CT), and bone scan were per-
formed. The serum PSA level was increased to 7.713, while
other tumor markers were within the normal range. EGD
and CS detected some tubular adenomatous polyps, which
were confirmed as benign. CT scans showed a large pleural
effusion, contrast enhancement of the peritoneum, and pro-
static enlargement (Fig. 2A). Therefore, a percutaneous
drainage catheter was inserted into the chest, and a prostate
biopsy was performed, which confirmed that the prostate tis-
sue was benign. Diffuse hypermetabolism along the omental
and peritoneal infiltration was detected on the PET-CT scan
(Fig. 2B), and no significant abnormal uptake was detected
on the bone scan. 

On immunocytochemistry, the neoplastic cells in the pleu-
ral effusion were CD45-positive and cytokeratin-negative,
and the tumor cells were positive for CD20 and MUM-1 with

A

Fig. 2.  Imaging study at the time of diagnosis and after completion of chemotherapy: computed tomography (CT) at diag-
nosis (A), positron emission tomography–computed tomography (PET-CT) at diagnosis (B), CT after six cycles of rituximab
plus cyclophosphamide, doxorubicin, vincristine, and prednisolone (R-CHOP) (C), and PET-CT after six cycles of R-CHOP
(D). 
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weak-to-moderate intensity and negative for CD138, CD79a,
CD3, Bcl-2, Bcl-6, and HHV8. The Ki-67 proliferating index
was approximately 90%. Epstein-Barr virus (EBV)–encoded
small RNAs in situ hybridization showed no EBV-infected
cells (Fig. 1D-I).

Serological tests were negative for human immunodefi-
ciency virus (HIV), hepatitis B virus (HBV), and hepatitis C
virus (HCV) and positive for anti–hepatitis B surface anti-
body with a titer of 141.2 IU/L, consistent with a history of
HBV vaccination. Bone marrow examination detected
hypocellular marrow (cellularity of 21%-30%) without evi-
dence of lymphoma involvement, and cytogenetic examina-
tion detected a normal karyotype: 46,XY. 

Based on the results described above, the patient was 
diagnosed with PEL-LL without concurrent HCV, HBV, or
HIV infection. Six cycles of R-CHOP chemotherapy with
symptomatic improvement was administered following the
completion of therapy. The CT scan showed almost complete
resolution of the pleural effusion and ascites with a decrease
in the omental infiltration and peritoneal thickening with no
metabolic activity on the PET-CT (Fig. 2C and D). The patient
has been in a progression-free state for 15 months.

Discussion

Although PEL was first described in 1996 [9], the biological
mechanism underlying the formation of a malignant effusion
without detectable tumor masses is uncertain. This presen-
tation is the most remarkable feature differentiating PEL
from other types of conventional lymphomas. Development
of PEL is provoked by HHV8 infection; however, the role
played by HHV8 in lymphomagenesis remains to be clari-
fied. PEL is one of the three major categories of HIV-associ-
ated NHL, accounting for approximately 1%-4% of HIV-
associated NHL [2]. The diagnosis of PEL requires a cytolog-
ical evaluation of the malignant effusion or the epithelial tis-
sue lining the involved cavity, which shows large neoplastic
cells with intermediate morphology between immunoblastic
and anaplastic features [4,10]. These cells contain large nuclei
with prominent nucleoli and variable amounts of basophilic
cytoplasm. The immunocytochemical staining shows a lack
of expression of pan-B-cell markers, including CD19, CD20,
and CD79a. Universal expression of ORF73/latent nuclear
antigen-1, the standard marker for detection of HHV8 infec-
tion, is required for making the diagnosis [3,4]. PEL is distin-
guished from Burkitt's lymphoma by its lack of c-myc
proto-oncogene rearrangement [9]. In a recent cohort study,
Notch1, a protein involved in a transmembrane signal trans-
duction pathway, was proposed as a potential effector pro-

tein associated with the oncogenic process in HHV8-infected
cells [3]. Although few studies describing the natural course
in this subset of patients with PEL have been reported, the
prognosis is considered extremely poor, and no optimal
treatment has yet been established [10], with a median over-
all survival of less than 6 months [11]. Although few studies
to identify prognostic factors associated with survival in 
patients with PEL have been reported, a retrospective litera-
ture review suggested a close association of the number and
location of involved body cavities with overall survival [11].

The microscopic morphology of PEL-LL is similar to that
of conventional PEL; however, there are several important
differentiating factors. For example, PEL-LL is mainly asso-
ciated with expression of conventional B-cell-markers, 
including CD19, CD20, and CD79a, usually occurs in older
patients without concurrent immunocompromised condi-
tions, such as HIV infection or organ transplantation, and, as
its name implies, is not connected with HHV8 infection. PEL-
LL is usually not accompanied by a viral infection; thus, its
oncogenic mechanism is not well understood. Contrary to
what is observed with PEL, PEL-LL cells usually carry c-myc
amplification and show Burkitt-like morphology [9,11,12].
Therefore, lymphomagenesis is thought to involve multi-step
genomic abnormalities. According to the most recent data,
patients with PEL-LL show a better response to chemother-
apy and a longer survival than those with PEL, with a 
median survival of more than 10 months compared with less
than 6 months, respectively [9,13]. Despite the similarity in
clinical presentation, it is unknown why PEL-LL has a better
prognosis than PEL.

To date, approximately 50 cases of PEL-LL have been 
reported in the literature [7,13-15]. Most cases were HIV neg-
ative, and a small percentage were EBV and HCV positive,
accounting for approximately 20% and 40% of cases, respec-
tively [6]. In patients with positive serology for HCV, per-
sistent antigenic stimulation of the virus is potentially
responsible for the oncogenic process. However, a substan-
tial number of cases without evidence of viral infection have
been reported. More studies investigating the clonal origin
of neoplastic cells and possible genetic precipitating factors
are necessary in order to determine the mechanism of lym-
phomagenesis in such cases. Although the optimal therapeu-
tic strategy is unclear, CHOP-based chemotherapy with or
without rituximab has been used in a substantial number of
cases [13]. In a previous literature review, the mean survival
time for patients treated with CHOP or R-CHOP was 16.3
months (n=22), but only 12.5 months for patients without
treatment (n=10) [13]. Several other treatment approaches
have also been proposed in case reports or in small case 
series. One such example is a combination of rituximab and
oral sobuzoxane and etoposide, which showed a promising
result according to a Japanese case report [12].
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Reports regarding either PEL or PEL-LL are rare in Asia.
The first case report of a Korean PEL-LL patient was an 80-
year-old female diagnosed with PEL-LL after treatment for
tuberculous pleurisy who survived a long time without
chemotherapy [15]. Our case demonstrated the typical clini-
cal features of PEL-LL described in previous reports: the 
patient was elderly with no evidence of HBV, HCV, or HIV
infection; the cancer cells expressed conventional B-cell
markers including CD20; R-CHOP chemotherapy resulted in
a good response, consistent with the earlier finding that
chemotherapy is more effective for treatment of PEL-LL than
PEL. However, considering the long survival of the patient
in the previously reported case who was not treated with any

anti-cancer agents, the role of chemotherapy in PEL-LL is 
unclear. Therefore, to establish practical guidelines for the
treatment of PEL-LL, randomized trials with a large cohort
are required to compare the efficacy of various therapeutic
approaches.
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Open Access

Treatment of Pulmonary Tumor Embolism from Choriocarcinoma: 
Extracorporeal Membrane Oxygenation as a Bridge through
Chemotherapy

Case Report

A 22-year-old woman with a 1-month history of shortness of breath that was treated
as a case of tuberculosis and pulmonary embolism was referred to the authors’ hos-
pital. Because of the hemodynamic instability in this patient, venoarterial extracor-
poreal membrane oxygenation (ECMO) was administered in the intensive care unit.
She underwent a pulmonary embolectomy for the treatment of progressive circulatory
collapse secondary to a pulmonary embolism. The histopathologic result was consis-
tent with a metastatic choriocarcinoma. Despite the surgical management, persistent
refractory cardiogenic shock occurred. Subsequently, the patient was treated with
chemotherapy in the presence of ECMO and responded well to chemotherapy. She
was discharged after 3 months. This case suggests that metastatic choriocarcinoma
should be considered as a differential diagnosis in women of childbearing age pre-
senting with a pulmonary embolism, and ECMO may be beneficial in patients with
pulmonary embolism for bridging to surgical embolectomy and chemotherapy.

Key words
Choriocarcinoma, Pulmonary embolism, 
Extracorporeal membrane oxygenation
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Introduction

Choriocarcinoma presenting as a pulmonary embolism is
extremely rare. Because of the rarity of tumors of the pul-
monary arteries, these tumors often are diagnosed inaccu-
rately as venous thromboembolism or other more common
disorders. This paper reports a case of a patient with a chori-
ocarcinoma presenting as a massive pulmonary embolism
(PE), who required venoarterial (VA) extracorporeal mem-

brane oxygenation (ECMO) support for bridging to a surgi-
cal embolectomy and chemotherapy.

Case Report

A 22-year-old woman (gravida 1, para 0) presented at the
local hospital complaining of dyspnea. The patient described



a cough, palpitation, and generalized myalgia. The patient
had no prior medical history. She denied the use of tobacco
products and said she consumed alcohol only occasionally.
Her menstrual history revealed that she had experienced
menarche at age 14, irregular cycles in the past, and occa-
sional vaginal spotting in last two cycles. The chest radi-
ographs revealed bilateral diffuse nodularity and a left
pneumothorax. She was treated for pulmonary tuberculosis
and pneumothorax with tuberculosis medications and the
insertion of a chest tube; however, her symptoms worsened.
A pulmonary thromboembolism was suspected, and chest
enhanced computed tomography (CT) showed a filling 
defect in the left inferior pulmonary artery (Fig. 1A). Rivarox-
aban was administered for the treatment of the pulmonary
thromboembolism. Two weeks after starting treatment with
rivaroxaban, the patient presented with aggravated dyspnea
and massive hemoptysis and was urgently referred to the
emergency department (ED). 

Upon arrival at the ED, the patient was afebrile, with a
heart rate of 138 beats per minute, blood pressure (BP) of
90/80 mm Hg, respiratory rate of 18 breaths per minute, and
oxygen saturation of 100% in room air. She was alert and ori-
ented. The chest examination for the breath sounds and aus-
cultation revealed coarse crackles from the right lung and no
sounds from the left.

The arterial blood gas levels under oxygen mask inhalation
(5 L/min) were as follows: pH, 7.51; PaO2, 81 mm Hg; and
PaCO2, 25 mm Hg. Her hemoglobin level was 13.1 g/dL,
white blood cell count was 7,520/mL, and platelet count was
273,000/mL. The D-dimer was 2.72 µg/mL, and the troponin
level was elevated slightly, at 0.01 ng/mL. Her chest radi-
ograph revealed a normal cardiac field, diffuse nodularity in
both lung fields, and a pneumothorax with chest tubing in
the left lung zone. While repositioning the chest tube into the
pneumothorax, she became mentally confused, and the lab-
oratory results showed a partial pressure of oxygen (pO2) of
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Fig. 1.  (A) A chest enhanced computed tomography, demonstrating a filling defect in the left inferior pulmonary artery. (B)
Pulmonary angiography, showing a large filling defect in the left pulmonary artery.

A B C

Fig. 2.  (A) Diffuse sheets of cytotrophoblastic and syncytiotrophoblastic cells (H&E staining, 400). (B) Tumor cells with
diffuse positive cytoplasmic immunostaining for beta human chorionic gonadotropin (100). (C) Tumor cells with positivity
for pan cytokeratin (40). 
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38 mm Hg. She was intubated, started on mechanical venti-
lation, and admitted to the intensive care unit for further
evaluation. 

On the second day after admission, her mean BP was 
decreased gradually. The patient remained hypotensive 
despite the intravenous fluid boluses that escalated the 
inotropic infusion with the maximum dose. VA ECMO was
initiated to restore hemodynamic stability.

An echocardiogram revealed a severe left ventricular sys-
tolic dysfunction with an ejection fraction of 29% and a 
D-shaped left ventricle. Bronchoscopy revealed diffuse alve-
olar hemorrhage but no evidence of an endobronchial lesion.
Therefore, the administration of rivaroxaban therapy was
stopped. Pulmonary angiography was performed and
showed a large filling defect in the left pulmonary artery 
(Fig. 1B). The patient underwent a pulmonary embolectomy
in the presence of ECMO. At the site of the main pulmonary
artery near its opening to the left pulmonary artery, a whitish
tumor embolus was found in the left pulmonary artery. The
tumor embolus was removed to the extent possible. Histo-
logically, the pulmonary tumor embolism specimen revealed
a malignancy consistent with choriocarcinoma (Fig. 2). 

After a diagnosis of choriocarcinoma was made, the serum
beta human chorionic gonadotropin (hCG) level was meas-
ured, and a gynecologic examination was performed. The
serum beta hCG values were 260,000 mIU/mL. A metastatic
workup revealed no lesions in the liver, spleen, kidney,
pelvic cavity, and brain (International Federation of Gyne-
cology and Obstetrics [FIGO] stage III, FIGO prognostic score
6). Although she was under an ECMO insertion state and her
platelet level was below 75,000/µL, chemotherapy was
started with the following conventional regimen after receiv-
ing fully informed consent: etoposide, 100 mg/m2 on days 1
and 2 ; methotrexate, 100 mg/m2 via intravenous bolus on
day 1 and 200 mg/m2 via intravenous infusion over 12 hours
on day 1; actinomycin D, 0.5 mg via intravenous bolus on
day 1 and 2; cyclophosphamide, 600 mg via intravenous 
infusion on day 8; and vincristine, 1.0 mg/m2 on day 8
(EMA-CO). After the initial chemotherapy, her beta hCG
level decreased to 2,296 mIU/mL, and the ECMO was 
removed as her heart function was restored. The second cycle
of chemotherapy was postponed because of a poor general
condition and grade 4 neutropenia. After a 2-month period
of chemotherapy, the follow-up CT showed dissolved emboli
in the pulmonary artery. The patient was discharged from
hospital with a normal beta hCG level.

Discussion

Choriocarcinoma is a malignant, gestational trophoblastic
neoplasm that can occur after a molar hydatidiform mole, 
ectopic pregnancy, abortion, and even normal pregnancy.
Choriocarcinomas spread hematogenously to the lungs, 
resulting in PE, pulmonary hypertension, or acute respira-
tory distress syndrome. Although the prognosis for metasta-
tic gestational choriocarcinoma to the lungs (stage III) is
good, the rarity of a PE can result in a misdiagnosis, and the
patient might be treated for more common diseases, such as
pneumonia and tuberculosis [1,2]. In the present case, the 
patient also was diagnosed incorrectly with tuberculosis and
a venous pulmonary thrombosis. In the case of fertile women
presenting with dyspnea, cough, and hemoptysis, it is essen-
tial to have a suspicion of a tumor embolism. Watanabe et al.
[3] emphasized the importance of considering choriocarci-
noma and measuring the serum beta hCG levels when eval-
uating fertile women presenting with pulmonary emboli or
pulmonary artery hypertension. Therefore, it is recom-
mended that the serum beta hCG level be performed as a 
diagnostic test in women of reproductive age to differentiate
the causes of a PE.

Patients presenting with massive PE complicated by right
ventricular failure and cardiogenic shock have high short-
term mortality (> 25%) [4]. The hemodynamic instability hin-
ders a clinical evaluation including chest CT scan and
pulmonary angiography. With regard to treatment, urgent
thrombolysis or surgical approach is mandatory; however,
these treatments might be limited because of refractory 
hypoxia and shock. VA ECMO could be an optional strategy
in a patient with a massive PE as a bridge to further diagnos-
tic work-up and therapeutic interventions. Chowdhury et al.
[5] reported the use of VA ECMO as an adjunct to throm-
bolytic therapy for progressive circulatory collapse second-
ary to a massive acute PE. 

As in other cases, the patient remained hypotensive 
despite intravenous fluid boluses, in which inotropic infu-
sion was escalated escalating to the maximum dose. To per-
form diagnostic workup and therapeutic interventions, such
as embolectomy and pulmonary angiogram, ECMO is essen-
tial to maintain hemodynamic stability. 

To the best of the authors’ knowledge, only a few cases of
a pulmonary embolectomy to remove tumor emboli from
choriocarcinoma have been reported. On the other hand, this
is a rare case of a patient with a metastatic gestational chori-
ocarcinoma who presented with a pulmonary artery tumor
embolism by employing ECMO and pulmonary embolec-
tomy followed by chemotherapy. 

According to Worku et al. [6], a patient with lymphoma
developed cardiogenic shock at the time of chemotherapy
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initiation. ECMO was instituted to restore the hemodynamic
stability, and to bridge the patient to chemotherapy until the
tumor burden could be reduced effectively. In this study, the
patient experienced persistent cardiogenic shock despite the
surgical embolectomy. Generally, chemotherapy is not rec-
ommended routinely in a patient under ECMO because of
its adverse effects, such as neutropenia or thrombocytopenia.
Despite this, the choriocarcinoma responded very well to the
chemotherapeutic agent initiated, and the patient under VA
ECMO responded positively, with serum beta hCG falling to
within the normal levels. Therefore, although the prolonged
use of ECMO would increase the risk of morbidity, including
thrombotic and hemorrhagic complications, its adequate 
application allows the patient to achieve benefits as an effec-
tive bridging therapy, while minimizing complications. 

These results suggest that although metastatic gestational
choriocarcinoma is rare, it should be considered in a differ-
ential diagnosis of fertile women presenting with a massive
PE. In addition, ECMO may be used as an adjunct to bridge
to embolectomy and chemotherapy as soon as possible in a
patient with hemodynamic instability, because of the poten-
tial for a good response of the choriocarcinoma to the che-
motherapy.
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