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The Generation and Application of Patient-Derived Xenograft Model for
Cancer Research

Establishing an appropriate preclinical model is crucial for translational cancer research.
The most common way that has been adopted by far is grafting cancer cell lines, derived
from patients. Although this xenograft model is easy to generate, but has several limitations
because this cancer model could not represent the unique features of each cancer patient
sufficiently. Moreover, accumulating evidences demonstrate cancer is a highly heterogeneous disease so that a tumor is comprised of cancer cells with diverse characteristics. In
attempt to avoid these discrepancies between xenograft model and patients’ tumor, a
patient-derived xenograft (PDX) model has been actively generated and applied. The PDX
model can be developed by the implantation of cancerous tissue from a patient’s tumor
into an immune-deficient mouse directly, thereby it preserves both cell-cell interactions and
tumor microenvironment. In addition, the PDX model has shown advantages as a preclinical
model in drug screening, biomarker development and co-clinical trial. In this review, we will
summarize the methodology and applications of PDX in detail, and cover critical issues for
the development of this model for preclinical research.
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Introduction
According to the report of World Health Organization and
National Cancer Institute, cancer is defined as a group of diseases involving abnormal cell growth with the potential to
invade or spread to other parts of the body. In 2012, an estimated 14.1 million new cancer cases and 8.2 million cancer
deaths occurred worldwide [1], that comprises 14.6% of total
human deaths. Cancer is a leading cause of death worldwide
│ http://www.e-crt.org │

in countries of all income levels. The number of cancer cases
and deaths is expected to grow rapidly as populations grow,
age, and adopt lifestyle behaviors that increase cancer risk
[2]. In this aspect, cancer research needs to be performed in
depth based on the model that better represents the exact
characteristic of human cancer.
Cancer cell lines (CCLs) derived from patients have been
used for not only in vitro but also in vivo experiments [3].
Especially, a xenograft model generated by the injection of
these cell lines subcutaneously into immunodeficient mice is
Copyright ⓒ 2018 by the Korean Cancer Association
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the most commonly used model in preclinical drug development [4]. This model is easy to generate and shows consistent
tumor growth among animals. However, the xenograft
model using CCLs has several limitations on the other hand.
The first one is this model could not reflect the patient’s drug
response sufficiently. The fact that successful clinical
approval rate for cancer drugs is very low (approximately
lower than 15%), especially in solid tumor [5] supports this
idea. Second issue comes from an observation that most
tumors contain highly heterogeneous subsets of cancer cells
with different characteristics in one tumor. This is partly due
to the genomic instability of cancer that increases the complexity of the cancer phenotype by the simultaneous alterations in several oncogenes and tumor suppressors [6].
Therefore, the xenograft model using CCL is not sufficient to
represent the complex tumor heterogeneity. Moreover,
tumor cell is often surrounded by fibroblast, vessel cells, and
immune cells and interaction with these cells is a critical factor for the characteristics of each tumor. For example, this
tumor microenvironment affects the growth and metastasis
of cancer cells. However, the xenograft tumor often cannot
recapitulate the tumor microenvironment.
To overcome these limitations, there has been increasing
interest in patient-derived xenograft (PDX) model as a more
advanced preclinical cancer model. In the PDX model, a
tumor specimen is directly transplanted into immunodefi-

cient mice, providing a faithful representation of individual
tumor [7]. Although genetically engineered mouse model is
also generally used as a preclinical model, it usually takes
long time to develop and has less heterogeneity than PDX
model because only few genes are modified. Therefore, PDX
model is becoming a preferred preclinical tool in the drug
development [8,9]. The translational cancer research is also
facilitated by several collections of extensively characterized
PDX model and it is regarded as a useful tool to apply the
personalized medicine. In this review, we will cover current
methodology for the generation of PDX models, summarize
PDX model developed so far, describe the advantage of PDX
model, and comment important issues for the future development of this model.

Methodology for Generating and Validating
the PDX Model
1. The process of generating PDX
PDX can be developed by the implantation of cancerous
tissue from a patient’s tumor into an immunodeficient mouse
directly. Several types of such mice can be used to establish

Table 1. Summary of advantages/disadvantages of immune-deficient mouse strains for PDX
Mouse strain

Deficiency

Median survival

Advantage

Nude

No functional T cell

Not determined

Well characterized
High take-rate of human tumor

SCID

No functional T
and B cell

Not determined

Better engrafment of allogeneic
and xenogeneic tumor cells
and tissues than in nude strain

NOD-SCID

No functional T
and B cell
NK cell impaired

36 wk

Low NK cell activity

No functional T,
B, and NK cell

> 89 wk

NSG

Very low leakiness with age
Engrafts hematopoietic cancer
cell line
Lymphoma-resistant excellent
engraftment of allogeneic and
xenogeneic tumor cells and
tissue
Suitable for analysis of human
cancer stem cells and metastasis

Disadvantage
Functional B and NK cell
T-cell functionality increases with age
Not suitable for primary cell
transplantation
Functional NK cells

Spontaneous lymphomas
High incidence of lymphomas
Radiosensitive

Not well charaterized

PDX, patient-derived xenograft; NK, natural killer; SCID, severely compromised immune deficient; NOD, nonobese diabetic;
NSG, NOD-SCID mice with IL-2R!null.
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Breast cancer surgery

Pancreatic cancer surgery

Fresh tumor tissue in media

Cancer patient

Storage
Expansion
Implanted into
immunodeficient mouse

Spliced tumor into small fragments
(1-3 mm size)

Fig. 1. An overall procedure for the generation of patient-derived xenograft (PDX) model. The PDX model can be developed
by the implantation of fragments from a patient’s tumor into an immunodeficient mouse directly. A part of tumor from surgery (breast or pancreatic tumor in this example) is put in preserving media and the tumor is sliced into small fragments.
The fragments are implanted subcutaneously or into the orthotopical organ, for example, mammary fat pad in the case of
breast cancer.

PDX models: athymic nude mice, severely compromised
immune deficient (SCID) mice, nonobese diabetic (NOD)–
SCID mice, and recombination-activating gene 2 (Rag2)knockout mice [10]. The mice used must be “immunocompromised,” to prevent graft rejection. The NOD-SCID mouse
is more commonly used for PDX models than SCID because
it does not produce natural killer cells [9]. However, recently,
NSG (NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ), mice are more preferred than any other strains. NSG has a complete null
mutation in the gene encoding the interleukin 2 receptor
gamma chain, which causes deficiency in multiple cytokine
signaling pathway, leading to dysfunctions of many parts of
innate immunity including natural killer cell differentiation
[11]. Therefore, it is regarded as best model for the efficient
engraftment of primary human tumor or tumor cells [12,13].
The advantages and disadvantages of each strain are summarized in Table 1.

There are two different input materials for the PDX generation. The first one is single-cell suspension and the second
one is tissue fragment. Usually implanted tumor is gained
when patient underwent surgery. The lesion of cancer is
transported to pathologist or researcher in tube filled with
culture media (Dulbecco's modified Eagle's medium
[DMEM] or RPMI with 10% fetal bovine serum [FBS] and 1%
penicillin/streptomycin). After that, the necrotic tissues are
removed and the tumors are sectioned into smaller fragments, chemically digested, or physically manipulated into
a single-cell suspension. There are advantages and disadvantages in utilizing either discrete tumor fragments or singlecell suspensions. Tumor fragments retain cell-cell interactions as well as some tissue architecture of the original tumor,
therefore mimicking the tumor microenvironment. Alternatively, a single-cell suspension enables scientists to collect an
unbiased sampling of the whole tumor, avoiding spatially
VOLUME 50 NUMBER 1 JANUARY 2018

3

Cancer Res Treat. 2018;50(1):1-10

enriched subclones that are otherwise inadvertently selected
during analysis or tumor passaging [14]. However, singlecell suspensions subject tumor cells to harsh chemical or
mechanical forces that may sensitize cells to anoikis, taking
a toll on cell viability and engraftment success [15].
Unlike developing xenograft models using CCLs, there are
no intermediate in vitro processing steps before implanting
tumor fragments into mouse to create a PDX. When using
CCLs, a sufficient amount of cells should be cultured before
the injection into mouse. This in vitro step consumes large
amount of time and effort. However, in the case of PDX,
tumor fragments can be implanted immediately after obtaining tissue from patient without any culture. Instead, tumor
fragments should be chopped into 2-3 mm3 for easier transplantation (Fig. 1). The tumor fragments are either implanted
heterotopically or orthotopically onto the recipient mouse.
Heterotopical implants occur when the tumor fragment is
implanted into an area of the mouse unrelated to the original
tumor site, generally subcutaneously or subrenal capsular
sites [16]. In the orthotopic transplant, in contrast, scientists
transplant the patient’s tumor tissue into the corresponding
anatomical organ. Subcutaneous PDX rarely produce metastasis in mice and hardly simulate the initial tumor microenvironment [16]. Orthotopic model is difficult to generate,
depending on organ, but it can mimic the natural environ-

ment of primary tumor, so it is thought as an ideal model.
Ultimately, it takes about 2 to 4 months for the tumor to
engraft. The latency varied by tumor type, implant location,
and strain of immunodeficient mice utilized. The engraftment failure should not be declared until no tumor growth
is observed for, at least, 6 months [10].
After tumor is harvested, most parts of tumor are cut into
small pieces (1-2 mm3) and washed 3-4 times with culture
media. Finally, the tissue is put in freezing media (FBS plus
10% dimethyl sulfoxide) and stored at !80°C. This stock can
be used for re-transplantation into other mice later. The first
generation of mice receiving the patient's tumor fragments
are commonly denoted F0. When the tumor reached enough
size, it is dissected and re-implanted into other recipient
mice. Each generation thereafter is denoted F1, F2, F3, ..., and
Fn. For drug development studies, PDX underwent more
than F3 generation is often used, after ensure that the PDX
has not genetically or histologically diverged from the original tumor [17]. When tumor saved at !80°C is re-transplanted, the stock is thawed completely in 37°C water bath
and the tissue is put in plastic tube filled with 10-15 mL
media (DMEM or RPMI containing 1% penicillin/streptomycin). These fragments of tumor are moved to petri dish
for re-implantation.

Table 2. Success rate of PDX for various type of cancers grafted on different sites and strains
Tumor type
Colorectal cancer
Colorectal cancer
Colorectal cancer
Breast cancer
Breast cancer
NSCLC
NSCLC
Pancreatic ductal carcinoma
Pancreatic ductal carcinoma
SCCHN
SCCHN/SCC
Uveal melanoma
Gastric cancer
Ovarian cancer
Prostate cancer
Renal cell carcinoma

Available
model
130
54
41
25
12
25
32
42
16
22
21
25
15
29
31
30

Mice strain
NOD/SCID
Nude
Nude
Nude
NOD/SCID with estrogen
supplementation for ER+ tumors
NOD/SCID
NOD/SCID
Nude
Nude
NSG
Nude
NOD/SCID
Nude and NOG
NSG
NOD/SCID
Nude

Implantation
site

Engraftment
Reference
rate (%)

s.c.
s.c.
Orthotopic
s.c.
Mammary fat pad

87
64
89
13
27

[18]
[19]
[20]
[21]
[22]

s.c.
Renal capsule
s.c.
Orthotopic
s.c.
s.c.
s.c.
s.c.
i.p.
Subrenal capsule
s.c.

25
90
61
62
85
54
28
24
31
95
8.9

[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]

PDX, patient-derived xenograft; NOD, nonobese diabetic; SCID, severely compromised immune deficient; s.c., subcutaneous;
ER, estrogen receptor; NSCLC, non-small cell lung cancer; SCCHN, squamous cell carcinoma of the head and neck; NSG,
NOD-SCID mice with IL-2R!null; SCC, squamous cell carcinoma; NOG, NOD-SCID mice with !c null; i.p., intraperitoneal.
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2. Success rate for the generation of PDX model
Some companies have commercialized PDX model for
almost all cancer types. Depending on the cancer type, the
success rate of the xenograft varies. Based on previous
reports, success rate and specific engraftment method are
summarized in Table 2 [18-33]. The success rates of PDX are
influenced by several factors. Firstly, the characteristics of
primary tumor, such as the aggressiveness of tumor, histological type, and tumor cell percentage in the tissue, are considered important. For example, in the case of breast cancer,
triple negative breast cancer shows higher success rate than
other histological type like estrogen receptor!positive or
human epidermal growth factor receptor 2!positive cancer
[34]. Secondly, process for the generation of PDX can affect
the success rate. Tissue should be as fresh as possible, meaning that time taking from surgery room to laboratory should
be minimized. Also, the tissue needs to be kept in cold, fresh
media immediately after surgery. Thirdly, the size and number of tissue implanted can be a factor affecting success rate.
The greater number of pieces tends to increase success rate
and fragment size should be 1-2 mm3. Fourthly, the location
of implantation can make difference in success rate. Usually,
implantation in subrenal capsule shows higher success rate
than subcutaneous implantation because subrenal capsule
maintains the original tumor stroma as well as the equivalent
host stroma [35]. Notably, the ability of tumor to adapt to
host environment varies by the original tumor. Tissues that
adapt well to environment without immune rejection are
more likely to succeed.
3. Validation and molecular analysis of PDX model
When the transplanted tumor reaches enough size (diameter of 1-2 cm), it should be harvested. During the harvest
process, mouse tissue surrounding tumor should be
removed as much as possible. After that, a portion of tumor
is preserved in 10% formalin. To validate that the gross histology of the PDX is conserved with the original tumor, a
paraffin block will be generated from the preserved tissue
and will be stained by hematoxylin and eosin or other
important immunohistochemical markers.
On the other hand, genomic DNA extracted from frozen
tissue would be used for cancer panel or whole genome
sequencing. RNA also would be purified for RNA sequencing or real-time polymerase chain reaction to measure the
expression of specific genes. If the expression of proteins
needs to be examined, protein can be extracted from the PDX
tissue by chopping or grinding it with tissue-rupter.

Application of PDX for Cancer Research
1. Advantages of using PDX model
CCLs are originally derived from patient tumors, but has
been extensively selected and changed to acquire the ability
to proliferate in vitro. Because of the in vitro manipulation,
CCL also gained genetic transformations that are not recovered when cells grow in vivo [36]. As a result of the process
including enzymatic dissociation and centrifugation, cells
that are adapted to survive in culture are phenotypically
homogeneous [14]. Consequently, the tumor generated by
injection of CCL is unlikely to retain the heterogeneity of its
original tumor.
Researchers deliberated the reason why only 5% of anticancer agents are approved by the Food and Drug Administration after pre-clinical testing. As a result, the lack of tumor
heterogeneity and the absence of the human stromal
microenvironment affect high rate of failure [37]. Specifically,
CCL-xenografts often are not predictive for the drug
response of the primary tumors because it lacks the heterogenous molecular pathways of drug resistance existing in original tumor or the other cells comprising tumor microenvironment [37]. In other words, drugs usually target specific
molecule or receptor in CCL and work efficiently as it consists of selected homogenous cells. However, in most primary tumors with heterogenous cancer cells with stroma, the
response to the drug can be totally different.
To overcome this limitation, PDX models have been successfully established for breast, prostate, pancreas, colorectal,
lung, and many other cancers for drug safety and efficacy
studies as well as examining personalized response to certain
anti-cancer agents [38]. Since PDX can be passaged without
in vitro culture steps, PDX models allow the propagation and
expansion of patient tumors without significant genetic
transformation of tumor cells over multiple generations [39].
Within PDX models, tumor cells grow in physiologically-relevant tumor microenvironments that mimic the oxygen,
nutrient, and hormone levels that are found in the patient’s
primary tumor site [17]. Furthermore, implanted tumor tissue maintains the genetic and epigenetic abnormalities found
in the patient and the xenograft tissue can be excised from
the patient to include the surrounding human stroma [40].
As a result, numerous studies have found that PDX models
exhibit similar responses to anti-cancer agents as seen in the
actual patient who provided the tumor sample [41]. Hence,
PDX model is beneficial to test therapeutic responses for certain drugs because multiple therapies can be tested against
expanded PDXs generated from one biopsy and pretreatment and post-treatment data can be acquired from the
xenograft tissues [40].
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2. Application of PDX model in cancer research
1) Drug screening and biomarker development
PDX model has been generated and used in several retrospective studies and more recently in preclinical trials. Several researches using PDX model in breast cancer, renal cell
cancer, non-small cell lung cancer (NSCLC), squamous cell
carcinoma of the head and neck, and colorectal cancer
showed that the drug response rates in PDX models correlate
with those observed in the clinic, both for targeted agents
and for classic cytotoxins. For example, in renal cell cancer,
PDX model respond to the sirolimus and sunitinib and dovitinib, but not to erlotinib, which is the same as clinical data
[42]. In addition, the response rate of epidermal growth factor receptor inhibitor cetuximab in PDX model was exactly
identical with the results from clinic [18]. Similarly, an efficacy study for MEK and phosphoinositide 3-kinase/mammalian target of rapamycin inhibitor in PDX model showed
low response, which also coincide with clinical study [43].
With regard to conventional chemotherapy, studies in
NSCLC, breast cancer, colorectal cancer, and pancreatic ductal adenocarcinoma demonstrated that PDX model showed
comparable response rates for clinically used agents such as
paclitaxel, carboplatin, gemcitabine, 5-fluorouracil, irinotecan, and adriamycin to clinical data [44].
More recently, the use of PDX models as potential screening platforms for clinical trials has been shown in a prospective study for pancreatic cancer. In PDX model, metformin
treatment did not inhibit the growth of pancreatic cancer.
Clinical trial also showed no benefit of adding metformin to
combination therapy regimens targeting locally advanced
and metastatic pancreatic cancer [45]. This is an example
showing the data from preclinical test using PDX model
could save time and resource required for clinical trials.
With regards to the discovery of biomarker, the concordance between PDX models and human trials allows us to
discover biomarker for drug susceptibility and drug resistance. Furthermore, a relationship between drug efficacy and
molecular (genetic) characteristics can be easily studied by
using heterogeneous PDX models. For example, Sebastiani
et al. [46] revealed relationship to molecular mechanism of
gemcitabine resistance and survival in pancreatic cancer.
PDX models are also valuable tools for generating drugresistant tumor models, which is achieved by repeated
administration of a drug. Das Thakur et al. [47] generated
vemurafenib-resistant melanoma model using PDX. They
found elevated mutant BRAF protein by continuous drug
treatment and this mutation is a critical factor for vemurafenib resistance. Likewise, proteomic or genetic comparison between sensitive and resistant models can be explored
for the identification of prognostic biomarkers in clinical
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studies.
2) Co-clinical trial
The co-clinical trial denotes a clinical trial conducted in
parallel with preclinical trial. The relevant clinical, biological,
and pharmacologic information (i.e., somatic mutational
background, germline single nucleotide polymorphism variations, responsiveness to specific regimens, imaging,
microarray data, and proteomics profiles) are analyzed comprehensively, and integrated to identify biomarkers that predict a response to specific treatment [48-50]. In this approach,
PDX model is developed from a patient enrolled in clinical
trial and the PDX is treated with the same regimen to monitor clinical response [44]. By establishing PDXs of a patient
enrolled in a clinical trial and treating it with a new agent, a
screening for prognostic biomarkers can be performed and
underlying drug response mechanisms can be studied. Based
on this, novel combination strategies can be proposed. For
example, Heid et al. [51] performed co-clinical assessment of
tumor cellularity in pancreatic cancer. Owonikoko et al. [52]
also reported that PDX faithfully replicated clinical outcome
in a phase II co-clinical trial of arsenic trioxide in relapsed
small cell lung cancer. Although it is not commonly tried so
far, the co-clinical trial may be increased in the future because
it can save time for drug development and reflects personalized medicine in a preclinical setting.
3) Precision medicine
Oncology research has evolved in parallel with the
improved understanding of the cancer genotype and phenotype, leading to a new era of precision medicine [53]. This is
colloquially termed “the right drug, for the right patient, at
the right time.” In contrast to the conventional chemotherapy, the precision medicine combines individual patient’s
characteristics, i.e., the genomic landscape of each tumor
with molecularly targeted agents or immunotherapeutics to
maximize treatment efficacy and minimize side effects [53].
Practically, the concept of precision medicine is to group
patients into subpopulation based on sophisticated genomic
profiling, enabling certain therapies to target the subgroup
specifically [6]. Based on this notion, PDX is an appropriate
model as it retains the genomic characters of individual
tumor and represents a subgroup with similar genetic profile. Moreover, PDX model can even recapitulate heterogeneity within the same tumor specimen (intratumoral heterogeneity).
For example, a recent report showed integrated PDX models delineate individualized therapeutic vulnerabilities of
pancreatic cancer [54]. In this study, an exom sequencing of
patient tumor revealed multiple conserved genetic alter-
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Genomic profiling
SNP

Gene
Tumor from patient
Intron

Exon

Intron

Exon

DNA
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Exome sequencing
(DNA sequencing)

RNA

RNA sequencing
(transcriptional profiling)
Protein

Amino acid change

Drug response in PDX mouse

Database of genomic character
with drug outcome and biomarker
Suggest appropriate drug

Fig. 2. A flowchart showing the establishment of personalized medicine using patient-derived xenograft (PDX) model.
Genomic signature of a primary tumor is analyzed by next-generation sequencing. At the same time, tumor fragments are
implanted into immunodeficient mouse. The patient will be treated with the drug that showed best response in PDX. Also,
a database of integrated genomic signature would be established to predict a drug response for a new patient with similar
genomic signature. SNP, single nucleotide polymorphism.

ations. Using the PDX model, they showed the effectiveness
and selectivity of treatment responses to more than 500 single
and combination drug regimens. In addition, a genomic
information-driven treatment was performed in advanced
breast cancer using targeted next-generation sequencing
(NGS), array-based comparative genomic hybridization data
obtained from PDX model [55]. In ovarian cancer, anti-cancer
drugs were tested for precision medicine approach, using
PDX model [56]. Also, fine-tuning PDX model for precision
medicine was tried in consideration of cross-species cytokine
in leukemia [57]. Collectively, the efforts to implement personalized medicine using PDX model (summarized in Fig. 2)

has been made in various cancers and enormous data would
be accumulated with the progress of NGS and bioinformatic
techniques [3].

Limitations and Challenges in PDX Model
Although PDX model is relatively easy and ideal model to
research the cancer, there are limitations and challenges that
need to be overcome. Firstly, the most appropriate tissue
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should be transplanted into mouse. In the case when a tumor
size is very large, the part that can represent the tumor
should be used for PDX. In this step, the help of pathologist
and surgeon would be needed. Moreover, the tissue should
be as fresh as possible, to generate PDX efficiently. Sometimes, smaller sample, such as fine-needle aspirations, are
required to be transplanted for personalized medicine application. Therefore, the PDX technique using small specimen
should be more studied and developed. Secondly, it is
important to define the best strategy of engraftment in mice
for different tumor type. Orthotopic implantation is considered more ideal, but special surgical technique is required
depending on the cancer type and this way takes much time
and effort for development. Subcutaneous implantation has
relatively higher success rate and simpler procedure, so this
approach is useful when lots of mouse needed to be grafted
in the short time. Thirdly, duration of survival and treatment
schedules for patients is also a considerable factor for personalized medicine applications. It normally takes 2-8
months to develop a PDX model for a preclinical study. In
many cases, however, this length of time is too long for
patients to wait. Fourthly, we need to deal with engraftment
failure that is still high for some tumor types, such as hormone receptor–positive human breast cancer. Fifthly, a key
aspect in PDX research is the use of immunodeficient mouse
strain for tumor engraftment and propagation because
mouse should avoid rejection of human tissue. For this reason, conventional PDX model is not appropriate for the
screening of immune-modulating agents, such as vaccines
and checkpoint blocking antibodies that function by activating host immune system. Instead, a humanized PDX model
that has been transplanted human hematopoietic stem cells
(CD34+ cells) [58] can be an alternative option. Sixthly, the
replacement of human stromal components (such as cancerassociated fibroblasts, endothelial cells, immune and inflammatory cells) by murine elements could happen with
repeated passages [59]. In this regard, the PDX has limit to
mimic totally exact tumor microenvironment of human can-

cer and needs to find the way to overcome it.
Lastly, financial aspect cannot be ignored. It needs a substantial cost to develop PDX model because the immunodeficient mice are expensive and it takes long time to develop
tumor. Nevertheless, the PDX is still considered as a worthy
preclinical tool because of its uniqueness and many advantages as mentioned above.

Conclusion
As described in this review, the PDX model retains tumor
characteristics such as cell-cell interactions and tumor
microenvironment, although with some limitations. It is
becoming clear that this model has many advantages in preclinical tests of drug screening, biomarker development and
co-clinical trial. With the advances of NGS and other omics
technique, we are approaching to obtain a comprehensive
molecular signature for each patient’s tumor. We believe the
PDX model is one of the appropriate preclinical tools to
widen the personalized medicine strategy in the future. More
studies for improving graft success rate as well as generating
humanized PDX with the patients’ immune cells will accelerate the usage of this preclinical model.
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Purpose
The purpose of this study was to evaluate the diagnostic performance and cost of screening
thyroid ultrasonography (US) in an asymptomatic population and determine the US features
of screening-detected thyroid cancer.
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Materials and Methods
This study included 1,845 asymptomatic participants who underwent screening thyroid US
between March and August 2012 at the screening center in our hospital. We evaluated the
diagnostic performance of screening thyroid US for thyroid cancer and the average cost of
diagnosis for each patient. We also determined the characteristic US features of screeningdetected thyroid cancer.
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Results
Of the 1,845 subjects, 661 showed no abnormalities, 1,155 exhibited benign thyroid nodules, and 29 exhibited thyroid cancer. Imaging features such as solid composition, hypoechogenicity, taller-than-wide axis, and ill-defined or spiculated margins of nodules were
suggestive of malignancy. The rate of detection of cancer was 1.6% (29/1,845), and the
sensitivity, specificity, and positive and negative predictive values were 100% (18/18),
98.7% (1,051/1,065), 56.3% (18/32), and 100% (1,051/1,051), respectively. Of 18
patients who underwent thyroidectomy, three (16.7%) had a pathological tumor staging of
T3, and four (22.2%) had a pathological nodal staging of N1a. The average cost of diagnosis
for each patient with cancer was $7,319.
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Conclusion
Screening thyroid US exhibited a good diagnostic performance, with a feasible social cost
of use. This modality demonstrated significant differences in sonographic features between
screening-detected cancer and benign nodules.

Introduction
Thyroid nodules occur very commonly and are diagnosed
in 4% of adults by palpation, 67% by ultrasonography (US),
and 50% by pathological examination at autopsy [1-3].
Recently, the introduction of high resolution US as a screening tool for thyroid cancer has made it possible to detect nodules less than 1 cm in size [4-6]. Moreover, the incidence of
thyroid cancer has reportedly increased in different parts of
│ http://www.e-crt.org │
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the world over the past several decades [7]. Kilfoy et al. [7]
found that the recent increase in thyroid cancer appears to
be neither restricted to a particular region of the world nor
influenced by the underlying rates of thyroid cancer. However, whether the increased incidence of thyroid cancer is
real or a result of over-diagnosis from thyroid screening is
still a matter of controversy. Some physicians have attributed
this increase in incidence to increased detection of small cancers (< 1 cm in size) because of the increase in application of
high-resolution US for screening [8,9]. Davies and Welch [8]
Copyright ⓒ 2018 by the Korean Cancer Association
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suggested that, despite the gradual increase in the incidence
of thyroid cancer in the United States, cancer mortality rates
have been stable over several decades because of early diagnosis of papillary microcarcinomas. However, other physicians have expressed the opposite opinion [10-12]. For
example, Morris and Myssiorek [11] reported that the significant increase in the incidence of large cancers and cancers
with clinically significant adverse pathological features was
due not only to increased screening, but also to an actual
increase in cancer incidence.
Reflecting the international trend, the incidence of thyroid
cancer in South Korea has been increasing rapidly since the
turn of the century. The rate of diagnosis of thyroid cancer
in 2011 was 15 times that observed in 1993, and it is now the
most commonly diagnosed type of cancer [13]. The government has provided national health insurance to 50 million
citizens since the 1980s, including a national screening program for cancer. Although thyroid cancer screening has not
been included in the program, many self-referred patients
frequently choose to include US screening as an inexpensive
add-on for about $100. Earlier in 2015, a few Korean physicians expressed concern regarding the over-diagnosis of thyroid cancer through screening programs [9]. They asserted
that the incidence of thyroid cancer in South Korea had rapidly increased since the 20th century, and that this increase
could be attributed to the increased detection of papillary
thyroid cancer because of the screening efforts. To address
the necessity of guidelines for thyroid cancer screening, the
Korean Medical Association recently appointed a multidisciplinary expert committee that conducted a meta-analysis
toward this purpose [14]. However, the current evidence was
insufficient to assess the balance of advantages and disadvantages of screening US for thyroid cancer, and the committee could not propose a definite standard for the thyroid
screening program. As a result, the role of screening thyroid
US still remains controversial, and there have been very few
studies investigating the screening of thyroid cancer in a
medical setting to date [15,16].
The social costs and cost-benefits of screening thyroid US
have also initiated another important debate. Specifically,
some physicians have expressed concern regarding the
increasing costs of unnecessary examination or surgery
because of screening-detected small cancers [5,6,17]. This
topic, too, remains controversial and has not been evaluated
in previous studies to the best of our knowledge. Therefore,
the purpose of this study was to evaluate the diagnostic performance and cost-analysis of screening thyroid US in the
medical screening center of our hospital and determine the
US features of screening-detected thyroid cancer.
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Materials and Methods
1. Patients
This retrospective study was approved by the institutional
review board of our institution, and the necessity for
informed patient consent for research was waived. Informed
consent was obtained from all patients prior to US-guided
fine-needle aspiration biopsy. A total of 1,923 consecutive
asymptomatic and self-referred subjects underwent screening thyroid US at the medical screening center of our hospital
between March and August 2012, of whom, 1,845 were
included in this study. We excluded 18 patients with a history of thyroid surgery as well as 60 patients who were
diagnosed with thyroid nodules on screening US but had an
insufficient follow-up period (< 1 year). The mean follow-up
duration was 495 days (range, 365 to 730 days) in cases in
which nodules were detected in the initial screening US.
2. US imaging and US-guided fine-needle aspiration
Thyroid US examination was performed by one of two
board-certified radiologists at the medical screening center
of our hospital using high-resolution US equipment (LOGIQ
7 and LOGIQ E9, GE Healthcare, Milwaukee, WI and IU 22,
Philips Ultrasound, Bothell, WA) with a 5-12 MHz linear
transducer. According to the Consensus Statement and Recommendation of the Korean Society of Thyroid Radiology
(KSThR), thyroid nodules were categorized into three groups
according to their ultrasonographic features, suspicious
malignant, probably benign, and indeterminate nodules
(Table 1) [18]. Suspicious nodules were defined by the presence of at least one of five suspicious findings (taller-thanwide shape, spiculated margin, marked hypoechogenicity,
or micro/macrocalcifications). In contrast, simple cysts or
cystic (> 90% of the cystic portion) or predominantly cystic
(> 50% of the cystic portion and ! 90% of the cystic portion)
nodules with reverberating artifacts and spongiform nodules
were defined as probably benign. An indeterminate nodule
was defined when a nodule was not classifiable as probably
benign or malignant. After screening US, patients with suspicious malignant nodules, indeterminate nodules > 1 cm in
size, probably benign nodules > 2 cm in size (except simple
cysts), or nodules exhibiting growth (20% increase in nodule
diameter, with a minimum increase of at least 2 mm in two
or more dimensions) on follow-up US examinations were
referred to the department of radiology. One of four subspecialty-trained thyroid radiologists with at least 2 years of thyroid imaging experience performed US-guided fine-needle
aspiration (FNA) according to the indications of the consensus statement of KSThR (Table 1) [18]. Using a 23-gauge nee-
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Table 1. Consensus statement and recommendations of the Korean Society of Thyroid Radiology
Probably benign
US features

Management

Spongiform
Cystic
Predominantly cystic or cystic nodule
with reverberating artifacts

! 1 cm, no follow-up
> 1 cm, follow-up US
> 2 cm, selective FNA

Indeterminate

Suspicious for malignancya)

Not classifiable as benign or malignant
Hyper/iso/hypoechogenicity
Ovoid to round or irregular shape

Taller-than-wide shape
Spiculated margin
Marked hypoechogenicity

Smooth or ill-defined margin
Rim calcification
> 1 cm, FNA

Micro/macrocalcifications
> 5 mm, FNA

US, ultrasonography; FNA, fine needle aspiration. a)Presence of at least one of the findings for malignancy indicates a suspicious malignant nodule.

dle attached to a 5-mL syringe, numerous multi-directional
passes were performed through the nodule for successful
sampling. The specimens were preserved in bottles with 95%
ethanol for liquid-base cytological examination. Cytopathological reports of FNA were prepared according to the
Bethesda system [19]. Repeat FNA was conducted when the
cytological findings of nodules were found to be non-diagnostic (ND) or atypia of undetermined significance or follicular lesions of undetermined significance (AUS/FLUS).
Repeat FNA or surgical excision was performed when the
cytology was reported to be either follicular neoplasm (FN)
or suspicious for FN.

sion was performed by one of two surgeons with 30 and 10
years of thyroid surgery experience. The specimens from
FNA and surgical excision were analyzed by a thyroid
pathologist with 15 years of experience.
All statistical analyses were conducted using the commercially available software SPSS ver. 17.0 (SPSS Inc., Chicago,
IL). Categorical variables were compared using chi-squared
or Fisher exact tests, and continuous variables were compared using the Student’s t test. A p-value < 0.05 was considered to indicate statistical significance.

3. Imaging analysis, reference standards, and statistical
analysis

Results

The US features of the nodules were retrospectively
reviewed in consensus by four subspecialty-trained thyroid
radiologists with 4-10 years of experience. The size, composition, margin, calcification, axis, and echogenicity of each
lesion were described based on US findings. In cases in
which US findings revealed multiple nodules, the most suspicious nodule was selected for further evaluation. In addition, when US findings revealed multiple similar probably
benign or indeterminate nodules, the largest one was
selected. The US features of screening-detected thyroid cancer were then compared with those of benign nodules.
The proportion of subjects with malignancy was calculated
according to their sex and age. The diagnostic performance
(sensitivity, specificity, and positive and negative predictive
values) of screening thyroid US for malignancy was then
determined.
All patients with thyroid nodules identified by screening
US underwent US-guided FNA or received adequate followup for at least 1 year. In cases of malignancies, surgical exci-

A total of 1,845 subjects were included in this study (Fig. 1),
including 1,207 women and 638 men. The mean age of the
subjects was 48.7 years (range, 19 to 85 years). Among the
subjects, 661 (35.8%) exhibited no evidence of thyroid nodule, while 1,184 (64.2%) were found to have single/multiple
thyroid nodules upon screening US. Diffuse thyroiditis was
observed in 131 of 1,845 subjects on thyroid US (7.0%). Of the
1,184 subjects with nodules, 1,051 (88.8%) had probably
benign nodules, 101 (8.5%) had indeterminate nodules, and
32 (2.7%) had suspicious malignant nodules. All 111 patients
with suspicious malignant nodules (n=32), indeterminate
nodules > 1 cm (n=60), or probably benign nodules that
exhibited growth on follow-up examinations (n=19) underwent US-guided FNA at the department of radiology
(Figs. 2 and 3). A total of 1,073 patients, including 41 with
indeterminate nodules and 1,032 with probably benign nodules, achieved sufficient follow-up duration and exhibited
no significant changes in follow-up US examinations. The
cytopathological findings of the FNA specimens were as folVOLUME 50 NUMBER 1 JANUARY 2018
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A total of 1,923 persons underwent screening thyroid US
Exclusion
Lost to follow up (n=60)
Previous operation on thyroid (n=18)
Persons participated in the study (n=1,845)

Normal thyroid
(n=661, 35.8%)

Probably benign
(n=1,051, 57.0%)

Indeterminate
(n=101, 5.5%)

Suspicious malignant
(n=32, 1.7%)

Patients underwent US-guided FNA (n=111)
Nondiagnostic (n=8) → Repeat FNA; PTC (1), benign (7)
Benign (n=71)
AUS/FLUS (n=3) → Repeat FNA; PTC (1), benign (2)
FN or suspicious for a FN (n=4) →
Repeat FNA or surgical excision; PTC (1),
follicular carcinoma (1), benign (2)
Suspicious for malignancy (n=6)
Malignancy (n=19)

Benign (n=82)

Malignant (n=29)

Fig. 1. Flow diagram of the study. US, ultrasonography; FNA, fine-needle aspiration; PTC, papillary thyroid carcinoma;
AUS/FLUS, atypia of undetermined significance or follicular lesions of undetermined significance; FN, follicular neoplasm.

A

B

Fig. 2. A 54-year-old man with a 1.2 cm suspicious malignant nodule in the left thyroid gland. (A, B) Axial and longitudinal
ultrasonography images show a hypoechoic nodule with a taller-than-wide axis, ill-defined margin, and multiple hyperechoic
foci suggesting micro/macrocalcifications (arrows). Upon ultrasonography-guided fine needle aspiration and pathological
evaluation, the nodule was revealed to be a papillary thyroid carcinoma. The patient underwent total thyroidectomy, and
the final diagnosis was papillary thyroid carcinoma.
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A

B

Fig. 3. A 40-year-old man with a 1.3-cm indeterminate nodule in the right thyroid gland. (A, B) Axial and longitudinal
ultrasonography (US) images show an oval solid isoechoic nodule with wider-than-tall axis (arrows). Upon US-guided fine
needle aspiration and pathological evaluation, the nodule was found to be suspicious for follicular neoplasm. The patient
underwent total thyroidectomy, and the final diagnosis was minimally invasive follicular carcinoma (R-minor-2).

Table 2. US features of screening-detected thyroid cancer
Composition
Solid < 50%
Solid > 50%
Echogenicity
Hyper/Isoechoic
Hypoechoic
Margins
Smooth margin
Ill-defined or spiculated margin
Axis
Wider than tall
Taller than wide
Calcification
Calcification
No calcification
Size, mean±SD (mm)
< 10
" 10

Benign (n=1,155)

Malignant (n=29)

Total

p-value

467 (40.4)
688 (59.6)

0(
29 (100)

467
717

< 0.001

82 (7.1)
1,073 (92.9)

0(
29 (100)

82
1,102

0.257

1,093 (94.6)
62 (5.4)

3 (10.3)
26 (89.7)

1,096
88

< 0.001

1,129 (97.7)
26 (2.3)

5 (17.2)
24 (82.8)

1,134
50

< 0.001

930 (80.5)
225 (19.5)
6.7±5.9
889 (77.0)
266 (23.0)

21 (72.4)
8 (27.6)
8.2±6.7
21 (72.4)
8 (27.6)

951
233

< 0.001

910
274

0.512

Values are presented as number (%) unless otherwise indicated. US, ultrasonography; SD, standard deviation.

lows (Fig. 1): ND, 8; benign, 71; AUS/FLUS, 3; FN or suspicious for a FN, 4; suspicious for malignancy, 6; and malignancy, 19. Repeat FNA was performed for nodules with ND
(n=8) and AUS/FLUS (n=3) diagnoses, which resulted in two
patients being diagnosed with papillary thyroid cancer and
nine with benign nodules. Of the four patients diagnosed
with FN or suspicious for FN, one underwent total thyroidectomy, and the pathological findings of the surgical
specimen indicated papillary thyroid cancer. Another patient

underwent repeat FNA, which confirmed FN, as well as total
thyroidectomy. Analysis of a surgical specimen obtained
during the thyroidectomy was confirmed follicular carcinoma. The remaining two patients underwent repeat FNA
and were each diagnosed with benign follicular nodule and
chronic lymphocytic thyroiditis. Finally, 29 nodules were
diagnosed as malignancies and 82 as benign nodules.
Statistical analysis revealed no significant correlations
between age and incidence of malignant nodules in either
VOLUME 50 NUMBER 1 JANUARY 2018
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women or men (p=0.511). There were also no statistically significant differences in the rate of malignancy between
women and men (p=0.925). The US features of screeningdetected thyroid cancer were analyzed with respect to composition, echogenicity, margin, axis, calcification, and size.
In contrast to benign nodules, malignant nodules tended to
be solid, ill-defined or speculated, taller than wide, and calcified. These differences in US features between malignant
and benign nodules were statistically significant. There were
no significant differences in echogenicity and size between
benign and malignant nodules (Table 2).
The prevalence of thyroid incidentalomas, defined as
benign or malignant thyroid nodules discovered upon
screening US, was 64.2% (1,184/1,845). The rate of malignancy, defined as the number of cancers per number of incidentalomas, was 2.4% (29/1,184). The rate of cancer detection, defined as the number of cancers per total number of
US examinations, was 1.6% (15.7 cancer patients per 1,000
exams; 29/1,845). Of the 32 patients with suspicious malignant nodules upon initial screening US, 18 were pathologically diagnosed with cancer and 14 with benign nodules. All
1,051 patients diagnosed with probably benign nodules upon
initial screening US were finally confirmed as having benign
nodules by biopsy (n=19) or stable nodules upon follow-up
US (n=1,032). The sensitivity, specificity, and positive and
negative predictive values of screening thyroid US were
100% (18/18), 98.7% (1,051/1,065), 56.3% (18/32), and 100%
(1,051/1,051), respectively.
Of the 29 patients with a pathological diagnosis of malignancy, 18 underwent surgery at our hospital and 11 were
transferred to other hospitals. Thirteen nodules in these
patients were < 1 cm in size, and the mean size of the nodules
was 8.6 mm (range, 5 to 37 mm). According to the final
pathological results, 17 patients had papillary thyroid cancer
and one had follicular carcinoma. In terms of pathological
tumor staging, three patients exhibited T3 (16.7%), one
exhibited T2 (5.6%), and 14 exhibited T1 (77.8%) stages of
cancer. In terms of nodal stating, four patients exhibited N1a
(22.2%), 12 exhibited N0 (66.7%), and two exhibited Nx
(11.1%) stages of cancer. Among the operative patients, 14
(77.8%) exhibited thyroid microcarcinoma, which was
defined by nodules with longitudinal diameters < 10 mm. Of
the 14 patients, three and two patients exhibited N1a (21.4%)
and T3 (14.3%) stages of cancer, respectively.
The presumed costs of screening thyroid US and
US-guided FNA (including the cost of cytopathological
interpretation) in South Korea are $100 and $250, respectively. The total costs for US and FNA in this study were
$184,500 ($100#1,845) and $27,750 ($250#111), respectively.
The estimated average cost per patient for the diagnosis of
cancer in this study was $7,319 [($184,500+$27,750)/29].
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Discussion
In the present study, screening thyroid US revealed no significant differences in the rate of malignancy of thyroid nodules among patients according to age or sex, which is similar
to the results of previous screening studies [15,16]. The incidence of thyroid cancer is known to be relatively high among
women, and age is an important prognostic factor of mortality in patients with thyroid cancer [16,20]. The discrepancy
between these facts and our findings may be explained by
the fact that the population screened in the present study,
which mainly comprised self-referred subjects of higher economic status than the general population, might not be representative of the general population. In addition, screening
US exhibited good diagnostic performance, and the US features of screening-detected thyroid cancer were found to be
significantly different from those of benign nodules and concordant with those reported in previous studies [15]. The significant US findings of screening-detected cancer observed
in the present study were similar to those specified by the
Korean and American guidelines on malignant US features
for thyroid nodules [18,21].
The prevalence of thyroid incidentalomas in the present
study (64.2%) is similar to that reported by Russ et al. [22],
who found that 70%-83% of the general population exhibited
small thyroid nodules detectable with US. The rate of malignancy observed in our study (2.4%) was slightly lower than
those reported in previous studies [16,20,23]. This discrepancy might be attributable to differences in the inclusion criteria of thyroid incidentaloma and the indications for
US-guided FNA among studies. In the present study, we
included all thyroid nodules identified by US, regardless of
size, and US-guided FNA was performed when essential
according to the KSThR guidelines [18]. In addition, the
incidence of diffuse thyroiditis on thyroid US in this study
was 7%. It is occasionally difficult to differentiate diffuse thyroiditis and nodules on thyroid US. In a previous reference,
Kim et al. [24] reported that real-time US performed by an
experienced radiologist was useful to differentiate patients
with asymptomatic diffuse thyroid disease from those with
normal thyroid. As is the case of the normal parenchyma, differentiation of thyroid nodules from thyroiditis would not
be difficult for an experienced radiologist. In the present
study, thyroid US examination and image analysis for all
subjects was achieved by experienced radiologists; therefore,
the results of this study are reliable.
The rate of cancer detection in this study, which was
defined as the total number of screening-detected cancers per
total number of screening US examinations, was 1.6% (15.7
thyroid cancers detected per 1,000 examinations). Previous
studies involving medical screening of populations have
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reported 0.95-2.9% rates of detection of thyroid cancer
[15,16]. We predicted the approximate cost of thyroid US and
US-guided FNA in South Korea to be $184,500 ($100#1,845)
and $27,750 ($250#111), respectively, which implies that an
average sum of $7,319 [($184,500+$27,750)/29] was paid for
each case of cancer diagnosis. To the best of our knowledge,
there is no previous reference of social cost and cost-analysis
of screening-detected thyroid cancer in the literature. The
Government of South Korea provides National Health Insurance Service, which includes screening for several types of
cancers, including stomach, large intestine, liver, and breast
cancers. Although thyroid cancer is not included in this system, the number of thyroid US examinations has increased
because of the demand for US screening by self-referred
patients. With regard to breast cancer screening, the rate of
detection of cancer during routine mammography was
reported to range from 3.0 to 7.9 cases of cancer per 1,000
examinations [25,26]. Upon comparison with the results of
our study, it is evident that the rate of detection of cancer by
thyroid screening US is 2-5 times higher than that obtained
by screening mammography. The biological behavior and
disease progression of these two types of cancers differ, with
breast cancer having a worse prognosis than thyroid cancer,
and the latter showing a relatively benign or indolent course
of disease progression, especially in occult cases [27,28]. In
addition, there are a limited number of references regarding
the cost-analysis of screening US relative to the decrease in
mortality and morbidity rates. Thus, considering the indolent
nature of thyroid cancer, we believe that long-term randomized controlled trials must be performed in the future to
investigate the efficacy of screening thyroid US.
In the present study, 18 patients finally underwent thyroid
surgery at our institution, 14 (77.8%) of whom had thyroid
microcarcinoma, which was defined by nodules with longitudinal diameter < 10 mm. About 17% of operative patients
and 14% of patients with microcarcinoma exhibited T3 stage
cancer, with extrathyroidal extension and capsular invasion.
Patients included in our study exhibited lower tumor and
nodal pathological stages of cancer than those reported in a
previous study [16,29]. However, management of thyroid
microcarcinoma is a controversial subject [16,29,30], and the
sample size of operative patients in the present study might

be too small to arrive at a firm conclusion regarding the best
management practice.
This study has several limitations, the first being the small
sample size and retrospective nature of the study. In particular, the total number of cases of screening-detected cancer
was smaller than the number of benign cases. However,
according to the rate of malignancy reported in a previous
study, our result is within the acceptable range [16,20,23].
Second, since US-guided FNA was selectively performed for
indeterminate and probably benign nodules according to the
KSThR guidelines, the diagnoses of the rest of the cases were
not pathologically confirmed. The possibility of false-negative results in these cases cannot be excluded. However,
patients were followed-up for an adequate period of at least
1 year to minimize the possibility of false-negative results.
Third, our estimated social cost of screening thyroid US was
evaluated based on the clinical setting in South Korea, and
therefore might vary from that in other countries. As a result,
the cost-analysis of screening thyroid US projected in our
study cannot be generalized to the rest of the world. In addition, our purpose was to calculate the social cost of diagnosis
of thyroid cancer in an asymptomatic population; therefore,
we only analyzed the cost of diagnosis, while other parameters such as costs associated with surgeries or potential complications were not considered. Finally, the diagnostic
performance of screening thyroid US for malignancies was
calculated based on US findings. Because we evaluated thyroid cancers visualized on US images by radiologists, the
diagnostic performance might be underestimated owing to
undetected small cancers or cancers that were overlooked.
In conclusion, screening thyroid US exhibited a good
diagnostic performance and demonstrated significant differences in US features between screening-detected cancer and
benign nodules. Further prospective studies, including randomized controlled trials, must be conducted to evaluate the
exact influence of screening thyroid US considering the
indolent progression of the disease.
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This study was conducted to evaluate the prognostic value of treatment-related lymphopenia
in patients with nasopharyngeal carcinoma (NPC).
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Materials and Methods
A total of 413 consecutive stage II-IVb NPC patients treated with concurrent chemoradiotherapy (CCRT) were enrolled. The overall survival (OS), progression-free survival (PFS), and
distant metastasis-free survival (DMFS) were calculated with the Kaplan-Meier method, and
differences were compared using the log-rank test.
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Results
A minimum (mini)–absolute lymphocyte counts (ALC) of < 390 cells/µL or ALC after 3
months of CCRT (post3m-ALC) < 705 cells/µL was significantly associated with worse outcome than mini-ALC ! 390 cells/µL (OS, p=0.002; PFS, p=0.005; DMFS, p=0.004) or
post3m-ALC ! 705 cells/µL (OS, p < 0.001; PFS, p < 0.001; DMFS, p=0.001). Patients with
lymphopenia (mini-ALC < 390 cells/µL and post3m-ALC < 705 cells/µL) had a worse prognosis than those without lymphopenia (mini-ALC ! 390 cells/µL and post3m-ALC ! 705
cells/µL) (OS, p < 0.001; PFS, p < 0.001; DMFS, p < 0.001). Multivariate analysis revealed
that post3m-ALC was an independent prognostic factor for OS (hazard ratio [HR], 1.76; 95%
confidence interval [CI], 1.12 to 2.78; p=0.015), PFS (HR, 1.86; 95% CI, 1.23 to 2.82;
p=0.003), and DMFS (HR, 1.87; 95% CI, 1.13 to 3.08; p=0.014). Multivariate analysis also
revealed that patients with lymphopenia had a high risk of death (HR, 3.79; 95% CI, 1.75
to 8.19; p=0.001), disease progression (HR, 2.93; 95% CI, 1.59 to 5.41; p=0.001), and
distant metastasis (HR, 3.89; 95% CI, 1.67 to 9.10; p=0.002). Multivariate analysis performed with time dependent Cox regression demonstrated ALC was an independent prognostic factor for OS (HR, 0.995; 95% CI, 0.991 to 0.999; p=0.025) and PFS (HR, 0.993;
95% CI, 0.988 to 0.998; p=0.006).
Conclusion
Treatment-related lymphopenia was a poor prognostic factor in NPC patients.
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Introduction
Nasopharyngeal carcinoma (NPC), which is the most common malignancy arising from the nasopharynx epithelium,
is especially prevalent in southern China. Radiation therapy
(RT) is the primary treatment for NPC [1,2]. Specifically, the
use of concurrent chemotherapy and intensity-modulated
radiation therapy (IMRT) has been shown to provide a survival benefit [3-5], but 20%-30% of patients still die from
tumor relapse [6]. Currently, the TNM stage is the mainstay
measurement method used to predict the prognosis of NPC
patients. Nevertheless, outcomes vary among patients within
the same staging category and histological classifications
because of the heterogeneity of the tumor [7,8]. Accordingly,
methods for investigating efficient prognostic factors and
stratifying patients with a high risk of tumor relapse need to
be developed.
The immune system is believed to be important in the prevention of cancer development and progression. Specifically,
lymphocytes, which are an essential component of host
immunity, play a critical role in the destruction of residual
tumor cells and related micrometastases [9,10]. RT is known
to induce immunosuppression, regardless of the administration of chemotherapy, and to directly suppress immune function by destroying mature circulating lymphocytes [11-14].
In our daily clinical work, we have observed decreases in the
lymphocyte population over the course of RT, and this population subsequently recovers in NPC patients. Moreover,
previous studies of other cancer types demonstrated that
lymphopenia was associated with poor patient prognosis
[15-19]. Therefore, we analyzed the ability of the decline in
absolute lymphocyte counts (ALC) during concurrent
chemoradiotherapy (CCRT) and the latter phase after the
completion of CCRT to predict clinical outcome. We hypothesize that treatment-related lymphopenia is correlated with
poor patient prognosis and may provide an additional
dimension for risk stratification and individualized therapy.

tee on Cancer staging system; (3) no evidence of distant
metastases; (4) Eastern Cooperative Oncology Group performance status grade 0 or 1; (5) aged 18 years or older; (6)
absence of secondary malignancy, pregnancy or lactation;
and (7) adequate hematological function (white blood cell
counts " 4,000/µL and platelet counts " 100,000/µL), adequate renal function (creatinine clearance " 50 mL/min), and
adequate hepatic function (serum bilirubin level < 1.5 mg/dL).
Fourteen patients (eight patients who were lost during follow-up one with heart deficiency, three with liver deficiency, and two pregnant patients) were excluded from the
study, giving a final cohort of 413 patients.
2. Pretreatment evaluation
Pretreatment assessment consisted of a medical history,
complete physical examination, fiber-optic nasopharyngoscopy, magnetic resonance imaging (MRI) of the nasopharynx and neck, electrocardiography, chest radiography,
abdominal sonography, bone scan or whole-body fluorodeoxyglucose positron emission tomography/computed tomography, as well as complete blood count, renal and liver
function tests. Epstein-Barr virus (EBV) serology was assessed using a previously described immunoenzymatic assay
[20], and the plasma level of EBV DNA was measured by
real-time quantitative polymerase chain reaction [21,22]. All
patients provided written informed consent for enrolling in
our prospective database and the study was approved by the
Clinical Research Committee of the study institute.
3. Treatment
All patients received 2-3 cycles of concurrent cisplatin (80100 mg/m2) as an intravenous infusion every 21 days. IMRT
was administered to all identified patients in the study. The
IMRT plan was designed based on previous studies [6,23]
(Supplementary Methods). All patients were treated according to the treatment principles for NPC patients at our institute.
4. Lymphocyte counts examination

Materials and Methods
1. Patients
A total of 427 previously untreated NPC patients were
enrolled between February 2007 and December 2012. The
eligibility criteria were as follows: (1) biopsy-proven World
Health Organization 2- or 3-histopathologic type NPC; (2)
stage II-IVb disease according to the seventh edition of the
International Union against Cancer/American Joint Commit-
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The complete blood count (CBC) was determined using a
Sysmex XE-5000 automated hematology analyzer (Sysmex,
Kobe, Japan). The ALC were assessed prior to CCRT and
weekly thereafter until completion of the CCRT. The ALC
was also collected three months after CCRT. Additional CBC
tests were performed for patients who developed a specific
condition during treatment. The ALC before CCRT (preALC), minimum ALC during CCRT (mini-ALC), ALC after
the completion of CCRT (post-ALC), and ALC 3 months after
CCRT (post3m-ALC) were evaluated.

Li-Ting Liu, Prognostic Value of TRL in NPC Patients

5. Outcome and follow-up
Our primary study endpoint was the overall survival (OS),
which was calculated from the first day of treatment until the
day of death from any cause or patient censoring at the
recent follow-up. The secondary endpoints included progression-free survival (PFS), which was calculated from the first
day of treatment until the day of first tumor relapse, death
from any course or patient censoring at the recent follow-up,
and distant metastasis-free survival (DMFS), defined as the
duration from the first day of treatment to the date of distant
relapse or patient censoring on the most recent follow-up.
After completion of treatment, the patients were examined
every 3 months during the first 3 years and every 6 months
thereafter until death. The patient history was obtained, and
a physical examination and nasopharyngoscopy were performed at each follow-up visit. MRI of the nasopharynx and
neck, chest X-ray imaging, abdominal sonography, and
plasma EBV DNA measurements were routinely performed
on an annual basis or upon a clinical indication of tumor
relapse.
6. Statistical analysis
Categorical variables were assessed using Fisher exact test
and the chi-square test, whereas continuous variables were
analyzed with the t test. The cut-off values for the pre-ALC,
mini-ALC, post-ALC, and post3m-ALC demonstrated maximum sensitivity and specificity for survival based on
receiver operating characteristic curves of OS. Survival was
analyzed using the Kaplan-Meier method and log-rank test.
The hazard ratios (HRs) with 95% confidence intervals (CIs)
were calculated using the Cox proportional hazards model,
and univariate and multivariate analyses were performed.
Time dependent Cox regression modeling was also conducted. The data were managed and analyzed using the
SPSS ver. 20.0 statistical software package (IBM Corp.,
Armonk, NY). Two-tailed p-values of < 0.05 were considered
to indicate significant differences.

Results
The characteristics of the 413 patients are presented in Table 1.
Within the median follow-up duration of 60 months (range, 6
to 112 months), 99 patients died, including 62 who died due
to distant metastases, 23 who died due to local and/or regional relapse, six who died due to severe adverse events, three
who died due to non-cancer causes, two who died due to secondary malignant tumors after treatment and three who died

Table 1. Characteristics of 413 patients
Characteristic
Age, median (range, yr)
Sex
Male
Female
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
N3
Overall stage
II
III
IVa
IVb
Family history
Yes
No
Smoking
Yes
No
EBV DNA level (copy/mL)
< 4,000
" 4,000
VCA-IgA
< 1:80
" 1:80
EA-IgA
< 1:10
" 1:10
Chemotherapy cycles
2
3
Treatment days
Dose of nasopharynx
Dose of neck
Pre-ALC (cells/µL)
Mini-ALC (cells/µL)
Post-ALC (cells/µL)
Post3m-ALC (cells/µL)

Patient (n=413)
45 (20-74)
286 (69.2)
127 (30.8)
25 (6.1)
61 (14.8)
263 (63.7)
64 (15.5)
54 (13.1)
183 (44.3)
153 (37.0)
23 (5.6)
39 (9.4)
290 (70.2)
63 (15.3)
21 (5.1)
43 (10.4)
370 (89.6)
135 (32.7)
278 (67.3)
258 (62.5)
155 (37.5)
100 (24.2)
313 (75.8)
140 (33.9)
273 (66.1)
180 (
233 (
44 (39-52)
69 (68-70)
64 (60-70)
1,800 (300-4,710)
300 (80-1,400)
300 (80-3,000)
970 (280-3,600)

Values are presented as median (range) or number (%).
EBV, Epstein-Barr virus; VCA, viral capsid antigen; EA,
early antigen; pre-ALC, absolute lymphocyte counts before
treatment; mini-ALC, minimum absolute lymphocyte
counts during treatment; post-ALC, absolute lymphocyte
counts after completion of treatment; post3m-ALC, absolute
lymphocyte counts 3 months after completion of treatment.
VOLUME 50 NUMBER 1 JANUARY 2018
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Fig. 1. Variation in median ALC among all patients (A) and subgroups of patients stratified by the pre-ALC (< 1,315 cells/µL
vs. " 1,315 cells/µL) (B), mini-ALC (< 390 cells/µL vs. " 390 cells/µL) (C), post-ALC (< 325 cells/µL vs. " 325 cells/µL)
(D), post3m-ALC (< 705 cells/µL vs. " 705 cells/µL) (E), and mini-ALC combined with post3m-ALC (lymphopenia vs. nonlymphopenia) (F). ALC, absolute lymphocyte counts; pre-ALC, absolute lymphocyte counts before concurrent chemoradiotherapy; mini-ALC, minimum absolute lymphocyte counts during treatment; post-ALC, absolute lymphocyte counts after
completion of treatment; post3m-ALC, absolute lymphocyte counts 3 months after completion of treatment. (Continued to
the next page)
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due to unknown causes. Furthermore, 82 patients developed
distant metastases, and 34 exhibited local or regional relapse.
The 5-year survival rates for all patients were as follows: OS,
81.6%; PFS, 75.1%; DMFS, 82.7%.
1. ALC over time
Among the 413 patients, the median pre-ALC was 1,800
cells/µL (range, 300 to 4,710 cells/µL), the median mini-ALC
was 300 cells/µL (range, 80 to 1,400 cells/µL), the median postALC was 300 cells/µL (range, 80 to 3,000 cells/µL), and the
median post3m-ALC was 970 cells/µL (range, 280 to 3,600
cells/µL) (Table 1). According to both the summary data from
all patients and the patient subgroup data, the ALC exhibited
a downward trend during RT until reaching the minimum
value, then recovered (Fig. 1).
2. Relationship between the variation in ALC and outcome
The cut-off values for the pre-ALC, mini-ALC, post-ALC,
and post3m-ALC based on receiver operating characteristic
curves were 1,315 cells/µL, 390 cells/µL, 325 cells/µL, and 705
cells/µL, respectively.
The OS differed significantly between the mini-ALC, postALC, and post3m-ALC groups. However, the OS did not differ significantly in the pre-ALC group (Table 2).
According to the survival curves, the PFS also differed significantly between the mini-ALC and post3m-ALC groups.

Conversely, survival did not differ significantly between the
pre-ALC and post-ALC groups (Table 2).
In the pre-ALC group, the DMFS differed between patients
in the pre-ALC group, but this difference was not significant,
whereas the differences among the mini-ALC, post-ALC, and
post3m-ALC groups were all significant (Table 2).
The 5-year OS, PFS, and DMFS values of patients with a
mini-ALC < 390 cells/µL or a post3m-ALC < 705 cells/µL
were all significantly worse than those of patients with a miniALC " 390 cells/µL or a post3m-ALC " 705 cells/µL. Therefore, we defined patients with a mini-ALC < 390 cells/µL and
post3m-ALC < 705 cells/µL as the lymphopenia group (n=86).
Moreover, patients with a mini-ALC " 390 cells/µL and
post3m-ALC " 705 cells/µL were defined as the non-lymphopenia group (n=95) (Table 3). Survival rates of patients in
the lymphopenia group were worse than those of patients in
the non-lymphopenia group (OS, p < 0.001; PFS, p < 0.001;
DMFS, p < 0.001) (Table 2, Fig. 2).
Univariate analysis of all 413 patients demonstrated that N
stage (p=0.001), the pretreatment EBV DNA level, the miniALC, the post-ALC and the post3m-ALC were significantly
associated with OS (S1 Table). Additionally, N stage, the pretreatment EBV DNA level, the mini-ALC, and the post3mALC were significantly associated with PFS (S1 Table), and N
stage, the pretreatment EBV DNA level, the mini-ALC, the
post-ALC and the post3m-ALC were significantly correlated
with DMFS (S1 Table). When ALC was re-analyzed as a time
dependent variable, univariate analysis also demonstrated
VOLUME 50 NUMBER 1 JANUARY 2018
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Table 2. Survival rates of patients allocated in each ALC group
Factor
Pre-ALC (cells/µL)
< 1,315
" 1,315
Mini-ALC (cells/µL)
< 390
" 390
Post-ALC (cells/µL)
< 325
" 325
Post-ALC (cells/µL)
< 705
" 705
Mini-ALC combined
with post3m-ALC
Lymphopenia group
Non-lymphopenia group

5-Yr OS (95% CI, %)

p-value

5-Yr PFS (95% CI, %)

p-value 5-Yr DMFS (95% CI, %) p-value

79.4 (70.0-88.8)
90.0 (78.6-87.6)

0.083

68.2 (58.2-78.2)
76.5 (71.8-81.2)

0.057

78.2 (69.0-87.4)
83.4 (79.1-87.7)

0.131

79.0 (74.1-83.9)
90.0 (83.7-96.3)

0.002

72.4 (67.3-77.5)
79.8 (71.0-88.6)

0.005

80.1 (75.4-84.8)
90.9 (85.2-96.6)

0.004

79.9 (74.2-85.6)
83.8 (78.1-89.5)

0.038

73.4 (67.3-79.5)
76.3 (70.0-82.6)

0.135

79.1 (73.4-84.8)
86.0 (80.7-91.3)

0.041

69.9 (59.9-79.9)
85.3 (81.2-89.4)

< 0.001

62.7 (52.5-72.9)
78.2 (73.5-82.9)

< 0.001

71.4 (61.4-81.4)
85.4 (81.3-89.5)

0.001

69.4 (59.0-79.8)
90.5 (84.0-97.0)

< 0.001

61.7 (51.1-72.3)
79.8 (70.8-88.8)

< 0.001

70.8 (60.4-81.2)
91.4 (85.7-97.1)

< 0.001

ALC, absolute lymphocyte counts; OS, overall survival; CI, confidence interval; PFS, progression-free survival; DMFS, distant
metastasis-free survival; pre-ALC, absolute lymphocyte counts before treatment; mini-ALC, minimum absolute lymphocyte
counts during treatment; post-ALC, absolute lymphocyte counts after completion of treatment; post3m-ALC, absolute lymphocyte counts 3 months after completion of treatment; lymphopenia, mini-ALC < 390 cells/µL and post3m-ALC < 705
cells/µL; non-lymphopenia, ALC " 390 cells/µL or post3m-ALC " 705 cells/µL.

ALC was significantly correlated with OS, PFS and DMFS
(S1 Table).
Multivariate analyses of all 413 patients were performed to
further adjust for age, sex, T stage, N stage, family history,
smoking, pretreatment EBV DNA level, VCA-IgA, EA-IgA,
chemotherapy cycles, treatment days, dose of nasopharynx,
dose of neck, pre-ALC, mini-ALC, post-ALC, and post3mALC. These analyses revealed that N stage (HR, 1.35; 95% CI,
1.01 to 1.79; p=0.042), the pretreatment EBV DNA level (HR,
1.84; 95% CI, 1.20 to 2.83; p=0.005) and the post3m-ALC (HR,
1.76; 95% CI, 1.12 to 2.78; p=0.015) were independent prognostic factors for OS (Table 4). Additionally, N stage (HR, 1.30;
95% CI, 1.01 to 1.67; p=0.038), the pretreatment EBV DNA
level (HR, 1.79; 95% CI, 1.23 to 2.62; p=0.002), and the post3mALC (HR, 1.86; 95% CI, 1.23 to 2.82; p=0.003) were independent prognostic factors for PFS (Table 4), and the pretreatment
EBV DNA level (HR, 2.03; 95% CI, 1.26 to 3.27; p=0.003) and
the post3m-ALC (HR, 1.87; 95% CI, 1.13 to 3.08; p=0.014) were
independent prognostic factors for DMFS (Table 4). When
ALC was re-analyzed as a time dependent variable, multivariate analysis demonstrated it was an independent prognostic
factor of OS (HR, 0.995; 95% CI, 0.991 to 0.999; p=0.025) and
PFS (HR, 0.993; 95% CI, 0.988 to 0.998; p=0.006) (S2 Table).
For the 181 patients in the lymphopenia and non-lymphopenia groups, univariate analyses showed that patients in the
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lymphopenia group were at a higher risk of death (p < 0.001),
disease progression (p < 0.001), and distant metastasis (p <
0.001) than those in the non-lymphopenia group (Table 4). We
subjected data from the 181 patients to another multivariate
analysis, which revealed that the ALC (lymphopenia vs. nonlymphopenia) was the only independent prognostic factor for
OS (HR, 3.79; 95% CI, 1.75 to 8.19; p=0.001), PFS (HR, 2.93; 95%
CI, 1.59 to 5.41; p=0.001), and DMFS (HR, 3.89; 95% CI, 1.67 to
9.10; p=0.002) (Table 4).

Discussion
The data presented in this study demonstrated that a
decreased ALC during RT and after the completion of treatment is associated with poor prognosis among NPC patients.
This decrease in the ALC was attributed to the immunosuppression induced by RT [11]. Previous studies demonstrated
that RT directly destroys mature circulating lymphocytes,
which exhibit significant DNA fragmentation, even at low
radiation doses (< 1 Gy) [13,14]. The ability of radiation to
decrease the circulating ALC has been well established in
previous studies of other cancer types [12,24]. For example,
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Table 3. The characteristics of 181 patients (mini-ALC combined with post3m-ALC)
Characteristic
Age, median (range, yr)
Sex
Male
Female
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
N3
Overall stage
II
III
IVa
IVb
Family history
Yes
No
Smoking
Yes
No
EBV DNA level (copy/mL)
< 4,000
" 4,000
VCA-IgA
< 1:80
" 1:80
EA-IgA
< 1:10
" 1:10

Lymphopenia (n=86)

Non-lymphopenia (n=95)

p-value

44 (20-65)

46 (23-73)

0.106

50 (58.1)
36 (41.9)

64 (67.4)
31 (32.6)

0.199

6 (7.0)
15 (17.4)
52 (60.5)
13 (15.1)

3 (3.2)
16 (16.8)
61 (64.2)
15 (15.8)

0.694

6 (7.0)
38 (44.2)
32 (37.2)
10 (11.6)

17 (17.9)
48 (50.5)
26 (27.4)
4 (4.2)

0.027

11 (12.8)
54 (62.8)
13 (15.1)
8 (9.3)

9 (9.5)
67 (70.5)
15 (15.8)
4 (4.2)

0.452

13 (15.1)
73 (84.9)

5 (5.3)
90 (94.7)

0.027

18 (20.9)
68 (79.1)

31 (32.6)
64 (67.4)

0.077

45 (52.3)
41 (47.7)

69 (72.6)
26 (27.4)

0.005

23 (26.7)
63 (73.3)

23 (24.2)
72 (75.8)

0.698

34 (39.5)
52 (60.5)

29 (30.5)
66 (69.5)

0.204

Values are presented as number (%) unless otherwise indicated. mini-ALC, minimum absolute lymphocyte counts during
treatment; post3m-ALC, absolute lymphocyte counts 3 months after completion of treatment; lymphopenia, mini-ALC < 390
cells/µL and post3m-ALC < 705 cells/µL; non-lymphopenia, ALC " 390 cells/µL or post3m-ALC " 705 cells/µL; EBV,
Epstein-Barr virus; VCA, viral capsid antigen; EA, early antigen.

Tang et al. [25] found that RT reduced lymphocyte counts
independent of concurrent chemotherapy use. This decrease
was most pronounced near the completion of RT, and lower
lymphocyte minima during definitive RT were associated
with worse patient outcomes [25]. Moreover, Grossman et al.
[19] collected serial lymphocyte counts, prognostic factors,
treatment data, and survival data from four independent
solid tumor studies. Their study demonstrated that treatment-related lymphopenia increased the risk of death in each

cancer cohort [19]. Furthermore, Cho et al. [26] investigated
the mini-ALC during RT in NPC and showed that this
parameter may predict a poor 5-year disease-specific survival. However, it should be noted that the sample size of
their study was relatively small; therefore, we conducted this
study of 413 patients to further validate the results and
improve statistical outcomes. The ALCs before CCRT, during
CCRT, after the completion of CCRT and 3 months after the
completion of RT were all documented. According to our
VOLUME 50 NUMBER 1 JANUARY 2018
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Fig. 2. Comparison of patients in the lymphopenia group (mini-ALC < 390 cells/µL and post3m-ALC < 705 cells/µL) with
patients in the non-lymphopenia group (mini-ALC " 390 cells/µL or post3m-ALC " 705 cells/µL) in terms of overall survival
(A), progression-free survival (B), and distant metastasis-free survival (C). mini-ALC, minimum absolute lymphocyte counts
during treatment; post3m-ALC, absolute lymphocyte counts 3 months after completion of treatment.

study, among several variables associated with treatmentrelated lymphopenia, the mini-ALC and post3m-ALC were
strongly correlated with survival. Specifically, a mini-ALC
< 390 cells/µL indicates an early 2-fold increase in the risk of
early death. Furthermore, patients with a post3m-ALC < 705
cells/µL were at an even higher risk of death, disease progression and distant metastasis. When we combined these
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two ALC measurement time points, we found that lymphopenia (mini-ALC < 390 cells/µL and post3m-ALC < 705
cells/µL) was strongly correlated with a poor clinical outcome, specifically, a nearly 4-fold increase in the risk of early
death and distant metastasis and a nearly 3-fold increase in
the risk of disease progression. We assumed that the reduction of individual productivity of lymphocytes in response
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Table 4. Multivariate analyses of the independent significance prognostic factors of clinical outcome
Endpoint
a)

OS

OSb)
PFSa)

PFSb)
DMFSa)
DMFSb)

Factor

HR (95% CI)

p-value

Post3m-ALC
Pre-EBV DNA
N stage
Mini-ALC combined with post3m-ALC
Post3m-ALC
Pre-EBV DNA
N stage
Mini-ALC combined with post3m-ALC
Post3m-ALC
Pre-EBV DNA
Mini-ALC combined with post3m-ALC

1.76 (1.12-2.78)
1.84 (1.20-2.83)
1.35 (1.01-1.79)
3.79 (1.75-8.19)
1.86 (1.23-2.82)
1.79 (1.23-2.62)
1.30 (1.01-1.67)
2.93 (1.59-5.41)
1.87 (1.13-3.08)
2.03 (1.26-3.27)
3.89 (1.67-9.10)

0.015
0.005
0.042
0.001
0.003
0.002
0.038
0.001
0.014
0.003
0.002

HR, hazard ratio; CI, confidence interval; OS, overall survival; post3m-ALC, absolute lymphocyte counts 3 months after completion of treatment; EBV, Epstein-Barr virus; mini-ALC, minimum absolute lymphocyte counts during treatment; PFS, progression-free survival; DMFS, distant metastasis-free survival; VCA, viral capsid antigen; EA, early antigen; pre-ALC, absolute
lymphocyte counts before treatment; post-ALC, absolute lymphocyte counts after completion of treatment. a)The analysis was
performed with the following covariates (413 patients): age, sex, T stage, N stage, family history, smoking, pretreatment EBV
DNA level, VCA-IgA, EA-IgA, chemotherapy cycles, dose of nasopharynx, dose of neck, treatment days, pre-ALC, mini-ALC,
post-ALC, and post3m-ALC, b)The analysis was performed with the following covariates (181 patients): the mini-ALC combined with post3m-ALC (lymphopenia vs. non-lymphopenia), age, sex, T stage, N stage, family history, smoking status, the
pretreatment EBV DNA level, the VCA-IgA level, the EA-IgA level, chemotherapy cycles, dose of nasopharynx, dose of neck,
and treatment days.

to RT and the extent of the tumor might both be relevant to
lymphopenia. Based on this assumption, cancer progression
might lead lymphocyte infiltration from peripheral blood
into tumors and adjacent tissues, resulting in lymphopenia
[26]. Thus, the reduction in the tumor volume due to RT may
reduce the number of tumor infiltrating lymphocytes (TIL)
and consequently increase the number of circulating lymphocytes. The degree to which the ALC declines and recovers may reflect the response to treatment. In most hospitals,
a CBC is routinely obtained during treatment for NPC, and
ALC data are easily obtained in a timely manner for rapid
clinical implementation. Therefore, variations in the ALC
could help us identify subpopulations sensitive to treatment
and allow risk stratification for individualized therapy.
Patients with lymphopenia experienced most of the treatment failures and therefore required intense treatment in
subsequent phases, such as the administration of an additional target agent [27] or the inclusion adjuvant chemotherapy [5,28]. Moreover, additional immunotherapy could be
administered to patients with treatment-related lymphopenia. For example, immunotherapy with EBV-specific cytotoxic T cells has been shown to be effective in post-transplant
lymphoproliferative disorders [29], and the adoptive transfer
of latent membrane protein 2–specific cytotoxic T lymphocytes has shown clinical efficacy in heavily pretreated

patients with NPC [30,31]. We are initiating a phase II study
of adoptively transferred TIL immunotherapy following
CCRT in patients who are at a high risk of treatment failure
[32]. Adoptive immunotherapy is a potential avenue for
patients with treatment-related lymphopenia.
It should be noted that our study was subject to several
limitations. Specifically, our data were unable to stratify the
correlation between lymphocyte counts during or after RT
and survival by lymphocyte type. Additionally, all patients
in our study received CCRT, and the effects of radiotherapy
and chemotherapy on lymphopenia could not be separately
investigated. Finally, our data were exclusively obtained
from one center; therefore, these results must be validated
by other datasets.
In conclusion, our study found that treatment-related lymphopenia was correlated with poor prognosis in NPC
patients. Therefore, lymphocytes should be considered a
prognostic marker that may reflect the immunological status
of patients during and after CCRT and stratify patients who
are at a high risk of treatment failure. Future clinical trials
and laboratory investigations to elucidate the immunology
underlying treatment-related lymphopenia and the prevention of lymphopenia or restoration of immune function in
NPC are warranted.
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Purpose
This prospective study was conducted to determine the incidence of lacrimal drainage
obstruction (LDO) during S-1 chemotherapy and evaluate the association between the
development of LDO and the concentrations of ingredients/metabolites of S-1 in tears and
plasma.
Materials and Methods
A total of 145 patients with gastric cancer who received adjuvant S-1 therapy were enrolled.
Ophthalmologic examinations were performed regularly during S-1 chemotherapy. Concentrations of tegafur, 5-chloro-2,4-dihydroxypyridine (CDHP), and 5-fluorouracil at steady-state
trough level were measured in both tears and plasma.
Results
Fifty-three patients (37%) developed LDO. The median time to the onset of LDO was 10.9
weeks, and LDO developed most frequently in the nasolacrimal duct. Univariable analyses
revealed that an older age (! 70 years), creatinine clearance rate (Ccr) < 80 mL/min, 5-fluorouracil concentration in plasma ! 22.3 ng/mL (median), CDHP concentration in plasma
! 42.0 ng/mL (median), and tegafur concentration in tears ! 479.2 ng/mL (median) were
related to increased development of LDO. Multivariable analysis indicated that a high
plasma 5-fluorouracil concentration was predictive of increased development of LDO (hazard ratio, 2.02; p=0.040), along with older age and decreased Ccr. Patients with LDO also
developed S-1–related non-hematologic toxicity more frequently than those without LDO
(p=0.016).
Conclusion
LDO is a frequent adverse event during S-1 chemotherapy. An older age, decreased Ccr,
and high plasma 5-fluorouracil concentration were found to be independent risk factors for
LDO. The high incidence of LDO warrants regular ophthalmologic examination and early
intervention in patients receiving S-1 therapy.

Key words
Lacrimal drainage obstruction, S-1, Fluorouracil, Tears,
Stomach neoplasms
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Introduction
S-1 is an oral antineoplastic agent widely used for the treatment of gastric cancer and other gastrointestinal cancers.
S-1 consists of tegafur (5-fluorouracil prodrug), 5-chloro-2,
4-dihydroxypyridine (CDHP), and potassium oxonate [1].
Lacrimal drainage obstruction (LDO) is an interesting
adverse effect of antineoplastic agents that is more commonly associated with S-1 [2-5]. We previously performed a
large-scale retrospective study that revealed the incidence of
LDO after S-1 treatment is not infrequent [2]. However, all
studies conducted to date were retrospective in nature [2-5],
and the development mechanisms of S-1–induced LDO have
not yet been systematically investigated.
In this study, we investigated whether an ingredient (tegafur or CDHP) or active metabolite (5-fluorouracil) of S-1
directly influenced the development of S-1–induced LDO. To
determine if LDO development is caused by a local effect
(direct damage to the lacrimal drainage system by either
5-fluorouracil or an ingredient of S-1 in tears) or by one of
the systemic adverse effects of S-1, we measured the concentrations of tegafur, CDHP, and 5-fluorouracil in both tears
and plasma. To our knowledge, this is the first prospective
study to investigate the incidence of S-1–induced LDO and
explore the association between the LDO development and
the concentrations of ingredients/metabolites of S-1 in tears
and plasma.

graded using National Cancer Institute Common Terminology Criteria for Adverse Events ver. 4.0. This study was
approved by the Institutional Review Boards at the three
institutions and followed the Declaration of Helsinki. Written
informed consent was obtained from all patients.
2. Ophthalmologic evaluation
Comprehensive ophthalmic assessments were routinely
performed until the completion of S-1 therapy (at 3 weeks
and 3, 6, 9, and 12 months after the initiation of S-1) or until
LDO development during S-1 therapy. Patients who had preexisting LDO at the baseline examination before the S-1 initiation were excluded. Ophthalmologic assessments consisted of visual acuity and intraocular pressure measurements;
namely, slit-lamp examination to measure the tear meniscus
height, a fluorescein dye disappearance test (FDDT) to estimate the physiological tear drainage function and a lacrimal
irrigation test to identify the lacrimal drainage patency. The
LDO was defined as partial or total obstruction of the
lacrimal drainage system when all of the following conditions were met: high tear meniscus, delayed FDDT, and partial or total regurgitation on the lacrimal irrigation test. Once
LDO was diagnosed, diagnostic lacrimal probing was routinely performed to locate the site of obstruction. Dacryocystography was recommended to the patients who developed
LDO.
3. Collection of tears and blood

Materials and Methods
1. Patient population and adjuvant S-1 chemotherapy
Patients with gastric or gastroesophageal junction adenocarcinoma, who underwent curative gastrectomy with D2
lymph node dissection and received adjuvant S-1 chemotherapy, were enrolled from three institutions between December 2010 and June 2013. Before the initiation of S-1 chemotherapy, the patients had adequate bone marrow, renal and
hepatic functions, and fully recovered from gastrectomy. The
planned duration of S-1 chemotherapy was 1 year. S-1 was
orally administered twice a day for 4 weeks, followed by a
2-week rest period (every 6 weeks). The dose of S-1 was
determined as follows: 60 mg for a body surface area (BSA)
of " 1.50 m2; 50 mg for a BSA of 1.25-1.49 m2; and 40 mg for
a BSA of < 1.25 m2. The S-1 dose and schedule modification
based on toxicity was described in detail previously [2,6,7].
Data describing S-1–related adverse events were collected
until the completion of S-1 treatment. Adverse events were

Tears and blood were obtained on the third week after initiation of S-1 chemotherapy, immediately before the patients
took S-1, when S-1 was at a steady-state trough level. If samples could not be acquired at this time point, sample acquisition at another time point was allowed if the patient took
S-1 for at least 7 consecutive days. The detailed methods for
the collection of tears and blood are described in the Supplementary Methods.
4. Measurement of tegafur, CDHP, and 5-fluorouracil concentrations
Tegafur, CDHP, and 5-fluorouracil concentrations in tears
and plasma were determined by the method described by
Liu et al. [8], with minor modifications. The methods are
described in detail in the Supplementary Methods.
5. Statistical considerations and sample size
To calculate the initial sample size, the incidence of LDO
was presumed to be about 20% according to our previous
study [2]. A total of 200 patients were required to detect an
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Enrolled to this study (n=180)
Insufficient acquisition of tear volumes (n=5)
Insufficient ophthalmologic follow-up
(< 6 months after the initiation of S-1 therapy; n=30)
Rejection for further ophthalmologic follow-up (n=13)
Permanent withdrawal from S-1 therapy due to toxicities (n=7)
Transfer to other hospital during S-1 chemotherapy (n=6)
Tumor recurrence (n=1)
Treatment-related death (n=1)
Non-treatment-related death during S-1 chemotherapy (n=2)

Included in the final analysis (n=145)

Fig. 1. CONSORT diagram of the patients in this study.

effect size of 0.5 in the 5-fluorouracil concentration, assuming
a power of 80% at a significance level of 0.05. During the
early phase in this study, we observed that the actual incidence of LDO was likely to be higher than expected. Therefore, in April 2012, we recalculated the sample size as 140 (49
patients with LDO and 91 without LDO) based on the
revised assumption of the incidence of LDO (about 35%). We
aimed to recruit 180 patients considering the possibility of
early dropouts (about 25%) secondary to toxicity or a failure
to return for a scheduled ophthalmologic follow-up visit. The
study protocol recommended that the ophthalmologic evaluation be conducted until the completion of S-1 therapy if
LDO did not develop during S-1 therapy. However, since the
cumulative incidence of LDO reached a plateau around 6
months after the initiation of S-1 in our previous study [2],
the protocol considered patients without the LDO development to have completed the required ophthalmologic followup visits if ophthalmologic evaluation was conducted until
at least 6 months after the initiation of S-1. As planned,
patients without LDO development, whose ophthalmologic
follow-up was less than six months, were excluded from the
final analyses.
The cumulative incidence of LDO was calculated from the
date of S-1 initiation until the date of LDO diagnosis using
the Kaplan-Meier method. Log-rank tests were conducted to
investigate differences in the incidence of LDO among comparison groups in univariable analyses. Cox proportional
hazards models were conducted to investigate the impact of
specific risk factors on LDO development in multivariable
analysis. IBM SPSS for Windows (IBM Corp., Armonk, NY)
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was used for data analysis, and p-values of < 0.05 were considered significant. All tests were two-tailed.

Results
1. Patient characteristics
A total of 180 patients were initially enrolled in this study.
Of these, five were excluded owing to inadequate tear volume
acquisition. Thirty patients who did not develop LDO and
whose ophthalmologic follow-up period was less than six
months were also excluded (Fig. 1). Therefore, 145 patients
were included in the final analysis. The median age was 59
years (range, 22 to 82 years) and the median level of creatinine
clearance rate (Ccr) was 79 mL/min (range, 41 to 148 mL/
min). Among the 145 patients, 137 (94%) completed the
planned 1-year S-1 therapy. Detailed patient characteristics are
presented in Table 1.
2. Development of LDO
Fifty-three patients (37%, 53/145) developed LDO, and the
cumulative incidences of LDO were 22%, 31%, 36%, and 37%
at 3, 6, 9, and 12 months after the S-1 initiation, respectively
(Fig. 2). Among the 53 patients with LDO, 45 underwent
dacryocystography, and all the cases showed narrowing or
obstruction of the lacrimal drainage system. The median time
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Clinical characteristic
Age, median (range, yr)
Sex
Male
Female
Stage
IB
II
III
Pathology
Well or moderately differentiated
adenocarcinoma
Poorly differentiated adenocarcinoma
Signet ring cell carcinoma
Others
Lauren classification
Intestinal type
Diffuse type
Mixed or intermediate type
Primary tumor location
Lower third
Middle third
Upper third
" 2/3 of stomach
Gross morphology of primary tumor
Early gastric cancer
Borrmann type I
Borrmann type II
Borrmann type III
Borrmann type IV
Method of gastrectomy
Laparoscopic surgery
Open surgery
Extent of gastrectomy
Total gastrectomy
Distal gastrectomy
Proximal gastrectomy
Creatinine clearance, median (range, mL/min)

No. (%)
59 (22-82)
100 (69)
45 (31)
2 (1)
92 (63)
51 (35)
60 (41)
30 (21)
45 (31)
10 (7)
62 (43)
72 (50)
11 (8)
73 (50)
21 (14)
31 (21)
20 (14)
21 (14)
4 (3)
19 (13)
91 (63)
10 (7)
114 (79)
31 (21)
41 (28)
99 (68)
5 (3)
79 (41-148)

Adjuvant chemotherapy was conducted in patients with
pathologic stages II-III according to the American Joint
Committee on Cancer (AJCC, 7th edition). However, two
patients who had stage IB with additional risk factors (N2
lymph node metastasis according to the Japanese staging
classification) were also included.

to the development of LDO in these 53 patients was 10.9 weeks
(95% confidence interval, 9.4 to 12.4; range, 1.0 to 43.9 weeks)
after the initiation of S-1, and 85% of the LDO cases (45/53)

Cumulative incidence of LDO (%)

Table 1. Patient characteristics

50

0

0

20

40
Time (wk)

60

80

Fig. 2. A Kaplan-Meier curve of the cumulative incidence
of lacrimal drainage obstruction (LDO) in patients with
gastric cancer receiving adjuvant S-1 chemotherapy
(n=145). Fifty-three patients (37%) developed LDO, and
the cumulative incidences of LDO were 22%, 31%, 36%,
and 37% at 3, 6, 9, and 12 months after the initiation of
S-1 therapy, respectively.

were developed within 6 months of starting the S-1 treatment.
The most common site of obstruction was the nasolacrimal
duct (n=42), followed by the punctum (n=15) and canaliculus
(n=13) (S1 Fig.). Fifteen patients had LDO at two or more levels
simultaneously. When additional analysis was conducted that
included all patients initially enrolled into this study (n=180),
the cumulative incidence of LDO was not different from that
for the 145 patients included in the final analysis (S2 Fig.).
Management and clinical course of LDO are described in
detail in the supplementary file (S3 Fig.).
3. Concentrations of tegafur, 5-fluorouracil, and CDHP in
tears and plasma
We measured the trough concentrations of tegafur, CDHP,
and 5-fluorouracil in a steady state in both tears and plasma.
However, only tegafur was detected in tears, while neither
CDHP nor 5-fluorouracil was detected. All three components
were detected in plasma. Correlations among the concentrations of tear tegafur, plasma tegafur, plasma 5-fluorouracil,
plasma CDHP, and the level of Ccr were explored. We found
strong positive correlations among the tear tegafur, plasma
tegafur, plasma 5-fluorouracil, and plasma CDHP concentrations. In contrast, negative correlations were observed among
Ccr and the plasma 5-fluorouracil and plasma CDHP concentrations (Fig. 3).
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A

4,000

2,000

0

p < 0.001

0

500

1,000
1,500
2,000
Tear tegafur (ng/mL)

C

100

50
p < 0.001

0

2,000
4,000
Plasma tegafur (ng/mL)

E

300
200
100
0

p=0.016

0

50
100
150
Creatinine clearance (mL/min)

200

p < 0.001

0

500

1,000
1,500
2,000
Tear tegafur (ng/mL)

2,500

D

400
300
200
100
p < 0.001

0

50

100
150
Plasma 5-FU (ng/mL)

200

F

200

Plasma 5-FU (ng/mL)

Plasma CDHP (ng/mL)

400

50

0

6,000

500

100

500

Plasma CDHP (ng/mL)

Plasma 5-FU (ng/mL)

150

0

150

0

2,500

200

B

200

Plasma 5-FU (ng/mL)

Plasma tegafur (ng/mL)

6,000

150

100

50

0

p=0.003

0

50
100
150
Creatinine clearance (mL/min)

200

Fig. 3. (A-F) Correlations among the concentrations of tear tegafur, plasma tegafur, plasma 5-fluorouracil (5-FU), plasma
5-chloro-2,4-dihydroxypyridine (CDHP), and the creatinine clearance rate.
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Table 2. Univariable and multivariable analyses of risk factors for the development of lacrimal drainage obstruction
Univariable analysisa)
Characteristic

Sex
Male
Female
Age (yr)
< 70
" 70
Extent of gastrectomy
Partial gastrectomy
Total gastrectomy
Creatinine clearance (Ccr, mL/min)
" 80
" 60 and < 80
< 60
Plasma 5-fluorouracil concentration
(median, 22.3 ng/mL)b)
< 22.3
" 22.3
Plasma tegafur concentration
(median, 1,835.0 ng/mL)b)
< 1,835.0
" 1,835.0
Plasma CDHP concentration
(median, 42.0 ng/mL)b)
< 42.0
" 42.0
Tear tegafur concentration
(median, 479.2 ng/mL)b)
< 479.2
" 479.2

1-Year cumulative
incidence of
p-value
LDO (%)

Multivariable analysisa)
Hazard
ratio

95% Confidence
interval

p-value

41.4
29.8

0.207

1.00
0.88

0.45-1.70

0.697

30.4
68.4

< 0.001

1.00
1.99

1.00-3.95

0.049

34.6
46.0

0.201

1.00
1.17

0.60-2.29

20.0
52.3
63.7

< 0.001

1.00
2.52
3.21

1.21-5.22
1.35-7.65

0.641
0.018
0.013
0.008

22.8
52.1

< 0.001

1.00
2.02

1.03-3.93

0.040

34.4
40.5

0.528

1.00
0.54

0.29-1.03

0.062

30.4
45.3

0.032

1.00
1.22

0.63-2.37

0.559

26.7
50.0

0.006

1.00
1.85

0.99-3.45

0.055

LDO, lacrimal drainage obstruction; CDHP, 5-chloro-2,4-dihydroxypyridine. a)In univariable analysis, a log-rank test was
used. In multivariable analysis, the Cox proportional hazard model was used, b)Concentrations: ng/mL.

4. Risk factors for the development of LDO
In univariable analyses conducted to identify predictors of
the LDO development, clinical parameters and the S-1 component (or 5-fluorouracil) concentrations in both tears and
plasma were included. Among the clinical parameters, the
older age (" 70 years) and decreased Ccr (< 80 mL/min) were
related to the increased LDO development (p < 0.05). The sex
or extent of gastrectomy was not predictive of LDO development. Regarding the S-1–related compounds, patients with
increased concentrations of plasma 5-fluorouracil (" 22.3
ng/mL [median], p < 0.001), plasma CDHP (" 42.0 ng/mL

[median], p=0.032), and tear tegafur (" 479.2 ng/mL [median],
p=0.006) developed LDO more frequently. However, the concentration of plasma tegafur was not associated with LDO
development (Table 2, Fig. 4).
Multivariable analysis revealed that older age and
decreased Ccr were independent risk factors for LDO development. Specifically, as the level of Ccr decreased, the risk of
LDO increased, as indicated by a hazard ratio (HR) of 2.52 in
patients with 60 ! Ccr < 80 and 3.21 in those with Ccr < 60
mL/min. Among the S-1–related compounds, only a high concentration of plasma 5-fluorouracil was predictive of the
increased LDO development (HR, 2.02; p=0.040). The patients
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A

60

40

20

0

p < 0.001

0

40
Time (wk)

60

80

Plasma 5-FU (ng/mL)
≥ 22.3
< 22.3

50

0

p < 0.001

0

20

40
Time (wk)

60

80

Ccr (mL/min)
< 60
≥ 60 and < 80
≥ 80

60

40

20

0

C

100

Cumulative incidence of LDO (%)

20

B

80

Cumulative incidence of LDO (%)

Age (yr)
≥ 70
< 70

p < 0.001

0

20

40
Time (wk)

60

80

D

100

Cumulative incidence of LDO (%)

Cumulative incidence of LDO (%)

80

Plasma CDHP (ng/mL)
≥ 42.0
< 42.0

50

0

p=0.032

0

20

40
Time (wk)

60

80

Fig. 4. Univariable analysis of risk factors for the development of lacrimal drainage obstruction (LDO). (A) Patients aged
" 70 years developed LDO more commonly than those aged < 70 years (long-rank test, p < 0.001). (B) Three groups of patients
with different levels of creatinine clearance (Ccr " 80 mL/min, 60 mL/min ! Ccr < 80 mL/min, and Ccr < 60 mL/min)
showed different incidences of LDO, exhibiting an increased incidence of LDO development with decreased Ccr (log-rank
test, p < 0.001). (C) Patients with high 5-fluorouracil (5-FU) concentrations in plasma (" 22.3 ng/mL [median]) developed
LDO more frequently than those with low plasma 5-FU concentrations (p < 0.001). (D) Patients with high 5-chloro-2,4-dihydroxypyridine (CDHP) concentrations in plasma (" 42.0 ng/mL [median]) developed LDO more frequently than those with
low plasma CDHP concentrations (p=0.032). (Continued to the next page)

with a high tear tegafur concentration tended to show
increased LDO development, but the trend was not statistically significant (p=0.055). The concentrations of plasma tegafur or CDHP did not show an independent effect on LDO
development in the multivariable model (Table 2).
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5. LDO and other S-1 toxicities
The toxicity profiles developed during S-1 therapy are presented in the supplementary file (S4 Table). Frequencies of
hematologic and non-hematologic toxicities were compared
between patients with and without LDO. Patients who developed LDO also developed non-hematologic toxicities (grade
" 2) more frequently than those without LDO (p=0.016). In

Namju Kim, S-1–Induced Lacrimal Drainage Obstruction

E
Plasma tegafur (ng/mL)
≥ 1,835.0
< 1,835.0

60

40

20

0

p=0.528

0

20

40
Time (wk)

60

F

100

Cumulative incidence of LDO (%)

Cumulative incidence of LDO (%)

80

50

0

80

Tear tegafur (ng/mL)
≥ 479.2
< 479.2

p=0.006

0

20

40
Time (wk)

60

80

Fig. 4. (Continued from the previous page) (E) There was no difference in the development of LDO between patients with high
and low plasma tegafur concentrations (median, 1,835.0 ng/mL; p=0.528). (F) Patients with high tegafur concentrations in
tears (" 479.2 ng/mL [median]) developed LDO more frequently than those with low tear tegafur concentrations (p=0.006).

Table 3. Comparison of the incidences of S-1–related hematologic and non-hematologic toxicities in patients with and without LDO
Hematologic toxicity
Grade 0 or 1
" Grade 2
Non-hematologic toxicity
Grade 0 or 1
" Grade 2

Patients without LDO (n=92)

Patients with LDO (n=53)

p-valuea)

52 (56.5)
40 (43.5)

31 (58.5)
22 (41.5)

0.817

37 (40.2)
55 (59.8)

11 (20.8)
42 (79.2)

0.016

Values are presented as number (%). LDO, lacrimal drainage obstruction. a)Chi-square test.

contrast, there was no difference in the frequencies of hematologic toxicities between patients with and without LDO
(Table 3).

Discussion
In this prospective study, we found that the incidence of
LDO in patients receiving S-1 chemotherapy was 37%, which
is much higher than the incidence (8%-18%) reported in previous retrospective studies [2-5]. Some patients would not
seek medical care; therefore, the incidence of S-1–induced
LDO is thought to have been underestimated in these studies. We also found that the development of S-1–induced LDO

is related to an older age, decreased Ccr, and an increased
plasma concentration of 5-fluorouracil.
There have been a few studies in which tear concentrations
of systemically administered drugs, such as docetaxel and
5-fluorouracil [9-11], were measured. Esmaeli et al. [9]
reported that docetaxel was found in tear samples collected
immediately after docetaxel infusion and suggested that the
secretion of docetaxel in tears might be a mechanism for tear
drainage obstruction. Loprinzi et al. [11] reported that 5-fluorouracil was detectable in the tears of 12 patients within several minutes after the 5-fluorouracil infusion; however, they
stated that the tear concentrations of 5-fluorouracil were not
correlated with the development of ocular toxicity. Our
study is the first prospective report on the incidence of
S-1–induced LDO and the only report that analyzed the concentrations of S-1 components in tears. We collected tears
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and plasma when the drug concentration was at a steadystate trough level to minimize the interpatient variations in
S-1 component (or 5-fluorouracil) concentrations under the
same conditions. The concentration of CDHP or 5-fluorouracil could not be measured, and only the tegafur concentration could be analyzed in tears. Considering that the
median CDHP/tegafur and 5-fluorouracil/tegafur ratios in
plasma were 0.02 and 0.01, respectively, and the tear-toplasma ratio of the median tegafur concentrations was 0.26,
the concentrations of CDHP and 5-fluorouracil in tears are
thought to be in a too low range to be detected by the analysis system.
We demonstrated that the plasma concentration of 5-fluorouracil is an independent risk factor for LDO development.
Non-hematologic toxicities were more frequent in patients
who developed LDO. These findings strongly suggest that
the S-1-induced LDO is caused by damage to and inflammation of the lacrimal drainage system, mainly due to the systemic effects of S-1 rather than to direct contact between the
mucosal lining of the lacrimal drainage system and S-1 components or 5-fluorouracil in tears [12]. This suggested mechanism also explains the finding that S-1–induced LDO is
more frequently located in the nasolacrimal duct (distal
lacrimal drainage) than in puncta or canaliculus (proximal
lacrimal drainage). In fact, there are abundant vascular
plexuses in the wall of the nasolacrimal duct; therefore, the
systemic blood supply easily reaches the submucosal space
of the nasolacrimal duct [13,14]. If the local effect of S-1 components or 5-fluorouracil on the development of LDO was
predominant, obstructions in the puncta or canaliculus
would be more common than those in the nasolacrimal duct.
The frequent development of LDO in older patients or in
patients with decreased Ccr would also be explained by a
systemic effect of S-1.
However, we cannot completely exclude the possibility
that S-1 components or 5-fluorouracil in tears exert a local
effect on the lacrimal drainage system and additionally contribute to the S-1–induced LDO development since tegafur
was only detected in tears with our analysis equipment. The
high tegafur concentration in tears was related to the
increased LDO development upon univariable analysis, but
this statistical significance disappeared (p=0.055) when the
multivariable analysis was conducted. The concentrations of
CDHP and 5-fluorouracil in tears were too low to be detected
by the analysis equipment; thus, we think that their local
effects on the LDO development would be minor, if any. In
addition, we measured the concentrations of the S-1–related
compounds at the steady-state trough level, but not at the
steady-state peak level. Thus, we cannot completely exclude
the possibility that the development of S-1–induced LDO
might be more influenced by peak levels of S-1 ingredients/metabolites when compared to the effects caused by the
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trough levels.
In our previous retrospective study [2], we reported that
total gastrectomy was a risk factor for the development of S1–induced LDO. However, total gastrectomy did not seem
to be related to the increased development of LDO in the
present study (Table 2, S5 Fig.), although there was a considerable difference in the 1-year cumulative incidence of LDO
between total gastrectomy (46.0%) and partial gastrectomy
(34.6%). Since the sample size in the present study aimed to
provide sufficient power for detecting differences in 5-fluorouracil concentration, but not for detecting differences in
LDO incidence, further studies are needed to verify whether
total gastrectomy is a risk factor of S-1–induced LDO.
Regarding cutoff values of tear or plasma concentrations
of S-1 ingredients/metabolites, we used a median value of
each component because there were no references that could
guide us to determine the most appropriate cutoff values.
Because we wanted to exclude an unexpected bias derived
from arbitrary analyses to determine the cutoff values, we
selected the median concentration value of each component
as the cutoff. When we separated patients into three groups
using different cutoff values with tertiles and conducted univariable analyses, the cutoff values of plasma 5-fluorouracil,
plasma CDHP and tear tegafur concentrations also classified
patients well into two groups with high or low risks of
developing LDO (S6 Fig.). Therefore, the results from these
univariable analyses show that, although the most appropriate cutoff points are uncertain, the development of LDO is
really affected by the concentrations of S-1 ingredients/metabolites.
In conclusion, our study shows that LDO is a frequent
adverse event in patients receiving S-1 chemotherapy and
strongly suggests that it is caused by one of the S-1–induced
systemic adverse effects rather than by local effects of S-1.
Clinical risk factors (older age and decreased renal function)
were also identified. Oncologists must be alert to eye symptoms in patients receiving S-1 treatment and cooperate with
ophthalmologists to improve the quality of life of patients
receiving S-1 therapy. Our study also warrants further investigations of prevention of LDO development or on the treatment strategy to intervene with LDO at an early stage before
more complicated surgical procedures are required in the
late stage of LDO.
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Purpose
We aimed to evaluate psychometric properties of the Korean version of the European
Organization for Research and Treatment of Cancer (EORTC) QLQ-NMIBC24 when applied
to Korean non-muscle invasive bladder cancer (NMIBC) patients.
Materials and Methods
A total of 249 patients who underwent curative transurethral resection of bladder tumor
(TURBT) for primary or recurrent NMIBC were asked to complete the Korean version of EORTC
QLQ-C30 and -NMIBC24 questionnaires three times (preoperative, post-TURBT 3 months
and 6 months). Linguistic validation and psychometric evaluation of the questionnaire was
conducted.
Results
Multitrait scaling analysis confirmed satisfactory construct validity in five scales except the
malaise scale. Internal consistency was good (Cronbach’s alpha ! 0.70) for the five scales
except the malaise scale at the all three time points. Known-group comparison analyses
showed better quality-of-life (QOL) scores in patients with higher performance status as
expected, and better sexual function in men than women (p < 0.05). Most of the scales had
low correlations (< 0.40) with the scales in QLQ-C30 showing divergent validity, except for
malaise scale which showed higher correlations (0.42 to 0.60). Responsiveness to change
was consistent with clinical implications over time after TURBT.
Conclusion
The Korean version of the EORTC QLQ-NMIBC24 has good reliability and cross-cultural
validity for measuring various QOL aspects that can be self-administered to Korean NMIBC
patients undergoing TURBT.

Key words
Urinary bladder neoplasms, Psychometric properties,
Quality of life, Surveys and questionnaire
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Introduction
Bladder cancer (BC) is the second most common cancer of
the genitourinary tract in Korea and worldwide [1,2]. Urothelial carcinomas represent more than 90% of BC and are classified into non-muscle invasive BC (NMIBC) and muscle
invasive BC according to depth of invasion. Majority of
patients with BC are diagnosed with NMIBC [3], and it is
treated with transurethral resection of bladder tumor (TURBT)
with/without intravesical treatment. However, despite complete removal of NMIBC by TURBT, significant proportions
of patients undergo tumor recurrence ranging from 15% to
90% within 5 years [4-6]. In addition to frequent tumor
recurrence, clinical practice (including regular cystoscopy
follow-up and intravesical treatment) may be associated with
various side effects and patient morbidity, which consequently result in decreased patient quality of life (QOL).
Thus, reliable and valid measure of such patient QOL is
becoming important assessment of clinical outcomes as the
issues of disease-free and BC-specific survival and would
form the basis for the research and development of better BC
treatment methods [7].
To address such needs, the European Organization for
Research and Treatment of Cancer (EORTC) QOL group
developed modules for BC in the 1990s, and Blazeby et al. [8]
validated a module specific for NMIBC, EORTC QLQNMIBC24 questionnaire in 2014. This questionnaire is a selfadministered, multidimensional instrument exploring QOL
of NMIBC patients in six scales (urinary symptom, malaise,
future worries, bloating and flatulence, sexual function, and
male sexual problems) and five single items (intravesical
treatment issues, sexual intimacy, risk of contaminating a
partner, sexual enjoyment, and female sexual problems).
However, its applicability in different countries except an
original European study [8] has not been reported. In this
study, we developed a Korean version of QLQ-NMIBC24
questionnaire, and evaluated its psychometric properties to
determine if it is appropriate for evaluating the outcomes of
Korean NMIBC patients.

Materials and Methods

into Korean was independently conducted by two translators
(two MDs) who are fluent in both English and Korean. Reconciliation of the two versions was made at the first consensus meeting among the translators and two main investigators (J.P. and D.W.S.) with a good command of English,
yielding a first consensus Korean version. Such reconciled
version was then back translated by two independent translators (a PhD in psychology and an English teacher), bilingual in English and Korean, without referring original
English questionnaire. A second consensus meeting was held
between the translators and two main investigators (J.P. and
D.W.S.), during which the original and two back-translated
versions were compared and their discordances were
debated. At this meeting, we decided that several questions
needed slight modification due to linguistic reason and cultural background, and made a revision of the first consensus
version.
With the second intermediary version of the Korean
NMIBC24 module, a pilot test was performed between May
2014 and July 2014 by an urologist (J.P.) to assess whether
the questionnaire was clearly understood by the patients
through the face-to-face interviews with 10 male and four
female patients with NMIBC. After confirming that no
patient had difficulty in responding to the questionnaire and
no patient was confused, the definitive version was finalized,
and edited by the EORTC QOL group. Each step of linguistic
validation was approved form the EORTC QOL group, and
the final version of Korean NMIBC24 questionnaire is available online (http://groups.eortc.be/qol/).
2. Study subjects
Patients who underwent TURBT with curative intent for
primary or recurrent bladder tumor were prospectively
recruited from November 2014 and December 2015 at nine
university hospitals, with follow-up data collected through
July 2016. Inclusion criteria were patients who underwent
TURBT for histologically confirmed NMIBC. Exclusion criteria were (1) muscle-invasive BC, (2) history of previous
upper urinary tract cancer, (3) patients with prior or concurrent malignancies in other organs, and (4) patients who have
difficulties in communicating with clinician. No age limit
was imposed. Institutional Review Board of each participating center approved the study protocol, and all study subjects were fully informed about the purpose of the study and
provided written consent for their participation.

1. Translation process and pilot study
3. Study design
Linguistic validation of the Korean version of the NMIBC24 module was performed according to a standard, multistep process, as detailed in the EORTC translation manual
[9]. Forward translation of the questionnaire from English

At enrollment, patient’s sociodemographic and clinical
data were collected through the questionnaires. The validated Korean version of EORTC QLQ-C30 [10] and the linVOLUME 50 NUMBER 1 JANUARY 2018
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guistically validated QLQ-NMIBC24 questionnaire was selfadministered to patients at prespecified time points: before
TURBT (time window of 14 days before TURBT, visit 1) and
post-TURBT 3 months (±14 days, visit 2) and 6 months (±14
days, visit 3). Post-TURBT (visits 2 and 3) questionnaires
were done before follow-up cystoscopy at approximately 30
minutes after local analgesics intramuscular injection.
Karnofsky performance status (KPS) was also rated by the
clinician at the pre-specified time points.
4. Statistical analysis
Rule of 10 per item (the subjects-to-variables ratio should
be no lower than 10) was used to determine the minimum
required sample size for the psychometric analysis, as suggested by Dr. Aaronson of the EORTC QOL group. Thus, 240
patients (for 24 items) were considered adequate for this
study.
For statistical analysis, scale scores of QLQ-C30 and
NMIBC24 modules were calculated according to established
EORTC QOL questionnaire scoring guidelines [8,11]. The
raw scores for each multi-item and single-item scale were linearly transformed to a scale of 0-100. If more than 50% of the
responses were missing, scale scores were not calculated.
Multitrait scaling analysis was used to examine the construct validity of the EORTC QLQ-NMIBC24. Item-convergent validity was defined as a correlation of 0.40 or greater
between an item and its own scale (corrected for overlap),
and item-discriminate validity was defined by the correlation
between an item and its hypothesized scale (corrected for
overlap) higher than its correlation with any other scale.
Reliability was evaluated with internal consistency tested by
Cronbach’s alpha " 0.70.
The validity of the QLQ-NMIBC24 was examined with
three approaches. First, known-group comparisons were
used to determine the ability of the questionnaire to discriminate between subgroups of patients differing in known clinical status. Known groups used for these comparisons were
KPS scores (< 90 vs. 90 vs. 100) and sex (male vs. female), and
analysis of co-variance (ANOVA) and Student’s t test was
used to determine statistical significance, respectively. Second, divergent validity of the QLQ-NMIBC24 was assessed
by evaluating the correlations between this cancer-specific
module and the core questionnaire, the QLQ-C30. Third, the
responsiveness to change over time was evaluated using the
three sets of QLQ-NMIBC24 questionnaires (baseline, postTURBT 3 and 6 months). Paired t tests for matched sample
were used to determine the significance of change. All statistical analyses were performed using STATA ver. 14.0
(STATA Corp., Houston, TX) and p < 0.05 was considered
statistically significant.
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Table 1. Baseline sociodemographic and clinical characteristics of 249 patients
Variable
Age, mean±SD (yr)
Sex, male
Height, mean±SD (cm)
Weight, mean±SD (kg)
Recurrent
Tumor size > 3 cm
Multiple
Shape, papillary
Tumor stage
Ta
T1
Tis only
Ta with Tis
T1 with Tis
Tumor grade
PUNLMP
Low
High
Intravesical treatment after TURBT
Immediate single instillation of
chemotherapeutic agent
Bacillus Calmette-Guerin
Chemotherapy
Comorbidity
Any
Hypertension
Diabetes
Smoking
None
Past
Current
Marital status, married
Employment status, working

No. (%)
66.7±13
211 (84.7)
165±8.4
65.6±11.9
79 (31.7)
47 (18.9)
147 (59)
228 (91.6)
155 (62.2)
47 (18.9)
5 (2.0)
23 (9.2)
19 (7.6)
8 (3.2)
153 (61.4)
88 (35.3)
83 (33.3)
49 (19.7)
44 (17.7)
160 (64.3)
113 (45.4)
56 (22.5)
79 (31.7)
116 (46.6)
54 (21.7)
198 (79.5)
89 (33.3)

SD, standard deviation; PUNLMP, papillary urothelial
neoplasm of low malignant potential; TURBT, transurethral resection of bladder tumor.

Results
1. Patient characteristics
Between November 2014 and December 2015, 291 patients
were screened. After excluding patients with exclusion criteria, 249 (mean age, 66.7 years; standard deviation, 13.0) were
enrolled into the study. Baseline sociodemographic and clinical characteristics are shown in Table 1. Majority of patients
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Table 2. Scale descriptive statistics
Variable
Urinary symptom
Visit 1
Visit 2
Visit 3
Malaise
Visit 1
Visit 2
Visit 3
Intravesical treatment
Visit 1
Visit 2
Visit 3
Future worries
Visit 1
Visit 2
Visit 3
Bloating and flatulence
Visit 1
Visit 2
Visit 3
Sexual function
Visit 1
Visit 2
Visit 3
Male sexual problem
Visit 1
Visit 2
Visit 3
Sexual intimacy
Visit 1
Visit 2
Visit 3
Risk of contaminating a partner
Visit 1
Visit 2
Visit 3
Sexual enjoyment
Visit 1
Visit 2
Visit 3
Female sexual problem
Visit 1
Visit 2
Visit 3

No. of
observations

Mean±SD

Min

Max

Missing

Floor

249
172
145

24.9±19.6
21.0±18.3
18.2±18.1

0.0
0.0
0.0

95.2
95.2
90.5

1 (0.4)
2 (1.2)
2 (1.4)

22 (8.9)
23 (13.5)
28 (19.6)

0(
0(
0(

249
172
145

14.1±17.6
8.7±14.2
8.3±13.5

0.0
0.0
0.0

66.7
66.7
66.7

2 (0.8)
2 (1.2)
2 (1.4)

121 (49.0)
110 (64.7)
93 (65.0)

0(
0(
0(

249
172
145

18.9±25.7
14.6±23.5
13.3±22.1

0.0
0.0
0.0

100.0
100.0
100.0

11 (4.4)
3 (1.7)
2 (1.4)

138 (58.0)
112 (66.3)
98 (68.5)

6 (2.5)
4 (2.4)
2 (1.4)

249
172
145

40.1±25.7
31.5±23.3
31.2±24.8

0.0
0.0
0.0

100.0
100.0
100.0

2 (0.8)
2 (1.2)
2 (1.4)

23 (9.3)
28 (16.5)
29 (20.3)

9 (3.6)
4 (2.4)
4 (2.8)

249
172
145

13.6±22.2
9.4±17.8
9.1±18.2

0.0
0.0
0.0

100.0
100.0
100.0

1 (0.4)
2 (1.2)
2 (1.4)

160 (64.5)
121 (71.2)
103 (72)

3 (1.2)
1 (0.6)
2 (1.4)

249
172
145

23.0±25.7
18.9±23.8
18.5±23.3

0.0
0.0
0.0

100.0
100.0
100.0

26 (10.4)
3 (1.7)
7 (4.8)

104 (46.6)
86 (50.9)
75 (54.3)

2 (0.9)
4 (2.4)
1 (0.7)

211
145
121

37.4±34.9
33.3±34.5
36.6±38.4

0.0
0.0
0.0

100.0
100.0
100.0

19 (9)
3 (2.1)
8 (6.6)

53 (27.6)
52 (36.6)
43 (38.1)

30 (15.6)
19 (13.4)
23 (20.4)

249/101a)
172/71a)
145/69a)

17.6±25.7
23.5±29.5
22.1±29.6

0.0
0.0
0.0

100.0
100.0
100.0

126 (50.6)/22 (21.7)a)
77 (44.8)/17 (23.9)a)
80 (55.2)/15 (25.4)a)

75 (61.0)
50 (52.6)
37 (56.9)

4 (3.3)
5 (5.3)
3 (4.6)

249/101a)
172/71a)
145/69a)

18.6±25.4
23.4±31.2
17.4±28.3

0.0
0.0
0.0

100.0
100.0
100.0

127 (51.0)/22 (21.7)a)
78 (45.3)/18 (25.4)a)
80 (55.2)/15 (25.4)a)

71 (58.2)
51 (54.3)
42 (64.6)

3 (2.5)
8 (8.5)
4 (6.2)

249/101a)
172/71a)
145/69a)

38.0±29.8
31.2±29.4
33.8±29.2

0.0
0.0
0.0

100.0
100.0
100.0

127 (51.0)/23 (22.8)a)
79 (45.9)/18 (25.4)a)
80 (55.2)/15 (25.4)a)

31 (25.4)
32 (34.4)
20 (30.8)

10 (8.2)
7 (7.5)
4 (6.2)

38/4a)
27/2a)
24/5a)

26.3±28.5
25.0±35.5
16.7±23.6

0.0
0.0
0.0

100.0
100.0
66.7

19 (50.0)/1 (25.0)a)
11 (40.7)/1 (50.0)a)
14 (58.3)/2 (40.0)a)

8 (42.1)
9 (56.3)
6 (60.0)

Ceiling

1 (5.3)
2 (12.5)
0(

SD, standard deviation; Visit 1, baseline; Visit 2, post-treatment 3 months; Visit 3, post-treatment 6 months. a)Response for
patients who are sexually active at each time point (response 2, 3, 4 to item 48).
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Table 3. Scale description, multitrait scaling results, and reliability
Variable
Urinary symptom
Visit 1
Visit 2
Visit 3
Malaise
Visit 1
Visit 2
Visit 3
Intravesical treatment
Visit 1
Visit 2
Visit 3
Future worries
Visit 1
Visit 2
Visit 3
Bloating and flatulence
Visit 1
Visit 2
Visit 3
Sexual function
Visit 1
Visit 2
Visit 3
Male sexual problem
Visit 1
Visit 2
Visit 3
Sexual intimacy
Visit 1
Visit 2
Visit 3
Risk of contaminating a partner
Visit 1
Visit 2
Visit 3
Sexual enjoyment
Visit 1
Visit 2
Visit 3
Female sexual problem
Visit 1
Visit 2
Visit 3

No. of
items

Item-own scale
correlation

Item-other scale
correlation

Scaling
error (%)

7

0.41 to 0.73
0.38 to 0.67
0.59 to 0.70

–0.3 to 0.52
–0.14 to 0.67
–0.4 to 0.53

2

0.32
0.21
0.35

–0.22 to 0.47
–0.11 to 0.47
–0.21 to 0.5

7 (31.8)
11 (50.0)
3 (13.6)

0.44
0.26
0.37

1

NA
NA
NA

–0.13 to 0.46
–0.06 to 0.47
–0.2 to 0.56

NA
NA
NA

NA
NA
NA

4

0.57 to 0.81
0.6 to 0.87
0.64 to 0.90

–0.33 to 0.58
–0.25 to 0.59
–0.17 to 0.51

2 (4.5)
0(
0(

0.88
0.90
0.92

2

0.85
0.73
0.77

–0.11 to 0.52
–0.22 to 0.41
–0.33 to 0.39

0(
0(
0(

0.92
0.84
0.87

2

0.76
0.84
0.78

–0.27 to 0.71
–0.12 to 0.72
–0.34 to 0.67

0(
0(
0(

0.87
0.91
0.88

2

0.76
0.82
0.90

–0.29 to 0.64
–0.03 to 0.41
–0.32 to 0.72

0(
0(
0(

0.86
0.91
0.94

1

NA
NA
NA

–0.11 to 0.37
0.04 to 0.65
–0.19 to 0.74

NA
NA
NA

NA
NA
NA

1

NA
NA
NA

0.01 to 0.37
0.06 to 0.86
0.04 to 0.61

NA
NA
NA

NA
NA
NA

1

NA
NA
NA

–0.27 to 0.72
–0.09 to 0.72
–0.2 to 0.71

NA
NA
NA

NA
NA
NA

1

NA
NA
NA

–0.27 to 0.56
–0.09 to 0.86
–0.2 to 0.61

NA
NA
NA

NA
NA
NA

0(
0(
0(

Visit 1, baseline; Visit 2, post-treatment 3 months; Visit 3, post-treatment 6 months; NA, not available.
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Cronbach
alpha
0.83
0.82
0.86
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Table 4. Known-group validity
According to performance status
Variable
Urinary symptom
Visit 1
Visit 2
Visit 3
Malaise
Visit 1
Visit 2
Visit 3
Intravesical treatment
Visit 1
Visit 2
Visit 3
Future worries
Visit 1
Visit 2
Visit 3
Bloating and flatulence
Visit 1
Visit 2
Visit 3
Sexual function
Visit 1
Visit 2
Visit 3
Male sexual problem
Visit 1
Visit 2
Visit 3
Sexual intimacy
Visit 1
Visit 2
Visit 3
Risk of contaminating a partner
Visit 1
Visit 2
Visit 3
Sexual enjoyment
Visit 1
Visit 2
Visit 3
Female sexual problem
Visit 1
Visit 2
Visit 3

According to sex

Karnofsky
100

Karnofsky
90

Karnofsky
< 90

p-value

Male

Female

p-value

18.5
19.1
14.6

23.2
18.3
17.7

38.1
36.1
29.1

< 0.001
0.003
0.014

25.2
21.1
19.1

23.6
20.5
13.5

0.641
0.878
0.083

11.5
5.9
5.3

8.6
9.1
9.0

21.6
20.2
14.7

0.005
< 0.001
0.022

13.4
7.5
7.7

18.0
15.4
11.1

0.140
0.007
0.262

15.9
13.0
10.5

15.8
14.0
13.3

29.4
28.6
23.5

0.079
0.064
0.087

17.8
13.8
13.2

25.0
18.5
13.9

0.122
0.346
0.884

37.2
30.8
29.8

34.4
31.3
30.0

47.5
42.9
40.2

0.151
0.180
0.289

38.3
30.7
30.5

50.0
36.1
35.1

0.009
0.266
0.407

12.1
8.0
7.8

7.5
6.1
10.0

12.7
16.7
4.9

0.262
0.107
0.566

12.5
7.9
8.4

19.7
17.3
12.5

0.063
0.012
0.316

23.0
20.7
23.1

25.2
15.5
15.7

6.9
11.9
NA

0.034
0.277
< 0.001

25.4
21.8
20.7

7.8
3.2
7.2

< 0.001
< 0.001
0.011

32.8
32.9
25.4

40.0
29.8
38.5

56.4
60.0
74.2

0.071
0.046
< 0.001

-

-

-

16.3
22.7
18.0

17.9
18.3
20.8

75.0
60.0
33.3

< 0.001
0.011
0.721

18.6
24.8
22.0

8.3
11.1
22.2

0.189
0.187
0.985

18.3
21.3
12.6

18.8
21.7
22.9

16.7
26.7
NA

0.987
0.929
0.284

19.7
24.3
18.5

8.3
14.8
11.1

0.141
0.389
0.475

37.9
27.9
36.9

41.9
28.3
33.3

16.7
40.0
NA

0.296
0.629
0.205

40.9
34.1
38.1

11.1
3.7
7.4

0.001
0.003
0.003

30.3
38.1
20.0

16.7
NA
22.2

NA
NA
NA

0.577
0.193
0.913

-

-

-

Visit 1, baseline; Visit 2, post-treatment 3 months; Visit 3, post-treatment 6 months; NA, not available.

VOLUME 50 NUMBER 1 JANUARY 2018

45

Cancer Res Treat. 2018;50(1):40-49

Table 5. Divergent validity with EORTC QLQ-C30 scales at baseline
Variable
Physical function
Role function
Emotional function
Cognitive function
Social function
Fatigue
Nausea and vomiting
Pain

Urinary
symptom

Malaise

Future
worries

Bloating and
flatulence

Sexual
function

Male sexual
problem

–0.38
–0.34
–0.36
–0.40
–0.35
0.40
0.43
0.40

–0.52
–0.55
–0.52
–0.46
–0.42
0.60
0.56
0.50

–0.24
–0.27
–0.48
–0.33
–0.39
0.43
0.35
0.20

–0.32
–0.35
–0.48
–0.43
–0.31
0.49
0.55
0.31

0.25
0.14
0.04
0.08
0.12
–0.13
0.07
–0.13

–0.16
–0.19
0.02
–0.11
–0.09
0.03
0.19
0.22

EORTC, European Organization for Research and Treatment of Cancer.

(84.7%) were male, while primary and recurrent tumors were
68.3% and 31.7%, respectively. After TURBT, 37.4% of patients
underwent intravesical treatment (bacillus Calmette-Guerin,
19.7%; chemotherapy, 17.7%). All 249 patients (100%) completed the first set of questionnaire; 172 (69.1%), the second;
and 145 (58.2%), the third. At the second and third visit, main
reason for not completing the questionnaires was administrative failure (57 and 66 cases, respectively), while other reasons
included follow-up loss (nine and 20 cases, respectively),
patient refusal (10 and 15 cases, respectively) and progression
to muscle-invasive BC (one and three cases, respectively).
2. Compliance
Missing was generally low for non-sex related scales (< 2%,
except for 4.4% for intravesical treatment at first visits), sexual
function (highest with 10.4% at first visit), and male sexual
problem (highest with 9.0% at first visit) (Table 2). However,
missing rates were as high as around 50% for sexual intimacy,
risk of contaminating a partner scale, and sexual enjoyment
scale, which are instructed to be answered by those who have
been sexually active during the past 4 weeks, and female sexual problem scale. When limited to those who reported at least
a little sexual activity (item 48) at the each time point, response
rate was around 75% (Table 2).
3. Multitrait scaling analysis
The scale descriptive statistics are shown in Table 2. Among
all scales, male sexual problem showed highest mean score
(33.3 to 37.4), and malaise (8.3 to 14.1) and bloating and flatulence symptom scales scores (9.1 to 13.6) showed lowest mean
scores. At baseline, the intravesical treatment scales which is
related to treatment side effects showed some floor effects as
expected (around 60% reported no problems at all) and few
ceiling effects were noted (< 2.5%).
Results from the multitrait scaling analyses are shown in
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Table 3. For all the five scales except for the malaise scale, most
of the item-own scale correlations exceeded the 0.40 criterion
at the all three time points. In addition, most items correlated
higher with their own scale than with other scales at baseline
and follow-up, suggesting its item discriminate validity. In the
malaise scale, correlation was rather low (0.21 to 0.35) among
each item and suggesting the heterogeneity of the items in the
scale. Scaling error was generally low and not found in most
scales, except for the malaise scale (13.6% to 50.0%) at all three
time points and future worries scale at baseline (4.5%).
Internal consistency was good (Cronbach’s alpha " 0.70) for
all the five scales except for the malaise scale. However, for
the malaise scale, the alpha coefficients were < 0.70 level (0.26
to 0.44), suggesting heterogeneity of the items in the scale
(Table 3).
4. Known-group comparisons
In analyses performed with KPS as the grouping variable,
there were significant differences in urinary symptoms,
malaise, sexual function, male sexual problems, and sexual
intimacy at " two time points of the three time points, and
there was also marginally significant difference in intravesical
treatment at the all three time points (Table 4). Most scales and
items were similar between men and women, except that men
reported significantly more problems with sexual function and
sexual enjoyment than women at the all three time points
(Table 4).
5. Divergent validity
Most of the QLQ-NMIBC24 scales had low correlations
(< 0.40) with the EORTC QLQ-C30 scales (Table 5), indicating
that the scales of this module are not conceptually overlapping
in contents with the QLQ-C30. Exception was malaise scale,
which showed correlations > 0.40 with most scales in the QLQNMIBC24 and all scales in the QLQ-C30. The urinary symp-
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Table 6. Responsiveness to change
Variable
Urinary symptom
Malaise
Intravesical treatment
Future worries
Bloating and flatulence
Sexual function
Male sexual problem
Sexual intimacy
Risk of contaminating a partner
Sexual enjoyment
Female sexual problem

Visit 1

Visit 2

p-valuea)

Visit 3

p-valueb)

24.9
14.1
18.9
40.1
13.6
23.0
37.4
17.6
18.6
38.0
26.3

21.0
8.7
14.6
31.5
9.4
18.9
33.3
23.5
23.4
31.2
25.0

0.051
0.070
0.107
0.001
0.099
0.068
0.584
0.439
1.000
0.118
0.598

18.2
8.3
13.3
31.2
9.1
18.5
36.6
22.1
17.4
33.8
16.7

0.049
1.000
0.893
0.847
0.725
0.428
0.262
0.666
0.026
0.709
0.397

Visit 1, baseline; Visit 2, post-treatment 3 months; Visit 3, post-treatment 6 months. a)Comparison between visit 1 and visit 2,
b)
Comparison between visit 2 and visit 3.

toms scale was moderately associated with nausea and vomiting scale (0.43), while the future worries scale showed a moderate association with the emotional function (0.48) and fatigue
scale (0.43). Bloating and flatulence scale in the module had a
moderate association with emotional function (0.48), cognitive
function (0.43), fatigue (0.49), and nausea and vomiting scale
(0.55).
6. Responsiveness to change
Table 6 shows change in six scale scores and five single
items before and after treatment. A significant improvement
was noted in the urinary symptom scale (24.9 to 21.0 between
visits 1 and 2, p=0.051, and 21.0 to 18.2 between visits 2 and 3,
p=0.049). Future worries significantly declined between visits
1 and 2 (p=0.001), and the risk of contaminating a partner significantly decreased between visits 2 and 3 (p=0.026). In addition, malaise symptoms showed an improving tendency
between visits 1 and 2 (p=0.070), while sexual function showed
a decreasing tendency between visits 1 and 2 (p=0.068). In contrast, no difference was observed among visits in the other two
scales (bloating and flatulence, male sexual problem) and five
single items (intravesical treatment, sexual intimacy, sexual
enjoyment, and female sexual problem).

Discussion
The current results demonstrate that the Korean version of
EORTC QLQ-NMIBC24 is a reliable and valid instrument for
measuring various QOL aspects for Korean NMIBC patients.

This is mainly attributable to the high discriminate validity
and good psychometric properties of the original questionnaire [8] as well as to a rigorous linguistic approach, consisting of forward and backward translations, and consensus
meetings between researchers and translators. To our knowledge, this is the first study that evaluated psychometric properties of the EORTC QLQ-NMIBC24 questionnaire in nonEnglish country.
High response rate for non-sexual scales, sexual function
scale, and male sexual problem scale indicate that items of
the questionnaire are easy to understand and acceptable to
Korean patients. Low response rate to sexual intimacy scale,
risk of contaminating a partner scale, and sexual enjoyment
scale reflects that many patients were not actively engaged
in sexual activity. This could be largely explained by the old
age of the BC patients but also reflect loss of sexual interest
and fear of contaminating partner after the BC diagnosis and
early survivorship period after treatment. It was difficult to
determine the true missing rate for those three sexual items,
because less than half of patients reported that they had been
sexually active during the study period. If limited to patients
who reported at least a little sexual activity (item 48) at the
each time point, completion rate was around 75% (Table 2).
Our finding is also consistent with the original European validation study [8], in which around half of patients reported
at least a little sexual activity, and completion rates for the
sexual scales and items was > 75% if limited to those who
have any sexual activity. High missing rate of female sexual
problem scale is in line with our previous experience with
validation of Korean version of EORTC QLQ CX24 (cervical
cancer) module [12], which revealed relatively low compliance with regard to sexuality-related scales (around 40% of
missing rates).
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We found satisfactory item-own scale correlations (corrected for overlap) in most items, and also found satisfactory
internal consistencies for the five scales (except the malaise
scale) with Cronbach’s alpha ranging from 0.82 to 0.94 (Table
2). Interestingly, we confirmed satisfactory internal consistency in the bloating and flatulence scale (alpha coefficients
ranging from 0.84 to 0.92) at the all three time points, in contrast to the original study with alpha coefficients ranging
from 0.49 to 0.62 [8]. However, for the malaise scale, the
alpha coefficients were below the 0.70 level (0.26 to 0.44), suggesting heterogeneity of the items in the scale (Table 3). Similar to our finding, internal consistency of the malaise scale
in the original European study was low (0.57 at visit 1, 0.58
at visit 2, and 0.64 at visit 3). We also observed suboptimal
item discriminate validity for two items in the malaise scale
(item 38 and 39). For example, the item on fever (item 38) correlated more highly with bloating and flatulence scale than
with the feeling ill or unwell item (item 39) in its own scale.
Item on feeling ill or unwell (item 39) also correlated more
highly with other scales, such as urinary symptom, intravesical treatment, future worries, and bloating and flatulence.
Very low mean score (floor effect) and non-specificity of the
symptom in this scale might be the reason for this finding.
Results from known-group comparisons were satisfactory
since they were in line with clinical implications. As expected, patients with different KPS had significantly different
scores in most scales and items both before and after treatment. In addition, we confirmed similar scores in most scales
and items except for better sexual function and sexual enjoyment in men than women, consistent with the original study
[8].
Results from the divergent validity with EORTC QLQ-C30
indicate that the QOL issues evaluated by the QLQNMIBC24 are generally distinct from those assessed by the
more general QLQ-C30, although some of scales, specifically
the malaise scale, had correlations > 0.40 with the QLQ-C30.
Thus, we believe that the Korean version of QLQ-NMIBC24
can be usefully administered to Korean BC patients as an
adjunctive of core module, EORTC QLQ-C30 to evaluate
their QOL.
We found a significant improvement between baseline and
post-TURBT visits in the urinary symptoms and also found
such tendency in the malaise symptoms. This finding may
be because BC can cause various urinary symptoms [13] and
urinary tract infection-like symptoms at diagnosis [14] but
such symptoms generally improve after TURBT. However,
urinary symptoms at post-TURBT visits (3 and 6 months) in
UK patients of the original manuscript [8] did not differ from
baseline, while malaise significantly deteriorated compared
to baseline. We think that higher proportions of patients
undergoing intravesical treatment, which was frequently
associated with various symptoms including urinary symp-
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toms (urinary frequency, urgency, dysuria, etc.) and malaiselike symptoms, in the original study (100% compared to
37.4% in our study population) might affect their findings,
although further studies in another patient cohorts are
needed to elucidate exact reasons of these inconsistent findings in urinary symptoms and malaise. Meanwhile, future
worries significantly improved after treatment, reflecting
improvement of well-known psychological distress after
diagnosis of BC [15,16], consistent with an original study [8].
NMIBC patients are reported to have sexual dysfunction
including sexual inactivity and fear about contaminating
partner with treatment agents [17]. Interestingly, risk of contaminating a partner gradually improved over time (between
visits 2 and 3), whereas sexual function showed a decreasing
tendency after treatment. No difference was observed in
other scales except aforementioned scales until 6 months,
similar to an original study [8], in which most scales and
items did not significantly change before and after treatment
except for three scales (malaise, future worries, and bloating
and flatulence).
We acknowledge that our study has potential limitations.
Follow-up rate was not optimal due to administrative failure
in three institutes (responsible for 74% and 63.5% of not completing the questionnaire at visits 2 and 3, respectively), follow-up loss and patient refusal, which was attributable to
various reasons including outbreak of Middle East Respiratory Syndrome during about half of our study period (from
May 2015 to study end). However, because response rate was
high (> 95% for non-sexual scales) in patients given the questionnaire, this finding does not mean that the module is not
valid and difficult to understand. Despite possible limitations, given that majority of BC patients are diagnosed with
NMIBC and no NMIBC-specific QOL questionnaire exists in
Korea, the Korean version of QLQ-NMIBC24 module would
be a useful tool to evaluate patient-reported outcomes in
patients with NMIBC in clinical routine practice and in the
research setting.
Our results show that the Korean version of EORTC QLQNMIBC24 questionnaire, with its adequate levels of reliability and cross-cultural validity, is a useful instrument for
measuring various QOL aspects that can be self-administered to Korean NMIBC patients. Further clinical studies in
Korean settings would be useful to provide robust data on
its psychometric properties.
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Risk and Characteristics of Postcolonoscopy Interval Colorectal
Cancer after a Positive Fecal Test: A Nationwide Population-Based
Study in Korea
Purpose
Fecal tests remain a mainstay of population-based colorectal cancer (CRC) screening programs worldwide. However, data on interval CRC (iCRC) arising after follow-up colonoscopy
of a positive fecal test are scarce. We conducted a nationwide population-based study to
reveal the risk and characteristics of iCRC in this setting.
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Materials and Methods
We searched the National Cancer Screening Program for CRC database in Korea (20052010). Incidence of iCRC within the program was estimated, then Cox proportional-hazards
regression analysis was performed to determine the independent predictors of iCRC. The
clinical characteristics of iCRC were compared with screen-detected CRC (sCRC).
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Results
We identified 280 iCRC among 150,660 negative colonoscopies as a follow-up exam to a
positive fecal immunochemical test (FIT), and 2,427 sCRC. The overall incidence of iCRC
was 0.49/1,000 person-years (95% confidence interval [CI], 0.48 to 0.51). iCRC was more
likely to occur in men (adjusted hazard ratio [aHR], 1.79; 95% CI, 1.39 to 2.30) and elderly
patients (aHR, 1.77; 95% CI, 1.38 to 2.28 in 65-74 years; aHR, 3.13, 95% CI, 2.13 to 4.60
in ! 75 years). The National Quality Improvement Program for colonoscopy reduced a shortterm risk of iCRC (aHR, 0.48; 95% CI, 0.27 to 0.87). Compared with sCRC, iCRC was more
likely to occur in the proximal colon, be diagnosed at the localized stage, and have a lower
CRC mortality (32.7 vs. 17.4%, 56.8 vs. 34.1%, and 12.5 vs. 17.7%, respectively; all
p < 0.05).
Conclusion
In a population-based CRC screening program with FIT, the burden of iCRC after follow-up
colonoscopy was substantial. Men and elderly patients possess a significantly higher risk
of iCRC.
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Colonoscopy, Colorectal neoplasms, Early detection of cancer
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Introduction

Materials and Methods

Colorectal cancer (CRC) is one of the most common malignancies, and it is the leading cause of cancer-related deaths
worldwide [1]. Colonoscopy screening is recently being more
accepted as a primary modality of CRC screening, but fecal
occult blood tests (FOBT) still remain a mainstay of population-based CRC screening programs in many countries [2].
Irrespective of the type of fecal tests used, however, a final
diagnosis of CRC is made through follow-up colonoscopy.
Therefore, the success of an organized CRC screening program based on fecal tests is critically associated with the
quality of colonoscopy [3].
In recent years, interval CRC (iCRC) developed after negative colonoscopy has emerged as a major issue related to the
quality of colonoscopy [4,5]. As iCRC theoretically has a deleterious impact on screening outcomes, the rate of iCRC is
now accepted as a key performance indicator of organized
CRC screening programs [3]. Although previous studies
have reported the epidemiology, risk factors, and possible
etiologies of iCRC, several key questions remain unsolved
[6-12]. Among these, data regarding iCRC arising after diagnostic colonoscopy of a positive primary screening test are
limited. Given that a follow-up examination of a positive
fecal test is a common procedural indication for colonoscopy
but has a high yield of CRC diagnosis, better characterization
of iCRC in this setting would have important clinical impacts
on policymaking for CRC screening programs as well as
daily clinical practice.
In Korea, the incidence of CRC has dramatically increased
over the past few years. The age-standardized incidence rates
of CRC per 1,000 persons in men and women are estimated
to be 50.3 and 27.7 cases respectively in 2012 [13]. The
National Cancer Screening Program (NCSP) for CRC was
implemented in 2004, and the program offers an annual testing with a single fecal immunochemical test (FIT) to all
Korean men and women over 50 years of age, and follow-up
examination with either colonoscopy (with biopsy if indicated) or double contrast barium enema for subjects with a
positive FIT result [14]. In 2008, the Ministry of Health and
Welfare launched the National Quality Improvement Program (NQIP) for colonoscopy, which aimed to ensure highquality colonoscopy for the target population of the NCSP
for CRC.
In this context, we aimed to investigate the risks and characteristics of iCRC arising after negative follow-up colonoscopy of a positive FIT within a nationwide populationbased CRC screening program. Further, we examined the
potential impact of the NQIP for colonoscopy on risk reduction of iCRC.

1. Study population and CRC screening program
Data were obtained from the NCSP for CRC database,
which contains information on the Medical Aid recipients
and National Health Insurance Service (NHIS) beneficiaries
invited to participate in the NCSP [15,16]. The NCSP offers
an annual FIT to men and women over 50 years of age, and
follow-up examination with either colonoscopy or double
contrast barium enema for subjects with a positive FIT result.
The study cohort was comprised of cancer free subjects
who received diagnostic colonoscopy (designated as index
colonoscopy) after a positive FIT result at any round of the
screening program, between January 2005 and December
2010. The baseline population was comprised of 15,704,684
Korean men and women over 50 years of age who were
invited to undergo screening via the NCSP for CRC during
the study period. In total, 6,337,086 participants underwent
FIT, 534,661 of whom had a positive FIT result (8.0%). Of
these, 153,678 subjects with a positive FIT result who underwent a diagnostic colonoscopy were included in this study
(Fig. 1). Written informed consent was received from participants for the collection of their screening results. This study
was approved by the Institutional Review Board of the
National Cancer Center, Korea (NCCNCS08129).
2. Case definition
Within the NCSP for CRC, the results of diagnostic
colonoscopy with biopsy were judged as one of the following
pre-defined statuses: “normal,” “colon polyp,” “suspected
CRC,” “CRC,” or “other diagnoses.” We defined a positive
colonoscopy result as “suspected CRC” or “CRC,” and
defined a negative colonoscopy result as “normal,” “polyp,”
or “other diagnoses.” Using resident registration numbers,
all subjects were traced longitudinally by linkage to the death
certificate database, and to the Korea Central Cancer Registry
(KCCR), which covers over 97% of all newly-diagnosed
malignancies in Korea, in order to identify subsequently
developed cancers from January 2005 to December 2011 [17].
Then, we defined iCRC as CRC diagnosed within 6-60
months after index colonoscopy with a negative result, and
screen-detected cancer (sCRC) as a CRC diagnosed within 6
months of the index colonoscopy with a positive result. Our
definition of iCRC followed that of a recent population-based
study [8]. All CRC diagnoses were made on the basis of
pathologic confirmation from the KCCR data. We monitored
patients for development of newly diagnosed CRC or patient
death until 60 months after index colonoscopy.
For subgroup analysis, we categorized iCRC as early (CRC
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Invitees of the NCSP for CRC (2005-2010)
(n=15,704,684)
No FIT (n=9,162,991)
Patients with cancer (n=204,607)
Participants of screening FIT
(n=6,337,086)
Subjects with a negative FIT
(n=5,802,425)
Subjects with a positive FIT
(n=534,661)
No colonoscopy
(n=380,678)
Subjects who received screening
colonoscopy (n=153,983)
Missing values for
major variable (n=305)
Whole cohort (study population)
(n=153,678)

Subjects with a positive
colonoscopy (n=3,018)

Subjects with a negative
colonoscopy (n=150,660)

Screen-detected CRC:
CRC within 6 months after
colonoscopy (n=2,427)

Interval CRC:
CRC within 6-60 months after
colonoscopy (n=280)

Fig. 1. Flow chart of the study population and case identification. NCSP, National Cancer Screening Program; CRC, colorectal
cancer; FIT, fecal immunochemical test.

diagnosed within 6-36 months after index colonoscopy) or
late (those diagnosed within 37-60 months after index colonoscopy) iCRC according to time since index colonoscopy.
We also categorized iCRC as proximal (CRC occurring proximal to the splenic flexure: cecum, ascending colon, hepatic
flexure, and transverse colon) or distal (those occurring in
and distal to the splenic flexure: splenic flexure, descending
colon, sigmoid colon, recto-sigmoid junction, and rectum)
iCRC, according to tumor location.

the KCCR, including date of CRC diagnosis and biological
characteristics of the CRC (location, histology, and stage).
The International Classification of Diseases for Oncology,
Third edition (ICD-O-3) was used for topographic and histologic classification of all incidental CRCs [18]. We used the
Surveillance, Epidemiology, and End Results Summary Staging 2000, in which CRCs are classified as localized, regional,
distant, or unknown [19]. Data regarding all cause and cancer specific death were ascertained from the death certificates.

3. Data extraction
4. Statistical analysis
The demographic variables used in this study were gender, age at index colonoscopy, hospital setting of colonoscopy procedure (primary clinic, community hospital, or
general hospital), and calendar year of index colonoscopy.
We also extracted the tumor profiles of diagnosed CRC from
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To estimate the risk of iCRC within the NCSP, we calculated the prevalence of iCRC as follows: the proportions of
iCRC among all negative colonoscopies, and among all
diagnosed CRCs (number of patients with iCRC divided by
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the total number of patients diagnosed with CRC). To calculate the incidence of iCRC, the number of patients with iCRC
was divided by the sum of person-years follow-up after negative colonoscopy. The incidence of iCRC was presented as
the estimated number of cases per 1,000 person-years followup with 95% confidence interval (CI).
Then we used a multivariate Cox proportional-hazards
regression model to explore the association between several
potential predictors and the risk of developing iCRC. Data
in the regression analyses were presented as adjusted hazard
ratios (HRs), with a 95% CI after adjustments for other
explanatory variables. Additionally, we evaluated the effect
of the NQIP for colonoscopy on risk reduction of iCRC. As
described earlier, the NQIP for colonoscopy was launched in
2008. Thus, maximum follow-up period after introduction of
the NQIP was 24 months. For comparability of iCRC rate
before and after introduction of the NQIP, therefore, we
included only iCRC arising within 6 and 24 months after
index colonoscopy between 2005 and 2009 for this analysis.
To characterize iCRC, we compared patient demographics
and tumor characteristics of patients with iCRC with those
of patients with sCRC. Subgroup analyses in patients with
iCRC were performed according to time since index colonoscopy (early vs. late) and tumor location (proximal vs. distal).
Pearson chi-square or Fisher exact test was used to compare

categorical variables, as appropriate. All statistical analyses
were conducted using SAS ver. 9.3 (SAS institute Inc., Cary,
NC). p-values of < 0.05 were considered statistically significant.

Results
Between 2005 and 2010, a total of 153,678 subjects with a
positive FIT result underwent complete colonoscopy, and
150,660 of whom had a negative result in colonoscopy test. Of
these, a total of 280 iCRC were identified. The prevalence of
iCRC was 0.2% (280/150,660) among all negative colonoscopies and 10.3% (280/2,707) among all diagnosed CRC. In
patients with iCRC, 67.1% were men, and 51.1% were 50-64
years old at index colonoscopy (Table 1).
1. Incidence and independent predictors of iCRC
The incidence of iCRC per 1,000 person-years follow-up in
subjects with negative colonoscopy was estimated as 0.49 (95%
CI, 0.48 to 0.51), 0.62 (95% CI, 0.60 to 0.65), and 0.35 (95% CI,
0.32 to 0.37) in overall, men, and women, respectively (Table 2).

Table 1. Demographics of study cohort
Factor
Sex
Men
Women
Age at index colonoscopy (yr)
50-64
65-74
" 75
Hospital settinga)
Clinic
Community hospital
General hospital
Years of index colonoscopy
2005
2006
2007
2008
2009
2010

Whole cohort
(n=153,678)

Negative colonoscopy
(n=150,660)

iCRC
(n=280)

83,274 (54.2)
70,404 (45.8)

81,261 (53.9)
69,399 (46.1)

188 (67.1)
92 (32.9)

105,886 (68.9)
40,631 (26.4)
7,161 (4.7)

104,445 (69.3)
39,372 (26.1)
6,843 (4.5)

143 (51.1)
105 (37.5)
32 (11.4)

77,282 (50.3)
45,631 (29.7)
30,765 (20.0)

75,828 (50.3)
44,882 (29.8)
29,950 (19.9)

121 (43.2)
87 (31.1)
72 (25.7)

11,448 (7.5)
19,325 (12.6)
23,346 (15.2)
28,894 (18.8)
32,854 (21.4)
37,811 (24.6)

11,202 (7.4)
18,933 (12.6)
22,824 (15.2)
28,261 (18.8)
32,255 (21.4)
37,185 (24.7)

47 (16.8)
46 (16.4)
72 (25.7)
59 (21.1)
37 (13.2)
19 (6.8)

Values are presented as number (%). iCRC, interval colorectal cancer. a)Hospital setting where index colonoscopy was performed.
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Table 2. Incidence rates of iCRCs
Factor
Overall
Sex
Men
Women
Age at index colonoscopy (yr)
50-64
65-74
" 75
Hospital settingb)
Clinic
Community hospital
General hospital
Year of index colonoscopy
2005
2006
2007
2008
2009
2010

Adjusted HRa)
(95% CI)

PY at risk

No. of iCRCs
within 6-60 mo

iCRC rate per 1,000 PY
of observation (95% CI)

567,577

280

0.49 (0.48-0.51)

-

301,325
266,252

188
92

0.62 (0.60-0.65)
0.35 (0.32-0.37)

1.79 (1.39-2.30)
1.00 (

390,801
150,947
25,829

143
105
32

0.37 (0.35-0.38)
0.70 (0.65-0.74)
1.24 (1.10-1.38)

1.00 (
1.77 (1.38-2.28)
3.13 (2.13-4.60)

284,077
150,947
118,055

121
87
72

0.43 (0.35-0.50)
0.53 (0.49-0.56)
0.61 (0.57-0.65)

1.00 (
1.24 (0.94-1.64)
1.32 (0.98-1.76)

53,587
90,612
108,923
120,308
106,478
87,699

47
46
72
59
37
19

0.88 (0.80-0.96)
0.51 (0.46-0.55)
0.66 (0.61-0.71)
0.49 (0.45-0.53)
0.35 (0.31-0.38)
0.22 (0.19-0.25)

1.00 (
0.59 (0.39-0.88)
0.80 (0.55-1.15)
0.57 (0.39-0.84)
0.39 (0.25-0.60)
0.24 (0.14-0.41)

A multivariate Cox proportional-hazards regression model
showed that male and older age at index colonoscopy were
significantly associated with increased risk of iCRC. Adjusted
HRs were estimated as 1.79 (95% CI, 1.39 to 2.30) in men, and
1.77 (95% CI, 1.38 to 2.28) and 3.13 (95% CI, 2.13 to 4.60) in
65-74 and " 75 years of age, respectively. Hospital setting of
colonoscopy procedure was not associated with the risk of
iCRC. The calendar year of the index colonoscopy was also
associated with risk of iCRC. The incidence of iCRC have significantly decreased since 2008. Fig. 2 depicts the time trend
of the incidence of iCRC since index colonoscopy. To compare
incidence rate of iCRC before and after the implementation of
the NQIP for colonoscopy, we identified 123 patients with
iCRC arising within 6-24 months of index colonoscopies that
were performed between 2005 and 2009 (S1 Table). During 24
moths of follow-up, a statistically significant risk reduction of
iCRC incidence was not observed in the first year (2008:
adjusted HR, 0.63; 95% CI, 0.36 to 1.16). However, the risk of
iCRC was significantly reduced in the second year of the program (2009: adjusted HR, 0.48; 95% CI, 0.27 to 0.87).

54

CANCER RESEARCH AND TREATMENT

iCRC rates per 1,000 colonoscopy screened

PY, person year; iCRC, interval colorectal cancer; CI, confidence interval; HR, hazard ratio. a)Adjusted for gender, age at index
colonoscopy, hospital setting of colonoscopy, calendar years of index colonoscopy, b)Hospital setting where index colonoscopy
was performed.

0.6
0.5

Overall
Proximal
Distal

0.4
0.3
0.2
0.1
0

7-12 13-18 19-24 25-30 31-36 37-42 43-48 49-54 55-60
Time since a negative colonoscopy (mo)

Fig. 2. A time trend of interval colorectal cancer (iCRC)
rates since index colonoscopy.
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Table 3. Basic characteristics of interval cancers compared with screen-detected cancers
Factor
Sex
Men
Women
Age at index colonoscopy (yr)
50-64
65-74
" 75
Hospital settinga)
Clinic
Community hospital
General hospital
Location
Proximal colon
Distal colon
Unspecified or overlapping
Stage
Localized
Regional
Distant metastasis
Unknown
Histology
Adenocarcinoma
Mucinous
Signet ring cell
Others

iCRC (n=280)

sCRC (n=2,427)

p-value

182 (67.1)
92 (32.9)

1,617 (66.6)
810 (33.4)

0.869

143 (51.1)
105 (37.5)
32 (11.4)

1,145 (47.2)
1,027 (42.3)
255 (10.5)

0.302

121(43.2)
87 (31.1)
72 (25.7)

1,169 (48.2)
579 (23.8)
679 (28.0)

0.029

91 (32.7)
172 (61.9)
15 (5.4)

423 (17.4)
1,918 (79.0)
86 (3.4)

< 0.001

159 (56.8)
75 (26.8)
19 (6.8)
27 (9.6)

828 (34.1)
1,190 (49.0)
229 (9.4)
180 (7.4)

< 0.001

242 (86.4)
8 (2.9)
30 (10.7)

2,289 (94.3)
71 (2.9)
7 (0.3)
60 (2.5)

< 0.001

Values are presented as number (%). iCRC, interval colorectal cancer; sCRC, screen-detected colorectal cancer. a)Hospital
setting where index colonoscopy was performed.

Table 4. The subsite distribution of interval cancers and screen-detected cancers
ICD-O
code
C18.0
C18.2
C18.3
C18.4
C18.5
C18.6
C18.7
C19.9
C20.9
C18.8/C18.9
Missing

Site
Cecum
Ascending colon
Hepatic flexure
Transverse colon
Splenic flexure
Descending colon
Sigmoid colon
Recto-sigmoid junction
Rectum
Unspecified or overlapping

Early iCRC
(n=216)

Late iCRC
(n=64)

Overall iCRC
(n=280)

sCRC
(n=2,427)

11 (5.1)
35 (16.3)
12 (5.6)
13 (6.1)
2 (0.9)
8 (3.7)
43 (20.0)
9 (4.2)
72 (33.5)
10 (4.7)
1(

2 (3.2)
12 (19.0)
3 (4.8)
3 (4.8)
2 (3.2)
14 (22.2)
2 (3.2)
20 (31.7)
5 (7.9)
1(

13 (4.7)
47 (16.9)
15 (5.4)
16 (5.8)
2 (0.7)
10 (3.6)
57 (20.5)
11 (4.0)
92 (33.1)
15 (5.4)
2(

34 (1.4)
246 (10.1)
48 (2.0)
95 (3.9)
15 (0.6)
73 (0.3)
717 (29.5)
234 (9.6)
879 (36.2)
86 (3.5)

Values are presented as number (%). ICD-O, International Classification of Diseases for Oncology; iCRC, interval colorectal
cancer; sCRC, screen-detected colorectal cancer.
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Table 5. The subgroup analysis of interval colorectal cancers
Factor
Sex
Men
Women
Age at index colonoscopy (yr)
50-64
65-74
" 75
Hospital settinga)
Clinic
Community hospital
General hospital
Location
Proximal colon
Distal colon
Others
Stage
Localized
Regional
Distant
Unknown
Histology
Adenocarcinoma
Mucinous
Others

Early
(n=216)

Late
(n=64)

Proximal
(n=91)

Distal
(n=172)

147 (68.1)
69 (31.9)

41 (64.1)
23 (35.9)

0.550

56 (61.5)
35 (38.5)

121 (70.4)
51 (29.6)

0.118

116 (53.7)
80 (37.0)
20 (9.3)

27 (42.3)
25 (39.1)
12 (18.8)

0.073

37 (40.7)
39 (42.9)
15 (16.5)

96 (55.8)
61 (35.5)
15 (8.7)

0.035

90 (41.7)
69 (31.9)
57 (26.4)

31 (48.4)
18 (28.1)
15 (23.4)

0.630

39 (42.9)
25 (27.5)
27 (29.7)

76 (44.2)
57 (33.1)
39 (22.7)

0.407

71 (33.0)
134 (62.2)
10 (4.7)

20 (31.8)
38 (60.3)
5 (7.9)

0.597

119 (55.1)
59 (27.3)
17 (7.9)
21 (9.7)

40 (62.5)
16 (25.0)
2 (3.1)
6 (9.4)

0.528

47 (51.7)
32 (35.2)
8 (8.8)
4 (4.4)

47 (58.7)
41 (23.8)
9 (5.2)
21 (12.2)

0.040

182 (84.3)
7 (3.2)
27 (12.5)

60 (93.8)
1 (1.6)
3 (4.7)

0.149

85 (93.4)
4 (4.4)
2 (2.2)

143 (83.1)
2 (1.2)
27 (15.7)

0.004

p-value

p-value

Values are presented as number (%). a)Hospital setting where index colonoscopy was performed.

2. Interval versus screen-detected CRC

3. Subgroup analysis of iCRC

We compared 280 patients with iCRC and 2,427 patients
with sCRC (Table 3). There were no significant differences in
demographics between the two groups, except for the hospital
setting of colonoscopy procedure (p=0.03). A larger proportion
of iCRCs were diagnosed at the localized stage, located in the
proximal colon, and had a lower mortality due to CRC, compared with sCRC (56.8% vs. 34.1%, 32.7% vs. 17.4%, 12.5% vs.
17.7%, respectively; all p < 0.05). More specifically, iCRC was
more likely to occur in the cecum, ascending colon, and
hepatic flexure compared with sCRC (Table 4). In contrast,
sCRC was more likely to occur in the sigmoid colon, recto-sigmoid junction, and rectum compared with iCRC. However,
the most common sites of iCRC were identical to those of
sCRC: the rectum, sigmoid colon, and ascending colon, in
order of frequency.

Among all iCRCs, 77.1% (216/280) occurred within 6-36
months after the index colonoscopy, with an early-to-late
iCRC ratio of 3.38; and 61.9% occurred in the distal colon,
mostly from the rectum through the sigmoid colon (57.6%)
(Table 5). More patients with proximal iCRC were elderly at
index colonoscopy (16.5% vs. 8.7%), and their iCRC was diagnosed at an advanced stage (regional or distant), compared
with patients with distal iCRC (44% vs. 29%).
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Discussion
In this nationwide population-based study, we characterized iCRC after diagnostic colonoscopy as a follow-up exam
of a primary FIT screening. We reported the prevalence of
iCRCs as 0.2% among all negative colonoscopies and as

Chang Kyun Lee, Postcolonoscopy iCRC after a Positive Fecal Test

10.3% among all diagnosed CRCs within our program. The
latter rate is a little bit higher than those of recent population-based studies from Canada and the United States (7.2%9.0% among total CRCs) [9-11]. The current data, however,
may seem reasonable, considering that previous studies
defined iCRC as CRC diagnosed within 6-36 months after
colonoscopy [9-11]. When confined to early iCRC developed
within 6-36 months after index colonoscopy, the prevalent
rate of iCRC in the current study is 7.9% among total CRCs
(216/2,707). It has been suggested that the time cut-off of 36
months in the definition of iCRC may miss the detection of
slowly growing precursor lesions, underestimating the real
burden of iCRC [7,8,20,21]. Moreover, previous studies based
on administrative or nationwide data are commonly hampered by the variability of colonoscopy indication, and often
by sampling bias or small numbers of iCRC [6-12]. In this
regard, a unique strength of this study was that we could
capture iCRCs arising after colonoscopy as a follow-up exam
of a positive FIT. Further, this large cohort was derived from
the NCSP for CRC targeting the entire Korean population
over 50 years of age. We used confident data regarding
tumor profiles by linkage to the KCCR, which covers over
97% of all newly diagnosed malignancies in Korea. We
believe that our efforts might contribute to minimize the risk
of over- or under-estimation of the burden of iCRC, and that
our data could be used as the reference standard for evaluating the screening outcomes of organized population-based
CRC screening programs.
In this study, the incidence of iCRC was remarkably higher
in men and elderly patients than in their counterparts (Table
2). The results clearly indicate that physicians should give
added attention to their colonoscopy practice as a follow-up
examination of positive fecal tests, especially in men and elderly patients. These associations can be partly explained by
the background CRC incidence [13,14]. In Korea, the incidence rate of CRC increased gradually with age, and was the
highest in age 80-85 years in both male and female. Also, the
CRC incidence was almost two times higher in male than in
female. Therefore, the reported increase in CRC incidence
with increasing age in male would likely account for the
higher iCRC rates noted in this study. In addition, our results
might be partly attributable to the procedural indication of
colonoscopy (diagnostic confirmatory colonoscopy after a
positive fecal test). Two previous studies support our findings [22,23]. A German population-based study reported that
follow-up of a positive fecal test was significantly associated
with the occurrence of iCRC after colonoscopy in men (odds
ratio, 5.49; 95% CI, 2.10 to 14.35) [22]. Age was an independent risk factor for iCRC after negative colonoscopy in the Taiwanese Nationwide CRC screening program with fecal tests
(adjusted relative risk, 1.82; 95% CI, 1.19 to 2.78) [23]. In our
study, the hospital setting where index colonoscopies were

performed was not associated with the risk of iCRC. This
result was contrary to our expectation that iCRCs would be
less likely to occur in a large-volume center, although prior
studies have shown inconsistent results related to this issue
[8,10]. Physician specialty could be a potential answer to our
finding [8,9-11], but our database did not contain the details
of physician specialty. This was a potential limitation of our
study.
The current study also demonstrated that iCRCs were featured by the proximal colon in location, and an early (localized) stage at diagnosis, compared with sCRCs (Table 3). A
recent meta-analysis evaluating 12 studies reported that
iCRCs were less likely to be diagnosed at an advanced stage
compared with detected CRCs, and proximal iCRCs are 2.4times more likely to develop than distal iCRCs [6]. It might
be explained by the fact that proximally located colorectal
neoplasms are more often small and flat than distal cancers,
thereby contributing to the limited effectiveness of colonoscopy in the proximal colon [24]. Thus, risk reduction after
negative colonoscopy was less pronounced for proximal cancer, especially cancer in the caecum and ascending colon [25].
In the current study, the most striking difference with previous studies is the anatomical site distribution of iCRCs
(Table 4). The proportion of distal iCRC in this study (61.9%)
is higher than those of previous population-based Caucasian
studies, reporting rates of 29.9% to 46.3% among all iCRCs
[9-11]. The anatomical site distribution of iCRCs is consistent
with incidence of CRC by subsite in Korea: the rectum was
the most common CRC site among Korean, followed by the
distal colon and the proximal colon [26]. Thus, possible
explanation for our contradictory finding with previous
studies may be the result of ethnic or racial differences in
incidence of CRC by subsite. The study conducted in the
United States reported that that the rectum was the most
common subsite for male Asians and Pacific Islanders living
in the United States (35%), whereas the proximal colon was
the most common site for Whites and Blacks among both
men and women [27,28].
Meanwhile, a similar anatomical site distribution between
iCRCs and sCRCs also suggests that the iCRCs detected in
our study might be missed lesions that could possibly be preventable by a primary fecal test and confirmatory colonoscopy. It is well-known that most FOBT-detectable cancers
in CRC screening program are likely to be located in the left
colon and rectum [29]. Given the inherent anatomical characteristics of the distal colon and rectum, where acute bends
and/or redundancy of the bowel frequently make blind
spots for colonoscopy, more attention should be paid during
colonoscope withdrawal.
The NQIP for colonoscopy in Korea was aimed to increase
the quality of follow-up colonoscopy after a primary screening test. Through this program, all participating endoscopists
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were obliged to earn a given number of credits in educational
programs. Two independent gastroenterologists from academic hospitals who were commissioned for the program,
also performed site audit. All assessments of colonoscopy
quality were conducted by using the Endoscopy Quality Rating Scale (EQRS) for colonoscopy [30]. We expected that such
a specific, integrated intervention would reduce the burden
of iCRC. The current study demonstrated that the short-term
risk of iCRC arising within 6-24 months after index colonoscopies significantly decreased in 2009, the second year of
the program (adjusted HR, 0.48; 95% CI, 0.27 to 0.87). Further
prospective trials are needed to verify the long-term impact
of quality control programs in colonoscopy on the outcomes
of organized screening programs.
Our study has several limitations. First, our definition of
negative colonoscopy included a category of polyp, rather
than complete negative colonoscopy without any adenomas
or other neoplastic lesions. Therefore, we might not completely exclude a potential bias related to case identification
with iCRC. As stated earlier, however, the final judgment of
colonoscopy results within the NCSP was based on the
biopsy results. All diagnoses of CRC were made on the basis
of pathologic confirmation from the KCCR data. Secondly,
our estimation of the burden of iCRC might be underestimated, as the patients who underwent their colonoscopies in
2009 and 2010 had not fulfilled our planned follow-up interval (60 months after colonoscopy) at the time of analysis.
Given that our study was one of the largest nationwide studies, however, we believe that our results adequately reflected
the real burden of iCRC.

In conclusion, iCRCs after diagnostic colonoscopy occur at
a substantial frequency in a mass CRC screening based on
FIT, especially in men and elderly patients. The distal colon
predominance of iCRCs and their similar site distribution
with sCRCs strongly suggest missed lesions as the most possible explanation for occurrences of iCRCs in this setting.
Although this study provided significant results in understanding the circumstances around iCRC after colonoscopy
in Korea, there is still work to be done to prevent. The most
important ways to reducing iCRC will involve both refinements in colonoscopy as an exam, and improvements in the
way that it is delivered. Continuous quality improvement
program for confirmatory colonoscopy is required as an
integral part of organized screening programs for CRC.
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Magnetic Resonance Imaging for Colorectal Cancer Metastasis to
the Liver: Comparative Effectiveness Research for the Choice of
Contrast Agents
Purpose
This study was conducted to compare the diagnostic performance and early recurrence rate
between gadoxetic acid–enhanced magnetic resonance imaging (Gd-EOB-MRI) and magnetic resonance imaging (MRI) with extracellular contrast agent (ECA-MRI) for evaluating
hepatic lesions in colorectal cancer.
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Materials and Methods
Between 2005 and 2010, 418 colorectal cancer patients with both preoperative computed
tomography (CT) and liver MRI were retrospectively reviewed. Image analysis was based on
initial radiologic reports, and diagnostic performance was assessed based on the area under
the receiver operating characteristic curve (AUROC). The early intrahepatic recurrence rate
within 6 months was then evaluated.
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Results
Overall, 291 and 127 patients underwent Gd-EOB-MRI and ECA-MRI, respectively. The
AUROCs were not significantly different between Gd-EOB-MRI (0.990; 95% CI, 0.980 to
0.999) and ECA-MRI (0.985; 95% CI, 0.968 to 1.000; p=0.836). When compared with CT
alone, ECA-MRI detected additional 21 lesions in 14 patients (14/127, 11.0%), whereas
Gd-EOB-MRI detected 56 lesions in 33 patients (33/291, 11.3%) without a significant difference between two MRI groups (p=0.331). The early recurrence rate in the ECA-MRI
(28.6%) was significantly higher than that in the Gd-EOB-MRI (11.6%) for patients who
underwent hepatic resection (p=0.031).
Conclusion
Gd-EOB-MRI is potentially better than ECA-MRI for decreasing the early intrahepatic recurrence rate, although the two MRI modalities showed comparable diagnostic performance
in colorectal cancer patients.
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Introduction

Materials and Methods

The liver is the most common organ of distant metastasis
in colorectal cancer, and approximately 15%-20% of patients
present with liver metastasis at the initial staging [1,2].
Because colorectal liver metastasis (CRLM) is an important
prognostic factor and surgical resection can improve survival
in suitable patients [3,4], accurate staging is essential for the
proper management of and improvement of survival in these
patients. Most colorectal cancer patients undergo computed
tomography (CT) for evaluation of the initial disease status,
including that of the liver [5-7]. However, CT has inherent
limitations when applied for detecting and characterizing
small hepatic lesions (< 1 cm), as well as for detecting hepatic
lesions in the fatty liver [7,8].
The majority of the current clinical guidelines, including
the National Comprehensive Cancer Network guidelines, do
not necessitate the use of magnetic resonance imaging (MRI)
for evaluation of CRLM. However, MRI is a widely used
problem-solving tool during evaluation of the liver in colorectal cancer. MRI not only increases the confidence in
diagnosing small indeterminate lesions detected on CT [9,10]
but also detects additional CRLM, especially for lesions
< 1 cm [11-13]. After its initial approval in Europe in 2004,
gadoxetic acid (Primovist, Bayer Schering Pharma, Berlin,
Germany; Eovist, Bayer Healthcare Pharmaceuticals, Whippany, NJ) was approved in many Asian countries at 2007 and
the United States at 2008, and has since been widely applied
for liver MRI. Many studies have shown that gadoxetic acid–
enhanced MRI (Gd-EOB-MRI) is superior to CT, and recent
consensus guidelines from the radiologic community recommend Gd-EOB-MRI for the preoperative evaluation of
CRLM [14,15]. Gadoxetic acid has different pharmacokinetic
and pharmacodynamic properties from extracellular contrast
agents. Specifically, gadoxetic acid has the combined properties of an extracellular contrast agent during the early vascular-interstitial phase and a liver-specific agent during the
delayed phase [16]. Because of the different properties and
variations in cost of contrast agents, evidence-based information is needed to enable decision making regarding which
contrast agent should be used in patients with CRLM.
To the best of our knowledge, there is no solid evidence of
the clinical benefits of Gd-EOB-MRI over MRI with an extracellular contrast agent (ECA-MRI) in this setting. Therefore,
we retrospectively compared the effectiveness of Gd-EOBMRI and ECA-MRI in CRLM in terms of diagnostic performance and early intrahepatic recurrence rate.

1. Patients
This retrospective cohort study was approved by our
institutional review board, and the need for informed consent was waived. Fig. 1 shows the flow of patient enrollment.
We searched the electronic medical records and found 3,549
patients who presented with newly diagnosed colorectal cancer between January 2005 and December 2010. The study
period was selected to include patients who underwent
Gd-EOB-MRI or ECA-MRI and had sufficient follow-up
periods. Among these patients, 505 were excluded for the following reasons: (1) past or concurrent malignancy other than
colorectal cancer (n=308); (2) absence of operation for primary colorectal cancer (n=147); and (3) no contrast-enhanced
abdominopelvic CT prior to any treatment (n=50). Among
the remaining patients, 2,516 without contrast-enhanced liver
MRI before treatment and 110 who met the following criteria
were also excluded: (1) MRI contrast agent other than an
extracellular agent or gadoxetic acid (n=38); (2) multiple
hepatic lesions (> 10) on CT (n=23); (3) distant metastasis to
sites other than the liver (n=20); (4) interval between CT and
liver MRI of > 4 weeks (n=24); and (5) unavailable reference
standard for hepatic lesions (n=5). Finally, 418 colorectal cancer patients who underwent both abdominopelvic CT and
liver MRI before treatment were included. Demographic
information including age, sex, serum carcinoembryonic
antigen (CEA) level, pathologic tumor node metastasis staging system, American Joint Committee on Cancer staging,
location of the primary tumor, and differentiation of the primary tumor was reviewed, as well as whether liver operation
was performed. For patients who had undergone hepatic
resection, the presence or absence of adjuvant chemotherapy
or radiotherapy was investigated.
2. CT and MRI acquisition
At our institution, liver MRI is generally performed for
patients found to have potentially resectable liver metastases
on CT, according to the National Comprehensive Cancer
Network guidelines [5,6]. Liver MRI is also performed for
patients with an indeterminate lesion on CT or for high-risk
patients, at the discretion of surgeons and physicians.
All CT scans were performed with a 16-, 64-, or 128-channel multidetector (Siemens Healthcare, Erlangen, Germany;
GE Healthcare, Waukesha, WI). Portal-phase abdominopelvic CT was obtained 70 seconds after the intravenous
administration of 2.0 mL/kg nonionic contrast material
(iopromide, Ultravist 300, Bayer Schering Pharma), followed
by a 20 mL saline chaser bolus injection at a fixed duration

VOLUME 50 NUMBER 1 JANUARY 2018

61

Cancer Res Treat. 2018;50(1):60-70

Patients presented with newly diagnosed colorectal cancer
between January 2005 and December 2010 (n=3,549)
(source population)
Exclusion criteria (n=505)
Past or concurrent other malignancy (n=308)
Patients who did not undergo colorectal operation (n=147)
No pre-treatment contrast-enhanced abdominopelvic CT (n=50)
Colorectal cancer patients with pretreatment contrast-enhanced
abdominopelvic CT (n=3,044)
Exclusion criteria (n=2,626)
No pretreatment contrast-enhanced liver MRI (n=2,516)
MRI contrast other than ECA and gadoxetic acid (n=38)
Suspected multiple metastasis (> 10) on CT (n=23)
Distant metastasis other than liver (n=20)
Interval between CT and MRI > 4 weeks (n=24)
Unavailable reference standard of hepatic lesions (n=5)
Colorectal cancer patients with both pretreatment
abdominopelvic CT and liver MRI (n=418)
(study population)
MRI contrast agent
ECA-MRI+CT (n=127)

Liver surgery
(n=28)

No surgery
(n=99)

Gd-EOB-MRI+CT (n=291)

Liver surgery
(n=86)

No surgery
(n=205)

Fig. 1. Flow of patient enrollment. CT, computed tomography; MRI, magnetic resonance imaging; ECA, extracellular contrast
agent; ECA-MRI, magnetic resonance imaging with extracellular contrast agent; Gd-EOB-MRI, gadoxetic acid–enhanced
magnetic resonance imaging.

of 30 seconds.
Liver MRI was performed with a 1.5-T (Philips Healthcare,
the Best, the Netherlands) or 3.0-T magnet (Siemens Healthcare, Philips Healthcare). Magnetic resonance (MR) sequences that were similar for ECA-MRI and Gd-EOB-MRI
included dual-echo in-phase and opposed-phase spoiled gradient-echo T1-wei-ghted images, as well as multishot and
single-shot turbo spin-echo T2-weighted images. Dynamic
fat-suppressed spoiled gradient-echo T1-weighted images
were acquired before and after contrast material injection
(arterial, portal venous, 3-minute delayed, and 5-minute
delayed phases). For ECA-MRI, variable gadolinium-based
contrast agents, including gadopentetate dimeglumine (Mag-
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nevist, Bayer Schering Pharma) and gadoterate meglumine
(Dotarem, Guerbet, Roissy, France), were used, and 0.1
mmol/kg gadolinium agent was administered intravenously. For dynamic scan with gadoxetic acid disodium (Primovist, Bayer Schering Pharma), 0.1 mL/kg (0.025 mmol/
kg) gadoxetic acid disodium was injected, and additional
hepatobiliary phase images were obtained after 15 or 20 minutes. Gadoxetic acid has replaced extracellular contrast
agents for liver MRI at our institution since January 2008;
therefore, the decision to perform ECA-MRI or Gd-EOB-MRI
was not influenced by the patient or physician factor, but by
the study period.

Nieun Seo, MRI for Colorectal Cancer Liver Metastasis

3. Image analysis
The CT and MRI images were prospectively interpreted as
the routine practice using a picture archiving and communication system by six board-certified abdominal radiologists
with 7 to 20 years of experience in liver imaging. Each focal
hepatic lesion was classified as follows: 1, definitely benign;
2, probably benign; 3, indeterminate; 4, probably metastatic;
and 5, definitely metastatic. Category 1 included typical
benign lesions such as cyst, hemangioma, or calcification.
Category 2 included lesions that were judged to be more
likely benign than metastatic but the benignity was not
definitive, whereas category 4 represented the opposite situation. Category 3 included tiny hepatic lesions or lesions
that were difficult to categorize as either benign or metastatic. Category 5 was assigned to typical metastatic lesions.
Given this retrospective study design, a study coordinator
(N.S., a board-certified abdominal radiologist with a 3-year
non-trainee experience in liver imaging) rescored the lesion
category based on clinical radiologic reports. The study
coordinator also reviewed the size, segmental location, and
number of the hepatic lesions on the basis of the initial radiologic reports. Additional lesions detected on liver MRI compared with CT alone were recorded in the same manner.
Only additional lesions of MRI category 3-5 were recorded,
while additionally detected definitely or probably benign
lesions were not recorded.
4. Confirmation of hepatic lesions
The study coordinator assessed the hepatic outcomes. All
patients underwent surgery for primary colorectal cancer.
During the operation, the liver was assessed by manual palpation and often with intraoperative ultrasonography (IOUS)
for suspected liver metastasis. IOUS was performed by
board-certified radiologists in 15.7% (20 of 127) of the ECAMRI group and 16.5% (69 of 291) of the Gd-EOB-MRI group.
In patients for which there were no pathological results for
hepatic lesions, hepatic outcome was determined through
follow-up imaging. On follow-up imaging, increase or
decrease in the size of the hepatic lesions during chemotherapy was considered metastasis. In contrast, the decrease in
size or disappearance of the hepatic lesion without treatment
was considered as benign. Lesions that remained stable for
at least 12 months were also considered benign.
5. Follow-up
At our institution, patients underwent physical examinations and measurement of CEA at 3-month intervals over 2
years, then at 6-month intervals during the next 3 years. Contrast-enhanced abdominopelvic CT and chest CT were per-

formed at 6- and 12-month intervals, respectively, during the
first 5 years after surgery. In patients with resected metastasis, contrast-enhanced abdominopelvic CT and chest CT
were performed at shorter intervals of 3 and 6 months,
respectively, during the first 2 years after surgery, then every
6 months up to a total 5 years. The dates of last follow-up
and intrahepatic recurrence were recorded.
6. Statistical analysis
The data were analyzed in two separate groups. First, the
diagnostic performance for focal hepatic lesions was evaluated in all study patients, and early intrahepatic recurrence
was evaluated for patients who were initially classified as
not having hepatic metastasis on preoperative imaging. Second, the diagnostic performance and early intrahepatic
recurrence were assessed in patients who underwent curative hepatic resection for suspected metastases.
The baseline demographics and characteristics of hepatic
lesions in the ECA-MRI and Gd-EOB-MRI groups were compared by independent t tests for continuous variables, and
by Pearson’s chi-squared or Fisher exact test for categorical
variables. The diagnostic performance of MRI for predicting
liver metastasis was evaluated through receiver operating
characteristic (ROC) analysis. The area under the ROC curve
(AUROC) was reported with 95% confidence intervals (CIs).
Per-lesion and per-patient analyses were conducted. For the
per-lesion analysis, subgroup analysis was conducted for
small hepatic lesions ! 1 cm on MRI. The AUROC was compared between ECA-MRI and Gd-EOB-MRI using chisquared statistics. The number and size of nodules that were
additionally detected on MRI compared to CT were compared by the Mann-Whitney U test and independent t test,
respectively.
The early intrahepatic recurrence rate was evaluated
through a competing risk analysis. Death of any cause was
considered a competing event, as death precludes the observation of recurrence. Early intrahepatic recurrence was
defined as intrahepatic recurrence within 6 months of curative hepatic resection. For patients who did not undergo
hepatic resection, early intrahepatic recurrence was defined
as recurrence within 6 months of colorectal surgery. The differences in the cumulative incidence of tumor recurrence
between ECA-MRI and Gd-EOB-MRI were compared by
Gray’s test [17]. Univariate and multivariate analyses were
performed with Fine and Gray’s subdistributional hazard
regression model to identify independent prognostic factors
of early recurrence [18]. Multivariate analysis was performed
for factors with a p-value of < 0.1 on univariate analysis, and
clinically important factors (N stage, largest size and number
of metastasis, and type of MRI contrast agent). All statistical
analyses were conducted using SAS ver. 9.2 (SAS Institute
VOLUME 50 NUMBER 1 JANUARY 2018
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Table 1. Baseline characteristics of study population
Variable

ECA-MRI (n=127)

Gd-EOB-MRI (n=291)

p-value

Age (yr)
Sex (male:female)
CEA (ng/dL)
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
M stage
M0
M1
AJCC stage
I
II
III
IV
Location of CRC
Colon
Rectum
Differentiation
Well
Moderately
Poorly or mucinous
Liver surgery
Yes
No

60.0±11.5
67 (52.8):60 (47.2)
13.9 (

61.2±11.4
171 (58.8):120 (41.2)
19.81 (

0.33
0.254
0.373

5 (3.9)
12 (9.4)
88 (69.3)
22 (17.3)

19 (6.5)
31 (10.7)
203 (69.8)
38 (13.1)

0.516

57 (44.9)
43 (33.9)
27 (21.3)

200 (47.8)
136 (32.5)
82 (19.6)

0.71

87 (68.5)
40 (31.5)

296 (70.8)
122 (29.2)

0.493

13 (10.2)
34 (26.8)
40 (31.5)
40 (31.5)

50 (12.0)
119 (28.5)
127 (30.4)
122 (29.2)

0.790

82 (64.6)
45 (35.4)

180 (61.9)
111 (38.1)

0.598

27 (21.3)
90 (70.9)
10 (7.8)

37 (12.7)
234 (80.4)
20 (6.9)

0.068

28 (22.0)
99 (78.0)

86 (29.6)
205 (70.4)

0.098

Values are presented as mean±standard deviation or number (%). ECA-MRI, magnetic resonance imaging with extracellular
contrast agent; Gd-EOB-MRI, gadoxetic acid–enhanced magnetic resonance imaging; CEA, carcinoembryonic antigen; AJCC,
American Joint Committee on Cancer; CRC, colorectal cancer.

Inc., Cary, NC), and a p < 0.05 was considered statistically
significant.

Results
1. Analysis of hepatic lesions from all patients
1) Patients
Of the 418 total patients, 127 (male:female [M:F], 67:60; mean
age±standard deviation [SD], 60±11.5 years) underwent ECA-
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MRI and 291 (M:F, 171:120; 61.2±11.4 years) underwent
Gd-EOB-MRI. No demographic data differed significantly
between the ECA-MRI and Gd-EOB-MRI groups (Table 1).
Overall, 22% (28 of 127) and 29.6% (86 of 291) of patients in the
ECA-MRI and Gd-EOB-MRI groups underwent liver resection, respectively. The median time interval between CT and
liver MRI was 6 days (range, 0 to 28 days).
2) Characterization and proof of hepatic lesions
A total of 635 hepatic lesions in 418 patients were confirmed
pathologically (n=285) or on follow-up imaging (n=350). For
pathologically confirmed lesions, the median time interval
between MRI and biopsy or surgery was 8 days (range, 0 to

Nieun Seo, MRI for Colorectal Cancer Liver Metastasis

Table 2. Characteristics of hepatic lesions evaluated on liver MRI
Variable
Per-patient analysis
No. of patients
Benign:Metastatic
The largest size of lesion (cm)
No. of lesions
Per-lesion analysis
No. of lesions
Benign:Metastatic
Size of lesion, total (cm)
Benign (cm)
Metastatic (cm)
No. of lesions ! 1 cm (%)

ECA-MRI

Gd-EOB-MRI

p-value

127 (
85 (66.9):42 (33.1)
2.4±1.8
1.7±1.0

291 (
202 (69.4):89 (30.6)
2.3±1.7
1.3±0.8

0.614
0.408
0.102

205 (
111 (54.1):94 (45.9)
1.2±1.4
0.7±0.7
1.8±1.7
118/205 (57.6)

430 (
226 (52.6):204 (47.4)
1.2±1.2
0.8±0.7
1.7±1.5
227/430 (52.8)

0.772
0.676
0.136
0.722
0.259

Values are presented as number or mean±standard deviation. MRI, magnetic resonance imaging; ECA-MRI, MRI with extracellular contrast agent; Gd-EOB-MRI, gadoxetic acid–enhanced MRI.

Total 635 hepatic lesions (418 patients)

ECA-MRI group (127 patients)
205 hepatic lesions

Benign lesions (n=111)

F/U (n=108)

Surgery (n=2)
Biopsy (n=1)

Gd-EOB-MRI group (291 patients)
430 hepatic lesions

Metastasis (n=94)

F/U (n=20)

Surgery (n=60)
Biopsy (n=14)

Benign lesions (n=226)

F/U (n=212)

Surgery (n=9)
Biopsy (n=5)

Metastasis (n=204)

F/U (n=27)

Surgery (n=155)
Biopsy (n=22)

Fig. 2. Hepatic outcomes in study patients. This figure shows the true hepatic outcomes and methods of lesion confirmation
in study patients. Hepatic lesions were confirmed by surgery, biopsy, or follow-up imaging (F/U). ECA-MRI, magnetic resonance imaging with extracellular contrast agent; Gd-EOB-MRI, gadoxetic acid–enhanced magnetic resonance imaging.

29 days). Table 2 shows the characteristics of hepatic lesions
evaluated on ECA-MRI and Gd-EOB-MRI. The diameter of
the largest lesion and mean lesion number per patient did not
differ significantly between the ECA-MRI and Gd-EOB-MRI
groups (p=0.408 and p=0.102, respectively). The true hepatic
outcome and methods of lesion confirmation are demonstrated in Fig. 2. Most benign lesions in the ECA-MRI (97.3%,
108 of 111) and Gd-EOB-MRI (93.8%, 212 of 226) groups were
confirmed on follow-up imaging, with a median follow-up

period of 49 months (range, 13 to 97 months) and 55 months
(range, 16 to 84 months), respectively.
3) Diagnostic performance
For per-patient analysis, the AUROC of ECA-MRI (0.985;
95% CI, 0.968 to 1.000) was not significantly different from that
of Gd-EOB-MRI (0.990; 95% CI, 0.980 to 0.999) (p=0.836). For
per-lesion analysis of the total 635 lesions, the AUROC
VOLUME 50 NUMBER 1 JANUARY 2018
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Table 3. Additional lesions detected on liver MRI compared to CT
Variable
Per-patient analysis
No. of patients (%)
No. of lesions, median (range)
Per-lesion analysis
No. of additional lesions (%)
Size of additional lesions, mean±SD (cm)

ECA-MRI

Gd-EOB-MRI

Total

p-value

14/127 (11.0)
1 (1-4)

33/291 (11.3)
1 (1-6)

47/418 (11.2)
1 (1-6)

0.331
0.530

21/205 (10.2)
0.7±0.3

56/430 (13.0)
0.6±0.4

77/635 (12.1)
0.7±0.7

0.316
0.495

MRI, magnetic resonance imaging; CT, computed tomography; ECA-MRI, MRI with extracellular contrast agent; Gd-EOBMRI, gadoxetic acid–enhanced MRI; SD, standard deviation.

Table 4. Baseline characteristics of patients who underwent liver surgery
Variable

ECA-MRI (n=28)

Gd-EOB-MRI (n=86)

p-value

Age (yr)
Sex (male:female)
CEA (ng/dL)
!5
>5
T stage
T1
T2
T3
T4
N status
Negative
Positive
Location of CRC
Colon
Rectum
Differentiation
Well
Moderately
Poorly or mucinous
The largest size of lesion (cm)
Mean±SD
!5
>5
No. of lesions
Mean±SD
1
>1
Adjuvant chemotherapy
Yes
No
Adjuvant radiotherapy
Yes
No

57.4±11.2
20 (71.4):8 (28.6)

58.8±11.9
51 (59.3):35 (40.7)

0.602
0.250

17 (60.7)
11 (39.3)

49 (57)
37 (43)

0.728

0(
0(
26 (92.9)
2 (7.1)

4 (4.7)
3 (3.5)
60 (69.8)
19 (22.1)

0.127

8 (28.6)
20 (71.4)

24 (27.9)
62 (72.1)

> 0.999

19 (67.9)
9 (32.1)

57 (66.3)
29 (33.7)

0.878

3 (10.7)
24 (85.7)
1 (3.6)

11 (12.8)
66 (76.7)
9 (10.5)

0.626

2.2±1.9
27 (96.4)
1 (3.6)

2.3±1.7
80 (93.0)
6 (7.0)

0.850
> 0.999

2.6±1.8
8 (28.6)
20 (71.4)

2.2±1.5
45 (52.3)
41 (47.7)

0.218
0.029

27 (96.4)
1 (3.6)

80 (93.0)
6 (7.0)

> 0.999

7 (25.0)
21 (75.0)

20 (23.3)
66 (76.7)

0.850

Values are presented as mean±standard deviation or number (%). ECA-MRI, magnetic resonance imaging with extracellular
contrast agent; Gd-EOB-MRI, gadoxetic acid–enhanced magnetic resonance imaging; CEA, carcinoembryonic antigen; CRC,
colorectal cancer; SD, standard deviation.
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Table 5. Univariate and multivariate analysis of factors associated with early recurrence
Variable
Age
Sex (male vs. female)
CEA
T stage
T2 vs. T1
T3 vs. T1
T4 vs. T1
N stage
N0 vs. N1-2
Location of CRC
Colon vs. rectum
MRI contrast agent
Gd-EOB vs. ECA
The largest size of lesion
Lesion number per patient
1 vs. > 1
Chemotherapy
Radiotherapy

Univariate

Multivariate

SDHR (95% CI)

p-value

SDHR (95% CI)

p-value

1.020 (0.977-1.060)
2.310 (0.782-6.840)
1.000 (0.998-1.010)

0.430
0.130
0.220

-

-

1.282 (0.082-20.040)
0.547 (0.066-4.510)
0.481 (0.049-4.770)

0.860
0.570
0.530

-

-

3.390 (0.798-14.400)

0.098

3.813 (0.830-17.511)

0.085

1.330 (0.478-3.700)

0.590

-

-

0.365 (0.146-0.915)
0.851 (0.627-1.160)

0.032
0.300

0.288 (0.110-0.757)
0.888 (0.658-1.200)

0.012
0.440

0.682 (0.271-1.720)
1.070 (0.131-8.630)
1.250 (0.453-3.440)

0.420
0.950
0.670

0.698 (0.482-1.012)
-

0.058
-

SDHR, subdistributional hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; CRC, colorectal cancer; MRI,
magnetic resonance imaging; Gd-EOB, gadoxetic acid; ECA, extracellular contrast agent.

between ECA-MRI (0.980; 95% CI, 0.963 to 0.997). and
Gd-EOB-MRI (0.988; 95% CI, 0.976 to 0.999) was not significantly different (p=0.476). The AUROCs were also comparable
between ECA-MRI (0.975; 95% CI, 0.935 to 1.000) and Gd-EOBMRI (0.985; 95% CI, 0.956 to 1.000) (p=0.695) for the 345
lesions ! 1 cm.
4) Detection of additional nodules on MRI compared with
CT
In 47 patients (11.2%, 47 of 418), 77 lesions were additionally
detected on liver MRI compared with CT (Table 3). ECA-MRI
detected an additional 21 lesions in 14 patients, whereas
Gd-EOB-MRI identified 56 additional lesions in 33 patients,
without a significant difference between two MRI groups
(p=0.331). Among the 21 additional lesions on ECA-MRI, 17
were finally considered metastatic, while four were benign. Of
the 56 additional lesions on Gd-EOB-MRI, 48 were metastatic
and eight were benign.
5) Early intrahepatic recurrence in patients considered not
to have hepatic metastasis
Eighty-five patients with ECA-MRI and 202 patients with
Gd-EOB-MRI were initially considered to have only benign

hepatic lesions on preoperative imaging. Among these
patients, one in each MRI group developed early intrahepatic
recurrence. For the ECA-MRI group, one patient (1/85, 1.2%)
who had hepatic cysts on preoperative imaging developed
hepatic, lymph nodes, and bone metastases at 6 months after
primary colorectal surgery. In the Gd-EOB-MRI group, one
patient (1/202, 0.5%) who had a hepatic cyst on preoperative
imaging developed hepatic and lung metastases at 4 months
after colorectal surgery. Comparison of the intrahepatic recurrence rate and analysis of independent predictors for intrahepatic recurrence between the two MRI groups could not be
performed due to the small number of positive events.
2. Analysis of patients who underwent hepatic surgery
1) Patients
Among 114 patients who underwent curative liver surgery
for suspected hepatic metastases, 28 (M:F, 20:8; mean age±SD,
57.4±11.2 years) underwent ECA-MRI and 86 (M:F, 51:35;
58.8±11.9 years) underwent Gd-EOB-MRI. Although most
demographic variables were not significantly different
between groups (Table 4), the number of patients who had
more than one hepatic metastases was significantly greater in
the ECA-MRI than the Gd-EOB-MRI group (p=0.029).
VOLUME 50 NUMBER 1 JANUARY 2018
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2) Diagnostic performance
The 114 patients who underwent liver surgery had 260 focal
hepatic lesions. For per-lesion analysis, the AUROC between
ECA-MRI (0.924; 95% CI, 0.818 to 1.000) and Gd-EOB-MRI
(0.914; 95% CI, 0.825 to 1.000) was not significantly different
(p=0.885). For the 99 lesions ! 1 cm, the AUROCs between
ECA-MRI (0.895; 95% CI, 0.752 to 1.000) and Gd-EOB-MRI
(0.894; 95% CI, 0.805 to 0.984) did not differ significantly
(p=0.993).
3) Early intrahepatic recurrence
The cumulative incidence of early intrahepatic recurrence
was significantly higher (p=0.031) in the ECA-MRI (28.6%)
than the Gd-EOB-MRI group (11.6%). The results of univariate
and multivariate analyses of factors associated with early
intrahepatic recurrence are shown in Table 5. Differentiation
of the primary colorectal tumor was not included in the univariate and multivariate analyses because of inhomogeneous
data distribution. The type of contrast agent (ECA vs.
Gd-EOB) was the only significant variable predicting early
intrahepatic recurrence on univariate analysis (subdistributional hazard ratio [SDHR], 0.365; 95% CI, 0.146 to 0.915)
(p=0.032). Multivariate analysis also revealed that the use of
Gd-EOB-MRI was a good prognostic factor (SDHR, 0.288; 95%
CI, 0.110 to 0.757) (p=0.012).

Discussion
The results of this study demonstrated that the overall
diagnostic performance of ECA-MRI and Gd-EOB-MRI for
the evaluation of focal hepatic lesions in colorectal cancer
before treatment did not differ significantly. In addition, the
detection rate of additional significant hepatic lesions on MRI
compared with CT was similar between groups. However,
the early intrahepatic recurrence rate for patients who
underwent hepatic resection was significantly higher in
ECA-MRI (28.6%) than in Gd-EOB-MRI (11.6%) (p=0.031).
Several meta-analyses have described the diagnostic performance of Gd-EOB-MRI for the detection of CRLM [19,20].
Chen et al. [19] reported that the pooled weighted sensitivity
of Gd-EOB-MRI for detecting liver metastases was 93% (95%
CI, 90 to 95). In a recent meta-analysis, Gd-EOB-MRI showed
an excellent per-lesion sensitivity of 91.2% (95% CI, 83.7 to
95.4) for detecting CRLM [20]. Several meta-analyses investigating the diagnostic performance of ECA-MRI were published in 2010 [12,13]. Specifically, Floriani et al. [13] reported
that the per-lesion sensitivity of ECA-MRI for detecting
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CLRM ranged from 81.9% to 91.3%, while another metaanalysis demonstrated that the per-lesion mean sensitivity
of ECA-MRI was 79.8% (95% CI, 62.6 to 90.3) [12]. The results
of those studies suggest that Gd-EOB-MRI is better than
ECA-MRI for detecting CRLM. However, those meta-analyses were primarily based on retrospective studies, and no
direct comparison between Gd-EOB-MRI and ECA-MRI was
conducted in any of the original studies included in the metaanalyses. Therefore, an intra-individual study comparing
Gd-EOB-MRI and ECA-MRI is necessary to obtain more
robust results [19].
To the best of our knowledge, only one intra-individual
study prospectively compared Gd-EOB-MRI and ECA-MRI
for staging CRLM, and the results of this study confirmed
the higher efficacy of Gd-EOB-MRI based on the reduced
need for additional preoperative examination and fewer
intraoperative plan modifications [9]. Thus, we hypothesized
that Gd-EOB-MRI would be superior to ECA-MRI for diagnosing CRLM. Although Gd-EOB-MRI was performed more
recently with advanced MR techniques, the diagnostic performance of Gd-EOB-MRI was not significantly different
from that of ECA-MRI in our study. There are several possible explanations for these findings. First, with the exception
of the hepatobiliary phase, ECA-MRI and Gd-EOB-MRI
share most sequences. As MR interpretation in daily practice
encompasses all these sequences, the overall diagnostic performance could be similar between the two MRI modalities.
Second, the image analysis conducted in the present study
was based on a clinical report. According to the previous
study [21], initial radiology reports tended to have better
diagnostic performance than blinded expert interpretation.
The suggested hypothesis was that patient history and clinical data as well as imaging findings might have been considered at the time of the initial reports [21]. Similarly, the
clinical information provided at the time of the MR interpretation in our study may show the higher effectiveness of both
ECA-MRI and Gd-EOB-MRI. Finally, this study included
only liver MRI scans performed before treatment such as
chemotherapy. After neoadjuvant chemotherapy, detection
and characterization of hepatic lesions become more challenging because of the changes in treated lesions, as well as
in response to background parenchymal changes such as
steatohepatitis or sinusoidal obstruction syndrome [22,23].
Accordingly, further study is needed to compare the diagnostic efficacy of ECA-MRI and Gd-EOB-MRI in the posttreatment setting.
Early recurrence after CRLM resection has been associated
with a poor patient prognosis following hepatectomy [24-27].
Therefore, reduction of the early recurrence rate is important
to improve patient outcomes and avoid unnecessary hepatic
resection. Several predictive factors for early recurrence of
CRLM have been identified [24,25,28]. According to a recent
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study of 6,025 patients, T3-4 primary tumors, synchronous
CRLM, > 3 CRLM, 0 mm margin liver resection, and associated intraoperative radiofrequency ablation were independent risk factors for early recurrence [24]. Other factors that
correlated with higher early recurrence rates include poor
differentiation of the primary tumor, bilobar metastases,
multiple metastases (" 8), microscopic positive surgical margin, and elevated CEA (> 15 ng/mL) [25-27]. Early recurrence can be either a regrowth of undetected micrometastasis
or true recurrence after complete metastasectomy; therefore,
preoperative radiologic evaluation may affect the early
recurrence rate. However, the effects of the MRI contrast
agent on early recurrence have never been studied. We
assumed that the hepatobiliary phase of Gd-EOB-MRI could
better detect subclinical metastasis than ECA-MRI, which is
supported by our results. The early intrahepatic recurrence
rate was lower in the Gd-EOB-MRI group than the ECA-MRI
group for patients who underwent hepatic resection, as well
as for those considered to have no hepatic metastasis on preoperative MRI, although statistical analysis was unavailable
in the latter group. Furthermore, the type of MRI contrast
agent was an independent predictor of early intrahepatic
recurrence in our study. Gd-EOB-MRI could detect more
numbers of tiny metastases that could be missed on ECAMRI, which could lead to a more complete resection of subclinical metastases in the Gd-EOB-MRI group.
In the present study, ECA-MRI and Gd-EOB-MRI showed
discordant results in terms of diagnostic performance and
early intrahepatic recurrence rate. To accurately evaluate
diagnostic performance, an unbiased estimate of the test’s
accuracy is needed [29]. Specifically, the true disease status
of each patient should be determined independently from
the imaging test results. However, in clinical practice,
patients with a negative test result may not have undergone
a gold-standard treatment such as invasive surgery [29];
therefore, the estimated diagnostic performance of tests may
be biased [30]. From this perspective, the difference in early
recurrence between Gd-EOB-MRI and ECA-MRI may reflect

the diagnostic accuracy more realistically, and thus could be
more meaningful than a simple comparison of diagnostic
performance.
It should be noted that this study has several limitations.
First, there was an inevitable selection bias owing to the retrospective cohort design. Second, ECA-MRI and Gd-EOBMRI were performed in different patients at different
periods. Unapparent time-dependent biases such as changes
in surgical techniques or adjuvant chemotherapeutic regimen may have affected our results. In addition, although
most MR protocols were similar between MRI modalities,
diffusion-weighted imaging (DWI) was primarily included
in the Gd-EOB-MRI group, while only a small portion of
ECA-MRI group contained DWI. Nevertheless, the ECA-MRI
and Gd-EOB-MRI showed comparable diagnostic performance for evaluating CRLM, which suggests that DWI might
not affect the diagnostic performance in our study. Third, the
patients that were operated on in the ECA-MRI group had
more metastases than those in the Gd-EOB-MRI group.
Although the lesion number was not a significant factor on
univariate and multivariate analyses, the different lesion
number between groups is one of the limitations that must
be considered when interpreting our results. Finally, most of
the benign lesions were not pathologically confirmed. However, the median follow-up period was long enough to confirm the benignity of the lesions.
In conclusion, Gd-EOB-MRI can potentially decrease the
early intrahepatic recurrence rate compared with ECA-MRI
after hepatic resection, although the two MRI modalities
showed comparable diagnostic performance in colorectal
cancer patients. Further prospective studies comparing the
survival outcome between Gd-EOB-MRI and ECA-MRI
should follow.
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Downregulation of HuR Inhibits the Progression of Esophageal Cancer
through Interleukin-18

Purpose
The purpose of this study was to investigate the effect of human antigen R (HuR) downregulation and the potential target genes of HuR on the progression of esophageal squamous
cell carcinoma (ESCC).
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Materials and Methods
In this study, a proteomics assay was used to detect the expression of proteins after HuR
downregulation, and a luciferase assay was used to detect the potential presence of a HuR
binding site on the 3’-untranslated region (3'-UTR) of interleukin 18 (IL-18). In addition, colony
formation assay, MTT, EdU incorporation assay, Western blot, flow cytometry, immunohistochemistry, transwell invasion assay, and wound healing assay were used.
Results
In the present study, we found that the expression of both HuR protein and mRNA levels
were higher in tumor tissues than in the adjacent tissues. HuR downregulation significantly
suppressed cell proliferation. In addition, the metastasis of esophageal cancer cells was
inhibited, while the expression of E-cadherin was increased and the expression of matrix
metalloproteinase (MMP) 2, MMP9, and vimentin was decreased after HuR knockdown.
Moreover, silencing of HuR disturbed the cell cycle of ESCC cells mainly by inducing G1
arrest. Furthermore, proteomics analysis showed that downregulation of HuR in TE-1 cells
resulted in 100 upregulated and 122 downregulated proteins, including IL-18 as a significantly upregulated protein. The expression of IL-18 was inversely regulated by HuR. IL-18
expression was decreased in ESCC tissues, and exogenous IL-18 significantly inhibited the
proliferation and metastasis of ESCC cells. The 3'-UTR of IL-18 harbored a HuR binding site,
as shown by an in vitro luciferase assay.
Conclusion
HuR plays an important role in the progression of esophageal carcinoma by targeting IL-18,
which may be a potential therapeutic target for the treatment of ESCC.

Key words
Esophageal squamous cell carcinoma, Human antigen R (HuR),
Interleukin-18, Cell proliferation, Neoplasm metastasis
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Introduction

Materials and Methods

Esophageal cancer is one of the most common types of
malignancies in the world and has a 5-year survival rate of
less than 30% after surgery. Esophageal squamous cell carcinoma (ESCC) is the most common pathological type of
esophageal cancer in China. In recent years, although the
treatment of esophageal cancer has improved greatly, the
overall prognosis of ESCC is still unfavorable [1-3].
Human antigen R (HuR) is a member of the embryonic
lethality-abnormal vision (ELAV) gene family and is also
known as embryonic lethal abnormal visual-like 1 (ELAVL1)
[4]. Being a mRNA binding protein, it is widely involved in
the regulation of gene transcription. Of the cis-acting elements of eukaryotic mRNA, the most characteristic is the
ARE element (AU-rich element). HuR can increase the stability of its target mRNA by binding to the ARE elements
located on the 3'-untranslated region (UTR) of a number of
unstable mRNAs. Under normal physiological conditions,
HuR is mainly localized to the nucleus. However, under conditions of stress, HuR binds to its target mRNA to form a
complex and is shuttled to the cytoplasm. Thus protecting its
bound mRNA from degradation [5].
In recent years, there have been reports of abnormally high
HuR expression in gastric cancer [6], colorectal cancer [7] and
breast cancer tissues [8]. High levels of HuR can induce
resistance of pancreatic cancer to gemcitabine. In addition,
HuR inhibition increased the sensitivity of pancreatic cancer
cells to TRAIL-based therapies and thus supported their
re-evaluation as an effective treatment for patients with pancreatic ductal adenocarcinoma [9,10]. Downregulation of
HuR can increase the sensitivity of breast cancer line MCF-7
to doxorubicin and increase its rate of apoptosis [11]. Hence,
HuR is involved in the biological behavior of multiple
tumors and affects their response to chemotherapeutic drugs.
The expression and influence of HuR in the development
of esophageal cancer remains unclear. In this study, we
investigated the expression of HuR and its functional consequences in ESCC progression. We demonstrated that HuR is
significantly overexpressed in ESCC tissues compared to
tumor-adjacent tissues. In addition, inhibition of HuR can
significantly inhibit the proliferation and metastasis of ESCC
cells through interleukin 18 (IL-18).

1. Tissue samples
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For immunohistochemistry (IHC), 120 ESCC samples and
52 matched tumor-adjacent tissues were collected from 120
patients, as previously reported [12]. Fifteen normal esophageal tissues were obtained from surgical resections of
trauma patients. These tissues were obtained postoperatively
between 2010-2012 from the Gastrointestinal Center, Jiangyin
People’s Hospital, Medical School of University of Southeast
of China (Jiangyin, China). All patients gave signed, informed consent for the use of their tissues for scientific research.
Ethical approval for the study was obtained from the Jiangyin People’s Hospital. All diagnoses were based on pathological and/or cytological evidence. The histological features
of the specimens were evaluated by two senior pathologists
according to the World Health Organization classification
criteria [12].
2. Cells culture, transfection and treatment
TE-1 and Eca-109 cells were obtained from American Type
Culture Collection and maintained in Dulbecco’s modified
Eagle’s medium (HyClone, Logan, UT) supplemented with
10% fetal calf serum and 100 U/mL penicillin–streptomycin
at 37°C and a 5% CO2 atmosphere. IL-18 was added to the
culture medium at 5 ng/ml according to the manufacturer’s
instructions for 48 hours, and then the following experiments
were carried out.
3. Generation of HuR downregulated stable cell lines
The human HuR coding region was amplified by polymerase chain reaction (PCR) using a primer pair specific to
HuR. The shRNA targeting HuR was obtained from Hanbio
Biotechnology (containing RFP, Shanghai, China). The fragments were inserted into the lentivirus (LV) expression vectors LV-HuR shRNA-1 (top strand, GCAGCATTGGTGAAGTTGAATCTGCATTCAAGAGATGCAGATTCAACTTCACCAATGCTGTTTTTT; bottom strand, AAAAAACAGCATTGGTGAAGTTGAATCTGCATCTCTTGAATGCAGATTCAACTTCACCAATGCTGC) and LV-HuR shRNA-2 (top strand, GTACCAGTTTCAATGGTCATAATTCAAGAGATTATGACCATTGAAACTGGT ATTTTTT; bottom strand, AAAAAATACCAGTTTCAATGGCATAATCTCTTGAATTATGACCATTGAAACTGGTAC) and then packaged into viral
particles. The particles were used to infect TE-1 cells and Eca109 cells. The cells were subsequently harvested at 72-hour
postinfection and selected in medium containing 3 µg/mL
puromycin (Sigma-Aldrich, St. Louis, MO) until all the
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uninfected cells were killed by puromycin. Stable cell lines
were validated using western blot.
4. Immunohistochemistry
Three-micrometer-thick paraffin-embedded tissue sections
were deparaffinized and heat-treated with citrate buffer, pH
6.0, for 7 minutes for epitope retrieval. Endogenous peroxidase was blocked with 3% hydrogen peroxide for 15 minutes
at room temperature, and nonspecific binding sites were
blocked with 4% skim milk for 30 minutes. The sections were
then incubated with HuR or IL-18 antibody for 1 hour (1:200,
mixed with 2% skim milk to reduce unspecific staining).
Biotinylated secondary antibody was then added for 30 minutes. Avidin–biotin–peroxidase complex (Dako LSAB2 system, DAKO Co., Carpinteria, CA) was added, and the color
was developed using 3-3"-diaminobenzidine. Counterstaining was performed with hematoxylin. All steps were performed at room temperature.
IHC scoring was based on both cytoplasmic and nucleic
staining. The stained sections were scored using the following criteria as reported previously [12]: negative (–), < 10%
of the whole tissue mass stained; weakly positive (+1), 10%25% of the whole tissue mass stained; moderately positive
(+2), 25%-75% of the whole tissue mass stained; and strongly
positive (+3), > 75% of the tissue showed positive staining
[12].
5. Reverse transcriptase-PCR
Total RNA from esophageal tissues was extracted with
TRIzol (Invitrogen, Carlsbad, CA) and reverse transcribed to
cDNA using an oligo(dT) 12 primer and Superscript II
(Invitrogen). The levels of the mRNA from target genes and
the internal standard glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were measured by reverse transcriptasePCR (RT-PCR) in triplicate using a Prism 7500 PCR machine
(Applied Biosystems, Foster City, CA). The specific primers
were as follows: HuR: forward 5’-ATGAAGACCACATGGCCGAAGACT-3’, reverse 5’-AGTTCACAAAGCCATAGCCCAAGC-3’; GAPDH: forward 5’-AGCCTCAAGATCATCAGCAATGCC-3', reverse 5’-TGTGGTCATGAGTCCTTCCACGAT-3'.
6. Cell proliferation assay
After treatment, the TE-1 or Eca-109 cells were seeded in
96-well plates at a density of 2#104 cells per well. The adherent cells were further cultured in the presence or absence of
IL-18. Cell proliferation was measured using the 3-(4,5dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) assay 48 hours after IL-18 was added. Briefly, 20 µL

of the MTT solution (5 mg/mL) and 100 µL complete medium were added to each well and the cells were incubated for
4 hours at 37°C. The medium was then aspirated and 150 µL
of dimethyl sulfoxide was added to dissolve the crystals. The
optical density was measured at 490 nm using a microplate
reader (Bio-Rad, Hercules, CA). The viability index was calculated as the experimental OD value/the control OD value.
Three independent experiments were performed in quadruplicates.
7. Colony formation assay
After treatment, the cells were seeded on 6-well plates.
After 10 days of incubation at 37°C, the colonies were stained
with Giemsa and those with a minimum of 50 viable cells
were counted. This process was repeated three times. The
cloning efficiency was calculated as a ratio of the number of
colonies formed divided by the total number of cells plated
times the plating efficiency.
8. EdU incorporation assay
5-Ethynyl-20-deoxyuridine (EdU) is a nucleoside analog of
thymidine that is only incorporated into DNA during active
DNA synthesis by proliferating cells. After incorporation, a
fluorescent molecule that reacts specifically with EdU was
added, which made the proliferating cells fluorescent. The
Cell-Light EdU DNA cell proliferation kit (RiboBio, Guangzhou, China) was used to determine the proliferation rate of
the TE-1 or Eca-109 cells after treatment according to the
manufacturer’s instructions. Briefly, the cells were incubated
with 50 µM EdU for 2 hours before fixation, permeabilization, and EdU staining. The cell nuclei were stained with
Hoechst 33342 at a concentration of 5 µg/mL for 30 minutes,
and the cells were examined using a fluorescence microscope
(Olympus, Tokyo, Japan).
9. Transwell invasion assay and wound healing migration
We assayed the invasion ability of the cells using 6.5 mm
diameter Transwell chambers with 8 µm membranes (Corning Costar, Corning, NY). TE-1 or Eca-109 cells after treatment were added to the upper chambers. The bottom wells
were coated with 1 mg/mL Matrigel for the invasion assays
and medium containing 20% fetal bovine serum was added
to the lower chambers. After 30-hour incubation at 37°C in
humidified 5% CO2 atmosphere, the cells in the upper chambers were carefully scraped off using a cotton swab, and
those that had migrated to the basal side of the membrane
were fixed in 4% paraformaldehyde, stained with Giemsa's
stain, and the membranes were mounted and dried at 37°C
for 30 minutes. The number of cells invading the Matrigel
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was counted in three randomly selected fields using an
inverted microscope (10# magnification). Each test was performed in triplicate.
For the wound healing migration assay, the cells were
seeded onto 6-well plates after treatment and allowed to
form a confluent monolayer for 24 hours. The monolayer was
scratched with the tip of a 200 µL pipette and the wells were
washed twice with phosphate buffered saline (PBS) to
remove the floating and detached cells. Then, fresh serumfree medium was added, and photos were taken at 0 and 24
hours to assess cell migration using a microscope (Olympus).
10. Flow cytometric analysis of cell cycle
After treatment, cells in logarithmic growth phase were
collected and fixed with 70% precooled ethanol overnight.
After staining with propidium iodide (10 µg/mL, SigmaAldrich) in the dark for 30 minutes, flow cytometry was performed on the FACSCalibur Flow Cytometer system and the
cell cycle distribution was analyzed using the ModFit LT
software.
11. Proteomics analysis
According to the manufacturer's instructions, 5#106 TE-1
cells infected with shRNA-HuR-1 or shRNA-NC containing
virus were collected and washed three times with PBS. The
proteomics analysis was performed as the following steps:
1) Protein extraction
Each samples was sonicated three times on ice using a high
intensity ultrasonic processor (Scientz) in lysis buffer (8 M
urea, 2 mM ethylenediaminetetraacetic acid, 10 mM dithiothreitol, and 1% protease inhibitor cocktail). The remaining
debris was removed by centrifugation at 20,000 g at 4°C for
10 minutes. The protein was precipitated with cold 15%
trichloroacetic acid for 4 hours at –20°C. After centrifugation
at 4°C for 3 minutes, the supernatant was discarded. The
remaining precipitate was washed three times with cold acetone. The protein was redissolved in buffer (8 M urea, 100
mM triethyl ammonium bicarbonate [TEAB], pH 8.0), and
the protein concentration in the supernatant was determined
with 2-D Quant kit according to the manufacturer’s instructions.
2) Trypsin digestion
For digestion, the protein solution was reduced with 10
mM DTT for 1 hour at 37°C and alkylated with 20 mM
iodoacetamide for 45 minutes at room temperature in darkness. For trypsin digestion, the protein sample was diluted
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by adding 200 mM TEAB to reduce the urea concentration
to less than 2 M. Finally, trypsin was added at 1:50 trypsinto-protein mass ratio for the first digestion overnight and
1:100 trypsin-to-protein mass ratio for a second digestion for
4 hours. Approximately 100 µg protein for each sample was
digested with trypsin for the following experiments.
3) Tandem mass tags labeling
After trypsin digestion, the peptides were desalted by
Strata X C18 SPE column (Phenomenex) and vacuum-dried.
The peptides was reconstituted in 1 M TEAB and processed
according to the manufacturer’s protocol for 6-plex tandem
mass tags (TMT) kit. Briefly, one unit of TMT reagent
(defined as the amount of reagent required to label 100 µg of
protein) was thawed and reconstituted in 24 µL acetonitrile
(ACN). The peptide mixtures were then incubated for 2
hours at room temperature and pooled, desalted and vacuum-dried.
4) High-performance liquid chromatography fractionation
The samples were fractionated by high pH reverse-phase
high-performance liquid chromatography using Agilent
300Extend columns (5 µm particles, 4.6 mm ID, 250 mm
length; Agilent Technologies, San Jose, CA). Briefly, the peptides were first separated with a gradient of 2% to 60% ACN
in 10 mM ammonium bicarbonate pH 10 over 80 minutes into
80 fractions. Then, the peptides were combined into 18 fractions and dried by vacuum centrifuging.
5) Liquid chromatography-tandem mass spectrometry
analysis
The peptides were dissolved in 0.1% FA, directly loaded
onto a reversed-phase precolumn (Acclaim PepMap 100,
Thermo Fisher Scientific, Waltham, MA). Peptide separation
was performed using a reversed-phase analytical column
(Acclaim PepMap RSLC, Thermo Fisher Scientific). The elution gradient comprised of an increase from 4% to 22% solvent B (0.1% FA in 98% ACN) over 26 minutes, 22% to 35%
in 8 minutes before climbing to 80% in 3 minutes, and finally
holding at 80% for the last 3 minutes, all at a constant flow
rate of 350 nL/min on an EASY-nLC 1000 UPLC system. The
resulting peptides were analyzed by Q Exactive Hybrid
Quadrupole-Orbitrap Mass Spectrometer (Thermo Fisher
Scientific).
The peptides were subjected to a nanospray ionization
source followed by tandem mass spectrometry (MS/MS) in
Q Exactive coupled online to the UPLC. Intact peptides were
detected in the Orbitrap at a resolution of 70,000. Peptides
were selected for MS/MS using a normalized collision
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Fig. 1. Both human antigen R (HuR) protein and mRNA levels were significantly higher in tumor tissues than that in the
adjacent tissues. (A) Representative images of the different staining patterns are presented. (B) RNA was extracted from four
tumor tissues and matched normal tissues, and HuR mRNA expression was detected by polymerase chain reaction. ESCC,
esophageal squamous cell carcinoma; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

energy setting of 28 and the ion fragments were detected in
the Orbitrap at a resolution of 17,500. A data-dependent procedure that alternated between one MS scan followed by 20
MS/MS scans was applied for the top 20 precursor ions
above the threshold ion count of 1#104 in the MS survey scan
with 30.0-second dynamic exclusion. The applied electrospray voltage was 2.0 kV. Automatic gain control was used
to prevent overfilling of the Orbitrap. Fifty thousand ions
were accumulated for the generation of the MS/MS spectra.
For MS scans, the m/z scan range was 350 to 1800, and the
fixed first mass was set as 100 m/z.
6) Database search
The resulting MS/MS data were processed using the Mascot search engine (v.2.3.0). Tandem mass spectra were

searched against the Swiss-Prot Homo sapiens database.
Trypsin/P was specified as the cleavage enzyme allowing
up to two missing cleavages. The mass error was set to 10
ppm for precursor ions and 0.02 Da for fragment ions. Carbamidomethyl on Cys were specified as fixed modifications
and oxidation on Met were specified as variable modifications. For protein quantification, TMT 6-plex was selected in
Mascot. False discovery rate was adjusted to < 1% and peptide ion score was set " 20. In addition, the bioinformatics
analysis was performed according to the operation process
of the manufacturer (PTM-Biolabs, Hangzhou, China).
12. Luciferase assay
A luciferase reporter containing the full-length 3’-UTR of
IL-18 (pGL3-UTR-WT) and a mutant reporter plasmid with a
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Fig. 2. Downregulation of human antigen R (HuR) inhibited cell proliferation. (A) Western blot was used to detect the
expression of HuR in esophageal cancer cells after shRNA transfection. (B) The effect of HuR on the viability of the TE-1 and
Eca-109 cells infected with the HuR knockdown virus. The cells were seeded in a 96-well plate and incubated for 48 hours
before being analyzed by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay. (C) The proliferating TE-1 and Eca-109 cells were labeled with 5-ethynyl-20-deoxyuridine (EdU). The Click-iT reaction revealed EdU staining
(green). The nuclei were stained with Hoechst 33342 (blue). The images are representative of the results obtained. (Continued
to the next page)
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Fig. 2. (Continued from the previous page) (D) Colony formation assays of TE-1 and Eca-109 cells after treatment. After 10 days,
the cells were stained with crystal violet. Colonies consisting of more than 50 cells were counted. The data are presented as
the mean±standard error of mean (n=3). *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001, compared to the negative control.

mutation of the HuR binding site (pGL3-UTR-1Del1) were
constructed by Synbio Tech Ltd. (Suzhou, China). For
luciferase assay, 500 ng of the reporter vector was cotransfected into cells with 500 ng synthetic RNA in a 24-well plate.
Thirty nanograms of pRL-TK (Promega, Madison, WI) was
also transfected to correct for transfection efficiency. The
luciferase activity was measured with the Dual-Luciferase
Reporter Assay System (Promega). The ratio of firefly luciferase to Renilla luciferase activities was used to determine
promoter activities.
13. Western blotting
The proteins in cell lysates or exosomes were resolved using
sodium dodecyl sulfate–polyacrylamide gel electrophoresis
and transferred to a nitrocellulose membrane, which was then
blocked with PBS/Tween-20 containing 5% skim milk. The
membranes were incubated with antibodies against HuR,

IL-18 (Abcam, Cambridge, MA), matrix metalloproteinase 2
(MMP2), matrix metalloproteinase 9 (MMP9), E-cadherin,
vimentin (Cell Signaling Technology, Beverly, MA) and
"-actin. Goat anti-mouse and goat anti-rabbit secondary antibodies were purchased from Beyotime (Nantong, China).
14. Statistical analyses
Data are expressed as the mean±standard error of mean of
at least three independent experiments. The data were analyzed by one-way analysis of variance (ANOVA). Statistical
analyses were performed using PRISM ver. 6.0 (GraphPad
Software, San Diego, CA). Statistical significance was considered for p-value < 0.05. The relative mRNA and protein
expression levels were analyzed using the ImageJ image
analysis software (NIH, Bethesda, MD).
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Fig. 3. Downregulation of human antigen R (HuR) disturbed the cell cycle of esophageal squamous cell carcinoma cells.
TE-1 and Eca-109 cells infected with the HuR knockdown virus were stained with propidium iodide in preparation for flow
cytometry with the FACSCalibur system as described in Materials and Methods. (**p < 0.01 and ***p < 0.001).

Results
1. Both protein and mRNA levels of HuR were significantly
higher in the tumors than in the adjacent tissues
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To test the hypothesis that tumor-adjacent tissues express
different subsets of the HuR gene, we measured HuR expression by immunohistochemistry. Immunohistochemical staining was performed on 120 ESCC tissues and 52 matched
tumor-adjacent tissues. The histopathological features of the
patients were described in a previous publication from our

Xu Xiaohui, HuR Affects the Progression of Esophageal Cancer

shRNA-1

A

shRNA-2
No. of invision cells per field

shRNA-NC

TE-1

Eca-109

200

shRNA-NC
shRNA-1
shRNA-2

150
100
50
0

TE-1

Eca-109

B
TE-1
shRNA-1

100

shRNA-2
Wound closure (%)

shRNA-NC
0 hr

48 hr

shRNA-NC
shRNA-1
shRNA-2

80
60
40
20
0

TE-1

Eca-109

Eca-109
shRNA-NC

shRNA-1

shRNA-2

0 hr

48 hr

Fig. 4. Downregulation of human antigen R (HuR) inhibited cell invasion and metastasis in esophageal squamous cell carcinoma cells. (A) Migration of the cells was assessed using a transwell-based assay. The TE-1 and Eca-109 cells infected HuR
knockdown virus were seeded in the upper chamber and incubated for 30 hours at 37°C. The cells in the upper chamber
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< 0.001). (Continued to the next page)
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research group [12]. HuR was located in both the nucleus
(green arrow) and cytoplasm (red arrow) of cells of the ESCC
tissues, whereas very weak staining of HuR was observed in
the cytoplasm of the tumor-adjacent tissues (red arrow in
Fig. 1A). Additionally, four specimens were selected for
RT-PCR, and the results show that the expression of HuR
mRNA in esophageal cancer tissues was significantly higher
than the matched tumor-adjacent normal tissues (Fig. 1B).
2. Downregulation of HuR inhibited proliferation and disturbed the cell cycle of esophageal cancer cells
Western blot analysis of HuR expression in esophageal cancer cells showed that compared to the cells infected with
shRNA-NC, HuR expression in both TE-1 and Eca-109 cells
infected with shRNA-1 and shRNA-2 was reduced by approximately 3 to 5 times (Fig. 2A). Cell growth monitored by MTT
assay showed that HuR downregulation can inhibit the proliferation of TE-1 and Eca-109 by approximately 10%-15%
(Fig. 2B). EdU staining was performed to investigate the effect
of HuR on the proliferation of esophageal cancer cells. Downregulation of HuR decreased the proliferation rate compared
to the control by approximately 10%-15% (Fig. 2C). Colony
formation assay showed that the clonogenicity of esophageal
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carcinoma was significantly reduced after HuR silencing by
approximately 10%-20% (Fig. 2D). Furthermore, the cell cycle
of esophageal cancer was measured by flow cytometry. The
results showed that the G1 phase was significantly prolonged
and the S phase was significantly shortened by downregulation of HuR (Fig. 3). Taken together, these results showed that
HuR downregulation could inhibit the proliferation and
colony forming efficiency of esophageal cancer cells by
approximately 15%. In addition, the esophageal cancer cells
were arrested in the G1 phase, leading to a decrease in proliferation.
3. Downregulation of HuR inhibited invasion and metastasis of ESCC cells
The invasion of esophageal cancer cells was measured by
Transwell chambers. The results showed that downregulation
of HuR can significantly reduce TE-1 and Eca-109 invasion by
approximately three times compared to the control group
(Fig. 4A). Wound healing assays were used to detect the
migration of the two cell types, and the results were consistent
with the findings from the invasion assay (Fig. 4B). Western
blot analysis showed that downregulation of HuR decreased
the expression of the metastasis effectors MMP2, MMP9,

Xu Xiaohui, HuR Affects the Progression of Esophageal Cancer

B

sh
RN
A
sh -NC
RN
A
sh -1
RN
A2
sh
RN
A
sh -NC
RN
A
sh -1
RN
A2

A
Stop codon
AAAAAATAAAATAAATAAAT

IL-18

IL-18 coding region

HuR

+1

Luciferase

β-Actin

Luciferase
TE-1

PGL3-IL-18-3UTR WT

+500

PGL3-IL-18-3UTR Del1

Eca-109

400
200
0

PGL3-IL-18-3UTR WT
TE-1

40

NS

30
20
10
0

PGL3-IL-18-3UTR Del-1
TE-1

25

shRNA-NC
shRNA-1

20
15
10
5
0

PGL3-IL-18-3UTR WT
Eca-109

Relative luciferase activity (%)

600

50

shRNA-NC
shRNA-1

Relative luciferase activity (%)

800

Relative luciferase activity (%)

Relative luciferase activity (%)

C
shRNA-NC
shRNA-1

80
60

shRNA-NC
shRNA-1

NS

40
20
0

PGL3-IL-18-3UTR Del-1
Eca-109
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vimentin while increasing the E-Cadherin expression (Fig. 4C).
Overall, downregulation of HuR significantly inhibited the
invasion and metastasis of esophageal cancer cells.
4. Identification of HuR regulated proteins using a quantitative proteomics approach
Unlike most studies that perform correlation analysis by
DNA and mRNA profiling, here we analyzed the relationship
between the DNA and the protein profiles by proteomics
experiments. The results showed that compared to the control
group downregulation of HuR in TE-1 cells resulted in 100
proteins being upregulated and 122 proteins being downregulated (S1 Fig. A). The results included upregulation of many
important proteins such as E3 ubiquitin-protein ligase TRAF7
(tumor necrosis factor receptor-associated factor 7). TRAF7 is
a newly discovered member of the TRAF family, which has

been shown to be involved in the genesis and progression of
several human cancers, putting it in the spotlight as a novel
tumor suppressor protein [13]. Among the downregulated
proteins, exportin-5 has also been an active research topic
recently. Recent studies have shown that Exportin-5 plays an
important role in tumorigenesis. A study by Ott et al. [14]
found that a high abundance of exportin-5 in the melanoma
leads to enhanced survival, proliferation and metastasis and
thereby supports the aggressiveness of the cancer [14]. Studies
have reported that endogenous IL-18 can affect hepatic metastasis by upregulating melanoma cell adhesion to HSE cells and
tumor growth, implicating a possible antimetastatic benefit of
neutralizing IL-18. In addition, IL-18 has been shown to promote tumorigenesis, metastasis and angiogenesis [15,16].
Thus, IL-18 can have a significant effect on tumor progression
(S2 and S3 Tables). The quantifiable proteins in this study were
divided into four categories according to their ratios: Q1
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Fig. 6. Interleukin 18 (IL-18) inhibited proliferation and invasion of esophageal squamous cell carcinoma cells. (A) The effect
of human antigen R (HuR) on the viability of TE-1 and Eca-109 cells seeded in 96-well plates and treated with IL-18 (5 ng/mL)
for 48 hours were analyzed by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay (*p < 0.05,
**p < 0.01). (B) Colony formation assays of TE-1 and Eca-109 cells treated with IL-18 (5 ng/mL). After 10 days, the cells were
stained with crystal violet. Colonies consisting of more than 50 cells were counted. The data are presented as the mean±standard error of mean (SEM) (n=3). *p < 0.05 compared to the negative control. (C) TE-1 and Eca-109 cells were treated with
IL-18 for 48 hours, and stained with propidium iodide in preparation for flow cytometry with the FACSCalibur system as
described in Materials and Methods. (Continued to the next page)
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(0 < ratio < 1/1.3, p < 0.05), Q2 (1/1.3 < ratio < 1/1.2, p < 0.05),
Q3 (1.2 < ratio < 1.3, p < 0.05), and Q4 (ratio > 1.3, p < 0.05).
Then, the proteins from these four categories were plotted for
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment-based clustering analysis, and 21 processes or diseases were included (S1 Fig. B).
To obtain relevant pathway from the proteomics analyses,
KEGG-pathway database was used. This is a collection of
manually drawn pathway maps representing our knowledge
of the molecular interactions and reaction networks for genetic
information processing. The KEGG pathway-based enrichment analysis revealed 20 upregulated proteins and 11 downregulated proteins in cells infected with shRNA-1 vs. shRNANC (S1 Fig. C and D).
5. Downregulation of HuR promoted IL-18 expression by
binding to its 3!-UTR
The proteomics results showed that IL-18 expression was
significantly upregulated after HuR downregulation. Therefore, IL-18 was selected as the target of our study (S2 Table).
Western blot analysis showed that HuR knockdown could significantly upregulate the expression of IL-18 (Fig. 5A). Moreover, we found that the 3"-UTR of IL-18 mRNA of harbors an
AU-rich element, which is likely to be a binding site for HuR.
To explore the possibility that HuR regulates IL-18 through its
3"-UTR, two luciferase constructs containing the IL-18 promoter with or without HuR binding sites (pGL3-IL-18-WT and
pGL3-IL-18-Del1, respectively) (Fig. 5B) were constructed.
Luciferase assays showed that downregulation of HuR
enhanced the promoter activities in both TE-1 and Eca-109

cells (Fig. 5C). These results indicated that the 3"-UTR of IL-18
harbors a binding site for HuR and that HuR regulates the
expression of IL-18 protein in esophageal cancer cells.
6. IL-18 inhibited the proliferation and invasion of esophageal cancer cells
IL-18 (5 ng/mL) was added to the cell culture medium. An
MTT assay was performed 48 hours later. After 10 days, the
cells were fixed and stained with Giemsa, and the number of
clones was calculated. A cluster of greater than or equal to 50
cells was defined as a clone. The clone formation rate is equal
to the number of clones formed divided by the number of cells
inoculated. IL-18 significantly inhibited tumor cell survival
(Fig. 6A) and clone formation (Fig. 6B). The cell cycle distribution of esophageal cancer cells treated with IL-18 for 48 hours
was evaluated by flow cytometry. Exogenous IL-18 had no
effect on the cell cycle of esophageal cancer cells (Fig. 6C). The
same number of cells from treated and untreated (3#104) were
inoculated in the upper chamber of a Transwell. After 30
hours, the cells were fixed, stained with Giemsa, and photographed under a microscope (100#). The results showed that
IL-18 treatment significantly reduced the number of invasive
cells (Fig. 6D). Wound healing assays showed that IL-18 significantly inhibited the migration of esophageal cancer cells
and the scratched area closed more slowly (Fig. 6E). Western
blot analysis showed that exogenous IL-18 inhibited the
expression of the metastasis effectors MMP2 and MMP9 but
had no effect on HuR (Fig. 6F). Taken together, our results
showed that IL-18 significantly inhibited the proliferation and
metastasis of esophageal cancer cells.

A
Tumor
adjacent
tissues

ESCC
tissues

IL-18 (×200)

B

IL-18

4
IL-18 IHC staining score

IL-18 (×100)

3
2
1
0

ESCC tissues
(n=120)

Tumor adjacent
tissues (n=52)

Fig. 7. Low expression of interleukin 18 (IL-18) in esophageal cancer tissues. (A) Representative images of the different staining patterns are presented. (B) Box plots depicting IL-18 staining scores as assessed by immunohistochemisty (IHC) in tumors
and adjacent tissues in our series of 52 paired esophageal squamous cell carcinoma (ESCC) and tumor adjacent tissue samples.
****p < 0.0001.
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7. Low expression of IL-18 in esophageal cancer tissues
To determine the role of IL-18 in ESCC development, we
investigated the expression of IL-18 in 120 clinical ESCC tissues and 52 matched tumor-adjacent tissues. The expression
of endogenous IL-18 between human ESCC tissues and paired
adjacent non-tumor tissues was analyzed by IHC, and the
stained sections were scored. As shown in Fig. 7A, IL-18 was
located in both the nucleus (green arrow in Fig. 7A) and cytoplasm (red arrow in Fig. 7A) of cells of the tumor-adjacent tissues, whereas very weak staining of IL-18 was observed in the
cytoplasm of the ESCC cells (red arrow in Fig. 7A). IL-18
expression in tumor-adjacent tissues was significantly different from that of the ESCC tissues (Fig. 7B).

Discussion
HuR has been identified as one of a small number of RNAbinding proteins. HuR regulates the process of mRNA export
from the nucleus to the cytosol after transcription, stabilizes
the mRNA and promotes translation. HuR-linked targets
include oncogenes [17], tumor suppressor genes [18] and
modulators of tumorigenesis [19]. HuR is involved in different biological functions of tumor cells, including transcription, cell cycle, inflammatory response, cell adhesion and
apoptosis, by regulating the expression of different genes
[20], which is consistent with our research results. Thus, HuR
may serve as a target for cancer therapy. In a study by
Muralidharan et al. [21], it was shown that HuR-specific
siRNA contained in a folate-targeted lipid nanoparticle
(HuR-FNP) was capable of delivering HuR targeting siRNA
to folate receptor alpha–expressing tumor cells to produce
cell-specific knockdown of HuR and HuR-regulated target
proteins. However, this resulted in minimal cytotoxicity to
normal cells. These in vitro study results provide an impetus
for testing HuR-FNP in vivo either as a monotherapy or in
combination therapy with conventional chemotherapeutics
and other molecular targeted therapies for lung cancer. A
study by Leijon et al. [22] showed that increased expression
of HuR protein is associated with metastatic potential of
paragangliomas and pheochromocytomas, and cyclooxygenase 2 (COX-2) was identified as a target of HuR. In many
malignancies, HuR expression is associated with high grade,
poor prognosis, and large tumor size [23]. However, a few
opposing results have also reported. High levels of HuR
expression have also been shown to be connected with more
favorable prognosis in breast carcinoma [24]. In this study,
we found that the expression of HuR in esophageal carcinoma was significantly higher than that in adjacent tissues.

HuR downregulation could significantly inhibit the proliferation, invasion, migration, and cell cycle of esophageal cancer cells.
As previously mentioned, HuR can regulate the transcription and protein expression of many genes. Proteomics
analysis was the most important method used in this study.
In our results, we found a number of important proteins
whose expression or function was closely related to HuR.
Zhang et al. [25] found that HuR was required for heregulininduced nuclear translocation of the nuclear factor #B (NF#B) subunit p65, which contains both classical and noncanonical nuclear localization signals. HuR thus regulates the
transcriptional activities of both nuclear retinoic acid receptor and NF-#B. Therefore, HuR plays a central role in regulating nuclear import of proteins [25]. In our proteomics
analysis, we found that downregulation of HuR could
enhance the expression of NF-#B P100 subunit, which results
in the reduction of NF-#B nuclear translocation. Chu et al.
[26] identified a novel post-transcriptional mechanism by
which HuR regulated insulin-like growth factor-I receptor
(IGF-IR) expression through mRNA stabilization. They
showed that HuR acted as a translation repressor of IGF-IR
mRNA by binding at the 5’-UTR and that ectopic HuR
expression increased IGF-IR mRNA stability and protein
expression. This was consistent with our proteomics result
that IGF-1 protein was significantly increased in esophageal
carcinoma after downregulation of HuR.
IL-18 has been shown to play an important role in tumorigenesis and cancer progression. Li et al. [27] found that breast
cancer cell migration and invasion are promoted by leptin
via IL-18 expression and secretion, which is regulated by the
phosphoinositide 3-kinase–AKT/ATF-2 signaling pathway.
It is reported that high levels of the inflammatory cytokine
IL-18 in the circulation of patients with hepatocellular carcinoma correlated with poor prognosis. IL-18 exerted inflammation-dependent tumor-suppressive effects largely by
promoting differentiation, activity and survival of tumorinfiltrating T cells [28]. In glioma cells, the involvement of
HuR in the regulation of IL-18 has also been reported, which
is consistent with our finding in ESCC cells. Ko et al. [29]
found that IL-18 could be a therapeutic target for treating
acute myeloid leukemia. They showed that IL-18 induced the
shuttling of HuR and insulin-like growth factor mRNA binding protein 3 from the nucleus to the cytoplasm and facilitated their interaction. In turn, this complex bound to the
3’-UTR of the COX-2 mRNA and enhanced its stability [29].
In this study, we showed that the downregulation of HuR
promoted IL-18 protein expression in esophageal TE-1 and
Eca-109 cells. Exogenous IL-18 significantly inhibited cell
proliferation and invasion. In addition, we showed that the
3"-UTR of IL-18 harbors a HuR binding site. The expression
of IL-18 was negatively correlated with the expression of
VOLUME 50 NUMBER 1 JANUARY 2018
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HuR in cancer tissues. In summary, we demonstrate that
IL-18 may be a novel and direct target of HuR in esophageal
cancer.
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Re-stratification of Patients with High-Risk Prostate Cancer According
to the NCCN Guidelines among Patients Who Underwent Radical
Prostatectomy: An Analysis Based on the K-CaP Registry
Purpose
The present study aimed to re-stratify patients with high-risk prostate cancer according to
the National Comprehensive Cancer Network guidelines among patients who underwent
radical prostatectomy (RP).
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Materials and Methods
This study used the Korean Prostate Cancer Database registry and identified 1,060 patients
with high-risk prostate cancer who underwent RP between May 2001 and April 2013. All
patients were categorized into risk groups, and subgroups were identified according to the
type and number of high-risk factors.
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Results
Of the 1,060 high-risk patients, 599 (56.5%), 408 (38.5%), and 53 (5.0%) had 1, 2, and 3
risk factors, respectively. In multivariate analysis, the Gleason score, percentage of positive
biopsy cores, and number of risk factors present were identified as independent predictors
of biochemical recurrence. There were significant differences in the 5-year postoperative
biochemical failure-free survival (BCFFS) rate among the different high-risk factor subgroups
(log-rank p < 0.001). There were no significant differences in the BCFFS rate between the
subgroup of high-risk patients with a prostate-specific antigen level > 20 ng/mL alone and
the intermediate-risk group with all factors (log-rank p=0.919 and p=0.781, respectively).
Additionally, no significant difference was noted in the BCFFS rate between high-risk patients
having all factors and those in the very-high-risk group (p=0.566).
Conclusion
We successfully re-stratified patients with high-risk prostate cancer and identified the combinations of high-risk criteria that will help in the selection of patients for RP.
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Introduction
Prostate cancer (PCa) has been reported to be the most
common malignancy among elderly men in Western countries [1,2]. In Asia, the incidence and detection of PCa have
recently increased. Several factors, including environmental
factors, changes in Western dietary habits, medical advances
in laboratory diagnosis, and campaigns for prostate-specific
antigen (PSA) screening, are believed to be associated with
the increased incidence of PCa [3]. A previous study has
reported that many patients present with locally advanced
disease [4].
Several treatment options, including radical prostatectomy
(RP), radiation therapy (RT), androgen deprivation therapy
(ADT), and multidisciplinary therapy, have been recommended for patients with high-risk PCa. Most previous studies that assessed the efficacy of RP, RT, or multidisciplinary
therapy for patients with high-risk PCa have demonstrated
extremely heterogeneous outcomes according to treatment
modality [1,5-8], but there is no data from a multicenter database of high-risk patients with RP. Among patients at high
risk of failure following standard therapy, RP allows for
treatment individualization by carefully selecting patients
who might benefit from treatment. Therefore, it is necessary
to revisit the classification system and attempt to better stratify patients within this heterogeneous high-risk PCa group.
There is no consensus on the definition of high-risk PCa
[1,5,9,10]. In practice, patients with PCa are treated based on
the recommendations of the National Comprehensive Cancer Network (NCCN) guidelines. Patients with intermediate
and high-risk PCa with multiple adverse factors may be
shifted to the next highest risk subgroup [9]. Recently, the
NCCN guidelines recommended that patients with high-risk
PCa (T3a or Gleason score 8-10 or PSA > 20 ng/mL) with primary Gleason pattern 5 or more than 4 cores with Gleason
score 8 to 10 should be classified as very high-risk patients,
with RP recommended for select patients. Using this classification system, urologists can predict oncological outcomes,
including biochemical recurrence (BCR) after definitive therapy, and select appropriate candidates for RP from among
patients with high-risk PCa. The present study aimed to further classify a large cohort of patients with high-risk PCa
who underwent RP according to the NCCN guidelines.

Materials and Methods

as the first registry for comprehensive data collection with
regard to Korean patients with PCa who underwent RP [11].
Patients with PCa who underwent RP at five Korean tertiary
referral hospitals (Asan Medical Center, Samsung Medical
Center, Seoul National University Bundang Hospital, Seoul
St. Mary’s Hospital, and Yonsei University Severance Hospital) between 2001 and 2012 were eligible for inclusion in
the K-CaP registry. The K-CaP registry included a total of
3,206 patients. Patients with a PSA level > 20 ng/mL, a Gleason score of 8-10 on prostate biopsy, or a clinical stage of T3a
using prostate magnetic resonance imaging (MRI) were considered to have high-risk PCa according to the 2016 NCCN
guidelines [9]. After excluding patients who received neoadjuvant ADT and those without complete clinicopathological
data, 1,060 patients with high-risk PCa were finally enrolled
in this study.
The MRI data of the enrolled patients were interpreted by
radiologists in the urology department at each participating
hospital. The final pathology was determined using RP specimens and was reported by the pathologists in the urology
department of each institution. The clinicopathological stage
was assigned according to the 2002 TNM staging system, and
prostate biopsy cores were obtained with transrectal ultrasound guidance using a > 10-core biopsy protocol. An
adverse pathologic feature was defined as the occurrence of
pathologic stage " T3b cancer. The percent of positive biopsy
cores as a continuous variable was defined as the positive
core count divided by the total core count.
Clinicopathological data, such as age at surgery, previous
medical history, PSA level at diagnosis, prostate size on preoperative imaging studies, prostate biopsy-related variables,
operative method, and pathological outcomes (pathological
stage, Gleason score, and surgical margin status), were
extracted from the K-CaP registry. Biochemical failure (BCF)
was defined as (1) a confirmed rise in the PSA level above
the threshold of 0.2 ng/mL, (2) a failure of PSA to fall to
undetectable levels, or (3) the use of additional therapy
including RT or ADT.
This study was performed after obtaining approval from
the Institutional Review Board (2016-0493-001). The patient
and tumor characteristics were compared using Pearson’s
chi-square test and Student’s t test. Cox univariate and multivariate analyses were performed to assess the clinical variables predictive of BCF in all patients with high-risk PCa. The
postoperative BCF-free survival (BCFFS) rate of each patient
group was calculated and compared using Kaplan-Meier
analysis with a log-rank test. All statistical analyses were performed using SPSS ver. 21 (IBM Corp., Armonk, NY). A
p-value of < 0.05 was considered to indicate a statistically significant difference.

The study used the Korean Prostate Cancer Database
(K-CaP) registry. The K-CaP registry was established in 2014
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1,060 (
64.7±7.1
21.03±8.36
36.16±16.93
18.87±25.55
268 (25.3)
245 (23.1)
547 (51.6)
907 (85.6)
153 (14.4)
0(
204 (19.2)
608 (57.4)
248 (23.4)
693 (65.4)
364 (34.3)
3 (0.3)

121 (21.6)
438 (78.4)
0(
559 (100)
0(
0(
305 (54.8)
234 (42.0)
18 (3.2)
382 (68.6)
175 (31.4)
0(

467 (78.0)
132 (22.0)
0 (

183 (30.6)
378 (63.1)
38 (6.3)

583 (97.3)
16 (2.7)
0(

241 (40.2)
188 (31.4)
170 (28.4)

599 (56.5)
64.2±7.5
19.66±9.30
36.16±16.56
13.68±2.76

217 (53.2)
188 (46.1)
3 (0.7)

21 (5.1)
211 (51.7)
176 (43.2)

324 (79.4)
84 (20.6)
0(

27 (6.6)
57 (14.0)
324 (79.4)

408 (38.5)
65.1±6.7
22.58±6.80
36.03±16.51
23.92±37.89

2 Criteria

559 (
64.4±7.3
21.91±7.15
34.56±15.56
16.98±21.70

High risk
1 Criterion

risk

All

Intermediate

9 (17.0)
44 (83.0)
0

0(
19 (35.8)
34 (64.2)

0(
53 (100)
0(

0(
0(
53 (100)

53 (5.0)
67.0±6.3
24.16±4.52
38.26±23.53
38.96±33.15

3 Criteria

Values are presented as mean±standard deivation or number (%). BMI, body mass index; PSA, prostate-specific antigen.

No. of patients
Age (yr)
BMI (kg/m2)
Prostate volume (cm3)
PSA (ng/mL)
Biopsy Gleason score
!6
7
8-10
Clinical stage
T2
T3
T4
Pathologic Gleason score
!6
7
8-10
Pathologic stage
T2
T3
T4

Characteristic

Table 1. Characteristics of the intermediate-risk, high-risk, and very-high-risk prostate cancer groups

< 0.001

< 0.001

< 0.001

< 0.001

0.026
< 0.001
< 0.001
< 0.001

p-value

12 (17.9)
54 (80.6)
1 (1.5)

0(
22 (32.8)
45 (67.2)

45 (66.2)
23 (33.8)
0(

3 (4.4)
6 (8.8)
8 (11.8)

68
66.0±6.3
19.96±9.32
37.73±20.22
23.95±24.16

Very high risk
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Table 2. Univariate and multivariate analyses for the identification of the significant predictors of postoperative biochemical
failure in the high-risk group
Variable
a)

Age (yr)
BMI (< 25 kg/m2 vs. " 25 kg/m2)
Prostate volume (cm3)a)
PSAD (ng/mL/cm3)a)
PSA (> 20 ng/mL vs. 20 ng/mL)
Stage (T3a vs. ! T2c)
Gleason score (" 8 vs. ! 7)
Positive biopsy core (%)a)

Univariate analysis
Hazard ratio (95% CI)
1.01 (0.996-1.027)
1.04 (0.890-1.207)
1.00 (0.991-1.001)
1.59 (1.440-1.764)
2.86 (2.325-3.524)
2.83 (2.422-3.298)
1.14 (1.111-1.178)

Multivariate analysis

p-value

Hazard ratio (95% CI)

0.148
0.641
0.081
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1.33 (1.162-1.515)
1.66 (1.355-2.030)
1.51 (1.112-2.036)
2.00 (1.623-2.461)
1.93 (1.333-2.778)

p-value
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

CI, confidence interval; BMI, body mass index; PSAD, prostate-specific antigen density; PSA, prostate-specific antigen. a)Continuous variable.

1.0

Table 1 presents the baseline characteristics of the intermediate-risk, high-risk, and very-high-risk PCa groups based on
the NCCN guidelines. Of the 1,060 patients with high-risk PCa
included in this study, open RP, laparoscopic RP, and robotassisted laparoscopic prostatectomy were performed in 359
(33.9%), 17 (1.6%), and 684 (64.5%) patients, respectively. The
median duration of postoperative follow-up was 48.8 months
(interquartile range, 32.0 to 60.0 months). The number of
patients with 1, 2, and 3 risk factors was 599 (56.5%), 408
(38.5%), and 53 (5.0%), respectively. According to the risk classification, the mean PSA level was 15.68 ng/mL for one risk
factor, 23.92 ng/mL for two risk factors, and 38.96 ng/mL for
three risk factors, respectively (p < 0.001). The proportions of
the clinical stage were different between the three groups
(! T2a, 72.4%, 45.9%, and 0%; cT2b-cT2c, 14.5%, 33.4% and 0%;
cT3a, 13.0%, 20.6%, and 100.0% for 1, 2, and 3 risk factors,
respectively [p < 0.001]). There were significant differences in
the rates of adverse pathological features among the different
high-risk factor subgroups (1 vs. 2 vs. 3, 3.5% vs. 19.1% vs.
20.8%; p=0.001). The proportion of perineural invasion
increased with the number of risk factors (1 vs. 2 vs. 3, 50.6%
vs. 63.0% vs. 83.0%; p=0.001).
In the multivariate Cox proportional hazards models,
including age, body mass index, PSA level (> 20 ng/mL vs. 20
ng/mL), PSA density, stage (T3a vs. ! T2c), Gleason score
(" 8 vs. ! 7), and percent of positive biopsy cores, we found
that PSA level, PSA density, stage, Gleason score, and percent
of positive biopsy cores were independent predictors of BCF
in the high-risk PCa group. Of high-risk factors, the strongest
predictor of progression and mortality was the Gleason score
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Results

Intermediate-risk (3 factors)
High-risk (1 factor)
High-risk (2 factors)
High-risk (3 factors)

0.6
p=0.919

0.4

p < 0.001
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p=0.148

0

0
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Time (mo)
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Fig. 1. Biochemical recurrence (BCR) in the very-low-risk,
low-risk, intermediate-risk, high-risk, very-high-risk, and
metastatic-risk groups.

(Table 2). We evaluated the comparative survival of and number of high-risk factors (" 2 vs. 1) after adjustment for covariates considered potential predictors by the Cox proportional
hazards analysis for BCF (hazard ratio, 1.36; 1.016 to 1.826;
p=0.039).
We found significant differences in the 5-year postoperative
BCFFS rate among the different high-risk factor subgroups
(1 vs. 2 vs. 3, 43.0% vs. 21.0% vs. 0%; log-rank p < 0.001). However, there was no significant difference in the BCFFS rate
between the high-risk group with one factor and the intermediate-risk group with all factors (log-rank p=0.919) (Fig. 1). On
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further analyzing the high-risk group with one factor, we
found that the BCFFS rate was similar between the subgroup
of patients with a PSA level > 20 ng/mL alone and the intermediate-risk group with all factors (log-rank p=0.781, p=0.001,
and p < 0.001 for the factors, respectively). On comparing biochemical outcomes between patients having all high-risk factors and those in the very-high-risk group, no significant
difference was found in the BCFFS rate (log-rank p=0.566).

Discussion
In the present study, we observed heterogeneous pathological and biochemical outcomes among patients who
underwent RP for high-risk PCa according to the NCCN
guidelines [9]. We found that BCFFS was related to the number of high-risk factors. This study will help in the selection
of patients for RP using combinations of present high-risk
criteria. Overall, our findings support the accurate characterization of patients with high-risk PCa according to the new
NCCN risk stratification.
The main considerations when deciding on PCa treatment
are the risk factors, including the PSA level, TNM clinical
stage, Gleason score, age, and comorbidities. At present,
urologists face the dilemma of deciding which treatment is
best adapted for patients with high-risk PCa: RP, RT, or multidisciplinary therapy. Several studies have assessed risk
stratification using different approaches, such as the Kattan
nomogram and Cancer of the Prostate Risk Assessment
[12,13]. With regard to digital rectal examination and computed tomography, clinical staging can be imprecise for the
evaluation of extraprostatic disease. MRI is believed to
improve the accuracy of clinical staging. In our study, all
patients were stratified into new risk groups according to the
NCCN guidelines using prostate MRI for precise clinical
staging.
Clinically useful criteria for defining high-risk PCa should
reliably distinguish patients who might be optimal candidates for RP. Prospective randomized trials have been performed to provide insight into treatment strategies; however,
the optimal strategy has not been definitively identified
[14-16]. The NCCN guidelines suggest criteria that divide
patients with high-risk PCa into various groups according to
distinct clinical outcomes. The very-high-risk group is
defined by the following criteria at diagnosis: a primary
Gleason pattern of 5 or > 4 cores with a Gleason score of
8-10 and clinical stage T3b-4. Therefore, there have been no
previous studies with a proper target patient group.
High-risk patients are generally at an elevated risk for
early BCR, metastatic progression, and death from PCa
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[10,17,18]. Therefore, a consensus on the definition of highrisk PCa is considered a priority [3]. Yossepowitch et al. [17]
reported that the 5-year biochemical recurrence-free survival
rate ranged from 49% to 80% according to eight different definitions of high-risk PCa. In this study, a PSA level > 20
ng/mL, stage cT3, and a positive biopsy core with a Gleason
score of 8-10 individually or in combination were considered
factors associated with high-risk disease. Joniau et al. [19]
compared PCa-specific survival using seven different definitions of high-risk PCa to classify 1,632 patients treated with
RP. The authors suggested stratification of patients with
high-risk PCa into the following three subgroups: good prognosis subgroup (1 high-risk factor); intermediate prognosis
subgroup (PSA level > 20 ng/ mL and stage cT3-4); and poor
prognosis subgroup (Gleason score 8-10 in combination with
at least 1 other high-risk factor). Because of the lack of a definition of high-risk PCa, studies have subclassified high-risk
PCa into different prognostic categories [20,21].
An elevated PSA level (> 20 ng/mL) alone is not enough
to define a high-risk patient. Spahn et al. [22] reported that
the strongest predictor of prostatectomy was the Gleason
score in patients with PSA > 20 ng/mL, and the risk levels
affected disease progression and PCa-specific mortality. We
found that the BCFFS rate was not different between patients
having 1 high-risk factor (PSA level > 20 ng/mL) and patients in the intermediate-risk group having all factors. With
regard to the PSA level, there can be fluctuations that result
from several factors, including benign prostatic hyperplasia
and other nonmalignant conditions. Considering that many
individuals present with PSA >20 ng/mL as their only highrisk factor, they may present with favorable pathologic characteristics and could be appropriate candidates for surgery.
As expected, pathologic features and progression were significantly different among the three risk categories. In
patients with one high-risk factor, heterogeneous pathological and biochemical outcomes were found. Patients whose
only high-risk factor was an elevated PSA level (> 20 ng/mL)
had a similar prognosis to the intermediate-risk group of
patients with all factors. The BCFFS rate was not different
between patients with three high-risk factors and patients in
the very-high-risk group. Our results are consistent with the
recommendation of the NCCN guidelines that the intermediate-risk group and patients with high-risk PCa with multiple adverse factors may be shifted to the next risk group.
For patients with high-risk PCa whose only risk factor is
elevated PSA level (> 20 ng/mL), we can recommend RP as
the initial therapy in accordance with the intermediate-risk
group, and the high-risk groups with all risk factors should
be considered for multidisciplinary therapy instead of RP. In
conclusion, the clinician could schedule patients already
treated with RP and pelvic lymph node dissection for appropriate postoperative management. K-CaP is currently design-
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ing future studies to evaluate whether early postoperative
treatments should consequently be reserved for cases of BCF.
Our study has important strengths. To our knowledge,
this is the first study to provide consistent predictions of
appropriate oncological endpoints in patients presenting
with high-risk PCa, based on the number and precise combination of risk factors. Few previous studies have described
the outcomes of surgery in patients with high-risk PCa, and
most of these studies have presented a small series or a single-center experience. Specifically, after extracting unfavorable factors, including a primary Gleason pattern of 5 or > 4
cores with a Gleason score of 8-10, from the high-risk factors
to identify a group of men within the current NCCN highrisk category who are at greatest risk of metastasis or cancerrelated death despite conventional treatment [23]. our study
indicated which patients may require surgery and which
patients may not require surgery. Most previous studies
aimed to validate the subset of the high-risk group according
to the oncological outcomes within each risk group [20,24,
25]. The present study identified the oncological outcomes
of each subgroup based on the number of risk factors after
comparison with those in the other risk groups in patients
with high-risk PCa. Furthermore, there were three subgroups according to the number of high-risk factors, and the
outcomes, including BCFFS, were compared to those for the
next lowest and highest groups.
Although this study had several strengths, there were
some limitations. Several factors could account for the heterogeneity in the results, including the presence of multiple
physicians and the variability of intraoperative management.
Additionally, there was heterogeneity of the treated patients.
Multiple factors influenced the clinical decision-making,
including age, performance status, and preoperative clinico-

pathological results. In particular, the data on comorbidity
that may have affected treatment policies were not perfect.
In addition, because of factors such as comorbidities, the
prognosis of patients who received other treatments was not
known. In our retrospective cohort, all MRI and pathological
results were not centrally investigated but were assessed by
radiologists and pathologists in the urology department at
each institution. Another limitation is the relatively short follow-up period for patients treated with RP, which did not
allow analysis of metastasis-free survival or cancer-specific
survival. For further survival evaluation, the follow-up
period should be longer, and more multicenter trials are
needed to clarify whether the oncological outcomes are similar between a high-risk group with a PSA level > 20 ng/mL
and an intermediate-risk group with all risk factors. Moreover, it may not be possible to extend our finding of a similar
BCFFS rate between patients having all high-risk factors and
patients in the very-high-risk group to high-risk patients
undergoing radiotherapy or systemic therapy.
In the present study, we successfully re-stratified patients
with high-risk PCa and noted that the use of combinations
of present high-risk criteria will help in the selection of
patients for RP. Additionally, we noted heterogeneity in biochemical outcomes among patients with high-risk PCa who
underwent RP. The postoperative BCFFS rate appears to be
similar between patients having 1 high-risk factor (PSA > 20
ng/mL) and patients in the intermediate-risk group and
between patients having three high-risk factors and patients
in the very-high-risk group.
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Retrospective Molecular Epidemiology Study of PD-L1 Expression in
Patients with EGFR-Mutant Non-small Cell Lung Cancer

Purpose
Data are limited on programmed death ligand 1 (PD-L1) expression in epidermal growth
factor receptor (EGFR)-mutant non-small cell lung cancer (NSCLC).
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Materials and Methods
We retrospectively evaluated the relationship between PD-L1 expression and recurrencefree survival (RFS) and overall survival in 319 patients with EGFR-mutant NSCLC who were
treated at Samsung Medical Center from 2006 to 2014. Membranous PD-L1 expression on
tumor cells was measured using the PD-L1 IHC 22C3 pharmDx antibody and reported as
tumor proportion score (TPS). Kaplan-Meier methods, log-rank test, and Cox proportional
hazards models were used for survival analysis.
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Results
All patients had ! 1 EGFR mutation—54% in exon 19 and 39% in exon 21. Overall, 51% of
patients had PD-L1–positive tumors. The prevalence of PD-L1 positivity was higher among
patients with stages II-IV versus stage I disease (64% vs. 44%) and among patients with
other EGFR mutations (75%) than with L858R mutation (39%) or exon 19 deletion (52%).
PD-L1 positivity was associated with shorter RFS, with an adjusted hazard ratio of 1.52
(95% confidence interval [CI], 0.81 to 2.84; median, 18 months) for the PD-L1 TPS ! 50%
group, 1.51 (95% CI, 1.02 to 2.21; median, 31 months) for the PD-L1 TPS 1%-49% group,
and 1.51 (95% CI, 1.05 to 2.18) for the combined PD-L1–positive groups (TPS ! 1%) compared with the PD-L1–negative group (median, 35 months).
Conclusion
PD-L1 expression is associated with disease stage and type of EGFR mutation. PD-L1 positivity might be associated with worse RFS among patients with surgically treated EGFRmutant NSCLC.
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Introduction

Materials and Methods

Approximately 80%-85% of all lung cancers worldwide are
non-small cell lung cancers (NSCLCs) [1]. There are three
main subtypes of NSCLC, of which adenocarcinoma is the
most frequent histologic subtype [2]. Though histologic subtype provides a basis for choice of chemotherapy, overall survival (OS) remained poor regardless of subtype of NSCLC
[3,4].
The emergence of targeted therapy for driver oncogenes
involved in NSCLC revolutionized its treatment [3]. Early
therapies targeted epidermal growth factor receptor (EGFR)
or anaplastic lymphoma kinase (ALK) mutations [3,4].
Patients without these oncogenes receive platinum-based
chemotherapy as first-line therapy, whereas patients with
activating EGFR mutations receive tyrosine kinase inhibitors
(TKIs) as first-line therapy [1,3,4]. Among Asian patients
with NSCLC, 30%-51% have EGFR mutations [2,5] compared
with < 10% of non-Asian patients, which can improve the
survival of Asian patients with advanced or recurrent
NSCLC [2]. However, most patients who respond to these
therapies eventually develop resistance and progress.
Some tumors, including NSCLC, have been shown to
avoid destruction by the innate immune system by overexpression of programmed death 1 (PD-1) ligands [6-8]. Our
previous results suggested that positive PD ligand 1 (PD-L1)
expression may be a negative prognostic factor among
patients with NSCLC who underwent surgery, most notably
among patients with adenocarcinoma [9,10]. Thus, targets of
the PD-1 pathway are an appealing option for potential therapeutics. Two humanized anti–PD-1 antibodies (nivolumab
and pembrolizumab) [11,12] and 1 humanized anti–PD-L1
antibody (atezolizumab) [13] are currently approved in the
United States for treatment of NSCLC, and several additional
monoclonal antibodies targeting the PD-1/PD-L1 pathway
are under investigation [10,14-17].
To date, there are limited data on PD-L1 expression in
patients with EGFR-mutant NSCLC and whether the prevalence or the prognostic effect of PD-L1 expression may vary
among different types of EGFR mutations. We evaluated the
relationship between PD-L1 expression and clinical characteristics, including age, sex, smoking history, stage, and
recurrence-free survival (RFS), and OS, among patients with
surgically resected EGFR-mutant NSCLC, using the U.S.
Food and Drug Administration (FDA)–approved companion
diagnostic immunohistochemical assay PD-L1 IHC 22C3
pharmDx (Dako North America, Carpinteria, CA) [18,19].

1. Study design and patients
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A total of 5,505 patients with NSCLC (2,815 of these
patients with adenocarcinoma) underwent surgical resection
at Samsung Medical Center (Seoul, Korea) between April 1,
2006, and January 31, 2014. Eligible patients in this study
were those who had histologically confirmed NSCLC, confirmed EGFR mutation, sufficient tissue for PD-L1 immunohistochemical staining, and complete clinical and outcome
information (n=323). EGFR mutation status was confirmed
using direct sequencing or peptide nucleic acid–clamp
method of exon 18 through 21 of chromosome 7 at Samsung
Medical Center. Baseline demographics and disease characteristics (including age, sex, histologic type, stage, and Eastern Cooperative Oncology Group performance status) and
clinical outcomes (including treatment and dates of diagnosis, surgery, and death or recurrence) were retrospectively
obtained from medical records. Pathologic tumor stage was
defined using the American Joint Committee on Cancer cancer staging manual, seventh edition [20]. Stage was assigned
retrospectively for patients whose tumors were staged before
publication of the seventh edition. Smoking status was
defined as never (< 100 lifetime cigarettes) or current (quit
< 1 year before diagnosis). The study was approved by the
appropriate institutional review board.
2. PD-L1 immunohistochemistry
PD-L1 expression was assessed in formalin-fixed paraffinembedded tumor samples acquired by surgical resection of
each patient’s individual sample, using the PD-L1 IHC 22C3
pharmDx assay (Dako North America). All PD-L1 assays
were performed at LabCorp Clinical Trials, Los Angeles
(Laboratory Corporation of America, Burlington, NC), the
same laboratory, using the same procedures, that was
employed in the pembrolizumab clinical trials for NSCLC
[21,22]. The assay is described in detail elsewhere [18,19].
Membranous PD-L1 expression on tumor cells was defined
by tumor proportion scores (TPSs) of " 50% and 1%-49%,
respectively (Fig. 1), consistent with the cutoffs used in pembrolizumab clinical trials [21,22].
3. Statistical methods
The prevalence of PD-L1 TPS " 50% and TPS 1%-49% was
compared with the use of chi-square analysis in different
subgroups based on age, sex, smoking status, stage, and
types of EGFR mutations. RFS was defined as time from the
date of diagnosis to the date of recurrence, death, or last fol-
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Fig. 1. Sample images of programmed death ligand 1 (PD-L1) staining in non-small cell lung cancer. (A) PD-L1 negative
(tumor proportion score [TPS] < 1%). (B) PD-L1 TPS 1%-49%. (C) PD-L1 TPS " 50%. All images are at original magnification #20, blue counterstain is hematoxylin, and PD-L1 is identified by brown chromagen.

low-up. OS was defined as time from the date of diagnosis
to the date of death or last follow-up. Kaplan-Meier method,
log-rank test, and Cox proportional hazards models were
used to analyze the relationship between PD-L1 expression
and RFS and OS, with the PD-L1–negative group as the reference group.
Two adjusted Cox proportional hazards models were
used. In each model, the PD-L1–negative population was the
reference population. The first Cox model adjusted for
known baseline prognostic factors, including age, sex, smoking status, disease stage, and Eastern Cooperative Oncology
Group performance status. The second Cox model adjusted
for these known baseline prognostic factors, as well as postsurgical chemotherapy, including EGFR TKI and radiation
therapy. Different types of EGFR mutations were also
included in the initial models, and covariates included in the
final models were based on a backward stepwise variable
selection process. Statistical analyses were performed using
SAS ver. 9.3 (SAS Institute Inc., Cary, NC); p ! 0.05 was considered to be statistically significant.

Results
1. Patient population
Among the 323 patients who were included in the original
data set, PD-L1 expression status for four patients could not
be evaluated because of insufficient tumor cells in the slides,
leaving 319 patients in the final analysis. Among those,
median age was 62.0 years (range, 35 to 84 years), 61% were
women (n=194), 39% were men (n=125), 64% were never
smokers (n=205), and 36% were smokers (n=114). The majority

of the patients (n=311, 97%) had adenocarcinoma, reflecting
the clinical representation of EGFR mutations in Asian populations. Most patients had early-stage disease, including 49%
(n=153) stage IA, 15% (n=48) stage IB, 13% (n=41) stage II, and
20% (n=61) stage III. Additionally, 5% (n=16) were stage IV.
2. Treatment information
All 319 patients received surgery, with 94% of curative
intent. Additionally, 30% (n=95) received postsurgery adjuvant chemotherapy including five patients had EGFR TKIs
(mainly gefitinib for the palliative purpose due to pleural seeding during the surgery), and 10% (n=33) received adjuvant
radiation. A total of 128 patients had recurrence, among whom
84% (n=108) received postrecurrence EGFR TKIs, and 59 of the
108 patients also received additional chemotherapy; 39% of
the 128 patients (n=50) received postrecurrence radiation.
3. EGFR, KRAS, and ALK status
All 319 patients had tumors with at least one EGFR mutation
(Table 1). Among the EGFR mutations, 171 patients (54%) had
a mutation in exon 19, including 145 with a deletion and others
with complex mutations; 124 patients (39%) had a mutation in
exon 21, including 121 with an L858R mutation and three with
other mutations; 12 patients (4%) had a missense mutation in
exon 18; and eight patients (2%) had a mutation in exon 20
including insertion, deletion, and missense mutations. One
patient had mutations in both exons 18 and 20, and three
patients (1%) had other mutations.
Among the 319 patients, 305 were also tested for Kirsten rat
sarcoma (KRAS) mutation at exons 12, 13, and 61. Only one
patient was confirmed as KRAS mutation positive at exon 13
with PD-L1 TPS of 1%-49%. Two-hundred eighty patients had
ALK status by immunohistochemistry; only two were ALK
VOLUME 50 NUMBER 1 JANUARY 2018
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Table 1. PD-L1 expression status by subgroup
Subgroup

No.

Overall
Sex
Male
Female
Smoking status
Never
Smokers
ECOG PS
0
1
Disease stage at baseline
IA
IB
II
III
IV
EGFR mutation
Exon 19 deletion
Exon 21 L858R
Othersa)

PD-L1 expression status

Chi-square

TPS ! 50%

TPS 1%-49%

Negative

p-value

319

24 (8)

139 (44)

156 (49)

125
194

13 (10)
11 (6)

64 (51)
75 (39)

48 (38)
108 (56)

0.008

205
114

11 (5)
13 (11)

82 (40)
57 (50)

112 (55)
44 (39)

0.011

202
116

12 (6)
12 (10)

88 (44)
50 (43)

102 (51)
54 (47)

0.345

153
48
41
61
16

6 (4)
1 (2)
7 (17)
9 (15)
1 (6)

61 (40)
20 (42)
20 (49)
29 (48)
9 (56)

86 (56)
27 (56)
14 (34)
23 (38)
6 (38)

0.006

145
121
53

9 (6)
9 (7)
6 (11)

67 (46)
38 (31)
34 (64)

69 (48)
74 (61)
13 (25)

0.001

Values are presented as number (%). PD-L1, programmed death ligand 1; TPS, tumor proportion score; ECOG PS, Eastern
Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor. a)Exon 19, nondeletion (n=26);
exon 21, non-L858R mutation (n=3); exon 18 (n=12); exon 20 (n=8); one patient had mutations in both exons 18 and 20, and
three patients had other mutations. Among those (n=53), median age was 60.0 years (range, 44 to 84 years), 51% were women
(n=27), 49% were men (n=26), 51% were never smokers (n=27), and 49% were smokers (n=26). Most patients had early-stage
disease, including 57% (n=30) stage I, 9% (n=5) stage II, 32% (n=17) stage III, and 2% (n=1) were stage IV.

positive with both PD-L1 TPS of 1%-49%. Three patients were
checked for ALK gene rearrangement status by fluorescence
in situ hybridization, and all were ALK negative.

and exon 21 (except the L858R mutation n=3), and others
(n=4). No further subgroup analysis was performed because
of the limited sample sizes.

4. PD-L1 status

5. Relationship between PD-L1 expression and RFS and OS

A total of 163 patients (51%) had PD-L1–positive tumors,
including 24 (8%) with TPS " 50% and 139 (44%) with TPS of
1%-49%. Similar to previous results [9], higher rates of PD-L1
positivity were observed among men (vs. females; chi-square
p=0.008), smokers (vs. never smokers; chi-square p=0.011),
and patients with more advanced disease (stages II/III/IV vs.
I; chi-square p=0.006) (Table 1). PD-L1 positivity was less common in patients with exon 19 deletion (76 of 145, 52%) or exon
21 L858R mutation (47 of 121, 39%) compared with other
EGFR mutations (40 of 53; 75%; chi-square p=0.001) (Table 1),
which include missense mutations in exon 18 (n=12), insertion,
deletion, and missense mutations exon 20 (n=8), other mutations in exon 19 (except the deletion mutation in exon 19, n=26)

During a median follow-up of 83 months, 128 disease recurrences and 51 deaths occurred. RFS was significantly shorter
(p < 0.001, log-rank test) in the PD-L1 TPS " 50% (median,
17.36 months; 95% confidence interval [CI], 13.9 to 42.7) and
PD-L1 TPS 1%-49% groups (median, 31.6 months; 95% CI, 28.1
to 39.0) compared with the PD-L1–negative group (median,
35.5 months; 95% CI, 35.0 to 55.9) (Fig. 2). Using adjusted Cox
model 1 and compared with the PD-L1–negative group, the
adjusted hazard ratio (HR) for RFS was 1.60 (95% CI, 0.88 to
2.93) for those with PD-L1 TPS " 50%, 1.49 (95% CI, 1.02 to
2.18) for those with PD-L1 TPS 1%-49%, and 1.51 (95% CI, 1.05
to 2.18) for the combined PD-L1–positive groups (TPS " 1%)
(Table 2). The results were similar after adjusting for adjuvant
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Recurrence-free survival (%)

100

TPS ≥ 50%
TPS 1%-49%
TPS < 1%

80
60
40

PD-L1 TPS " 50% was associated with shorter OS (p=0.077,
log-rank test) in the crude analysis (Table 2, Fig. 3), with a
crude HR of 2.70 (95% CI, 1.07 to 6.66) for PD-L1 TPS " 50%
(median OS, 64.5 months; 95% CI, 34 to not reached) and 1.04
(95% CI, 0.57 to 1.89) for PD-L1 TPS 1%-49% (median OS, 87.8
months; 95% CI, 66.6 to 123.9), when compared with the
PD-L1–negative group (median OS, 76.6 months; 95% CI, 68.6
to 89.5). However, the association was not statistically significant in either adjusted Cox model 1 or 2 (Table 2).

20
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Fig. 2. Recurrence-free survival among patients with nonsmall cell lung cancer and epidermal growth factor receptor mutation, by programmed death ligand 1 status. TPS,
tumor proportion score.

chemotherapy or radiotherapy (Cox model 2), with an
adjusted HR of 1.52 (95% CI, 0.81 to 2.84) for those with
PD-L1 TPS " 50%, 1.51 (95% CI, 1.02 to 2.21) for those with
PD-L1 TPS 1%-49%, and 1.51 (95% CI, 1.04 to 2.19) for the combined PD-L1–positive groups (Table 2).

Discussion
In the current study, which included predominantly
patients with early-stage EGFR-mutant NSCLC, 51% of
patients had PD-L1–positive tumors, suggesting that PD-L1
is commonly expressed even among patients with EGFRmutant early-stage NSCLC. Consistent with our previous
study [23], a higher prevalence of PD-L1 positivity was
observed among men, smokers, and patients with advanced
disease. Patients with EGFR exon 19 deletion or exon 21
L858R mutation were less likely to have PD-L1–positive
tumors than patients with other EGFR mutations, suggesting
that PD-L1 expression may be associated with different types
of EGFR mutation status. The exact reason for the association
between PD-L1 expression and different types of EGFR
mutations is not clear, although both PD-L1 expression and
types of EGFR mutations are associated with clinical characteristics such as sex, smoking status, and disease stage
[24-26].

Table 2. Cox proportional hazard model for RFS and OSa)
Survival
RFS
Unadjusted HR (95% CI)
Adjusted for baseline prognostic factorsb)
Adjusted for baseline prognostic factors plus treatmentc)
OS
Unadjusted HR (95% CI)
Adjusted for baseline prognostic factorsb)
Adjusted for baseline prognostic factors plus treatmentc)

HR (95% CI)
PD-L1 TPS ! 50% (n=24)

PD-L1 TPS 1%-49% (n=139)

3.07 (1.74-5.42)
1.60 (0.88-2.93)
1.52 (0.81-2.84)

1.89 (1.31-2.74)
1.49 (1.02-2.18)
1.51 (1.02-2.21)

2.70 (1.07-6.66)
1.25 (0.46-3.44)
1.29 (0.45-3.72)

1.04 (0.57-1.89)
0.94 (0.5-1.76)
0.93 (0.49-1.74)

RFS, recurrence-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; PD-L1, programmed death ligand
1; TPS, tumor proportion score. a)PD-L1 negative was used as the reference population (n=156), b)Baseline prognostic factors
included age, sex, smoking status, stage, and Eastern Cooperative Oncology Group performance status (Cox model 1),
c)
Included baseline prognostic factors and treatment (Cox model 2).
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Fig. 3. Overall survival among patients with non-small
cell lung cancer and epidermal growth factor receptor
mutation, by programmed death ligand 1 status. TPS,
tumor proportion score.

At this point, data are limited regarding the prognostic
effect of PD-L1 among patients with EGFR mutations. The
correlation between tumor PD-L1 status and EGFR mutation
status has been studied previously, with contradictory
results [24-26]. One study showed a higher EGFR mutation
rate in patients with lower PD-L1 expression and that the
presence of EGFR mutation increased OS, whereas high
PD-L1 expression decreased OS [24]. However, this study
did not explore the relationship of uncommon EGFR mutations. Rather, it focused on the effect of the presence or
absence of EGFR mutations and PD-L1 expression [24].
Another study showed that there was no significant relationship between PD-L1 expression, common baseline characteristics, and EGFR mutation, but there was an association of
PD-L1 expression with response to EGFR TKI [26]. Furthermore, in the group of patients with EGFR mutations, PFS and
OS of patients with PD-L1–positive tumors tended to be
longer than in patients with PD-L1–negative tumors; however, statistical significance was not achieved [26]. This may
have been due to the smaller sample size (n=170) in the Tang
et al.’s study [26] compared with the current study.
It has been postulated that EGFR activation promotes
expression of PD-L1 by the nuclear factor #B pathway [27].
This pathway may underlie acquired resistance to EGFR
TKIs [27]. Thus, combined targeted therapy using immune
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checkpoint inhibitors and EGFR TKIs may provide a novel
therapeutic option for patients with EGFR-mutant NSCLC
[27]. Preliminary results from the CheckMate 012 study in
patients with advanced NSCLC reported that nivolumab 3
mg/kg intravenously every 2 weeks and erlotinib 150 mg
orally daily enabled 15% of TKI-refractory patients to achieve
a partial response (3 of 20) [28]. Ongoing clinical trials that
are investigating the combination of immune checkpoint
inhibitor and EGFR TKI include a phase I study investigating
the recommended phase II dose of the immune checkpoint
inhibitors nivolumab or ipilimumab and erlotinib or crizotinib in patients with advanced NSCLC and EGFR mutations
or ALK translocations (no longer enrolling; ClinicalTrials.gov
identifier, NCT01998126) and a phase I study of pembrolizumab and afatinib in patients with advanced NSCLC (currently enrolling; ClinicalTrials.gov identifier, NCT02364609).
The prognostic implications of PD-L1 expression and OS
have been inconsistent, with studies or meta-analyses providing negative and positive associations [9,29,30]. In the current study, we observed a trend of negative association
between PD-L1 expression and OS, particularly in the subgroup of patients with TPS " 50%; however, the result was
not statistically significant after adjusting for other baseline
characteristics. Part of the reason is because of the good prognosis of this patient population (e.g., patients with EGFRmutant, early-stage adenocarcinoma) and relatively shorter
follow-up, and only 51 deaths were observed during the
median follow-up of 83 months. Our study suggests that positive PD-L1 expression may be associated with short RFS.
The strengths of this study include a homogeneous population of patients with NSCLC and EGFR mutations, relatively large sample size, and complete clinical and outcome
information. In addition, we used the FDA-approved companion diagnostic immunohistochemical assay (PD-L1 IHC
22C3 pharmDx), which is the same as that used in pembrolizumab clinical trials. Limitations to this study include
the retrospective nature of the analysis, small number of
patients with stage IV disease, and lack of comparison with
patients with wild-type EGFR. In addition, 97% of the
patients had adenocarcinoma, and we were not able to
examine the association between PD-L1 expression and survival among other histologic subtypes of patients.
In conclusion, our results suggest that PD-L1 is commonly
expressed among patients with early-stage NSCLC with
EGFR mutations, and higher PD-L1 expression may be associated with short RFS for patients with EGFR-mutant
NSCLC. Notably, the type of EGFR mutation may affect the
expression of PD-L1, although this does not appear to have
an effect on survival. The relationship of these results with
response to currently available therapies targeted to EGFR
or PD-1/PD-L1 remains to be investigated.
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Incorporating Neutrophil-to-Lymphocyte Ratio and Platelet-to-Lymphocyte
Ratio in Place of Neutrophil Count and Platelet Count Improves Prognostic
Accuracy of the International Metastatic Renal Cell Carcinoma Database
Consortium Model
Purpose
The study investigated whether a replacement of neutrophil count and platelet count by
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) within the International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) model would
improve its prognostic accuracy.
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Materials and Methods
This retrospective analysis included consecutive patients with metastatic renal cell carcinoma
treated with first-line tyrosine kinase inhibitors. The IMDC and modified-IMDC models were
compared using: concordance index (CI), bias-corrected concordance index (BCCI), calibration
plots, the Grønnesby and Borgan test, Bayesian Information Criterion (BIC), generalized R2,
Integrated Discrimination Improvement (IDI), and continuous Net Reclassification Index (cNRI)
for individual risk factors and the three risk groups.

Department of Oncology,
Military Institute of Medicine,
Warsaw, Poland

Results
Three hundred and twenty-one patients were eligible for analyses. The modified-IMDC model
with NLR value of 3.6 and PLR value of 157 was selected for comparison with the IMDC
model. Both models were well calibrated. All other measures favoured the modified-IMDC
model over the IMDC model (CI, 0.706 vs. 0.677; BCCI, 0.699 vs. 0.671; BIC, 2,176.2 vs.
2,190.7; generalized R2, 0.238 vs. 0.202; IDI, 0.044; cNRI, 0.279 for individual risk factors;
and CI, 0.669 vs. 0.641; BCCI, 0.669 vs. 0.641; BIC, 2,183.2 vs. 2,198.1; generalized R2,
0.163 vs. 0.123; IDI, 0.045; cNRI, 0.165 for the three risk groups).
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Conclusion
Incorporation of NLR and PLR in place of neutrophil count and platelet count improved prognostic accuracy of the IMDC model. These findings require external validation before introducing into clinical practice.

Introduction
Recent years has brought a significant improvement in
treatment of patients with metastatic renal cell carcinoma
(RCC). Introduction of tyrosine kinase inhibitors (TKIs)
increased the median overall survival (OS) more than twofold when compared to cytokine-based therapies, currently
approaching 2 years for first-line setting [1,2]. However, no
│ http://www.e-crt.org │

Key words
International Metastatic Renal Cell Carcinoma Database
Consortium model, Neutrophil-to-lymphocyte ratio, Overall survival,
Platelet-to-lymphocyte ratio, Prognosis, Tyrosine kinase inhibitors

factors able to predict therapy-associated response were
found for any compound used in this indication. Thus,
patient evaluation and therapeutic decisions still rely on the
survival prognosis which is stratified using baseline clinical
features. The most common tool for this purpose developed
in the era of molecular targeted therapies is the International
Metastatic Renal Cell Carcinoma Database Consortium
(IMDC) model, which consists of six factors associated with
poor outcome: Karnofsky performance status (KPS) less than
Copyright ⓒ 2018 by the Korean Cancer Association
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80%, time from diagnosis to treatment initiation less than 1
year, haemoglobin less than the lower limit of normal (LLN),
serum corrected calcium greater than the upper limit of normal (ULN), neutrophil count greater than the ULN and
platelet count greater than the ULN. Patients are stratified
into favourable, intermediate and poor risk groups according
to the number of the adverse factors (0, 1-2, and 3-6, respectively) [3]. The IMDC model was successfully validated
using external datasets and nowadays is applicable for first-,
second- and third-line treatment [4-6]. Since the introduction
of the IMDC model in 2009, numerous studies revealed
potential prognostic role of neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) in metastatic
RCC [7-14]. NLR and PLR are easy accessible and cost-effective biomarkers of inflammation with values depending on
neutrophil count and platelet count, respectively, albeit were
not analyzed during the computation of the IMDC model.
The purpose of this study was to evaluate if the replacement
of neutrophil count and platelet count by NLR and PLR
within the IMDC model would improve its prognostic ability
for OS in patients treated with first-line TKIs.

Materials and Methods
1. Patients
The present retrospective analysis included consecutive
patients with metastatic RCC who had begun treatment with
a first-line TKI from November 2009 to March 2016, in the
Department of Oncology, Military Institute of Medicine in
Warsaw, Poland. The inclusion criteria contained: (1) diagnosis of metastatic RCC of any histologic subtype, (2) previous nephrectomy or nephron-sparing surgery, (3) use of
standard TKI schedules, (4) no other malignancies, (5) no
adjuvant or investigational therapy at any time after diagnosis. Additionally patients who were treated with immunotherapy prior to the initiation of a TKI (i.e., TKI therapy
was second-line systemic treatment) were included.
Patients’ information was gathered from their individual
medical records. The study was approved by the ethics committee of the participating centre.
2. Outcome and statistical methods
The assessed outcome was OS which was defined as the
time from the initiation of first-line TKI treatment to death
of any cause. The Kaplan-Meier estimation was used to plot
survival curves and to calculate medians with 95% confidence intervals (CIs) for OS. Log-rank test was used to com-
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pare survival curves of the three risk groups. Patients’ data
was last updated on October 15, 2016. Patients, who were
either alive on that date or lost to follow-up were censored.
The Schemper and Smith method was used to calculate the
median follow-up time [15]. A formula for serum corrected
calcium calculation was as follows: total serum calcium
+0.8#(4–serum albumin). NLR and PLR were calculated by
dividing the absolute neutrophil count and the absolute
platelet count, respectively, by the absolute lymphocyte
count. Binary variables were converted from continuous or
ordinal variables using following rules: (1) KPS: > 70% versus
! 70%; (2) time since diagnosis to treatment initiation: < 12
months versus " 12 months; (3) serum corrected calcium,
neutrophil count, and platelet count: ! ULNs versus > ULNs;
(4) haemoglobin: " LLN versus < LLN; and (5) NLR and PLR:
< cutpoint candidate versus " cutpoint candidate. Cutpoint
candidates for NLR and PLR were obtained in a two-step
procedure. In the first step, cutpoints were taken from the literature (2.5, 3.0, 3.6, and 4.0 for NLR; 150 and 210 for PLR)
[9,10,12-14] and from the Contal and O’Quigley method. In
this method, a cutpoint with the highest absolute result of
log-rank statistic gives the maximum difference between the
subjects in the two groups defined by this cutpoint [16]. In
the second step, preliminary models that included the IMDC
criteria with replacement of neutrophil count and platelet
count by all possible combinations of NLR and PLR cutpoint
candidates were constructed. All the models underwent multivariable Cox proportional hazards regression and thereafter calculation of bias-corrected concordance index with
generation of 1,000 bootstrap samples using random sampling with replacement. The model with the highest value of
bias-corrected concordance index, then called the modifiedIMDC model, was selected for comparison with the original
IMDC model. The models’ prognostic accuracy was assessed
separately for individual risk factors and the three risk
groups using: (1) concordance index, (2) bias-corrected concordance index, (3) calibration plots, (4) the Gronnesby and
Borgan test at 24 months after TKI initiation, (5) Bayesian
Information Criterion (BIC), (6) generalized R2, (7) Integrated
Discrimination Improvement (IDI), and (8) continuous Net
Reclassification Index (cNRI).
Concordance index is a traditional measure of discrimination, which is the ability of the model to separate patients
with different outcomes. Bias-corrected concordance index
is a result of reducing the bias caused by model overfitting
from the concordance index. Both indices result with values
ranging from 0.5 representing no predictive ability to 1 representing perfect predictive ability to separate patients [17].
Calibration refers to the amount of agreement between predicted and observed outcomes. Calibration plot consists of
the x-axis for predictions and the y-axis for the outcome with
perfect predictions located on a 45 degree line. The Grøn-
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nesby and Borgan test evaluates calibration in survival analysis setting [18]. A model is miscalibrated if the results of the
test are statistically significant across groups constructed by
splitting patients using deciles of their risk scores. BIC and
generalized R2 assess the distances between observed and
predicted outcomes and both are related to the concept of
global ‘goodness-of-fit.’ A model with lower BIC value and
generalised R2 value closer to 1 within the range from 0 to 1
represents better overall prognostic ability. IDI and Net
Reclassification Index (NRI) quantify the degree of correct
reclassification offered by new set of prognostic criteria, separately for group with the outcome (events) and without the
outcome (non-events) [19]. IDI is considered as an improvement in average sensitivity without sacrificing average specificity, and is equal to Aevent –Anon-event, where,
Aevent=Average probability of having event in events
Anon-event=Average probability of having event in non-events
Using NRI, every change in pre-specified risk categories
based on predicted probabilities for individuals after implementation of the new model is counted as upward movement (a change into higher-risk category, e.g., from medium
to high) or downward movement (a change in the opposite
direction, e.g., from medium to low). Then NRI is equal to
Pevent–Pnon-event, where,
Pevent=Probability of moving upward in events–Probability
of moving downward in events
Pnon-event=Probability of moving upward in non-events–
Probability of moving downward in non-events
cNRI does not require pre-specified risk categories but considers any increase in individual’s predicted probability as
upward movement (e.g., from 0.15 to 0.16) and any decrease
as downward movement (e.g., from 0.16 to 0.15) [20]. Calculation of modified IDI and cNRI suitable for survival data
were done at 24 months after first-line TKI initiation [21,22].
95% CIs for results of IDI and cNRI were obtained using
resampling-perturbation procedure with 1,000 bootstrap
samples [22]. A larger positive value of IDI and cNRI means
a better reclassification after switching from the old model
to the new model.
All tests were two-sided with p-values less than 0.05 indicating statistical significance. Patients with missing data for
models’ covariates were excluded from analyses. Statistical
computations were done using Stata ver. 14.2 (StataCorp.,
College Station, TX) and R ver. 3.2.3 (The R Foundation for
Statistical Computing, Vienna, Austria).

Table 1. Patient characteristics at the start of first-line TKI
therapy
Variable

No. (%) (n=321)

Age, median (range, yr)
Time from diagnosis to TKI
therapy initiation, median (range, mo)
NLR, median (range)
PLR, median (range)
Male sex
KPS (%)
100
80-90
! 70
Histology
Clear cell
Other
Sarcomatoid features
Fuhrman gradea)
1
2
3
4
TNM T stageb)
T1
T2
T3
T4
Prior immunotherapy
First-line TKI treatment
Sunitinib
Pazopanib
Sorafenib
No. of metastatic sites
1
2
>2
Lung metastases
Lymph node metastases
Liver metastases
Bone metastases
Brain metastases
Haemoglobin < LLN
Serum corrected calcium > ULN
Neutrophils > ULN
Platelets > ULN

62 (22-85)
13.5 (0-270)
2.9 (0.5-40.6)
163 (23-1,158)
215 (67.0)
125 (38.9)
187 (58.3)
9 (2.8)
302 (94.1)
19 (5.9)
18 (5.6)
14 (4.9)
157 (54.7)
82 (28.6)
34 (11.8)
56 (20.3)
79 (28.6)
131 (47.5)
10 (3.6)
35 (10.9)
240 (74.8)
57 (17.8)
24 (7.4)
69 (21.5)
93 (29.0)
159 (49.5)
231 (72.0)
153 (47.7)
68 (21.2)
96 (29.9)
16 (5.0)
62 (19.3)
35 (10.9)
26 (8.1)
44 (13.7)

TKI, tyrosine kinase inhibitor; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; KPS, Karnofsky performance status; LLN, lower limit of normal; ULN,
upper limit of normal. a)Number of evaluated patients was
287, b)Number of evaluated patients was 276.
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Table 2. Multivariable Cox regression analyses of the IMDC and modified-IMDC models
IMDC

Variable
KPS ! 70
Timea) < 1 yr
Haemoglobin < LLN
Corrected calcium > ULN
Neutrophil count > ULN
Platelet count > ULN
NLR " 3.6
PLR " 157

Modified-IMDC

p-value

Hazard ratio

95% CI

p-value

Hazard ratio

95% CI

< 0.001
0.007
< 0.001
0.034
0.121
0.021
-

5.52
1.46
2.28
1.54
1.47
1.57
-

2.69-11.33
1.11-1.91
1.64-3.18
1.03-2.28
0.90-2.38
1.07-2.29
-

< 0.001
0.005
< 0.001
0.034
0.038
0.004

6.43
1.47
1.91
1.54
1.39
1.64

3.13-13.20
1.13-1.93
1.35-2.70
1.03-2.31
1.02-1.91
1.18-2.28

IMDC, International Metastatic Renal Cell Database Consortium; CI, confidence interval; KPS, Karnofsky performance status;
LLN, lower limit of normal; ULN, upper limit of normal; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio. a)Time from diagnosis to treatment initiation.

1.00

p < 0.001

0.50

0.25

p < 0.001

0.50

0.25

0

No. at risk
IMDC (favorable) 119
IMDC (intermediate) 167
IMDC (poor) 35

72
12
24
36
48
60
Time since treatment initiation (mo)
97
102
7

70
60
4

47
34
3

32
15
3

16
9
3

4
1
0

Fig. 1. Kaplan-Meier curves for overall survival (OS) stratified by the International Metastatic Renal Cell Carcinoma
Database Consortium (IMDC) risk groups.

Results
1. Outcomes
Three hundred and twenty-six patients fulfilled inclusion
criteria. Five cases had missing values for serum corrected calcium and were excluded from further analyses. Detailed char-
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0

0

No. at risk
MIMDC (favorable) 68
MIMDC (intermediate) 161
MIMDC (poor) 92

72
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36
48
60
Time since treatment initiation (mo)
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110
34

48
71
15

32
41
11

22
23
5

14
11
3
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2
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Fig. 2. Kaplan-Meier curves for overall survival (OS) stratified by the modified International Metastatic Renal Cell
Carcinoma Database Consortium (MIMDC) risk groups.

acteristics of the remaining 321 patients are listed in Table 1.
At the conclusion of data collection, 219 patients (68.2%) had
died. Median OS was 23.2 months (95% CI, 19.0 to 27.4) and
median follow-up time was 55.5 months (95% CI, 50.4 to 60.6).
One hundred and forty-three patients (44.5%) were treated
with second-line targeted therapy: 118 (36.8%) received
everolimus and 25 (7.7%) received axitinib.
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Table 3. Measures of fit of the IMDC and modified-IMDC models
Individual risk factor

Measure
Concordance index (95% CI)
Bias-corrected
concordance index
BIC
Generalized R2
IDI
Aevent
Anon-event
Point estimate (95% CI)
p-value
cNRI
Pevent
Pnon-event
Point estimate (95% CI)
p-value

IMDC
0.677 (0.638 to 0.716)
0.671 (
2,190.7 (
0.202 (

Three risk group

Modified-IMDC
0.706 (0.665 to 0.747)
0.699 (
2,176.2 (
0.238 (

IMDC

Modified-IMDC

0.641 (0.604 to 0.678)
0.641 (
2,198.1 (
0.123 (

0.669 (0.630 to 0.708)
0.669 (
2,183.2 (
0.163 (

0.022 (
–0.022 (
0.044 (0.001 to 0.093)
0.046 (

-

0.023 (
–0.022 (
0.045 (–0.006 to 0.099)
0.084 (

-

0.592 (
0.313 (
0.279 (0.091 to 0.377)
0.004 (

-

0.419 (
0.254 (
0.165 (0.062 to 0.375)
0.004 (

-

IMDC, International Metastatic Renal Cell Database Consortium; CI, confidence interval; BIC, Bayesian Information Criterion;
IDI, Integrated Discrimination Improvement; cNRI, continuous Net Reclassification Index.

2. The IMDC model
Table 2 summarises the results of multivariable factor analysis of the IMDC criteria. KPS, time since diagnosis to treatment
initiation, hemoglobin, serum corrected calcium, and platelet
count were independently associated with OS. Neutrophil
count did not independently influence on OS. After categorization according to number of predefined factors, 119
patients (37.1%) were in the favourable risk group with
median OS of 40.2 months (95% CI, 34.5 to 45.9) and 2-year
survival rate of 69.6% (95% CI, 61.0 to 78.2), 167 patients
(52.0%) were in the intermediate risk group with median OS
of 19.6 months (95% CI, 15.8 to 23.4) and 2-year survival rate
of 43.2% (95% CI, 35.4 to 51.0), 35 patients (10.9%) were in the
poor risk group with median OS of 6.5 months (95% CI, 3.5 to
9.5) and 2-year survival of 12.3% (95% CI, 1.1 to 23.5). OS
curves differed significantly between the IMDC risk groups
(Fig. 1).
3. The modified-IMDC model
The cutpoints derived by the Contal and O’Quigley method
were 2.5 for NLR and 157 for PLR. Thus, 12 models including
all possible combinations of NLR and PLR candidates as
replacements of neutrophil and platelet counts were constructed (S1 Table). Out of these, a model with NLR and PLR
cutpoints of 3.6 and 157, respectively, had the highest bias-corrected concordance index and was named the modified-IMDC

model. In multivariable analysis all its covariates were significantly influencing OS (Table 2). After segregation based on
modified-IMDC criteria using the same rule for number of
predefined factors, 68 patients (21.2%) were in the favourable
risk group with median OS of 46.1 months (95% CI, 35.2 to
57.0) and 2-year survival rate of 83.9% (95% CI, 74.7 to 93.1),
161 patients (50.2%) were in the intermediate risk group with
median OS of 25.3 months (95% CI, 19.7 to 30.9) and 2-year
survival rate of 51.5% (95% CI, 43.5 to 59.5), 92 patients (28.7%)
were in the poor risk group with median OS of 10.3 months
(95% CI, 7.7 to 12.9) and 2-year survival of 20.5% (95% CI, 11.7
to 29.3). OS curves differed significantly between the modified-IMDC risk groups (Fig. 2).
4. Comparison of prognostic accuracy of the IMDC and modified-IMDC models
Calibration plots were similar across the models and
revealed their well calibration using individual risk factors
and only slightly worse performance of the IMDC using the
three risk groups (S2-S5 Figs.). Non-significant results of the
Grønnesby and Borgan tests supported agreement between
observed and estimated expected numbers of events in both
models (S6 Table). All other measures showed better prognostic performance of the modified-IMDC model over the IMDC
model, including statistically significant results of IDI and
cNRI (using individual risk factors) and cNRI (using the three
risk groups) (Table 3, S7 and S8 Figs.).
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Discussion
The IMDC model is a well-established tool for survival
prediction in patients treated with targeted therapies for
metastatic RCC. However, during its construction, several
baseline factors potentially influencing the prognosis, including inflammatory markers as C-reactive protein [23], NLR
[7-13], or PLR [12,14], were omitted. Besides, high neutrophils and platelets present in the IMDC model were not
independently associated with poor survival in other studies
[24,25], and high lymphocyte count was found to decrease
risk death of patients treated with interleukin 2 [26]. Thus,
the combination of these may provide more prognostic
information than either component alone. This is coherent
with immunogenic nature of RCC, whose growth is stimulated by neutrophil secretions (e.g., vascular endothelial
growth factor, hypoxia-inducible factor) and lymphocytemediated response inhibition (e.g., via T-cell apoptosis)
[27,28]. Therefore, if replacement of neutrophil and platelet
counts by NLR and PLR within the IMDC model would
improve its prognostic accuracy, it would be a simple and
beneficial change in this prognostic tool, especially when no
factors predicting a response to TKI therapy exist.
In this study population, prognostic performance of the
modified-IMDC model that included NLR and PLR in place
of neutrophil count and platelet count was unanimously
improved when compared to the original IMDC model. In
multivariable Cox regression analysis all six factors of the
modified-IMDC model were significantly influencing OS,
whereas neutrophil count was non-significant factor in the
IMDC model. Additionally, the modified-IMDC model distributed patients more equally within favourable and poor
risk groups (21.2% vs. 37.1% and 28.7% vs. 10.9%, respectively). The decrease in proportion of patients in the favourable risk group was similar to the increase in proportion of
patients in the poor risk group and it was accompanied by
the increase in median OS in all three risk groups. This may
be explained by the Will Rogers phenomenon: patients with
‘the worst’ outcome within the favourable risk group moved
into the intermediate risk group and similar number of
patients with ‘the worst’ outcome within the intermediate
risk group moved into the poor risk group [29]. Global
‘goodness of fit,’ discrimination and recalibration measures
favoured the modified-IMDC model over the IMDC model
not only in case of using individual risk factors, but also
when using the three risk groups, which is a common and
comprehensible approach to stratify patients in clinical practice.
The most important weakness of the study might be determining the cutpoints for NLR and PLR which are continuous
variables without defined limits of normal. Herein values of
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3.6 for NLR and 157 for PLR have been chosen as cutpoints
because this combination, together with the remaining IMDC
criteria, had shown the highest level of patients’ discrimination. Nevertheless, different combination of NLR and PLR
cutpoints may present better prognostic performance within
other populations. Several studies revealed that NLR greater
than 2.5 [9], 3.0 [10], 3.04 [11], 4.0 [13] and PLR greater than
150 [12], 210 [14] are associated with poor survival. The only
study in which both NLR and PLR were significant prognostic factors in multivariable analysis contained cutpoints of 3.6
and 150 for NLR and PLR, respectively [12]. Interestingly,
this set of cutpoints is almost identical to the presented in the
current research. Moreover, the remaining 11 models with
other sets of cutpoints were still better than the IMDC model
in terms of bias-corrected concordance index, BIC and generalized R2 when using individual risk factors (S1 Table).
This supports the hypothesis that improvement in prognostic
accuracy may be observed regardless of NLR and PLR cutpoints chosen from the literature.
Other limitations of this study include its retrospective
design, single-institution experience and no collection of
information about concomitant drugs influencing on blood
counts (e.g., steroids). Despite these disadvantages, patients’
outcomes are similar to those reported recently; likewise the
performance of the IMDC model still looks satisfactory with
wide separation of the risk groups’ survival curves.
To our knowledge, this is the first study that assessed the
possibility of improvement in the prognostic accuracy of the
IMDC model since its development about eight years ago.
This complex analysis demonstrated that replacement of
neutrophil and platelet counts by NLR and PLR provided
more accurate prognostic information within population of
patients with metastatic RCC treated with first-line TKIs.
Despite promising results, further studies on external
datasets are needed to confirm these findings and to establish
cutpoints for NLR and PLR.
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Proteomic Biomarkers for Bisphenol A–Early Exposure and
Women’s Thyroid Cancer

Purpose
For the target treatment and prevention of women’s increased thyroid cancer, we focused
on risks of environmental exposure to endocrine disrupting chemicals, particularly bisphenol
A (BPA), and its high susceptible exposure-timing, particularly early exposure in lives.
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Materials and Methods
Female ICR mice were exposed to BPA in utero and in early life (15, 75, and 300 mg/L of
drinking water via pregnant mice and lactation). We identified BPA-responsive proteins in
mice thyroid by two-dimensional gel electrophoresis, image analyses, and electrospray ionization quadrupole time-of-flight mass spectrometry. We further analyzed expression of the
BPA-responsive proteins in women thyroid cancer patients (n=28).
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Results
We found the altered 17 proteins in BPA dose-dependent manner among the thyroid tissues
of offspring mice and identified nine proteins of them, including Anxa6, Atp5b, Hspa5, and
Vcp, etc. In addition, we observed the positive association between blood BPA levels and
mRNA expression of the ANXA6 and VCP not in normal but thyroid cancer tissues.
Conclusion
Our study provides ANXA6 and VCP as proteomic biomarkers for BPA–early life exposure
and their potential for women’s thyroid cancer.
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Introduction
Bisphenol A [4,4’-(propane-2, 2-diyl)diphenol, BPA] has
been speculated as an endocrine disrupting chemical (EDC);
however, people are easily exposed to BPA in their daily
lives, because of its wide use as glass substitutes [1]. BPA is
detected in urine, blood, placenta, breast milk, and even
umbilical cord [2]. Numerous studies also suggest that BPA
perturbs thyroid functions through multiple mechanisms.
For example, a recent Zebrafish study showed BPA interferences with thyroid specific gene expression [3]. In addition,
BPA exposure seems to elevate triiodothyronine, while
decrease thyroxin and thyroid-stimulating hormone (TSH)
[4]. Therefore, thyroid can be a target organ of BPA toxicity
[5]. We recently reported BPA is metabolized into toxic
metabolites by cytochrome P450 2E1 [1]; however, its consistent mechanisms between in vitro or in vivo and human are
not clear, yet.
Among thyroid diseases, thyroid cancer has been emphasized due to its incidence rate continuously increased across
the world over the last three decades [6]. The dramatic
increase in thyroid cancer incidences might be related to the
advances of diagnostic technologies, overdiagnosis [7], environmental and lifestyle factors, etc. [8]. However, the increased medical surveillance or improved detection methods
alone cannot fully explain the increase. Multiple factors
might be associated together for risks of thyroid cancer [9].
Particularly, hormonal and reproductive factors have shown
significant associations with thyroid cancer risks [10]. The
estrogens have been conjectured to be one of the main causes
of thyroid diseases [11] because of the higher thyroid cancer
rate and an earlier peak rate of women than men. Therefore,
environmental estrogens, i.e., EDCs, have been suspected as
risk factors, but little is known about their risks for human
thyroid cancer.
A few studies have explored the aspect of toxic end points
of BPA. The results suggested the theory of ‘two hits’ or ‘second hit’ for instance hormone and BPA exposure as an alternative mechanism of BPA mutagenesis or carcinogenesis
[12,13]. In addition, some studies suggested epigenetic alterations or genetic memory as BPA toxic mechanisms [14]. Particularly, the Developmental Origins of Health and Disease
(DOHaD) hypothesis can be applied to the consequences of
epigenetic memory or reprogramming. In other words,
environmental and nutritional factors influence developmental plasticity during the critical periods of development,
thereby altering susceptibility to diseases later in life [15].
Therefore, many researchers have highlighted the importance of exposure timing [16]. Therefore, we focused on risks
of environmental exposure to BPA and its high susceptible
exposure-timing, particularly early exposure in lives, for the
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target treatment and prevention of women’s increased thyroid cancer. We designed in utero and early life exposure to
BPA in mice and identified BPA-responsive protein biomarkers in thyroid tissues of female offspring mice. We also confirmed these BPA exposure biomarkers in women thyroid
cancer patients.

Materials and Methods
1. Animal care and treatment
ICR mice in the first week of pregnancy were obtained
from Orient Co. (Seoul, Korea) and housed under a 12-hr
light/dark cycle (lights on 07:00-19:00) at 21-24°C and 40%60% humidity with unlimited access to drinking water. The
pregnant mice were fed with pellet food (Samtako, Seoul,
Korea) ad libitum, and were administered three different concentrations of BPA (Sigma-Aldrich Co., St. Louis, MO), 15,
75, and 300 mg/L dissolved in 0.1% ethanol/water using
glass bottles for 34-36 days, i.e., from day 7 of pregnancy to
lactation (day 21 post-delivery). After the lactation, the offspring mice were allowed an access to untreated water. Fifteen or sixteen pregnant mice were administered with each
concentration of BPA. In contrast, untreated control pregnant
mice (n=18) were provided with 0.1% ethanol/water ad libitum. The 7-week-old female offspring were sacrificed in CO2
chamber and obtained their thyroids. All animal experimental procedures were complied with the University Animal
Care and Use Committee at Sookmyung Women’s University.
2. Proteomic analyses
Total protein was extracted from 10 mg of the organs using
our previous method [17] with minor modification. After
centrifuging the homogenized samples (14,000 rpm for 10
minutes), we measured the protein concentrations using the
Bradford assay. Two-dimensional gel electrophoresis
(2D-PAGE) and image analyses were performed with the
extracted 300 µg of each protein sample. The digitalized
image was analyzed with PDQUEST software (ver. 6.1, BioRad, Richmond, CA). After analysis of the nano-electrospray
ionization on a quadrupole time-of-flight (Q-TOF) mass
spectrometer (Micromass, Manchester, UK) with 30 µL of
digested peptide mixture, all tandem mass spectrometry
(MS/MS) spectra derived from spot were identified by
NCBInr and EST databases using the MASCOT search program [17]. The optical density of specific proteins was statistically analyzed with the Mann-Whitney test (significance at
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p < 0.05). We duplicated the 2D gel analyses with two different mice for each treatment (control, 15, 75, and 300 mg
BPA/L of water, total=8).
3. Thyroid tissues from cancer patients
Matched pairs of thyroid tumor and adjacent non-tumor
tissues were collected from women thyroid cancer patients
(n=28; age, 47.4±11.6 years; papillary carcinoma, 100%;
metasatasis, 10.4% of the subjects), who received a surgical
treatment at Hanyang University Hospital, Seoul, Korea.
Their tissues were stored in sterile e-tubes and frozen at
–80°C until RNA isolation. All of the procedures for the
human study were approved by the Clinical Research Ethics
Committee of Hanyang University Hospital.
4. Real-time polymerase chain reaction analysis
Total RNA was isolated from thyroid tumor and normal
tissues in each patient (~20 mg) with Trizol reagent (Thermo
Fisher Scientific, Carlsbad, CA) according to the manufacturer’s instructions. The RNA quality was assessed by conventional agarose gel electrophoresis, and RNA concentration
was determined using a Qubit fluorometer (Thermo Fisher
Scientific). Total RNA (1 µg) from each sample was reverse
transcribed to cDNA using a TaqMan RT Reagent kit (Thermo Fisher Scientific). We performed quantitative real-time
polymerase chain reaction (PCR) analyses with TaqMan
Gene Expression Assays [17]. Taqman qPCR primers and
probes were as follows: ATP5B (Hs00969569_m1), ANXA6
(Hs00241762_m1), HSPA5 (Hs00607129_gH), and valosincontaining protein (VCP; Hs00997642_m1). The reaction was
run on a 7500 Real-Time PCR System (Thermo Fisher Scientific) under the following conditions: 2 minutes at 50°C for
AmpErase UNG activation and 10 minutes at 95°C for UNG
inactivation, followed by 40 cycles of 15 seconds at 95°C for
denaturing, and 1 minute at 60°C for annealing and extension. After constructing standard curves, we quantified
mRNA expression levels of ATP5B, ANXA6, HSPA5, and
VCP, and normalized with respect to the expression of 18S
rRNA, of which primers and probes were obtained from
Thermo Fisher Scientific.
5. Analyses of blood BPA in thyroid cancer patients
BPA levels in blood specimens were analyzed using
reverse phase-HPLC/FLD via liquid-liquid extraction with
minor modifications [2]. In brief, 500 µL of blood sample and
50 µL of 4.13 uM bisphenol B (internal standard) were mixed
with 30 µL of 2.0 M sodium acetate (pH 5.0), and hydrolyzed
with 20 µL of "-glucuronidase (2,000 U) for 5 hours at 37°C
in a shaking water bath. After hydrolysis, 100 µL of 2.0 M

Fig. 1. The 2D gel image shows 17 protein spots were
altered in bisphenol A (BPA) dose-dependent manner on
thyroid tissue of female offspring by prenatal exposure to
BPA.

HCl was added and the mixtures were extracted twice with
5 mL of ethylacetate. Six milliliters of the supernatant was
evaporated in a Savant SpeedVac centrifuge (Savant Instruments Inc., Holbrook, NY) and dissolved in 300 µL of 60%
acetonitrile. One hundred microliters of the resultant was
injected into the HPLC/FLD apparatus. The HPLC/FLD system was the same with the previous one [2]. Samples were
analyzed with gradient elution with water (solvent A) and
acetonitrile (solvent B) (ratio of A to B, 0-35 minutes, 75:25 to
52:48; 35-40 minutes, 52:48 to 0:100; 40-45 minutes, 0:1000:100; 45-55 minutes, 0:100 to 75:25; 55-70 minutes, 75:25). The
samples were analyzed at 225 nm (excitation) and 305 nm
(emission) with 1 mL/min of flow.
6. Statistical analysis
Shapio-Wilk W test was used to examine the degree of normal distribution of BPA levels. The normality of the expression data was verified using the Kolmogorov-Smirnor test.
The Wilcoxon signed rank test was used to compare levels
of gene expression of ANXA6, ATP5B, HSPA5, and VCP
between tumor and adjacent non-tumor tissues. Pearson’s
correlation analysis was used to determine whether there
were differences in correlation of the gene expressions
between tumor and non-tumor tissues. All statistical analyses were conducted using the JMP ver. 4.0.2 package (SAS
Institute Inc., Cary, NC).
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Table 1. Identification of differentially expressed proteins by BPA-dose dependent manner in mice
Spot No.a)
Up-regulated
4702

Accession No.b)

Protein name (description)c)

Molecular functionc)

gi|148701559

Anxa6 (annexin A6)

5205

gi|27753960

5604
8602
1808

gi|3169729
gi|453155
gi|121570

2803
3802

gi|119531
gi|6005942

Abhd14b
(abhydrolase domain containing 14b)
Hls2 (hematopoietic lineage switch 2)
Krt9 (keratin 9)
Hspa5
(78 kDa glucose-regulated protein)
Pdia4 (protein disulfide-isomerase A4)
Vcp (valosin-containing protein)

Down-regulated
1501
gi|104
4202
gi|10946936

Atp5b (ATP synthase beta subunit )
Ak1 (adenylate kinase 1)

Calcium-dependent phospholipid binding,
calcium ion bonding
Cytoplasm hydrolase activity, metabolic process
Plasma glutamate carboxypeptidase
Intermediate filament, perinuclear region of cytoplasm
Protein binding, ER overload response,
cellular response to IL-4
Protein disulfide isomerase
Protein binding ubiquitin-dependent protein
catabolic process
Lipid metabolic process, MHC class 1 protein binding
ATP metabolic process, nucleoside diphosphate
biosynthetic process

ER, estrogen receptor; IL-4, interleukin 4. a)Location of the protein resolved by two-dimensional gel electrophoresis (Fig. 1)
and identified by matrix assisted laser desorption ionization–time of flight mass spectrometry, b)Protein accession number
from the NCBI nonredundant database, c)Annotation from the NCBI non-redundant database.

Expression (target gene/18S)

40

p=0.80

30

p=0.57

p=0.73

p=0.48
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0

ANXA6_N ANXA6_T

ATP5B_N

ATP5B_T

HSPA5_N

HSPA5_T

VCP_N

VCP_T

Fig. 2. No differences in expression of ANXA6, ATP5B, HSP5, or VCP between normal and tumor thyroid tissues in the
women thyroid patients. N, normal; T, tumor.

Results
When the pregnant ICR mice were administered 15, 75, and
300 mg of BPA/L in water from day 7 of pregnancy to lacta-
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tion, the BPA intake for each group was estimated at approximately 8.9±1.8 mg/kg/day, 47.1±5.8 mg/kg/day, and 171.1
±16.8 mg/kg/day, respectively. These levels were established
by the lowest-observed adverse-effect level (50 mg/kg/day)
of BPA [18]. There were no statistically significant differences

Probability axis
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Fig. 3. Distribution of blood bisphenol A (BPA) levels.
Upper part of the figure shows an outlier box plot with the
square in the box showing the interquartile range: median,
1.38 µg/L.
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Gene expression/18S
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r2=0.47, p=0.02
r2=0.37, p=0.03
r2=0.24, p=0.11
r2=0.18, p=0.17
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2
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4
5
Total BPA (µg/L)

6

7

Fig. 4. The positive associations between blood bisphenol
A (BPA) levels and gene expressions of ANXA6 or VCP in
tumor rather than normal tissues among the women thyroid cancer patients. Upper blue line, VCP in tumor tissues; lower blue line, ANXA6 in tumor tissues; upper red
line, VCP in normal tissue; lower red line, ANXA6 in normal tissues; N, normal; T, tumor; For the view of figure,
we excluded an outlier, who had 10.32 µg/L of blood BPA
by outlier test of Grubbs [19].

in offspring’s body weight due to BPA exposure.
Fig. 1 shows a representative 2D-PAGE gel of the proteomic
analysis. Comparison of abundant proteins on 2D gels using
the PDQUEST program revealed that the expression of 17 proteins was significantly changed in a dose-dependent manner
(Fig. 1): 11 proteins were upregulated, and six downregulated
by BPA exposure. However, we identified nine proteins out
of the 17 proteins using the electrospray ionization Q-TOF
mass spectrometry analysis (Table 1).
Women’s resected thyroid tumor and adjacent nontumor
tissues were used to compare the expression of BPA-responsive proteomic biomarkers. The protein biomarkers identified
in mice were examined for human. Four genes, ANXA6,
ATP5B, HSPA5, and VCP, were selected based on their molecular functions as potential BPA-responsive markers in human.
Three genes, ANXA6, HSPA5, and VCP, were up-regulated by
BPA in mice thyroid tissues (Table 1). Expression of the four
genes was assessed using matched tumor and adjacent nontumor tissues (n=28). There were no significant differences in
the gene expression between the tumor and adjacent nontumor tissues (p > 0.05) (Fig. 2), although the mean expression
level of VCP was somewhat higher in the tumor tissues than
the adjacent non-tumor tissues.
BPA was detected in 90% of patients’ blood with the HPLC/
FLD system. The limit of quantification was 0.39 ng/mL. The
range of total BPA in the blood was 0-10.32 ng/mL (Fig. 3).
The validity of BPA protein biomarkers from mice was examined in thyroid cancer patients by correlating BPA levels and
gene expression. The results revealed strong associations
between blood BPA levels and expression of the VCP or
ANXA6 in thyroid tumor tissues (Fig. 4). In contrast, this trend
was not shown in thyroid normal tissues.

Discussion
BPA showed proteomic alteration in various organs. For
example, BPA negatively affected sperm motility, viability,
mitochondrial functions, and intracellular ATP levels by
activating the mitogen-activated protein kinase, phosphatidylinositol 3-kinase, and protein kinase-A pathways and
induced differential expressions of 24 proteins in vitro [20].
We also reported that some of BPA-responsive proteins,
Apo-AI, DppIII, Set and Vat, were involved in the antiinflammatory response and tumorigenesis in immune
organs, e.g., the thymus and spleen of mice [17,21]. In addition, some in vivo studies showed the impact of BPA on the
thyroid. For example, BPA exposure in pregnant mice
induced CpG hypomethylation of the promoter region of
Cdk5 activator-binding protein (CabpIAP) [22] and Cdk5
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activity via Rb is known to be critical to tumorigenesis and
progression of medullary thyroid carcinoma [23]. However,
these findings are not confirmed in human, yet. Therefore,
the present study was performed to fill the gap between
humans and animals and was focused on how BPA interferes
thyroid cancer via BPA-responsive proteins.
We identified the BPA-responsive proteins in the thyroids
of pregnant mice (Table 1). Among these, nine proteins are
involved in the regulation of lipid metabolism, protein
catabolism, and ubiquitin/proteasome-degradation pathways. We further corroborated these findings by using thyroid tumor tissues from women thyroid cancer patients to
determine whether BPA exposure affects thyroid cancer. Our
study revealed a significant correlation between the levels of
BPA in blood and the gene expression of the BPA responsive
proteins, e.g., ANXA6 and VCP, in thyroid tissues. Annexin
A6 belongs to the highly conserved annexin protein family.
The function of ANXA6 is linked to its ability to bind phospholipids in a Ca2+-dependent manner, thereby interacting
with cellular membranes in a dynamic, reversible, and regulated fashion. It is also considered to be a tumor suppressor
that is downregulated in squamous cervical cancer [24],
breast cancer [25] via RAS/MAPK or EGFR signaling pathways. ANXA6 also increased anchorage-independent growth
in breast cancer cells [26]. In the thyroid gland, TSH modulated ATP-induced Ca2+ signaling via ANXA6 in thyrocytes
[27]. Similarly, Xiong et al. [28] suggested that ANXA6 is a
potential biomarker for papillary thyroid carcinoma with
lymph node metastasis via proteomic analyses in patients.
Therefore, our results suggest an involvement of BPA in thyroid carcinogenesis via ANXA6.
The protein levels of VCP, an inflammation regulator, also
called various cellular activities (AAA+) chaperone p97, were
up-regulated in mice and its mRNA expression in women’s

thyroid tumor tissues (Fig. 4). VCP is known to govern critical steps in ubiquitin-dependent protein quality control and
intracellular signaling pathways [29]. In addition, VCP
expression was correlated with lymph node metastasis and
low survival rate in thyroid cancer [30]. Therefore, the
up-regulation of Vcp by BPA (Table 1) suggests that thyroid
function may be disrupted via VCP-mediated inflammatory
pathways. However, there were no statistically significant
differences between non-tumor and tumor tissues in the
expression levels of the ANXA6 or VCP in the present study.
Therefore, BPA may accelerate tumor progress rather than
tumor incidence via ANXA6 or VCP. Our previous study
showed that BPA is not mutagenic but stimulates MNNG
mutagenicity [13]. In addition, the second hit theory or twohit hypothesis can explain BPA-involvement in thyroid cancer via epigenetic memory with clear carcinogens [12,13].
In the near future, we will confirm the present results in
enlarged number of human subjects to overcome the study
limitation, particularly small size of the human tissues, and
to obtain reproducibility and reliability for the above BPAresponsive biomarkers.
In conclusion, our study provides ANXA6 and VCP as proteomic biomarkers for BPA–early life exposure and their
potential for women’s thyroid cancer.
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Purpose
Although Korea has the highest incidence of gastric cancer worldwide and D2-lymphadenectomies are routinely performed, radiotherapy (RT) practice patterns have not been well studied. Therefore, we examined RT usage trends for neoadjuvant/adjuvant patients and
identified factors associated with RT. We also examined survival benefits and net medical
cost advantages of adding RT.
Materials and Methods
Patients diagnosed with gastric cancer who underwent gastrectomy from 2002-2013 were
identified using National Health Insurance Service-National Sample Cohort.
Results
Annually, 30.9 cases per 100,000 population in crude rate underwent gastrectomy in 230
hospitals and 49.8% received neoadjuvant/adjuvant therapy in 182 hospitals. For neoadjuvant/adjuvant patients, postoperative chemo-RT was administered in 4% of cases in
26 hospitals. No significant trends regarding treatment type were observed over time. Having undergone RT was inversely associated with being ! 60 years old and having a low
income. Having undergone RT was positively related to having a Charlson comorbidity index
! 4, hospital location and hospital volume (! 2,000 beds). Significant portions of patients
treated with RT in this nation (52%) were concentrated in one large-volume hospital. Use of
RT linked to increased cost of primary treatment, yet not to reduced overall medical expense.
RT did not influence both on overall and disease-specific survivals after adjusting for
potential confounders (p > 0.05).
Conclusion
RT was uncommonly utilized as adjuvant or neoadjuvant treatment by physicians in Korea.
Despite intrinsic drawback in this data, we did not find either survival benefit or net medical
cost advantage by adding RT in adjuvant treatment.
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Stomach neoplasms, Chemoradiotherapy, Adjuvant radiotherapy,
Physicians’ practice patterns
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Introduction

Materials and Methods

Gastric cancer is the third leading cause of death among
men and the fifth leading cause of cancer death among
women worldwide [1]. Globally, 1,000,000 new cases of gastric cancer are diagnosed annually, and half of these cases
occur in East Asia [2]. Korea has reported the highest incidence of gastric cancer, along with Japan, and has an agestandardized incidence of 56.8 cases per 100,000 men,
affecting nearly 30,000 patients in 2013 [3]. Complete surgical
resection is the primary therapy used, but a substantial number of patients with a more advanced stage disease (e.g.,
beyond submucosa or metastasis and into the lymph nodes)
experience locoregional, peritoneal, or systemic recurrences
after receiving curative gastrectomy alone [4]. Clinical trials
have been conducted to reduce the risk of recurrence and
mortality, but no international consensus concerning the best
oncological strategy has been reached [5,6].
The survival benefit of adjuvant chemoradiotherapy (CRT)
for curatively resected gastric cancer was established by the
Intergroup (INT)-0116 trial in 2001 [7]. However, recent data
from ARTIST and CRITICS trials showed that there was no
significant survival benefit in the CRT group over chemotherapy alone for D2-resected patients [8,9]. To date, several
underpowered studies have propounded an opinion that
some selected patients may still benefit from adding radiotherapy (RT) to chemotherapy even after D2 surgery [10]. At
the same time, two multi-institutional phase III trials from
Korea and Japan demonstrated the merits of adjuvant chemotherapy [11,12].
Given the controversial and limited data available, the role
of RT has been heavily criticized for gastric cancer patients
undergoing D2 gastrectomy, which has currently become the
standard of care in Europe and the United States as well as
in East Asia [13,14]. Furthermore, neither patterns of care nor
national data for RT specifically have been explored among
nonmetastatic gastric cancer patients in Korea. Therefore, the
purpose of this study was to examine RT usage trends for
neoadjuvant and adjuvant patients in Korea and to estimate
the impact of the available evidence on clinical practice using
data from a Korean national cohort from 2002 to 2013. Secondarily, we also examined survival benefits and net medical
cost advantages of adding RT in neoadjuvant and adjuvant
treatment.

All citizens in Korea are obligated to enroll in the singlepayer, national health insurance, and medical aid program
administered by the National Health Insurance Corporation.
The present study used data from the National Health Insurance Service-National Sample Cohort (NHIS-NSC), which
included 1,025,340 representative subjects (approximately
2.2% of the country’s population), who were randomly stratified and selected based on age, sex, insurance type, income,
residential region, and individual total medical costs. Rates
were calculated and shown per 1,000,000 population. Details
of the NHIS-NSC database are available in a previous report
[15].
1. Data source and collection
The database includes information regarding basic patient
demographics, reimbursement for medical services, disease
codes according to the International Classification of Diseases, 10th revision, identifiers for the clinic or hospital, medical history, and mortality. This data is then automatically
linked to the Korean National Statistical Office where it is
obtainable for research. This study which used data from the
NHIS-NSC was exempt from institutional review board evaluation; however, the study protocols adhere to the guidelines
outlined in the Declaration of Helsinki of 1964 and later versions in accordance with the ethical standards of the responsible committee on human experimentation (institutional
and national).
2. Description of the study cohort
Patients were eligible for analysis if they were diagnosed
with gastric cancer (ICD-10 code, C16), underwent gastrectomy during the study period (2002-2013), and were > 20
years old at the time of diagnosis. We excluded patients who
had another primary cancer or known metastatic disease at
the time of diagnosis. In Korea, surgery alone is recommended in patients with early gastric cancer and adjuvant or
neoadjuvant therapy is recommended in patients with stage
II-III gastric cancer. Treatments administered within 4 months of surgery were considered as adjuvant or neoadjuvant.
The last follow-up was conducted in December 2013, and the
median follow-up time for patients who were still alive was
5.2 years (range, 0 to 11.9 years).
3. Statistical analyses
RT usage in the neoadjuvant and adjuvant setting was the
primary end-point. Patients were grouped into 2-year time

VOLUME 50 NUMBER 1 JANUARY 2018

119

Cancer Res Treat. 2018;50(1):118-128

epochs and the percentage of patients who received neoadjuvant or adjuvant RT for each period from 2002 to 2013 were
calculated. Univariate and multivariate logistic regression
analyses were performed to investigate whether there was

an association between receipt of RT and sex, age (20-49,
50-59, 60-69, or " 70 years), type of surgery (total vs. subtotal
gastrectomy), use of lymph node dissection, the Charlson
comorbidity index (sum of weights assigned to predeter-

Table 1. Demographic characteristics of gastric cancer patients who underwent gastrectomy with or without neoadjuvant/
adjuvant treatment from 2002 to 2013
Characteristic
Sex
Male
Female
Age (yr)
20-49
50-59
60-69
70-89
Surgery type
TG
STG/PG
LND use
No
Yes
Charlson comorbidity index
0-1
2
3
"4
Income
! 20 percentile
21-80 percentile
" 81 percentile
Health insurance type
NHI
Medical aid
Residential area
Metropolitan
Non-metropolitan
Hospital location
Metropolitan
Non-metropolitan
Hospital volume (beds)
< 1,000
" 1,000
Disabled status
No
Yes

Total

Neoadjuvant/
Adjuvant (–)a)

Neoadjuvant/
Adjuvant (+)a)

2,436 (67)
1,217 (33)

1,209 (66)
625 (34)

1,227 (67)
592 (33)

0.320

770 (21)
901 (25)
1,110 (30)
872 (24)

384 (21)
442 (24)
529 (29)
480 (26)

386 (21)
459 (25)
581 (32)
392 (22)

0.008

822 (23)
2,831 (77)

305 (17)
1,529 (83)

517 (28)
1,302 (72)

< 0.001

83 (3)
3,213 (97)

39 (2)
1,602 (98)

44 (3)
1,610 (97)

0.523

2,216 (61)
702 (19)
316 (9)
419 (11)

1,077 (59)
375 (20)
172 (9)
211 (11)

1,139 (63)
327 (18)
144 (8)
209 (11)

0.054

562 (15)
1,917 (52)
1,174 (32)

285 (16)
923 (50)
627 (34)

277 (15)
995 (55)
547 (30)

0.015

3,532 (97)
122 (3)

1,770 (96)
64 (4)

1,761 (97)
58 (3)

0.556

1,663 (46)
1,991 (54)

804 (44)
1,031 (56)

859 (47)
960 (53)

0.035

3,161 (87)
493 (13)

1,567 (85)
267 (15)

1,594 (88)
225 (12)

0.051

1,503 (41)
2,151 (59)

738 (40)
1,096 (60)

765 (42)
1,054 (58)

0.265

3,295 (90)
358 (10)

1,641 (89)
193 (11)

1,654 (91)
165 (9)

0.132

p-value

Values are presented as number (%). TG, total gastrectomy; STG/PG, subtotal gastrectomy/partial gastrectomy; LND, lymph
node dissection; NHI, National Health Insurance. a)Patients who received chemotherapy and/or radiotherapy before and after
the surgery within 3 months were considered as (neo-)adjuvant group.
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mined clinical conditions which were collected from in- and
out-patient billing data within the diagnosis year; charlson
comorbidity index (CCI); 0-1, 2, 3, or " 4) [16], income percentile (< 20, 20-79, or " 80), health insurance type, residential
and hospital location (metropolitan or not), hospital volume
(< 1,000, 1,000-1,999, or " 2,000 beds), and disability status.
Scatter plots were used to examine practice patterns in relation to hospital volume as a function of XY position. A metropolitan location referred to cities with more than 1,000,000
people.
We also examined the use of preoperative or postoperative
chemotherapy among neoadjuvant and adjuvant patients,
the overall incidence of perioperative mortality (patients who
died within 1 month of surgery), overall survival (OS; from
diagnosis to any cause of death), and disease-specific survival (DSS; from diagnosis to gastric cancer-specific death).
OS and DSS were estimated using the Kaplan-Meier method.
A Cox proportional hazards survival analysis was performed
to identify hazard ratios and 95% confidence intervals (CI).
We calculated direct total medical costs as the sum of inpatient and outpatient services based on claim and reimbursement data by medical service providers from 2002 to 2013.
Primary treatment and net medical costs were defined and
calculated as medical bill expenses claimed by medical service providers from diagnosis to 3 months’ postsurgery and
to death/last follow-up, respectively. All costs are presented
in U.S. dollars, with an exchange rate of 1,103 Korean won
to 1 U.S. dollar, which was the annual average exchange rate
in 2008. A threshold of p=0.05 was selected for statistical significance. All statistical analyses were performed using SPSS
ver. 20.0 (IBM SPSS Statistics, IBM Corp., Armonk, NY).

Results
1. Sociodemographic characteristics
The baseline sociodemographic characteristics of gastric
cancer patients who underwent gastrectomy are described in
Table 1 (a more detailed explanation is provided in Supplementary Results, S1 Fig.). An analysis of the demographic
characteristics by year revealed that patients who were older,
had more comorbid diseases, received medical aid, and was
disabled were more likely to undergo surgery from nonmetropolitan hospitals at the end of the study period than at the
beginning (all p < 0.05) (S2 Table).
2. Postoperative mortality
The overall 1-month postoperative mortality rate was 0.6%.
Higher mortality rates were observed in patients > 70 years
old (1.2%, p=0.039), those with a CCI " 4 (1.6%, p=0.027), and
those who underwent total gastrectomy (1.1%, p=0.038)
(S3 Table). Hospital volume was also significantly associated
with mortality rate (< 1,000, 1,000-1,999, and " 2,000; 0.8%,
0.7%, and 0.0%, respectively; p=0.018), and patients with a low
income (! 20th percentile), who received medical aid, or who
underwent postoperative chemotherapy had a doubled mortality rate, although this was not statistically significant (all
p > 0.05).
3. Neoadjuvant or adjuvant treatment
Almost half (49.8%) of patients who underwent gastrectomy
received adjuvant or neoadjuvant chemotherapy. Between
2002 and 2013, the number of patients who received neoadjuvant or adjuvant treatment decreased by 26% (from 64% to
38%) (S4 Fig.). However, this may be because of decreases in
the number of cases of advanced gastric cancer resulting from

Table 2. Trends in neoadjuvant or adjuvant treatment by the group from 2002 to 2013
Year
2002-2003
2004-2005
2006-2007
2008-2009
2010-2011
2012-2013
Total

Adjuvant
chemotherapy
311 (89.1)
296 (87.1)
274 (87.5)
248 (87.9)
227 (83.2)
223 (85.4)
1,580 (86.9)

Adjuvant
chemo-RT

Neoadjuvant
chemotherapy

Neoadjuvant
chemo-RT

8 (2.2)
15 (4.3)
10 (3.1)
16 (5.5)
17 (6.1)
9 (3.4)
73 (4.0)

30 (8.7)
29 (8.6)
29 (9.3)
19 (6.6)
25 (9.3)
28 (10.8)
161 (8.8)

0(
0(
0(
0(
4 (1.4)
1 (0.4)
5 (0.3)

p-valuea)
0.078

Values are presented as number (%). RT, radiotherapy. a)The linear-by-linear association test was used to examine trends over
time.
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122
1.07
1 (reference)
1.06
0.66-1.70

4.2
4.4
4.3
6.6
3.5
2.7
5.5
3.8
0.0
4.8
4.0
3.0
4.7
7.5
2.1
5.2
3.7
4.4
1.7
3.6
4.9
4.1
5.6

1,012
1,227
592
386
459
581
392
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517
1,302
44
1,610
1,139
327
144
209
277
995
547
1,761
58
859
960
1,594
225

1 (reference)
1.40
0.76-2.57

1 (reference)
1.36
0.86-2.15

1 (reference)
0.38
0.05-2.76

0.39
0.17-0.93
1 (reference)
0.71
0.42-1.19

1 (reference)
0.73
0.37-1.47
1.18
0.53-2.67
1.93
1.07-3.47

N.I.

1 (reference)
0.69
0.43-1.10

0.64
0.35-1.17
1 (reference)
0.52
0.29-0.91
0.40
0.20-0.81

1.01-1.15

95% CI

Year of surgery (per 2 years)
Sex
Male
Female
Age (yr)
20-49
50-59
60-69
70-89
Surgery type
TG
STG/PG
LND use
No
Yes
Charlson comorbidity index
0-1
2
3
"4
Income
! 20 percentile
21-80 percentile
" 81 percentile
Health insurance type
NHI
Medical aid
Residential area
Metropolitan
Nonmetropolitan
Hospital location
Metropolitan
Nonmetropolitan

OR

Unadjusted

No.

Variable

RT receipt (%)

0.286

0.187

0.336

0.033
0.193

0.382
0.684
0.028

0.114

0.145
0.023
0.010

0.814

0.034

p-value
0.97-1.12

95% CI

1 (reference)
3.05
1.46-6.35

1 (reference)
1.21
0.74-1.98

1 (reference)
0.62
0.07-5.59

0.59
0.34-1.01
1 (reference)
0.49
0.19-1.28

1 (reference)
0.80
0.39-1.65
1.31
0.55-3.13
2.10
1.05-4.01

N.I.

1 (reference)
0.82
0.50-1.34

0.69
0.36-1.30
1 (reference)
0.52
0.29-0.94
0.40
0.19-0.83

1 (reference)
1.03
0.63-1.71

1.04

OR

Adjusted

0.003

0.453

0.671

0.054
0.145

0.546
0.545
0.035

0.429

0.249
0.031
0.014

0.897

0.298

p-value

Table 3. Unadjusted and adjusted odds ratios for the association between demographic characteristics and the receipt of radiation therapy for gastric cancer
patients who underwent gastrectomy and neoadjuvant/adjuvant treatment from 2002 to 2013

Cancer Res Treat. 2018;50(1):118-128

RT, radiotherapy; OR, odds ratio; CI, confidence interval; TG, total gastrectomy; STG/PG, subtotal gastrectomy/partial gastrectomy; LND, lymph node dissection;
N.I., not included; NHI, National Health Insurance.

0.528
1 (reference)
0.75
0.31-1.84
0.62
4.4
3.6
1,654
165

1 (reference)
0.81
0.35-1.88

0.279
< 0.001
1 (reference)
1.45
0.74-2.82
7.62
3.95-14.71
0.567
< 0.001
1 (reference)
1.21
0.63-2.30
5.69
3.23-10.04
2.3
2.8
11.8
765
707
347

Hospital volume (beds)
< 1,000
1,000-1,999
" 2,000
Disabled status
No
Yes

95% CI
95% CI

Variable

Table 3. Continued

No.

RT receipt (%)

OR

Unadjusted

p-value

OR

Adjusted

p-value
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the nationwide gastric cancer screening and surveillance program implemented in 1999 (a more detailed explanation is
provided in Supplementary Results) [17]. Also, the neoadjuvant/adjuvant treatment group displayed similar sociodemographic characteristics by year relative to those of entire cohort
(S2 and S5 Tables and S6 Fig.).
4. Patterns of neoadjuvant and adjuvant treatment
Postoperative adjuvant chemotherapy was administered in
most cases (86.9%), followed by neoadjuvant chemotherapy
(8.8%), adjuvant CRT (4%), and neoadjuvant CRT (0.3%). The
sociodemographic characteristics of patients who received RT
did not change significantly by year. No trends were found
regarding treatment modality by year among any of the four
treatment groups (Table 2). The number of patients receiving
neoadjuvant chemotherapy increased (by 4.2%) from 20082009 to 2012-2013. The opposite trend was noted in the adjuvant chemotherapy and adjuvant CRT groups (from 87.9%
and 5.5% in 2008-2009 to 85.4% and 3.4% in 2012-2013, respectively).
5. Factors associated with receipt of RT
Having undergone RT was inversely associated with being
" 60 years old and having a low income (! 20th percentile).
Having undergone RT was positively associated with having
a CCI " 4 and hospital location (nonmetropolitan). Hospital
volume (" 2,000 beds) was found to be the strongest factor
affecting the use of RT (vs. < 1,000 beds; adjusted odds ratio,
7.62; 95% CI, 3.95 to 14.71) (Table 3).
Among 230 hospitals, only 26 hospitals (12.1%) used RT,
and the median proportion of RT use in neoadjuvant and
adjuvant patients in each hospital was 4.1% (Fig. 1A). Additionally, one large hospital used RT with chemotherapy
(47.6%) as often as chemotherapy alone (47.6%) in that hospital
and seemed to care for a significant portion of the RT patients
in the nation (52%).
On the other hand, neoadjuvant chemotherapy was used in
74 hospitals (34.6%), and the median proportion of neoadjuvant chemotherapy use among neoadjuvant/adjuvant patients in each hospital was 7.5% (Fig. 1B). Adjuvant chemotherapy was used in nearly all hospitals (98.6%), and an average of 90.9% of neoadjuvant/adjuvant patients received adjuvant chemotherapy in each hospital (Fig. 1C).
6. Costs
The mean cost for primary treatment was $7,437 per patient
of neoadjuvant/adjuvant treatment. The average net cost from
diagnosis to death or last follow-up was $13,965 per patient.
Costs by various subgroups are presented in Table 4. Primary
VOLUME 50 NUMBER 1 JANUARY 2018
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Fraction of adjuvant chemo use (%)
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B
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Fraction of RT use in each hospital (%)
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Fig. 1. Bubble charts for the proportion of patients by the hospital. Two-dimensional bubble charts indicate how the proportions of adjuvant chemoradiotherapy (A), neoadjuvant chemotherapy (B), and adjuvant chemotherapy use (C) in each
hospital change by hospital volume. The size of the bubble corresponds to the proportion within each treatment group. RT,
radiotherapy.

treatment costs were higher for patients with total gastrectomy
(vs. subtotal), a higher CCI (3 or " 4), disabled status, RT, and
from a large volume hospital (all p < 0.05). Total medical costs
were higher for patients with total gastrectomy (vs. subtotal),
a higher CCI (3 or " 4), RT, from a high-income group (" 81
percentile), and from a large volume hospital (all p < 0.05).
Elderly was found to be related to lower total medical cost.
The mean costs of primary treatment were $3,734 per person
higher for patients who received RT with chemotherapy than
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those receiving chemotherapy alone. This cost difference was
sustained and even more pronounced when it came to net
medical cost ($6,884 per person).
7. Survival analyses
Patients who underwent gastrectomy and received adjuvant
or neoadjuvant therapies for gastric cancer in Korea showed
a 5-year OS of 66.5% (95% CI, 64.2 to 68.9) and a 5-year DSS of

Jee Suk Chang, Radiotherapy Patterns of Care in Korea

Table 4. Kaplan-Meier estimated 5-year survival rate and mean cost for gastric cancer patients who underwent gastrectomy
and neoadjuvant/adjuvant treatment from 2002 to 2013, overall and subgroup by demographic characteristics and the receipt
of radiation therapy

Sex
Male
Female
Age (yr)
20-49
50-59
60-69
70-89
Surgery type
TG
STG
Charlson comorbidity index
0-1
2
3
"4
Income
! 20 percentile
21-80 percentile
" 81 percentile
Health insurance type
NHI
Medical aid
Residential area
Metropolitan
Non-metropolitan
Hospital location
Metropolitan
Nonmetropolitan
Hospital volume (beds)
< 1,000
1,000-1,999
" 2,000
Disabled status
No
Yes
RT use
No
Yes
Death during study
Yes
No

No.

Cost of primary
treatment ($)a),b)

1,227
592

8,713±216
8,351±309

0.339

16,097±406
15,572±574

386
459
581
392

7,941±294
8,730±346
8,688±321
8,946±445

0.263

517
1,302

11,513±398
7,437±181

1,139
327
144
209

5-Year
OS (%)

5-Year
DSS (%)

0.458

65.8
68.2

71.1
71.3

16,175±678
16,980±709
16,146±638
14,117±570

0.026

72.3
72.7
65.8
54.7

72.5
75.6
71.2
64.2

< 0.001

20,868±699
13,965±357

< 0.001

48.5
73.7

52.1
78.6

7,575±187
8,892±346
11,193±890
12,416±812

< 0.001

14,787±385
16,632±715
18,792±1,426
19,418±1,350

< 0.001

67.5
69.3
67.6
55.1

69.9
72.7
80.3
71.9

277
995
547

8,621±438
8,398±217
8,940±375

0.402

14,731±763
15,600±429
17,125±674

0.040

64.7
68.4
64.1

68.3
73.1
69.1

1,761
58

8,591±181
8,727±766

0.893

16,029±339
12,814±1,421

0.089

67.1
48.5

71.8
48.5

859
960

8,687±283
8,513±219

0.622

16,089±479
15,781±459

0.643

66.9
66.2

71.7
70.7

1,594
225

8,575±194
8,742±382

0.697

15,770±344
17,045±1,120

0.207

66.9
63.9

71.5
68.4

765
707
347

8,892±256
7,978±260
9,201±506

0.017

14,172±507
13,978±519
15,111±801

0.034

64.6
71.2
61.4

69.6
75.1
66.4

1,654
165

8,422±172
10,327±908

0.041

15,858±346
16,617±1,146

0.511

66.9
62.9

71.1
71.5

1,741
78

8,441±180
12,175±792

< 0.001

15,642±337
22,526±1,623

< 0.001

67.1
58.0

71.4
68.7

607
1,212

11,234±422
7,274±147

< 0.001

24,160±701
11,804±288

< 0.001

-

-

p-value

Net medical
cost ($)b),c)

p-value

OS, overall survival; DSS, disease-specific survival; TG, total gastrectomy; STG, subtotal gastrectomy; NHI, National Health
Insurance; RT, radiotherapy. a)Defined as medical bill expenses claimed by medical service providers for primary treatment,
b)
All costs are presented in U.S. dollars, with an exchange rate of 1,103 Korean won to 1 U.S. dollar, which was the annual
exchange rate in 2008, c)Defined as medical bill expenses claimed by medical service providers from diagnosis to death or last
follow-up.
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71.1% (95% CI, 68.8 to 73.5). Compared with patients received
chemotherapy alone, those who received CRT had inferior
5-year OS (p=0.020) (Table 4). However, the 5-year DSS was
similar according to the use of RT (no RT vs. RT; 71.4% vs.
68.7%, p=0.347), which is understandable given the high proportion of comorbid patients in RT group. Being older (" 60
years), having a total gastrectomy, having a higher CCI (4),
and receiving medical aid were significantly related to worse
survival (S7 and S8 Tables).

Discussion
This study highlights the national patterns of neoadjuvant
and adjuvant RT use for gastrectomy patients in Korea as
well as the sociodemographic factors associated with its use.
The results showed that RT usage was exceedingly low and
primarily concentrated in one large-volume hospital. In comparison, there was a low rate of, but growing interest in,
neoadjuvant chemotherapy (one-third of the hospitals in the
nation). Adjuvant chemotherapy accounted for about 90% of
the therapy modalities used and was mainstream in nearly
all hospitals. These practice patterns are concerning given
that RT, which has already been verified and accepted as an
essential adjuvant therapy modality for gastric cancer in the
Unites States [18], has not had enough opportunity to
develop the evidence in D2-dissected patients.
We found that only 4% of patients received RT as an adjuvant or neoadjuvant treatment. Furthermore, our results contradict the results of the previous Surveillance, Epidemiology, and End Results studies [19]. For example, in the
United States, the proportion of patients who underwent surgery alone after 2000 decreased by at least 13%, but the proportion of patients who underwent CRT increased from
8%-14% to 25%-33%. This implies that, in Korea, the results
of the INT-0116 trial, unlike in the United States [19,20], did
not affect treatment practices.
The discrepancy between patterns and trends in the United
States and Korea may be explained by the extent and safety
of lymphadenectomies performed in East Asia [21]. According to the 2004 the Korean Gastric Cancer Association
(KGCA) nationwide survey, the quality of extensive D2 lymphadenectomy, represented by the number of retrieved
lymph nodes, was assured in most of the 57 hospitals belonging to the KGCA regardless of hospital volume [22]. In contrast to the high postoperative mortality rate (~10%) in trials
conducted in Western countries [23-25], the very low mortality rate (< 1%) for D2 dissection observed in prior Phase
III trials in Korea [12] and Japan [26] was reaffirmed on a
population level in the present study (0.6%). Although we
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found that patients who were " 70 years old, had a high
comorbidity burden (CCI " 4), and who had a more severe
cancer stage (having undergone total gastrectomy) were
associated significantly, we found only a slight increase in
the risk of postoperative mortality.
In addition, our data showed that the majority of RT
patients were concentrated in one large-volume hospital [8].
The proportion of RT administered in this hospital was
greater in magnitude (52%) than the proportion of RT administered in all other 25 hospitals combined. Otherwise, RT was
more likely to be utilized in small- or medium-volume hospitals located in nonmetropolitan areas. Although we were
not able to investigate whether tumor factors, such as cancer
stage or adverse pathologic features, influenced the consideration of RT, we found significant interhospital variations
(Fig. 1A). This indicates that cultural predispositions rather
than universal criteria guide clinical decisions.
Furthermore, being over 60 years old and having a low
income (! 20th percentile) were barriers to receiving RT. On
the other hand, we found that patients with a high comorbidity burden were more likely to receive RT. This is most
likely because trimodal therapy including RT is used for
patients who may be intolerant to full-dose chemotherapy,
such as those with a high comorbidity burden. In our opinion, studies are needed to determine the role of RT in the clinical setting among patients that might be intolerant to
full-dose chemotherapy.
Moreover, the absolute proportion of patients receiving
adjuvant chemotherapy ranged 83.2%-89.1%. Furthermore,
the 5-year OS and the 5-year DSS outcomes in this study
(66.5% and 71.5%, respectively) were consistent or lower
when compared to the Capecitabine and Oxaliplatin Adjuvant Study in Stomach Cancer (CLASSIC) [12] and the
Adjuvant Chemotherapy Trial of TS-1 for Gastric Cancer
(ACTS-GC) [11] trials; however, these two trials included
younger patients with fewer comorbidities than observed in
the general population, which may account for any discrepancies. The overwhelming use of adjuvant chemotherapy
found in our study might be rooted, to some degree, in a
propensity for clinicians to depend heavily on evidence generated from our country. Nevertheless, this consistent usage,
which existed before 2007, is worrisome because it may
indicate that these practices were determined before maturation of emerging evidence.
The addition of RT to adjuvant/neoadjuvant chemotherapy increased the mean cost of $3,734 in Korea that has single-payer health care system. We could not find that addition
of RT reduced the net medical cost during follow-up that
indirectly reflected recurrence preventing treatment effects.
In addition, it was found that RT did not increase the 5-year
DSS rate (RT vs. no RT, 68.7% vs. 71.4%), yet consistent with
previous findings of ARTIST trial (5-year OS, 75% vs. 73%)
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and CRITICS trial (5-year OS, 40.9% vs. 41.3%). Although we
felt that use of RT in (neo-)/adjuvant setting (before)/after
D2 surgery increased the total medical cost but not the survival rate in these general population, such a precondition
would require (1) that the clinical indication was not different between patients with CRT and those with chemotherapy
alone, and (2) that all other confounders, which were not
identified in this study, were well balanced. Although previous reports imply the fulfillment of preconditions [27], we
cannot justify these findings without details including tumor
stage or residual tumor burden, but may question the importance and necessity of RT in D2-dissected patients [28]. However, several studies have demonstrated loco-regional recurrence usually occurs in the nodal basin outside the D2 dissection surgical field [28,29] and a considerable rate of locoregional recurrence is observed in high-risk patients (e.g.,
N+) even after D2 surgery [30]. In the ARTIST trial, there was
a significant benefit in a subgroup of patients with N+ with
postoperative CRT. A subsequent ARTIST II trial is currently
underway to refine the role of RT in patients with positive
lymph node metastasis.
We also found that sociodemographic factors such as being
" 60 years old, having a high comorbidity burden, and
receiving medical aid were associated with poorer survival
outcomes. Therefore, when making treatment decisions for
individual patients, physicians should consider sociodemographic factors.
The current study has some limitations. For example, the
NHIS-NSC database lacks information on gastric cancer staging and recurrence; therefore, the analyses of stage-specific
patterns of care and the impact of neoadjuvant and adjuvant
treatment on survival were limited. In our study, standardized incidences were not calculated, as the Korean Statistical
Information Service do not provide the incidence information of the intersection of two sets (diagnosed as gastric cancer and underwent gastrectomy). Since our findings were
computed in the crude rates which result from the specific
composition which prevails in our sampled population, we
caution against direct comparing other study populations
with respect to actual numerical values. We also lacked direct
clinical data regarding pathologic factors (such as residual
tumor burden), radiation specifics (e.g., dose, fractionation,

and field), performance status, and treatment compliance.
Information on chemotherapy regimen was also unavailable
for some patients, further limiting the analyses of chemotherapy patterns of care. Therefore, further studies examining the
impact of RT on survival in well-designed prospective trials
as well as in the general population are necessary. However,
despite these limitations, this study also has a strength that
the NHIS-NSC database represents nearly all patients in
Korea, allowing us to generalize to the entire population in
Korea.
The present study is the first large study to analyze the use
of RT in the neoadjuvant and adjuvant management of gastric cancer in East Asia. We observed that RT was uncommonly utilized and that RT patients were concentrated
heavily in one hospital. Considering the sizable cost overrun
and lack of survival advantage for RT in general population,
better risk stratifying D2-dissected patients is utterly critical
to refine the role of RT in D2-dissected patients. It is important to recognize the cultural predispositions highlighted in
our study since they might continue to influence physician
practices and attitudes toward RT, despite emerging evidence.
Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
Acknwledgments
The authors thank Mr. Dong-Su Jang, Research Assistant, Department of Anatomy, Yonsei University College of Medicine, Seoul,
South Korea, for his help with the figure. Supported by a faculty
research grant from Yonsei University College of Medicine (Grant
No. 6-2015-0037, Woong Sub Koom) and by the National Research
Foundation of Korea (NRF) grant funded by the Korea government
(MSIP) (2015R1C1A2A01055617, Hyo Song Kim).

References
1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal
A. Global cancer statistics, 2012. CA Cancer J Clin. 2015;65:
87-108.
2. Colquhoun A, Arnold M, Ferlay J, Goodman KJ, Forman D,

Soerjomataram I. Global patterns of cardia and non-cardia gastric cancer incidence in 2012. Gut. 2015;64:1881-8.
3. Jung KW, Won YJ, Kong HJ, Oh CM, Cho H, Lee DH, et al.
Cancer statistics in Korea: incidence, mortality, survival, and

VOLUME 50 NUMBER 1 JANUARY 2018

127

Cancer Res Treat. 2018;50(1):118-128

prevalence in 2012. Cancer Res Treat. 2015;47:127-41.
4. Lim DH, Kim DY, Kang MK, Kim YI, Kang WK, Park CK, et
al. Patterns of failure in gastric carcinoma after D2 gastrectomy
and chemoradiotherapy: a radiation oncologist's view. Br J
Cancer. 2004;91:11-7.
5. Knight G, Earle CC, Cosby R, Coburn N, Youssef Y, Malthaner
R, et al. Neoadjuvant or adjuvant therapy for resectable gastric
cancer: a systematic review and practice guideline for North
America. Gastric Cancer. 2013;16:28-40.
6. Fujitani K. Overview of adjuvant and neoadjuvant therapy for
resectable gastric cancer in the East. Dig Surg. 2013;30:119-29.
7. Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes NC,
Stemmermann GN, et al. Chemoradiotherapy after surgery
compared with surgery alone for adenocarcinoma of the stomach or gastroesophageal junction. N Engl J Med. 2001;345:
725-30.
8. Lee J, Lim DH, Kim S, Park SH, Park JO, Park YS, et al. Phase
III trial comparing capecitabine plus cisplatin versus capecitabine plus cisplatin with concurrent capecitabine radiotherapy in completely resected gastric cancer with D2 lymph node
dissection: the ARTIST trial. J Clin Oncol. 2012;30:268-73.
9. Verheij M, Jansen EP, Cats A, van Grieken NC, Aaronson NK,
Boot H, et al. A multicenter randomized phase III trial of neoadjuvant chemotherapy followed by surgery and chemotherapy or by surgery and chemoradiotherapy in resectable gastric
cancer: first results from the CRITICS study. J Clin Oncol.
2016;34(15 Suppl):Abstr 4000.
10. Kim TH, Park SR, Ryu KW, Kim YW, Bae JM, Lee JH, et al.
Phase 3 trial of postoperative chemotherapy alone versus
chemoradiation therapy in stage III-IV gastric cancer treated
with R0 gastrectomy and D2 lymph node dissection. Int J
Radiat Oncol Biol Phys. 2012;84:e585-92.
11. Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M,
Nashimoto A, et al. Adjuvant chemotherapy for gastric cancer
with S-1, an oral fluoropyrimidine. N Engl J Med. 2007;357:
1810-20.
12. Bang YJ, Kim YW, Yang HK, Chung HC, Park YK, Lee KH, et
al. Adjuvant capecitabine and oxaliplatin for gastric cancer
after D2 gastrectomy (CLASSIC): a phase 3 open-label, randomised controlled trial. Lancet. 2012;379:315-21.
13. Schmidt B, Yoon SS. D1 versus D2 lymphadenectomy for gastric cancer. J Surg Oncol. 2013;107:259-64.
14. Schwarz RE, Smith DD. Clinical impact of lymphadenectomy
extent in resectable gastric cancer of advanced stage. Ann Surg
Oncol. 2007;14:317-28.
15. Lee J, Lee JS, Park SH, Shin SA, Kim K. Cohort Profile: The
National Health Insurance Service-National Sample Cohort
(NHIS-NSC), South Korea. Int J Epidemiol. 2017;46:e15.
16. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis. 1987;40:
373-83.
17. Choi KS, Kwak MS, Lee HY, Jun JK, Hahm MI, Park EC.
Screening for gastric cancer in Korea: population-based preferences for endoscopy versus upper gastrointestinal series.
Cancer Epidemiol Biomarkers Prev. 2009;18:1390-8.

128

CANCER RESEARCH AND TREATMENT

18. Smalley SR, Benedetti JK, Haller DG, Hundahl SA, Estes NC,
Ajani JA, et al. Updated analysis of SWOG-directed intergroup
study 0116: a phase III trial of adjuvant radiochemotherapy
versus observation after curative gastric cancer resection. J
Clin Oncol. 2012;30:2327-33.
19. Seyedin S, Wang PC, Zhang Q, Lee P. Benefit of adjuvant
chemoradiotherapy for gastric adenocarcinoma: a SEER population analysis. Gastrointest Cancer Res. 2014;7:82-90.
20. Cheng J, Squires MH 3rd, Mikell JL, Fisher SB, Staley CA 3rd,
Kooby DA, et al. Radiotherapy patterns of care in gastric adenocarcinoma: a single institution experience. J Gastrointest
Oncol. 2015;6:247-53.
21. Ashraf N, Hoffe S, Kim R. Adjuvant treatment for gastric cancer: chemotherapy versus radiation. Oncologist. 2013;18:
1013-21.
22. The Information Committee of the Korean Gastric Cancer
Association. 2004 Nationwide gastric cancer report in Korea.
J Korean Gastric Cancer Assoc. 2007;7:47-54.
23. Cuschieri A, Weeden S, Fielding J, Bancewicz J, Craven J, Joypaul V, et al. Patient survival after D1 and D2 resections for
gastric cancer: long-term results of the MRC randomized surgical trial. Surgical Co-operative Group. Br J Cancer. 1999;79:
1522-30.
24. Hartgrink HH, van de Velde CJ, Putter H, Bonenkamp JJ,
Klein Kranenbarg E, Songun I, et al. Extended lymph node dissection for gastric cancer: who may benefit? Final results of the
randomized Dutch gastric cancer group trial. J Clin Oncol.
2004;22:2069-77.
25. Bonenkamp JJ, Hermans J, Sasako M, van de Velde CJ, Welvaart K, Songun I, et al. Extended lymph-node dissection for
gastric cancer. N Engl J Med. 1999;340:908-14.
26. Sano T, Sasako M, Yamamoto S, Nashimoto A, Kurita A,
Hiratsuka M, et al. Gastric cancer surgery: morbidity and mortality results from a prospective randomized controlled trial
comparing D2 and extended para-aortic lymphadenectomy:
Japan Clinical Oncology Group study 9501. J Clin Oncol.
2004;22:2767-73.
27. Kim S, Lim DH, Lee J, Kang WK, MacDonald JS, Park CH, et
al. An observational study suggesting clinical benefit for
adjuvant postoperative chemoradiation in a population of
over 500 cases after gastric resection with D2 nodal dissection
for adenocarcinoma of the stomach. Int J Radiat Oncol Biol
Phys. 2005;63:1279-85.
28. Chang JS, Koom WS, Lee Y, Yoon HI, Lee HS. Postoperative
adjuvant chemoradiotherapy in D2-dissected gastric cancer:
is radiotherapy necessary after D2-dissection? World J Gastroenterol. 2014;20:12900-7.
29. Chang JS, Lim JS, Noh SH, Hyung WJ, An JY, Lee YC, et al.
Patterns of regional recurrence after curative D2 resection for
stage III (N3) gastric cancer: implications for postoperative
radiotherapy. Radiother Oncol. 2012;104:367-73.
30. Yu JI, Lim do H, Ahn YC, Lee J, Kang WK, Park SH, et al.
Effects of adjuvant radiotherapy on completely resected gastric cancer: a radiation oncologist's view of the ARTIST randomized phase III trial. Radiother Oncol. 2015;117:171-7.

pISSN 1598-2998, eISSN 2005-9256
https://doi.org/10.4143/crt.2017.004

Cancer Res Treat. 2018;50(1):129-137

Open Access

Original Article

Cancer-Specific Mortality among Korean Men with Localized or
Locally Advanced Prostate Cancer Treated with Radical Prostatectomy Versus
Radiotherapy: A Multi-center Study Using Propensity Scoring and Competing
Risk Regression Analyses
Purpose
Studies comparing radical prostatectomy (RP) outcomes with those of radiotherapy with or
without androgen deprivation therapy (RT±ADT) for prostate cancer (PCa) have yielded conflicting results. Therefore, we used propensity score-matched analysis and competing risk
regression analysis to compare cancer-specific mortality (CSM) and other-cause mortality
(OCM) between these two treatments.
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Materials and Methods
The multi-center, Severance Urological Oncology Group registry was utilized to identify 3,028
patients with clinically localized or locally advanced PCa treated by RP (n=2,521) or RT±ADT
(n=507) between 2000 and 2016. RT±ADT cases (n=339) were matched with an equal
number of RP cases by propensity scoring based on age, preoperative prostate-specific antigen, clinical tumor stage, biopsy Gleason score, and Charlson Comorbidity Index (CCI). CSM
and OCM were co-primary endpoints.
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Results
Median follow-up was 65.0 months. Five-year overall survival rates for patients treated with
RP and RT±ADT were 94.7% and 92.0%, respectively (p=0.105). Cumulative incidence
estimates revealed comparable CSM rates following both treatments within all National
Comprehensive Cancer Network risk groups. Gleason score ! 8 was associated with higher
risk of CSM (p=0.009). OCM rates were comparable between both groups in the low- and
intermediate-risk categories (p=0.354 and p=0.643, respectively). For high-risk patients,
RT±ADT resulted in higher OCM rates than RP (p=0.011). Predictors of OCM were age ! 75
years (p=0.002) and CCI ! 2 (p < 0.001).
Conclusion
RP and RT±ADT provide comparable CSM outcomes in patients with localized or locally
advanced PCa. The risk of OCM may be higher for older high-risk patients with significant
comorbidities.
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Prostatic neoplasms, Prostatectomy, Radiotherapy,
Treatment outcome
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Introduction
The management of clinically localized and locally
advanced prostate cancer (PCa) is controversial. Contemporary guidelines recommend that treatment decisions should
be made on the basis of tumor features, baseline prostatespecific antigen (PSA) levels, patient age, comorbidity, life
expectancy, and quality of life [1,2]. In general, radical
prostatectomy (RP) and radiation therapy with or without
androgen deprivation therapy (RT±ADT) are viable treatment options for patients with a life expectancy of more than
10 years [2].
Several studies have investigated the oncological outcomes
of RP and RT±ADT in order to identify the population that
would most benefit from a specific treatment and to determine which treatment is superior in terms of improving the
length or quality of life [3-8]. However, most of these studies
were retrospective in nature, and were limited by methodological biases arising from differences in pretreatment
patient and cancer risk features between treatment cohorts
[9,10]. Therefore, their results were inconclusive and yielded
only weak evidence regarding which treatment was superior
in terms of oncological outcome.
A randomized controlled trial is the ideal approach for
comparing competing treatment modalities [11,12]. However, treatment options for PCa vary and decisions are
largely based on patient preference and physicians’ discretion. Compared to candidates for RP, patients who are
offered RT generally tend to be older, have higher comorbidity scores, and have cancer-related risk features that are more
aggressive, making a randomized trial impractical [9,13]. For
instance, two large United States randomized trials comparing RP and RT were closed early because of poor accrual [14].
A feasible alternative is a propensity-score matched analysis,
in which the possibility of patient selection bias can be minimized by adjusting for multiple preoperative confounders
that may affect survival outcome, such as patient age, disease
risk, and comorbidity [15]. The long lifespan of patients with
subclinical PCa presents another hurdle in addressing the
effect of a specific treatment on clinically relevant endpoints
that truly represent the effect of a specific treatment, such as
cancer-specific mortality (CSM) and other-cause mortality
(OCM). Herein, a competing risks regression analysis can be
used to better understand the magnitude and timeline in
which a specific treatment might be expected to improve
these survival endpoints.
To address these issues, we performed a propensity scorematched analysis followed by competing risk regression
analyses to compare CSM and OCM outcomes between RP
and RT±ADT in a multi-center cohort of Korean patients
with localized or locally advanced PCa. We further stratified
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our analyses according to the National Comprehensive Cancer Network (NCCN) PCa risk category so that our results
could aid clinical decision making.

Materials and Methods
1. Study population and data collection
A total of 3,082 consecutive Korean patients with localized
or locally advanced PCa treated with curative intent were
selected from the multi-center, Severance Urological Oncology Group PCa registry. Of these, 2,521 patients (81.8%)
underwent RP and 561 patients (18.2%) received RT±ADT
between 2000 and 2016. The decision to use RP or RT±ADT
for treatment was based on surgeons’ discretion and on
patients’ preference. Ninety-four patients (3.0%) with incomplete clinical information, 201 patients (6.5%) who were lost
to follow-up, and 107 patients (3.5%) for both reasons were
excluded from propensity-score calculation. This study was
approved by the institutional ethics committee after review
of the protocol and procedures employed (2014-0091-004).
2. Radical prostatectomy
RP was recommended for patients who either desired surgical treatment or were determined to be reasonable surgical
candidates because of otherwise favorable clinical characteristics. Surgery was performed by the retropubic or robotic
approach, with the extent of pelvic lymph node dissection
being based upon the risk category of the patient.
3. Radiation therapy
Radio-oncologists of each participating institution confirmed that conventional or hypo-fractionated external beam
RT was delivered to the prostate with pre-defined margins
according to the guidelines of the European Organization for
Research and Treatment of Cancer [16]. At Gangnam and
Shinchon Severance Hospitals, RT consisted of 3D conformal
radiation therapy (3DCRT) from 2000 to 2007 and intensity
modulated external beam RT (IMRT) from 2007 to 2016. The
median RT dose at Severance Hospitals was 7,000 cGy
(interquartile range [IQR], 7,000 to 7,000 cGy). At Hallym
University College Hospital, RT consisted of 3DCRT from
2000 to 2001 and IMRT from 2001 to 2016. The median RT
dose at Hallym University College Hospital was 8,000 cGy
(IQR, 8,000 to 8,000 cGy). At Ajou University Hospital, RT
consisted of 3DCRT from 2000 to 2009 and IMRT from 2009
to 2016. The median RT dose at Ajou University Hospital was
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Table 1. Clinicopathological characteristics of patients, by initial treatment modality
Characteristic
Propensity matched variable
Age (yr)
PSA (ng/mL)
Biopsy Gleason score (%)
!6
7
8-9
Clinical T stage (%)
cT1
cT2
cT3
cT4
CCI
0
1
"2
Unmatched variable
Clinical N stage (%)
N0
N1
Clinical M stage (%)
M0
M1
Body mass index (kg/m2)
NCCN risk criteria
Low
Intermediate
High
Total follow-up period (mo)

RP (n=339)

RT±ADT (n=339)

p-value

70.0 (66.0-73.0)
10.4 (6.7-20.7)

70.1 (66.0-74.0)
10.7 (7.0-21.5)

0.629
0.814

78 (23.0)
133 (39.2)
128 (37.8)

78 (23.0)
133 (39.2)
128 (37.8)

> 0.99

79 (23.3)
140 (41.3)
99 (29.2)
21 (6.2)

79 (23.3)
140 (41.3)
99 (29.2)
21 (6.2)

> 0.99

224 (66.1)
82 (24.2)
33 (9.7)

224 (66.1)
82 (24.2)
33 (9.7)

> 0.99

322 (95.0)
17 (5.0)

322 (95.0)
17 (5.0)

> 0.99

339 (100)
0(
23.7 (22.3-25.5)

339 (100)
0(
23.6 (21.7-25.6)

23 (6.8)
107 (31.9)
209 (61.3)
69.0 (42.7-94.0)

22 (6.5)
108 (32.2)
209 (61.3)
60.5 (39.0-98.0)

NS
0.948
0.985

0.789

Values are presented as median (interquartile range) and number (%). RP, radical prostatectomy; RT±ADT, radiotherapy with
or without androgen deprivation therapy; PSA, prostate-specific antigen; CCI, Charlson comorbidity index; NS, not significant;
NCCN, National Comprehensive Cancer Network.

7,400 cGy (IQR, 7,010 to 7,400 cGy). The complete conversion
from 3DCRT to IMRT at all participating institutions took
place in 2011 along with the National Health Insurance Service reimbursement coverage. In overall, 216 (63.7%) and 123
(36.3%) patients received of 3DCRT and IMRT, respectively.
The median total radiation dose was 70 Gy (IQR, 70 to 74 Gy)
in 33.5 fractions (IQR, 28 to 37 fractions), in which 295
patients (87.0%) received greater than 7,600 cGy.
Pelvic lymph nodes were included if the patient had
regional lymphadenopathies. Neoadjuvant, concomitant,
and/or adjuvant ADT was performed in 13/22 (59.1%),
69/108 (63.9%), and 186/209 (88.9%) of low-, intermediate-,
and high-risk patients, respectively.

4. Study endpoints
CSM and OCM were the co-primary endpoints. For all
patients, the status of survival and cause of death were
investigated using institutional electronic medical records,
the National Cancer Registry Database, or the Social Security
Death Index. Death was attributed to PCa if evidence of progressive metastatic castration-resistant PCa (CRPC) was
present, PCa was listed on the death certificate as the cause
of death, or if the patient died of complications of PCa treatment. Secondary endpoints were biochemical recurrence-free
survival (BCRFS), adjuvant therapy following recurrence,
metastasis-free survival, and progression to CRPC-free survival. All patients received standard care according to contemporary guidelines until death or last follow-up.
VOLUME 50 NUMBER 1 JANUARY 2018
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Table 2. Causes of death and 5-year survival rates stratified by risk category and initial treatment modality
Variable
Deaths, n (%)
PCa
Other cause
Second primary malignancy
Cardiopulmonary disease
Unknown
5-Year survival rate (%)
Cancer-specific
Low risk
Intermediate risk
High risk
Other-cause
Low risk
Intermediate risk
High risk
Overall
Low risk
Intermediate risk
High risk

RP (n=339)

RT±ADT (n=339)

p-value

29 (8.6)
6 (1.7)
23 (6.8)
7 (2.1)
3 (0.9)
13 (3.8)

46 (13.6)
4 (1.2)
42 (12.4)
13 (3.8)
7 (2.1)
22 (6.5)

0.038
0.530
0.013
0.758
0.645
0.532

98.8 (
100 (
100 (
98 (
95.3 (
100 (
94.2 (
95.2 (
94.7 (
100 (
94.2 (
93.3 (

99.5 (
100 (
100 (
99.2 (
93.0 (
100 (
90.5 (
92.9 (
92.0 (
100 (
90.5 (
92.1 (

0.576
NS
0.994
0.399
0.051
NS
0.863
0.011
0.105
NS
0.871
0.047

RP, radical prostatectomy; RT±ADT, radiotherapy with or without androgen deprivation therapy; PCa, prostate cancer; NS,
not significant.

Table 3. Oncological outcomes, by initial treatment modality
Variable
BCR
No. (%)
Time to BCR (mo)
5-Year BCRFS (%)
Adjuvant therapy following BCR
Observation
Salvage RT
ADT
Salvage RT plus ADT
CRPC (%)
No. (%)
Time to CRPC progression (mo)
CRPC progression-free survival (%)
Chemotherapy
Metastasis
No. (%)
Time to metastasis (mo)
Metastasis-free survival rate (%)

RP (n=339)
108 (31.9)
17.0 (7.0-34.5)
3.7 (
16 (4.7)
18 (5.3)
44 (13.0)
30 (8.8)

RT±ADT (n=339)

p-value

57 (16.8)
40.0 (15.0-57.5)
22.8 (

< 0.001
< 0.001
< 0.001

11 (3.2)
2 (0.6)
40 (11.8)
4 (1.2)

0.103

16 (4.7)
35.5 (22.5-56.8)
18.8 (
7 (2.1)

14 (4.1)
60.5 (52.3-70.3)
42.9 (
9 (2.7)

0.721
0.013
0.071
0.603

12 (3.5)
45.0 (26.0-71.3)
33.3 (

12 (3.5)
54.5 (24.5-68.0)
41.7 (

> 0.99
0.839
0.778

Values are presented as number (%) or median (interquartile range), unless otherwise indicated. RP, radical prostatectomy;
RT±ADT, radiotherapy with or without androgen deprivation therapy; BCR, biochemical recurrence; BCRFS, BCR-free survival; CRPC, castration-resistant prostate cancer.
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Results

5. Statistical analysis
The chi-square test and ANOVA were used to compare
two or more variables, and the Mann-Whitney U test was
used for the analysis of continuous variables. To address
imbalances in the distribution of covariates among treatment
groups, we calculated propensity scores for each subject by
using multivariable logistic regression based on patient age,
preoperative PSA, biopsy Gleason score, clinical tumor stage,
and Charlson Comorbidity Index (CCI). Fine and Gray competing risk regression analysis was used to evaluate the
association of clinical covariates with CSM and OCM. Survival endpoints were estimated and compared using the
Kaplan-Meier method and a log-rank test. Statistical analyses
were performed using R ver. 3.0.1 (R Foundation for Statistical Computing, Vienna, Austria). All tests were two-sided,
with a statistical significance set at p < 0.05.

1. Patient characteristics
Propensity matching yielded 339 RT±ADT cases matched
to an equal number of RP cases. Clinicopathological characteristics of the two groups for matched and unmatched variables are presented in Table 1. Variables used for propensityscore matching did not differ significantly between the two
groups; this finding was confirmed by the comparable distribution of the NCCN risk criteria subgroups between the two
groups. The median follow-up period of the overall cohort
was 65.0 months (IQR, 40.0 to 95.0 months), with no significant
differences between the two treatment groups (p=0.789).
2. Causes of death
The causes of death according to treatment modality are
presented in Table 2. The causes of death were attributed to
PCa and other causes in 10/678 (1.5%) and 65/678 (9.6%)
patients, respectively. The overall mortality (OM) rate in the
RT±ADT group was significantly higher than that in the RP
group (13.6% vs. 8.6%, p=0.038) because of a higher rate of
OCM in the RT±ADT group (p=0.013). The most common

Table 4. Pretreatment predictors of cancer-specific mortality in patients with clinically localized or locally advanced prostate
cancer
Variable
Age (yr)
< 70
" 70
Body mass index
Pretreatment PSA
Biopsy Gleason score
!7
"8
Clinical T stage
! T2
" T3
CCI
!1
"2
Initial treatment modality
RP
RT±ADT

Univariate

Multivariate

HR (95% CI)

p-value

HR (95% CI)

p-value

1 (reference)
0.288 (0.060-1.391)
0.953 (0.753-1.206)
1.012 (0.973-1.054)

0.121
0.687
0.545

-

-

1 (reference)
7.974 (1.649-38.56)

0.010

1 (reference)
8.107 (1.676-39.21)

0.009

1 (reference)
1.311 (0.323-5.316)

0.704

-

-

1 (reference)
2.688 (0.719-10.05)

0.142

-

-

1 (reference)
0.686 (0.182-2.588)

0.578

-

-

HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen; CCI, Charlson comorbidity index; RP, radical prostatectomy; RT±ADT, radiotherapy with or without androgen deprivation therapy.
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Table 5. Pretreatment predictors of other-cause mortality in patients with clinically localized or locally advanced prostate
cancer
Variable
Age (yr)
< 70
" 70
Body mass index
Pretreatment PSA
Biopsy Gleason score
!7
"8
Clinical T stage
! T2
" T3
CCI
!1
"2
Initial treatment modality
RP
RT±ADT

Univariate

Multivariate

HR (95% CI)

p-value

HR (95% CI)

p-value

1 (reference)
1.684 (0.992-2.860)
0.895 (0.816-0.982)
1.010 (0.995-1.025)

0.053
0.019
0.207

1 (reference)
1.894 (1.105-3.249)
0.924 (0.842-1.013)
-

0.020
0.091
-

1 (reference)
0.976 (0.572-1.665)

0.929

-

-

1 (reference)
1.222 (0.718-2.078)

0.460

-

-

1 (reference)
2.837 (1.532-5.252)

0.001

1 (reference)
2.853 (1.536-5.301)

0.001

1 (reference)
1.684 (0.992-2.860)

0.053

1 (reference)
1.672 (0.978-2.858)

0.061

HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen; CCI, Charlson comorbidity index; RP, radical prostatectomy; RT±ADT, radiotherapy with or without androgen deprivation therapy.

cause of OCM was second primary malignancy, followed by
cardiopulmonary disease.

score " 8 was significantly associated with a higher risk of
CSM (Table 4). Age " 75 years and CCI " 2 were independent
predictors of a higher risk of OCM (Table 5).

3. Survival outcome
Cumulative incidence estimates of CSM and OCM according to treatment modality are presented in Table 2. Both treatments resulted in comparable CSM in all NCCN risk groups
(p=0.576). However, the OCM rate in the RT±ADT group was
marginally higher than that in the RP group (p=0.051). This
could be attributed to a significantly higher rate of OCM in
high-risk patients who received RT±ADT (p=0.011). Accordingly, a higher rate of OM was observed in high-risk patients
in the RT±ADT group (p=0.047).
Outcomes of secondary study endpoints are described in
Table 3. Patients who received RT±ADT had higher BCRFS
rates than those who underwent RP (p < 0.001). However, this
did not translate into superior oncological outcomes in terms
of rates of adjuvant therapy, CRPC progression-free survival,
or metastasis-free survival.
4. Predictors of cancer-specific mortality and OCM
A multivariate competing risks regression model was used
to identify pretreatment predictors of CSM and OCM. Gleason
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Discussion
Our results compare favorably with those of two randomized trials reported in the literature, which compared survival outcomes of RP with those of RT [17,18]. Akakura et al.
[17] reported no significant differences in CSM or overall survival according to treatment modality in patients with T2b3N0M0 PCa. The recently published ProtecT study also
revealed no difference in CSM between the RP and RT
groups [18]. However, the limitation of this study was that
men who received RP were younger and had lower PSA
compared to the RT group. Moreover, CCI was not accounted for. In contrast, several observational studies have
reported that OM, CSM, and/or metastatic progression
associated with RP are better than those associated with RT,
which contradicts the findings of the present study [5-8,
19,20]. Albertsen et al. [7] reported that the CSM associated
with RP was lower than that associated with RT during a
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13-year follow-up. Although PCa risk and comorbidity were
adjusted for, their study did not reflect the current standard
of care because it was conducted during the early PSA era
[7]. Tewari et al. [19] used propensity risk scoring and
reported that CSM and OM in patients with high grade PCa
treated with RP were lower than those in patients treated
with EBRT. Zelefsky et al. [6] and Merglen et al. [5] reported
that CSM in men treated with RT was higher than that in
men who underwent RP. However, patients treated with RT
tended to be older, with higher PSA and Gleason scores, precluding a meaningful comparison. Furthermore, no adjustments were made for comorbidity [5,6]. The superiority of
RP observed in these studies may be attributed to the
improved ability to interpret early post-treatment PSA
changes and to deliver timely and effective adjuvant therapy
by enabling a pathologic assessment of the primary tumor
[20]. Moreover, patients for whom RP was deemed appropriate may have been better screened for second primary
malignancies or comorbidities such as cardiopulmonary disease, which contributes to OCM. Nevertheless, the most
reliable quantitative exploratory analyses, including the
aforementioned observational studies, concluded that the
differences in 10-year CSM are less than 1%, and that the
unadjusted survival curves and unaccounted-for confounders in these studies preclude a definitive conclusion that RP
results in superior survival compared to RT±ADT [21].
Patients treated with RT±ADT exhibited higher BCRFS
rates than those who underwent RP. However, this finding
did not translate into improvement in consequent oncological outcomes during our observational period. The high rate
of ADT administration in our patients treated with RT may
have contributed to this result. Overall, 78% of the patients
who received RT in the current analysis also received neoadjuvant, concomitant, and/or adjuvant ADT. This proportion
is markedly higher than the 51% to 56% reported in previous
studies [6]. This may be, in part, due to the higher proportion
of high-risk patients in our cohort who received ADT, a practice based on evidence that RT with ADT results in better survival than that for RT alone [2]. Indeed, the use of ADT in
the RT group is a potential confounding factor for comparisons between RP and RT. Nevertheless, we did not adjust
for the use of ADT in the present study for several reasons.
First, the use of ADT is associated with disease risk, such that
higher risk patients are more likely to receive ADT. The
impact of ADT is usually reflected in the risk adjustment. In
previous studies using models adjusted for risk, ADT was
not proven to be an independent predictor [13,22]. Second,
BCRFS which may be affected by the use of ADT, was not
the primary endpoint of our study. Biochemical recurrence
is known to antedate clinical progression by a median of 5 to
7 years [23]. However, considering the protracted natural history of PCa, biochemical recurrence is an imprecise proxy for

CSM or OM.
A noteworthy finding in the present study was that the
OCM rate in patients who received RT±ADT was higher than
that in patients who underwent RP. Although propensityscore matching was utilized to adjust for confounding
comorbidities that might have increased OCM, unobserved
and unaccounted disparities between the groups may have
existed. CCI has been suggested to predict the risk of OCM
unreliably, and adequate adjustments are best applied when
populations are more homogeneous, such as those with a
CCI of 0 [8,21]. To account for this issue, we compared survival outcomes within patients with a CCI of 0. Interestingly,
no differences in OCM were observed within this subgroup
(data not shown). This observation implies that CCI may fail
to ensure adequate adjustments for OCM in patients with at
least one or more significant comorbidity. The administration
of ADT is another potential risk factor contributing to cardiopulmonary disease as the cause of OCM. Studies have
suggested increased risk of cardiopulmonary disease with
long term ADT [24,25]. However at the same time, there
equal levels of evidences that oppose this observation [26,27].
The jury is still out whether lower levels of testosterone has
caused more cardiopulmonary disease and have contributed
to higher OCM rates in our patients who received RT+ADT.
The present study has a few noteworthy limitations. (1)
Although we utilized a propensity-score matched analysis,
unobserved and unaccounted disparities between cohorts
may have existed, as evidenced by our subset analysis of
patients without any comorbidities. (2) The aim of our study
was to provide a guide to aid clinical decision making at
diagnosis. Thus, no adjustments were made for confounders
that may contribute to survival following initial treatment,
namely, salvage therapy, duration of ADT, or administration
of chemotherapy or androgen receptor-targeted therapy.
Although studies comparing RP and RT have reported that
adjustment for salvage therapy had no impact on survival
outcomes [6], it is difficult to preclude the effect of salvage
therapy considering multidisciplinary treatment strategies
and the prolonged natural history of PCa. (3) Treatments are
constantly evolving and advances in radiation delivery may
have some impact of survival. Randomized trials have
demonstrated dose-escalated RTx (74-90 Gy) to improve
BCRFS compared to conventional RTx (64-70 Gy) [28]. However, we did not account for this confounder because none
have demonstrated improvement in CSM or OM with higher
doses or variations in technique, such as intensity modulation [29,30]. Moreover, no differences in BCRFS or CSM were
noted according to radiation dose subgroups (data not
shown). (4) A limited number of cases of CSM occurred in
the low-risk group, which limited our ability to draw statistically significant conclusions. (5) The follow-up period was
relatively short compared to previous similar studies.
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Although higher BCRFS rates observed in patients treated
with RT±ADT did not translate into superior oncological
endpoints, a longer observational period would be needed
for a meaningful comparison of overall survival. (6) We did
not investigate the differences in adverse events and quality
of life, which are meaningful clinical endpoints.
RP and RT±ADT yield comparable CSM outcomes in
Korean patients with localized or locally advanced PCa. Our
results imply that the risk of OCM may be higher for older
high-risk patients with significant comorbidities. Future
investigations focusing on long-term cancer control as well

as functional and patient satisfaction outcomes will be necessary for a more definitive conclusion.
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Purpose
The purpose of this study was to report clinical outcomes of ruthenium-106 (106Ru)
brachytherapy with or without additional local therapy for choroidal melanomas in Korean
patients.
Materials and Methods
A total of 88 patients diagnosed with choroidal melanomas were treated with 106Ru brachytherapy between 2006 and 2012. Patients were divided into two groups according to
their tumor height: a large group (! 6 mm, n=50) and a small group (< 6 mm, n=38). Most
patients in the large group received combined therapy with local excision and/or transpupillary thermotherapy. In general, 85-95 Gy was administered to the apex of the tumor, while
100 Gy was administered to the point 2-6 mm from the outer surface of the sclera for patients
undergoing combined therapy.
Results
The median follow-up duration was 30 months. The 3-year local control rate was significantly
higher in the small group than in the large group (94% vs. 70%, p=0.047). The free from
distant metastasis (FFDM) rate and the overall survival (OS) rate were also higher in patients
in the small group (3-year FFDM, 97% vs. 76%; p=0.031 and 3-year OS, 97% vs. 72%;
p=0.036). A total of 13 patients underwent enucleation. The eye-preservation rate was also
higher in the small group (3-year eye-preservation rate, 94% vs. 70%; p=0.050), and tumor
height was a significant prognostic factor for eye-preservation.
Conclusion
Ru brachytherapy showed favorable outcomes in small choroidal melanomas in Korean
patients. Although additional local treatment could improve eye-preservation rate for large
tumors, other strategies should be considered for disease control.

106

Introduction
Choroidal melanomas are the most common primary
intraocular malignancies in adults. However, choroidal
melanoma predominantly affects Caucasians, while it is very
rare in Asian populations. Despite the low incidence rates in
Asian populations, the tumors usually affect younger
patients, tend to be larger, and present a high number of
epitheloid cell types, resulting in a poorer prognosis in Asian
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patients than in Caucasians [1].
Until the introduction of plaque brachytherapy using
iodine 125 (125I) in the 1960s, enucleation was the standard
treatment for patients with choroidal melanomas. Although
the most important treatment goal is survival free of disease
recurrence, both patients and clinicians focus on preservation
of function and cosmetic appearance as well. The Collaborative Ocular Melanoma Study confirmed the efficacy of plaque brachytherapy in a multicenter randomized trial including 1,317 patients, which did not reveal any inferiority of
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Fig. 1. Treatment flow diagram. F/U, follow-up; TTT, transpupillary thermotherapy.

125

I brachytherapy to enucleation, showing comparable
5-year overall survival (OS) (81% vs. 82%) and 5-year cancerspecific survival (89% vs. 91%) rates [2,3]. Moreover, 125I
brachytherapy did pose any additional risk of loss of visual
acuity in the fellow eye for at least 10 years after treatment
for choroidal melanoma [4]. Today, plaque brachytherapy is
a major modality for the management of choroidal melanomas because it is considered a reasonable eye-preserving
alternative to enucleation. Although the benefits of plaque
brachytherapy may be reduced by impaired vision resulting
from radiation toxicity, this treatment modality has major
functional and cosmetic advantages.
Since its introduction, ruthenium-106 (106Ru) brachytherapy has been increasingly used for the treatment of small- to
medium-sized choroidal melanomas [5-7]. A 106Ru plaque
providing 1,000 Gy to the scleral surface conveys less than
100 Gy to a distance over 7 mm from the base, giving an
insufficient radiation dose to the apex of large tumors [8,9].
Insufficient radiation to the apex could reduce the local
tumor control rate and increase the risk of recurrence, as well
as metastases and mortality. Several studies have reported
outcomes of the combination of the brachytherapy and
transpupillary thermotherapy (TTT) [10,11]. This combination therapy was introduced to enable eye-preservation for
patients with tumors larger than 5 mm, although it has also
been used to lessen the radiation dose for smaller tumors to
reduce the risk of radiation-related toxicities. Moreover,
patients with insufficient tumor regression after brachytherapy or with recurrent tumors can be re-treated with TTT.
Before the introduction of 106Ru plaques (Eckert & Ziegler
BEBIG, Berlin, Germany) to our institution in October 2006,
Gamma knife surgery (GKS) using a Leksell !-knife (Elekta
Instruments AB, Stockholm, Sweden) was the only eye-sparing treatment for choroidal melanomas available in Korea.
Since 2006, we have primarily performed brachytherapy

with additional local treatment, including TTT and local
excision, as eye-preserving therapy for choroidal melanomas.
This study was conducted to report the early clinical outcomes of this eye-preserving treatment strategy for variablesized choroidal melanomas in Korean patients.

Materials and Methods
1. Patient selection
We identified 93 consecutive patients who were diagnosed
with uveal malignant melanomas and treated with 106Ru
brachytherapy between 2006 and 2012 in our institution.
Patients with iris and ciliary body melanomas were excluded
(n=5) from this study. Because 106Ru plaque therapy is generally considered to treat tumors less than 6-7 mm in height,
our patients were divided into a large group (tumor height
" 6 mm) and a small group (tumor height < 6 mm) according
to their tumor height, as measured by ultrasonography.
2. Treatment methods
The treatment flow diagram is presented in Fig. 1. The
treatment was intended to deliver 85-95 Gy to the apex of the
tumor. However, owing to rapid radiation dose fall-off of
106
Ru, 80% of the dose had already been absorbed at 5 mm
from the applicator. Thus, the dose to the apex is generally
considered insufficient for treatment of large tumors. The
patients were informed of this limitation, but some patients
preferred brachytherapy anyway in an effort to preserve
their eyes.
The three most frequently used applicators have diameters
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of 15.3, 17.9, and 20.2 mm with active diameters of 13.5, 15.8,
and 18 mm, respectively. Applicators for the treatment of
juxtapapillary tumors (those located immediately adjacent
to the optic nerve) have a section cutout for the optic nerve.
Some patients treated with brachytherapy received additional TTT and/or local excision. Local excision of the tumor
was conducted before brachytherapy on the same day as the
brachytherapy, which was delivered as an adjuvant treatment. Planned TTT was performed with an adjuvant goal
after brachytherapy in patients who did not undergo local
excision. Unplanned TTT was performed if tumor regression
during follow-up was not sufficient after brachytherapy,
regardless of initial tumor size. The first planned TTT procedure was performed at the time of plaque removal using an
infrared diode laser and a slit-lamp delivery system. During
the follow-up period, additional TTT procedures were performed in patients in an outpatient setting at intervals of 3
months.
Enucleation was generally recommended for patients with
large tumors (height " 6 mm) because 106Ru brachytherapy is
not suitable for such tumors. However, for patients who
refused enucleation, local excision of the tumor was performed to reduce the height of the apex. If the tumor was
mainly located near the ciliary body, a transscleral tumor
resection was performed, while if the tumor had a posterior
location and a basal diameter of less than 15 mm, endoresection with pars plana vitrectomy was performed.
3. Evaluation of outcomes
The primary end-point was the eye-preservation rate (free
from enucleation). In addition, local control, OS and the rate
of distant metastasis were assessed. Survival was calculated
from the date of the insertion of the eye plaque to any event.
Patients lost to follow-up were censored. Late toxicity was
evaluated according to the Radiation Therapy Oncology
Group scale.
Tumor response was evaluated with fundoscopy and
ultrasonography, with a flat scar or a regressed lesion not
showing any signs of tumor activity representing tumor control. Local recurrence was defined as signs of tumor activity
on fluorescein angiography, or documented tumor growth
of more than 20% of the initial diameter or thickness
(Response Evaluation Criteria in Solid Tumors criteria).
Metastases were detected through routine follow-up investigations (liver ultrasonography and blood chemistry tests)
or using 18F-fluorodeoxyglucose positron emission tomography.
To assess the toxicity of treatment, regular follow-ups for
visual acuity and other ophthalmologic evaluations were
performed, in which complications such as retinopathy, maculopathy, optic neuropathy, retinal hemorrhage, and exuda-
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tive retinal detachment were evaluated. In this study, only
issues that needed further treatment were defined as complications. Vision was assessed using the World Health
Organization (WHO) criteria, with low vision defined as a
visual acuity less than 1/3 and a vision < 0.1 considered legal
blindness.
4. Statistical analysis
The survival curves were estimated using the KaplanMeier method, and comparisons between the two patients
groups were made with the log-rank test. Significant variables in univariate analysis (p < 0.05) were entered into a
multivariable Cox regression model to identify independent
predictors of eye-preservation rate, distant metastasis, and
OS. p < 0.05 were considered significant. Statistical analyses
were performed using SPSS ver. 20.0.0 (SPSS Inc., Chicago,
IL).

Results
1. Patient and treatment characteristics
Between 2006 and 2012, 93 patients with choroidal melanomas were treated with 106Ru brachytherapy. Five patients with
iris and ciliary body tumors were excluded, leaving 88 patients
in the analysis. The median follow-up period was 30 months
(range, 2 to 79 months). The patients and treatment characteristics are summarized in Table 1. The median age was 49 years
(range, 19 to 82 years). The initial visual acuity in the affected
eye was " 0.10 in 71% (n=63) and " 0.9 in 16% (n=14) of
patients. Twenty-five (29%) patients were diagnosed with
legal blindness (< 0.1) prior to treatment and 10 patients (11%)
had visual impairment (< 20/60-20/200, WHO definition).
The median basal tumor diameter was 11.4 mm (range, 2.6 to
17.3 mm), and the median tumor height was 6.8 mm (range,
1.7 to 13.7 mm). The number of patients with a tumor height
" 6 mm (large group) was 50 (57%), and there were 38 (43%)
patients in the small group.
Combined therapy was used in the treatment of 75% (n=65)
of the patients. In the large group (tumor height " 6 mm), 96%
(n=48) of the patients received combined local therapy, while
in the small group, 44.7% (n=17) of the patients were treated
with combined treatment. The radiation dose was delivered
to 2-6 mm from the outer surface of the sclera for 47.7% (n=42)
of the entire sample, based on the extent of local excision and
use of TTT. For some of the patients who were treated with
TTT alone as an additional local therapy and for all patients
who did not receive additional treatment, the tumor apex was

Yeona Cho, Brachytherapy for Choroidal Melanomas

Table 1. Patient and treatment characteristics
Characteristic
Sex
Male
Female
Age (yr)
< 50
" 50
Initial visual acuity
< 0.1 (legal blindness)
0.1-0.8
" 0.9
Pigmentation
Melanotic
Amelanotic
Proximity to optic nerve
Central/Juxtapapillary
Peripheral
Basal diameter (mm)
Tumor height (mm)
COMS stage
Small
Medium
Large
Visual acuity
< 0.1
0.1-0.5
0.6-0.8
" 0.9
Combined treatment
No
Yes
TTT alone
Tumor excision alone
Both
Prescription point
Apex
2-6 mm from the sclera
Dose to sclera (Gy)
< 500
500-1,000
> 1,000
Dose rate to sclera (cGy/hr)
Time to removal (hr)

Total (n=88)

Small group (n=38)

Large group (n=50)

44 (50.0)
44 (50.0)

17 (44.7)
21 (55.3)

27 (54.0)
23 (46.0)

44 (50.0)
44 (50.0)

14 (36.8)
24 (63.2)

30 (60.0)
20 (40.0)

25 (28.4)
49 (55.7)
14 (15.9)

9 (23.7)
24 (63.2)
5 (13.2)

16 (32.0)
25 (50.0)
9 (18.0)

75 (85.2)
13 (14.8)

32 (84.2)
6 (15.8)

43 (86.0)
7 (14.0)

32 (36.4)
56 (63.6)
11.4 (2.6-17.3)
6.8 (1.7-13.7)

15 (39.5)
23 (60.5)
9.8 (4.0-15.2)
4.7 (1.7-6)

17 (34.0)
33 (66.0)
12.5 (3.0-17.3)
8.2 (6.3-13.7)

4 (4.5)
73 (83.0)
11 (12.5)

3 (7.9)
35 (92.1)
0(

1 (2.0)
38 (76.0)
11 (22.0)

25 (28.4)
28 (31.8)
21 (23.9)
14 (15.9)

9 (23.7)
13 (34.2)
11 (28.9)
5 (13.2)

16 (32.0)
15 (30.0)
10 (20.0)
9 (18.0)

23 (26.1)
65 (73.9)
39 (44.3)
22 (25.0)
4 (4.5)

21 (55.3)
17 (44.7)
15 (39.5)
1 (2.6)
1 (2.6)

2 (4.0)
48 (96.0)
24 (48.0)
21 (42.0)
3 (6.0)

46 (52.3)
42 (47.7)

36 (94.7)
2 (5.3)

10 (20.0)
40 (80.0)

42 (47.7)
39 (44.3)
7 (8.0)
578.5 (85.2-1,058)
85 (12-238)

22 (57.9)
16 (42.1)
0(
486.1 (174.2-825.8)
85 (19.3-184)

24 (48.0)
19 (38.0)
7 (14.0)
800.2 (76.98-1,385)
96 (51-238)

Values are presented as number (%) or median (range). COMS, Collaborative Ocular Melanoma Study; TTT, transpulpillary
thermotherapy.

the prescription point.
Some patients (n=15, 39.5%) in the small group also received
additional TTT when tumor regression was deemed insufficient after brachytherapy, while two patients received local

excision before brachytherapy. One patient experienced rupture of the tumor during vitrectomy and eventually received
internal choroidectomy. The other patient, who had a tumor
with a size of 12.5 mm (basal diameter)#5.9 mm (tumor height),
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Fig. 2. Local control of all patients (A) and two groups (B).
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Fig. 3. Free from distant metastasis (A) and overall survival (B) curves of two groups.

was included in the small group in this study. However, he
received local excision based on the decision of his physicians.
2. Local control, distant metastasis, and OS
Local progression was diagnosed in 13 patients. The 3-year
local control rate was 80% (Fig. 2), and the 3-year local control
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rate was significantly higher in the small group than in the
large group (94% vs. 70%, respectively; p=0.047). Salvage treatments for local recurrence consisted of enucleation (n=12) and
additional TTT (n=1).
Distant metastases were diagnosed in 12 patients, and one
patient died. The 3-year free from distant metastasis (FFDM)
rate was 84%, and the OS was 90% for all patients. The FFDM
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Fig. 4. Eye-preservation rate of all patients (A) and two groups (B).

Table 2. Radiation related toxicities
Radiation related toxicity
Glaucoma
Vitreous hemorrhage
Retinal detachment
Phthisis
Total

No. of events (%)

RTOG grade

Interval (mo)

Treatment

3 (3)
2 (2)
1 (1)
1 (1)
6 (7)

2

7,14,15
12,14
20
10

Seton operation, medical treatment
Trans pars plana vitrectomy
Endolaser photocoagulation
Enucleation

3
3

RTOG, Radiation Treatment Oncology Group.

and OS rates were also significantly higher in patients in the
small group (3-year FFDM, 97% vs. 76%; p=0.031 and 3-year
OS, 97% vs. 72%; p=0.036) (Fig. 3).
3. Eye preservation
Among the 88 patients, 13 eventually underwent enucleation (12 patients for local recurrence and one patient for a
complication), resulting in a 3-year actuarial eye-preservation
rate of 80%. In the small group, only two patients underwent
enucleation because of tumor progression, giving a 3-year eyepreservation rate of 94%. The eye-preservation rate was significantly higher in this group when compared with the large
group (3-year eye-preservation rate, 94% vs. 70%, respectively;
p=0.050) (Fig. 4).

4. Toxicities
The total rate of complications requiring further treatment
was only 7% (n=6). The types, number of cases, and interval
from brachytherapy are shown in Table 2. Two patients with
glaucoma received medical treatment (mannitol, avastin), and
one of them eventually received enucleation due to tumor progression, while the other underwent the Seton operation.
Other complications, including vitreous hemorrhage and retinal detachment, were tolerable with proper intervention. One
patient in the large group who had a tumor with a height of 9
mm and received TTT after brachytherapy wanted to undergo
enucleation for phthisis 10 months after brachytherapy. The
dose to the sclera of this patient exceeded 1,000 Gy.
Among the 63 patients with a pre-treatment visual acuity
greater than 0.10, 39 (62%) showed a deterioration of visual
acuity in the treated eye to < 0.10, which was considered to be
legal blindness. The 3-year functional eye-preservation rate
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HR, hazard ratio; CI, confidence interval.

Age (yr)
< 50
" 50
Visual acuity
< 0.1
0.1-0.5
0.6-0.8
" 0.9
Tumor height (mm)
<6
"6
Basal diameter (mm)
<8
8-14.99
" 15
Tumor location
Peripheral
Juxtapapillary
Local treatment
No
Yes

Characteristic

0.606-8.091

0.561-8.990
0.047-4.995
0.070-8.422

1.235-73.984

0.922-1.473
0.812-1.572

0.267-3.901

0.047-1.322

1
2.245
0.484
0.769
1
9.56
1
1.166
1.187
1
1.021
1
0.249

95% CI

1
2.214

HR

Eye-preservation

0.103

0.976

0.375

0.042

0.359

0.229

p-value

1
0.887

1
0.717

1
1.078
1.162

1
5.828

1
0.447
0.126
0.358

1
1.489

HR

0.087-9.096

0.192-2.699

0.864-1.345
0.901-1.452

0.576-58.962

0.128-2.448
0.110-1.819
1.07-3.496

0.410-5.415

95% CI

Distant metastasis

Table 3. Univariate analysis for eye-preservation, distant metastasis, and overall survival

0.920

0.620

0.890

0.135

0.442

0.515

p-value

1
0.806

1
0.939

1
1.243
1.312

1
6.122

1
1.315
0.972
0.659

1
3.166

HR

0.079-8.266

0.248-3.560

0.893-1.564
0.651-2.021

0.497-75.399

0.245-7.057
0.240-3.940
0.120-3.157

0.674-14.872

95% CI

Overall survival

0.856

0.926

0.288

0.157

0.749

0.144

p-value
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was 58%, and 50% of tumors were close to the macula or optic
disc in these patients.
5. Prognostic factors
Cox regression analysis was used to evaluate prognostic factors for eye-preservation, distant metastasis, and OS (Table 3).
The following potential prognostic variables were examined
in the Cox proportional hazards models: age (< 50 years vs.
" 50 years), initial visual acuity, tumor height (< 6 mm vs. " 6
mm), basal diameter, tumor location, and local treatment. The
significant prognostic factor for eye-preservation was tumor
height " 6 mm (hazard ratio, 9.560; 95% confidence interval,
1.235 to 73.984, p=0.042), while it was not significantly associated with distant metastasis or OS (p=0.135 and p=0.157,
respectively). Other characteristics including age, initial visual
acuity, basal diameter, and tumor location did not affect the
patients’ prognosis.

Discussion
In this study, we showed favorable local tumor control and
eye-preservation rates, especially in patients in the small
group (3-year local control, 94%; eye-preservation rate, 94%).
These results are comparable to those reported by other
groups for small or medium-sized tumors [12].
Although enucleation has been the most common primary
treatment for large choroidal melanomas, previous studies
showed that 125I brachytherapy could be a possible alternative treatment with regard to survival and local tumor control [13,14]. However, few studies have investigated the use
of beta-radiation emitting 106Ru to treat large choroidal melanomas. 106Ru may not be effective because of its limited depth
of penetration, which could prevent it from reaching the apex
of thick tumors [15]. When compared with 125I, 106Ru has a
threefold faster radiation dose fall-off rate. The effective
amount of radiation of 80-100 Gy reaches less than 7 mm
when a 106Ru eye plaque with 1,000 Gy to the outer surface
of sclera is applied. Thus, a thicker tumor might receive an
insufficient radiation dose to its apex. On the other hand,
when the same radiation dose is delivered to the apex, the
base receives up to three times more radiation with 106Ru
than with 125I, which might cause extensive damage to the
sclera. Based on these findings, most patients in the large
group (96%) received additional local treatment with TTT,
tumor excision or both.
Tumor necrosis caused by TTT is induced to a depth of 3
mm from the apex [16]. The effectiveness of combined use of
106
Ru brachytherapy and TTT has been demonstrated in sev-

eral studies. As with TTT, the apex of the tumor is treated up
to 3 mm, while with brachytherapy, the highest dose is
administered to the tumor base [10,17,18]. In addition,
among patients in the large group (height " 6 mm), local
excision of the tumor was performed in 46% of patients. In
such cases, the prescription point was determined to be 2 mm
from the outer surface of the sclera. Augsburger et al. [19]
previously reported treatment of choroidal melanomas with
extrascleral extension by surgical excision of the extrascleral
nodule followed immediately by plaque radiotherapy of the
intraocular tumor. They demonstrated the efficacy of a combination of local excision and brachytherapy for the treatment of choroidal melanomas showing that brachytherapy
alone was not sufficient. Adding these local treatments to
106
Ru brachytherapy could increase local control in patients
with tumor heights exceeding 6 mm, which is generally
regarded as the maximum thickness suitable for 106Ru brachytherapy. Furthermore, it is expected that the radiation
dose to the scleral surface will need to be reduced to decrease
the risk of radiation-induced toxicities.
Choroidal melanomas are relatively resistant to radiation,
and the brachytherapy dose needed to eradicate this tumor
is associated with a considerable risk of radiation damage to
ocular structures. In our analysis, the actuarial rate of radiation related side effects that require further treatment was
7%. One of these patients underwent enucleation for persistent phthisis after brachytherapy. This patient received a high
dose of radiation to the sclera exceeding 1,000 Gy with a high
dose rate (dose rate to sclera, 502.9 cGy/hr). Overall, 62% of
patients who had effective visual function upon initial diagnosis eventually experienced complete loss of their visual
acuity at their last follow-up, which is comparable to the
results from other large series [20,21]. Half of these patients
had a tumor close to the macula or the optic disc. Radiation
induces occlusive vasculopathy with neovascularization and
retinal edema, resulting in deterioration of visual acuity that
continues for years after treatment. Increased doses and dose
rates to the macula and the optic disc are associated with
poorer visual outcomes [22].
According to our data, 80% of patients initially treated
with brachytherapy could be spared from enucleation. As
expected, the eye-preservation rate of the large group was
lower than that of the small group (3-year eye-preservation
rate, 70% vs. 94%; p=0.047). Additionally, the overall outcome of patients in our large group was lower than that of
Caucasian patients, who showed a 70%-90% eye-preservation rate after 125I brachy-therapy for large melanomas and a
82%-88% rate after 106Ru brachytherapy for any sized tumors.
Although 70% of patients in the large group were rescued
from enucleation, their oncologic outcome was still not satisfactory (3-year FFDM, 76%; 3-year OS, 72%). This could be
explained by the distinct nature of the tumor in Asian
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patients [23].
For these patients, other therapeutic approaches, including
proton therapy, which can access the full thickness of a large
tumor, may improve local control [24,25]. However, an
effective method for reducing metastasis is still lacking, and
survival rates for these patients do not differ significantly
between treatment methods, including brachytherapy, enucleation, and GKS [1,13]. Hawkins reported that no effective
treatment for metastatic ocular melanoma has been found
during the process of organizing Collaborative Ocular
Melanoma Study trials [26]. However, a recent study reported the safety and efficacy of immuno-therapy with anti–
CTLA-4 antibody, an effective treatment for metastatic
cutaneous melanoma, for treatment of metastatic uveal
melanoma [27]. Based on the results of the present and previous studies, further investigation is warranted. Moreover,
early detection of distant metastases at the time of diagnosis
is essential to avoiding unnecessary local treatment and to
evaluation of potential adjunctive treatments.
In interpreting our data, the limitations of retrospective
analysis, including patients and treatment selection, must be
considered. Although the absolute indication for brachyther-

apy with additional local treatment is unclear, use of this
treatment seems to reliably be recommended for the
improvement of local control. Another limitation lies in the
difficulty of evaluating toxicities, including determining
whether changes in the retina were attributed to radiation
alone or to tumor growth as well, and if these changes may
have existed at the time of initial diagnosis. Toxicity analysis
included only the patients requiring further treatment in this
study; therefore, the incidence of toxicities cannot be applied
directly to all patients with choroidal melanomas treated
with 106Ru brachytherapy. As the cohort is relatively small,
there were limitations in conducting a complete statistical
analysis. Additionally, it is necessary to verify the prognostic
factors identified in our data. Nevertheless, the strengths of
our study are that our patients received relatively homologous treatments based on their tumor size, and that they
were performed in a single institution.
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Topotecan-Vincristine-Doxorubicin in Stage 4 High-Risk
Neuroblastoma Patients Failing to Achieve a Complete Metastatic
Response to Rapid COJEC: A SIOPEN Study
Purpose
Metastatic response to induction therapy for high-risk neuroblastoma is a prognostic factor.
In the International Society of Paediatric Oncology Europe Neuroblastoma (SIOPEN)
HR-NBL-1 protocol, only patients with metastatic complete response (CR) or partial response
(PR) with " three abnormal skeletal areas on iodine 123-metaiodobenzylguanidine
([123I]mIBG) scintigraphy and no bone marrow disease proceed to high dose therapy (HDT).
In this study, topotecan-vincristine-doxorubicin (TVD) was evaluated in patients failing to
achieve these criteria, with the aim of improving the metastatic response rate.
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Materials and Methods
Patients with metastatic high-risk neuroblastoma who had not achieved the SIOPEN criteria
for HDT after induction received two courses of topotecan 1.5 mg/m2/day for 5 days, followed
by a 48-hour infusion of vincristine, 2 mg/m2, and doxorubicin, 45 mg/m2.
Results
Sixty-three patients were eligible and evaluable. Following two courses of TVD, four (6.4%)
patients had an overall CR, while 28 (44.4%) had a PR with a combined response rate of
50.8% (95% confidence interval [CI], 37.9 to 63.6). Of these, 23 patients achieved a
metastatic CR or a PR with " 3 mIBG skeletal areas and no bone marrow disease (36.5%;
95% CI, 24.7 to 49.6) and were eligible to receive HDT. Toxicity was mostly haematological,
affecting 106 of the 126 courses (84.1%; 95% CI, 76.5 to 90.0), and dose reduction was
necessary in six patients. Stomatitis was the second most common nonhematological toxicity, occurring in 20 patients (31.7%).

*A list author’s a!liations appears at the end
of the paper.

Conclusion
TVD was effective in improving the response rate of high-risk neuroblastoma patients after
induction with COJEC enabling them to proceed to HDT. However, the long-term benefits of
TVD needs to be determined in randomized clinical trials.
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Neuroblastoma, Recurrence, Child, Neoplasm,
Phase 2 clinical trial, Second line drugs
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Introduction
Stage 4 neuroblastoma in children > 18 month of age is still
a challenging disease to treat, despite modern therapeutic
strategies, with two-thirds of patients refractory to first-line
therapy or developing disease progression or relapse after
an initial response [1,2].
Rapid COJEC (two courses of carboplatin, etoposide, vincristine; four courses of cisplatin, vincristine; two courses of
etoposide, cyclophosphamide) is a time-intensive chemotherapy regimen administered at 10-day intervals that is
utilised by the International Society of Paediatric Oncology
Europe Neuroblastoma Group (SIOPEN) as the induction
therapy for high-risk neuroblastoma patients (SIOPEN
HR-NBL-1) [3,4]. Incomplete metastatic response to induction therapy for high-risk neuroblastoma has been shown to
be associated with an inferior long-term outcome [5-7].
Therefore, SIOPEN elected for patients with high-risk neuroblastoma only proceeds to high dose therapy (HDT) if the
patients have achieved a metastatic complete response (CR)
or a “good” partial response (GPR). This is defined as at least
a 50% reduction in skeletal iodine 123-metaiodobenzylguanidine([123I]mIBG) positivity and ! 3 abnormal skeletal areas
on mIBG scintigraphy and no evidence of tumour on bone
marrow aspirates and trephines after rapid COJEC. The status of the primary tumour is irrelevant to the decision to proceed to HDT. Given that with COJEC about 31% of patients
do not achieve these strict SIOPEN criteria for HDT (Ladenstein R et al., personal communication), further strategies are
needed to improve response and increase the number of
patients becoming eligible for HDT.
In a previous phase II study of relapsed or refractory
patients with neuroblastoma [8], the combination of topotecan given for 5 consecutive days prior to vincristine and doxorubicin administered simultaneously in a 48-hour continuous
infusion (topotecan-vincristine-doxorubicin [TVD] regimen)
showed a combined response rate (RR) of 64% CR and partial
response (PR).
Herein, we report the efficacy and toxicity of the TVD regimen (clinical trials identifier, NCT00392340) given to
improve the metastatic response in children following induction therapy in SIOPEN HR-NBL-1, facilitating them to
receive HDT with the lowest metastatic burden.

Materials and Methods
This was an open-label, multi-centre, phase II study
included in the therapeutic strategy of SIOPEN HR-NBL-1

protocol designed to evaluate the efficacy and toxicity of two
courses of TVD in patients with stage 4 high-risk neuroblastoma. Patients eligible for TVD were those in whom the best
metastatic response after induction therapy with COJEC was
a “poor” PR (PPR, defined as < 50% reduction in skeletal
mIBG positivity and/or > three areas of abnormal skeletal
uptake on mIBG scintigraphy and/or persistence of tumour
on bone marrow aspirate and trephine morphological examination), mixed response (MR), stable disease (SD), or progressive disease (PD) according to the International Neuroblastoma Response Criteria (INRC) [9].
Other eligibility criteria included a absolute neutrophil
count (ANC) > 1,000/µL, platelet count > 100,000/µL, creatinine level < 1.5 mg/dL, total bilirubin < 1.2 mg/dL, aspartate aminotransferase, and alanine aminotransferase < 2.5 SD
of the reference laboratory, and normal cardiac function on
echocardiography. Exclusion criteria included any severe
organ dysfunction, known human immunodeficiency virus
infection, hepatitis or hepatitis C virus infection and previous
treatment with doxorubicin or other treatment besides the
COJEC regimen.
According to the TVD regimen, topotecan was administered intravenously as a 30-minute infusion in 0.9% saline in
100 mL/m2 and a dose of 1.5 mg/m2/day for 5 consecutive
days. Vincristine was administered in a 48-hour continuous
intravenous infusion at a dose of 1 mg/m2/day in 125 mL/
m2/day 0.9% saline (maximum dose, 1 mg/day), starting 1
hour after the final topotecan infusion. Doxorubicin was
administered intravenously simultaneously with vincristine
at a dose of 22.5 mg/m2/day in 125 mL/m2/day of 0.9%
saline solution. Granulocyte-colony stimulating factor (filgrastim) was administered at a dose of 5 µg/kg/day subcutaneously starting 48 hours after the end of the TVD course
and continuing until neutrophil recovery (ANC > 2,500/µL).
Anti-emetic therapy was administered according to institutional policies.
The second course of TVD was scheduled 21-28 days after
completion of the first course, following hematologic recovery (ANC > 1,000/µL, platelet count > 100,000/µL), in the
absence of clinical evidence of PD and nonhematological toxicity greater than grade 1, according to the Common Terminology Criteria for Adverse Events (http://ctep.cancer. gov).
Febrile episodes were classified according to standard international criteria [10].
After completion of the second TVD course, the overall
and metastatic tumour response were evaluated by means of
a computed tomography or magnetic resonance imaging
scan, mIBG scintigraphy, morphological examination of bone
marrow aspirates and trephines from at least two sites
according to the INRC criteria. However, according to the
SIOPEN HR-NBL-1 protocol, only patients achieving metastatic CR or GPR were eligible for HDT. All other patients
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Fig. 1. The topotecan-vincristine-doxorubicin (TVD) salvage therapy for children included in the HR-NBL-1 protocol. Patients
with persistent metastatic disease after the COJEC induction therapy of the International Society of Paediatric Oncology
Europe Neuroblastoma (SIOPEN) HR-NBL-1 protocol were eligible for TVD therapy with the aim of eradicating the metastatic disease. Children achieving complete remission (CR) or good partial response (GPR) become eligible for consolidation
with high dose therapy (HDT) as planned by the original HR-NBL-1 protocol, all the other were considered failures. PPR,
poor partial response; MR, mixed response; SD, stable disease; PD, progressive disease.

became eligible for any other salvage treatment (Fig. 1).
Surgical resection of the primary tumour was recommended before HDT, if possible.
The study was approved by national or institutional ethics
committees and legal guardians and/or participants were
required to provide informed consent prior participation.
1. Statistical methods
For this phase II study, the primary endpoint was the RR
after two courses of TVD. Achievement of either a CR, or any
PR according to the INRC [9] after two courses of TVD was
considered a success, while PD, SD, and MR were considered
failures.
The study had a two-stage design according to Simon [11],
with an accepted # error of 0.05 and a power of 90%. In this
model, a RR < 30% was not considered as interesting (P0),
while a RR " 50% was considered sufficient to accept the
treatment for further study. According to this design, it was
necessary to recruit 24 patients in the first stage, and if at least
eight responses (CR or PR) were observed, the study could
continue to a total of 63 enrolled patients.
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The percentage of patients who achieved the SIOPEN criteria to proceed to HDT and the response of metastases
according to metastatic status at study entry were also calculated.
Binomial exact confidence intervals (95% CI) were calculated and reported for all response and toxicity rates. The chi
squared test or Fisher exact test, when applicable, were used
to compare categorical variables.

Results
1. Baseline characteristics
From April 2007 to October 2009, a total of 65 patients from
six European countries (30 centers) were enrolled into the
study; two of whom were subsequently excluded (one because
of stage 3 disease at diagnosis, one for insufficient data). The
characteristics of the remaining 63 (40 males, 23 females) eligible and evaluable patients are summarised in Table 1. The

Loredana Amoroso, TVD in Stage 4 High-Risk Neuroblastoma

Table 1. Characteristics at diagnosis and at TVD therapy
of 63 patients with refractory metastatic neuroblastoma
after COJEC induction
Characteristic
At diagnosis
Age, median (IQR, mo)
Primary tumour site
Abdomen
Chest
Other
Stage 4
MYCN, amplifieda)
At study entry
Overall INRC response post-COJEC
PR
MR
SD
PD
Metastatic response post-COJEC
PR
SD
PD
Localization of metastatic disease
at TVD entry
Bone marrow only
Skeleton only
Combined bone marrow and skeleton
Liver

No. (%)
46 (28-69)
55 (87.3)
6 (9.5)
2 (3.2)
63 (100)
13 (23.6)

40 (63.52)
7 (11.1)
15 (23.8)
1 (1.6)
46 (73.0)
16 (25.4)
1 (1.6)

10 (15.9)b)
25 (39.7)c)
27 (42.9)b),c)
1 (1.6)

TVD, topotecan-vincristine-doxorubicin; IQR, interquartile
range; INRC, International Neuroblastoma Response Criteria; PR, partial response; MR, mixed response; SD, stable
disease; PD, progressive disease; mIBG, metaiodobenzylguanidine. a)Based on 55 evaluable cases, b)Total bone marrow positive (n=37), c)Total mIBG skeleton positive (n=52).

overall response according to INRC at study entry (i.e., after
rapid COJEC) was PPR in 40 patients (63.5%), MR in seven
(11.1%) patients, SD in 15 (23.8%) patients, and PD in one
patient (1.6%). Of the seven patients with an overall MR
according to INRC, six had a metastatic PPR and one had
metastatic SD. Thus, if only the metastatic response was considered, 46 children (73%) were in PPR, 16 (25.4%) had SD and
one (1.6%) had PD. With regard to the metastatic sites, 37
patients (58.7%) had bone marrow involvement, 52 (82.5%)
had skeletal mIBG-positive metastatic disease and only one
(1.6%) had liver metastases (Table 2).

2. Antitumor activity
According to the statistical design, after enrollment of the
first 24 evaluable patients, 10 positive responses (1 CR, 9 PR)
were documented; thus, 39 additional patients were recruited
to complete the study.
1) Overall response (including primary tumour) according
to INRC
Following two courses of TVD, four patients (6.4%) achieved a CR and 28 any PR (44.4%), for an overall RR of 50.8%
(95% CI, 37.9 to 63.6). Of the remaining patients, 16 had a MR
(25.4%); 14, a SD (22.2%); and 1, a PD (1.6%).
2) Achievement of SIOPEN HR-NBL criteria to proceed to
HDT
In addition to the four patients who achieved an overall CR,
14 of the 28 children achieved an overall PR, 10 achieved a
metastatic CR and four GPR. Moreover, of the 16 children with
an overall MR, three had a metastatic CR and two a GPR.
Therefore, 23 patients (36.5%; 95% CI, 24.7 to 49.6; 17 CR and
6 GPR with ! 3 mIBG skeletal areas and no bone marrow disease) were eligible to proceed to HDT according to the
SIOPEN criteria.
Table 3 reports on the metastatic response after TVD stratified by metastatic response after rapid COJEC. Of the 46 children who entered the study with a PR after rapid COJEC, 20
(43.4%; 14 in CR and six in PR with ! 3 mIBG spots) became
eligible for HDT, as compared to only three of the 17 who
entered the study (18.8%) with either SD or PD, p=0.059.
The response after TVD is reported in Table 2 after stratification by site of metastatic disease. Overall, seven CR (70%)
were documented in the 10 patients with only bone marrow
disease, five CR and six PR with ! 3 mIBG skeletal spots (44%)
were documented in the 25 children with only mIBG-positive
scan, five CR (18.5%) were documented among the 27 patients
with combined positive metastatic disease, and one SD was
documented in the only child with hepatic disease. The difference among groups was statistically significant (p=0.012,
Fisher exact test). If the metastatic sites were analyzed separately, 17 of the 37 positive bone marrows (45.9%) cleared after
TVD, while only 10 of the 52 skeletal metastases (19.2%)
achieved CR (p=0.007).
MYCN status did not affect the probability of positive
response to TVD. In fact, among the 55 subjects assessed for
MYCN, the 13 MYCN amplified patients had a RR (CR or any
PR) similar to that of the 42 not amplified (8 [61.5%] vs. 20
[47.6%]; p=0.38, chi-square test). Similarly, six MYCN amplified (46.1%) became eligible for HDT, while versus 15 of the
not amplified patients (35.7%) (p=0.53, Fisher exact test).
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Table 2. Metastatic response after two courses of TVD by site of metastatic disease at study entry
Metastatic response after TVD
Eligible to HDT
Site of metastatic disease
CR
Bone marrow only
Skeleton only
Combined bone marrow
and skeleton
Liver
Total

10
25
27
1
63

PR " 3 mIBG
spots and negative
bone marrow

7 (70.0)a)
5 (20.0)b)
5 (18.5)a),b)
0(
17 (27.0)

Not eligible to HDT
PR > 3 mIBG
spots and negative
bone marrow

MR

SD

PD

0(
6 (24.0)
0(

0(
4 (16.0)
5 (18.5)a)

0(
0(
16 (59.3)

3 (30.0)
10 (40.0)
0(

0(
0(
1 (3.7)

0(
6 (9.5)

0(
9 (14.3)

0(
16 (25.4)

1 (100)
14 (22.2)

0(
1 (1.6)

Values are presented as number (%). Eligibility to HDT: p=0.012 (Fisher exact test). TVD, topotecan-vincristine-doxorubicin;
HDT, high dose therapy; CR, complete response; mIBG, metaiodobenzylguanidine; PR, partial response; MR, mixed response;
SD, stable disease; PD, progressive disease. a)BM cleared, b)Skeleton cleared.

Table 3. Metastatic response after TVD stratified by metastatic response after COJEC
Metastatic response after TVD
Metastatic response
after COJEC
PR
SD
PD
Total

46 (73.0)
16 (25.4)
1 (1.6)
63 (

CR

PR " 3 mIBG
spots and negative
bone marrow

PR > 3 mIBG
spots and negative
bone marrow

MR

SD

PD

14 (30.4)
3 (18.8)
0(
17 (27.0)

6 (13.0)
0(
0(
6 (9.5)

9 (21.7)
0(
0(
9 (14.3)

10 (21.7)
6 (37.5)
0(
16 (25.4)

7 (15.2)
7 (43.7)
0(
14 (22.2)

0(
0(
1 (100)
1 (1.6)

Values are presented as number (%). Eligibility to HDT: p=0.059 (chi-square test) comparing patients with PR after COJEC vs.
those with < PR. TVD, topotecan-vincristine-doxorubicin; CR, complete response; PR, partial response; mIBG, metaiodobenzylguanidine; MR, mixed response; SD, stable disease; PD, progressive disease.

Table 4. Grade 3-4 toxicity after 126 TVD courses in 63 patients
Toxicity
Hematologic
Neutropenia
Thrombocytopenia
Anaemia
Nonhematologic
Fever > 38°C
Mucositis
Vomiting
Constipation
Sensory neuropathy

1st course

2nd course

Overall

Patients

55 (87.3)
54 (85.7)
40 (63.5)

51 (80.9)
50 (79.4)
37 (58.7)

106 (84.1)
104 (82.5)
77 (61.1)

57 (90.5)
58 (92.1)
48 (76.2)

29 (46.0)
17 (27.0)
2 (3.2)
1 (1.6)
2 (3.2)

24 (38.1)
8 (12.7)
1 (1.3)
0 (0.0)
1 (1.6)

53 (42.1)
25 (19.8)
3 (2.4)
1 (0.8)
3 (2.4)

38 (60.3)
20 (31.7)
3 (4.8)
1 (1.6)
2 (3.2)

Values are presented as number (%). TVD, topotecan-vincristine-doxorubicin.
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No difference in achieving the eligibility to HDT was
observed after stratification of patients according to MYCN
status of their primary tumour.
3. Toxicity
All patients received the two planned TVD courses for a
total of 126 evaluable courses. No chemotherapy-related toxic
deaths were reported, and the observed toxicity was mostly
haematological (Table 4). Overall, 106 courses (84.1%; 95% CI,
76.5 to 90.0) were complicated by grade 3 or 4 neutropenia;
104 (82.5%; 95% CI, 74.8 to 88.7) by grade 3 or 4 thrombocytopenia and 77 (61.1%; 95% CI, 52.0 to 69.7) by grade 3 or 4
anaemia. Slightly more toxicities were observed after the first
course (not significant). Only six (9.5%), five (7.9%), 15 (23.8%),
and four (6.4%) patients showed no evidence of neutropenia,
thrombocytopenia, anaemia or any haematological toxicity,
respectively.
Fever was the most frequently reported non-haematological
complication documented after 53 courses (42.1%; 95% CI, 33.3
to 51.2). Hospitalization for systemic antibiotic therapy was
required following 43 courses (34.1%; 95% CI, 25.9 to 43.1); 25
(39.7%; 95% CI, 27.6 to 52.8) after the first and 18 (28.6%; 95%
CI, 17.9 to 41.3) after the second course. Most episodes of fever
(48 [90.6%; 95% CI, 79.3 to 97.9]) were classified as fever of
unknown origin, and only five (9.4%; 95% CI, 3.1 to 20.7) as
documented infection (with one case of bacteraemia that was
central venous catheter-related). Stomatitis was the second
most common nonhaematological toxicity occurring after 25
courses (19.8%; 95% CI, 13.3 to 27.9) in 20 patients (31.7%).
Severe vomiting (grade 3 or 4) was reported after three courses
(2.4%; 95% CI, 0.5 to 6.8) in three patients, and severe sensory
neuropathy occurred after three courses (3.2%; 95% CI, 0.5 to
6.8) in two patients. Only one case (0.8%; 95% CI, 0.02 to 4.3)
of grade 4 constipation was documented.
A 30% dose reduction of the second TVD course was scheduled for the patient with grade 4 constipation. There was a
25% dose reduction in three of the 25 patients with severe
stomatitis, and vincristine was only reduced by 50% in two
children with severe neuropathy after the first course of TVD.

Discussion
This study provides further evidence of the efficacy of TVD
in metastatic neuroblastoma failing to achieve a metastatic
CR after rapid COJEC (which does not include topotecan or
doxorubicin) according to the SIOPEN HR-NBL-1 protocol.
A previous Italian phase II study demonstrated that this
combination is effective for treatment of refractory and

relapsed (stage 3 and 4) disease, leading to a combined 64%
CR and PR RR [8]. The TVD combination was designed
based on pre-clinical studies demonstrating that topoisomerase I (campothecins) and II (doxorubicin) inhibitors, if
administered in this sequence, have synergistic effects without increased toxicity. In addition, the therapeutic effects of
combining topotecan with vincristine were greater than the
additive effect of the agents alone with moderate toxicity
[12-14]. In the current study, we showed that two courses of
TVD improved the response of 36.5% of patients with highrisk neuroblastoma who failed to achieve the SIOPEN HRNBL criteria after first-line therapy with rapid COJEC, and
that these patients are then eligible to proceed to HDT.
In our series, the bone marrow was more likely to be
cleared of tumour burden than the skeletal disease. Similarly,
patients who entered TVD after having already demonstrated some response to COJEC tended to have a better RR
than those who entered TVD after having experienced only
SD or PD.
The results reported herein are not fully comparable with
those from previous studies that also used topotecan in highrisk neuroblastoma, mainly because of differences in patient
selection and schedule of drug administration. In particular,
this study only comprised patients with PR, MR, SD, or PD
after first-line therapy, while most other studies included
patients with both relapsed and refractory disease [15-23].
These previous studies generally reported small and heterogeneous series that received topotecan either alone [15-19]
with response rates ranging from < 20% to 60%, or in combination with other drugs including cyclophosphamide [19,20],
temozolomide [21,22], or cyclophosphamide-etoposide [23]
with response rates ranging from 32% to 64%.
To the best of our knowledge, only two other studies have
focused on previously untreated neuroblastoma patients in
which topotecan was administered in combination with
cyclophosphamide at two different dosages, and the reported response rates were 76% [24] and 84% [25], respectively.
TVD is a manageable therapeutic regimen. In our study,
no toxic deaths were observed and schedule reduction was
only necessary in six subjects. Myelosuppression was the
main treatment-related toxicity. Although hospitalisation for
systemic antibiotic therapy was required after 34% of the
courses, documented infection was only reported in five
patients.
In conclusion, this multi-centre European phase II study
demonstrated that the combination of topotecan, vincristine
and doxorubicin increased the RR in 36.5% of patients with
persistent or refractory high-risk neuroblastoma disease
when following an intensive multi-agent induction chemotherapy that does not include topotecan or doxorubicin. Children with only bone marrow disease and those who had
already shown some chemo-sensitivity to induction therapy
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are more likely to benefit from TVD.
Based on the results of this study and because doxorubicin
and topotecan are not included in the COJEC regimen, we
conclude that the TVD regimen has a role in improving the
RR to COJEC induction therapy and thereby in increasing
the number of patients eligible for HDT according to the
SIOPEN HR-NBL-1 protocol criteria. The long term benefits
of TVD compared to other first line chemotherapy combinations need to be determined in randomized clinical trials.
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Radiotherapy Versus Cordectomy in the Management of
Early Glottic Cancer

Purpose
The purpose of this study was to compare the treatment outcomes of definitive radiotherapy
(RT) with cordectomy in patients with early glottic cancer.
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Materials and Methods
A total of 165 patients who were diagnosed with T1/2 squamous cell carcinoma of the glottic
larynx between January 2006 and December 2012 were retrospectively analyzed. A total of
112 patients received RT and 53 patients received cordectomy. Local control (LC), diseasefree survival (DFS), overall survival (OS), and larynx preservation rates after RT and cordectomy were investigated.
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Results
The median follow-up period was 77.7 months (range, 10.7 to 127.0 months). The 3- and
5-year LC rates were 91.9% and 89.9%, respectively, for the RT group, and 82.8% and
73.2%, respectively, for the cordectomy group (p=0.006). The 3- and 5-year DFS rates were
87.5% and 83.7%, respectively, for the RT group and 79.2% and 68.0%, respectively, for
the cordectomy group (p=0.046). No significant differences were identified in the 5-year
OS (92.8% vs. 90.6%, p=0.713) or larynx preservation rates (98.2% vs. 97.2%, p=0.831)
between groups. The major failure pattern was local failure (n=26), followed by regional
(n=3) and distant failure (n=2). Multivariate analysis of LC showed that T2 stage (p=0.012)
and receiving cordectomy as initial treatment (p=0.001) were significantly associated with
poorer LC.
Conclusion
RT resulted in higher rates of LC and DFS compared to cordectomy for early glottic cancer.
Treatment with radiotherapy is feasible and should be encouraged for both T1 and T2 glottic
cancer.

Introduction
Laryngeal cancer is one of the most common head and
neck malignancies. It is estimated that approximately 13,560
new laryngeal cancer cases occurred in the United States in
2015, accounting for 3,640 deaths [1]. Among laryngeal cancers, the glottic larynx is the most common subsite, being
involved approximately three times more often than the
supraglottic larynx. Since glottic cancer involves the vocal
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cord, it is often diagnosed in the early stages owing to symptoms such as hoarseness. In early glottic cancer, lymph node
metastasis is rare, with an incidence of clinically positive
lymph nodes of nearly zero for T1 stage and < 2% for T2
stage, and a complete cure can often be achieved [2-4]. Therefore, the goal is to achieve the best local control (LC) leading
to a complete cure and optimal functional results.
At present, there are various treatment modalities for treating early glottic cancer; namely, radiotherapy (RT), cordectomy, and surgery (e.g., partial laryngectomy). Although
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surgery has been used for decades in the past, its use has
greatly decreased in recent years because of decreasing functional results and advances in RT and cordectomy [5].
The optimal treatment for early glottic cancer has continuously been an issue of debate, primarily because of the
absence of results from large prospective randomized trials
[6]. Recent studies have shown similar LC between RT and
cordectomy. Mendenhall et al. [7] compared various nonrandomized data and reported LC rates ranging from approximately 80% to 94% for T1 tumors and 70% to 85% for T2
tumors for both modalities [8]. In such circumstances, decisions regarding the management of early glottic cancer vary
across institutions and countries [9,10]. Since there are no
ongoing randomized trials or expected randomized trials in
the near future, it is important to review and compare retrospective studies. In our institution, all patients visited the
Department of Otorhinolaryngology (ENT) first, and those
who were determined to be not adequately resectable via
cordectomy by ENT surgeons were referred to the Department of Radiation Oncology.
This study was conducted to evaluate LC, disease-free survival (DFS), overall survival (OS), and larynx preservation
rates after RT or cordectomy as treatment options for early
glottic cancer.

Materials and Methods
1. Patients
We retrospectively reviewed the medical records of
patients who were diagnosed with early stage squamous cell
carcinoma of the glottic larynx between January 2006 and
December 2012 in two major clinical institutes. Early stage
glottic cancer was defined as stage Tis (in situ), T1-2 without
nodal metastases. Patients diagnosed with double primary
cancer (n=35), and patients who received treatment prior to
RT or cordectomy (n=194) or received both treatments (n=39)
were excluded. The remaining 165 patients were retrospectively analyzed.
All patients were diagnosed by laryngeal microsurgery
biopsy and clinically staged according to the American Joint
Committee on Cancer seventh edition cancer staging.
2. Treatment
Patients who were considered not adequately resectable
by cordectomy were referred for RT. Of the 165 patients, a
total of 112 received definitive RT. The median dose for
definitive RT was 65.25 Gy (range, 58.5 to 69.75 Gy). The

most commonly used dose scheme was 64 Gy in 32 fractions
for T1 stage and 66 Gy in 33 fractions for T2 stage glottic cancer patients. The fractional dose was 2 Gy (n=54), 2.25 Gy
(n=56), or other (n=2). Two patients grouped as other
received ipsilateral vocal cord irradiation with a fractional
dose of 1.8 Gy or 2.3 Gy via tomotherapy. Definitive RT was
performed by conformal RT (n=105) or tomotherapy (n=7).
The gross tumor was delineated as gross tumor volume
(GTV). The clinical target volume (CTV) was delineated
including the whole larynx. Planning target volume (PTV)
was defined as the CTV plus an adequate margin to encompass the possible setting uncertainties. For patients who
received conformal RT, a traditional method was used;
namely, a box field with the superior border at the top of the
thyroid cartilage, the inferior border at the bottom of the
cricoid cartilage (for T2, one tracheal ring below the cricoid
cartilage), the anterior border at a 1 cm skin flash anteriorly,
and the posterior border at the anterior edge of the vertebral
body. No cone down was performed in 22 patients, and the
RT field was reduced to the ipsilateral vocal cord in 20
patients. For the other 63 patients, the box field size was
reduced by 1 to 2 cm depending on the patient. The median
cone down dose was 46 Gy (range, 36 to 54 Gy). For those
who received tomotherapy, but not ipsilateral vocal cord
irradiation, the initial field was the delineated PTV, after
which cone down was performed to GTV plus margin after
56 Gy.
A total of 53 patients received cordectomy, which was performed by one of two modalities: transoral laser excision
(n=44) or transoral robotic surgery (n=9). Cordectomy types
were type I (subepithelial cordectomy, n=9), type II (subligamental cordectomy, n=10), type III (transmulscular cordectomy, n=5), type IV (total cordectomy, n=1), type V (extended cordectomy, n=1), and unknown (n=27). The type of
cordectomy was determined by the physician. No patients
received chemotherapy during or after treatment in either
the RT or the cordectomy group.
3. Outcome evaluation
Follow-up was performed regularly in both the Departments of ENT and Radiation Oncology on an outpatient
clinic basis. The follow-up schedule was 1 month after completion of treatment and every 3 months for the first year,
every 6 months for 5 years, and then annually thereafter.
Events of recurrence, metastasis, and toxicity were recorded
during follow-up visits. All outpatient clinic reports were retrospectively reviewed in detail to identify any toxicity
events.
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Table 1. Patient and tumor characteristics
Characteristic
Age, median (range, yr)
Sex
Male
Female
Clinical T stage
T1/is
T2
Tumor type
Superficial
Exophytic
Ulcerative
Unknown
Histologic grade
NOS
Well
Moderate
Poor
AC involvement
Not involved
Involved
Unknown
Location
Both/AC involvement
Unilateral
Smoking history
Yes
No

Total
(n=165)

Definitive RT
(n=112)

Cordectomy
(n=53)

p-value

63 (37-87)

64 (37-87)

64 (39-83)

0.260

152 (92.1)
13 (7.9)

104 (92.9)
8 (7.1)

48 (90.6)
5 (9.4)

0.610

143 (86.7)
22 (13.3)

90 (80.4)
22 (19.6)

53 (100)
0(

0.001

54 (32.7)
89 (53.9)
15 (9.1)
7 (4.2)

30 (26.8)
69 (61.6)
10 (8.9)
3 (2.7)

24 (45.3)
20 (37.7)
5 (9.4)
4 (7.5)

0.022

46 (27.9)
69 (41.8)
46 (27.9)
4 (2.4)

27 (24.1)
48 (42.9)
33 (29.5)
4 (3.6)

19 (35.8)
21 (39.6)
13 (24.5)
0(

0.253

112 (67.9)
52 (31.5)
1 (0.6)

74 (66.1)
37 (33.0)
1 (0.6)

38 (71.7)
15 (28.3)
0(

0.639

55 (33.3)
110 (66.7)

41 (36.6)
71 (63.4)

14 (26.4)
39 (73.6)

0.195

107 (64.8)
58 (35.2)

72 (64.3)
40 (35.7)

35 (66.0)
18 (34.0)

0.826

Values are presented as number (%). RT, radiotherapy; is, in situ; NOS, not otherwise specified; AC, anterior commissure.

4. Statistical analysis
The primary endpoint was LC, and secondary endpoints
included DFS, OS, and larynx preservation rates. Larynx
preservation was defined as preservation of the larynx without undergoing total laryngectomy. Laryngectomy types for
larynx preservation such as supracricoid laryngectomy or
vertical partial laryngectomy were not considered failures of
larynx preservation. The cumulative probability of LC, DFS,
OS, and larynx preservation rates were calculated by the
Kaplan-Meier method and compared by the log-rank test.
Univariate and multivariate analyses of LC were performed
using Cox regression. Multivariate analysis was performed
using a backward elimination approach including all of the
variables.
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Results
1. Patients and tumor characteristics
Patient and tumor characteristics are shown in Table 1. The
median age was the same for both groups, and patient characteristics such as age, sex, tumor type, histologic grade, anterior commissure involvement, location, and smoking history
were well balanced between groups (all p > 0.05). There was
a significant difference between the definitive RT and cordectomy group in T stage (p=0.001). In the RT group, 90 patients
(80.4%) had T1/is and 22 patients (19.6%) had T2 stage disease. However, all 53 patients (100.0%) in the cordectomy
group had T1/is. There were three stage Tis patients in the RT
group and eight in the cordectomy group. Tumor type also
differed significantly between groups (p=0.022). While the
dominant tumor type in the RT group was the exophytic type,
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Fig. 1. Kaplan-Meier estimates of local control for T1 and T2 glottic cancer (A) and Kaplan-Meier estimates of local control
for T1 glottic cancer (B). RT, radiotherapy.

Table 2. Multivariate Cox regression model for local recurrence
Variable
Age (< 65 yr:" 65 yr)
Sex (male:female)
T stage (T1/is:T2)
Tumor type (superficial:exophytic/ulcerative)
Histologic grade (WD:MD/PD)
AC involvement (no:yes)
Location (both/AC involvement:unilateral)
Smoking history (no:yes)
Treatment (radiotherapy:cordectomy)

Univariate

Multivariate

HR

95% CI

p-value

HR

95% CI

p-value

1.45
0.94
2.05
1.60
0.88
1.67
0.66
1.27
2.83

0.67-3.14
0.22-3.99
0.82-5.11
0.63-4.03
0.36-2.14
0.77-3.64
0.30-1.43
0.55-2.91
1.31-6.14

0.342
0.936
0.123
0.320
0.769
0.197
0.288
0.580
0.008

5.36
3.39
7.79

1.44-19.99
0.95-12.13
2.35-25.87

0.012
0.061
0.001

HR, hazard ratio; CI, confidence interval; is, in situ; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; AC, anterior commissure.

the dominant type in the cordectomy group was the superficial type. For the cordectomy group, a total of 26 out of 53
cordectomy cases reported the status of resection margin as
positive or negative, and most did not report the length of the
safety margin.

2. Local control
The median follow up period was 77.7 months (range, 10.7
to 127.0 months). LC was the primary endpoint. The 3- and
5-year LC rates were 91.9% and 89.9% for the RT group and
82.8% and 73.2% for the cordectomy group, respectively
(p=0.006) (Fig. 1A). Since no T2 patients received cordectomy,
a subgroup analysis of only T1 glottic cancer patients was conVOLUME 50 NUMBER 1 JANUARY 2018
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Fig. 2. Kaplan-Meier estimates of disease-free survival.
RT, radiotherapy.

Fig. 3. Kaplan-Meier estimates of overall survival. RT,
radiotherapy.

ducted. For T1 patients (n=143), the 3- and 5-year LC rates
were 95.6% and 93.0%, respectively, for the RT group (n=90),
and 82.8% and 73.2% for the cordectomy group (n=53)
(p=0.001) (Fig. 1B). Multivariate analysis revealed that LC was
adversely affected by a T stage of T2 (hazard ratio [HR], 5.36;
95% confidence interval [CI], 1.44 to 19.99; p=0.012) and
cordectomy as a treatment modality (HR, 7.79; 95% CI, 2.35 to
25.87; p=0.001) (Table 2).

giocarcinoma, pancreatic cancer, esophageal cancer, and lung
cancer.

3. Survival
The 3- and 5-year DFS rates were 87.5% and 83.7%, respectively, for the RT group and 79.2% and 68.0%, respectively, for
the cordectomy group (p=0.046) (Fig. 2). A subgroup analysis
of T1 glottic cancer patients showed similar results with 3- and
5-year DFS rates of 91.9% and 87.0%, respectively, for the RT
group and 75.5% and 64.8%, respectively, for the cordectomy
group (p=0.007). For OS, no significant differences were identified between the 3- and 5-year OS. The 3- and 5-year OS rates
were 94.6% and 92.8%, respectively, for the RT group and
94.3% and 90.6%, respectively, for the cordectomy group
(p=0.713) (Fig. 3).
Two patients in the RT group and one in the cordectomy
group died of disease progression. Other causes of death were
a newly developed second malignancy (n=8), postoperative
bleeding after salvage surgery (n=1), aspiration pneumonia
(n=1), and unknown because of follow-up loss with no evidence of disease (NED) status (n=11). The newly developed
second malignancies were hepatocellular carcinoma, cholan-
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4. Patterns of failure and larynx preservation
In the definitive RT group, a total of 12 local failures, three
regional failures, and one distant failure occurred. All failures
occurred independently. For local failures, failure sites
included the involved vocal cord. For patients with recurrent
stage T1 or T2N0M0, salvage treatment modalities were
cordectomy (n=4), re-irradiation (n=1), supracricoid partial
laryngectomy (n=1), and none because of a second primary
cancer (n=1). Among four patients who received salvage
cordectomy, two were salvaged successfully, one died of lung
cancer, and one died due to disease progression. For recurrent
stage T3 or T4N0M0, salvage treatment modalities were total
laryngectomy (n=3), supracricoid partial laryngectomy (n=1),
and none because of follow-up loss (n=1). Among regional
failures, two were treated with salvage neck dissection followed by postoperative RT and one was treated with salvage
chemoradiotherapy. One distant failure that occurred in the
T-spine was successfully salvaged by RT.
In the cordectomy group, a total of 14 local failures and one
distant failure occurred. Almost all local failure sites included
the ipsilateral vocal cord, except for one failure that occurred
in the contralateral vocal cord. One distant failure occurred as
a hilar lymph node metastasis and was treated with RT. Salvage treatment modalities performed for local recurrences
were laryngeal microsurgery (n=2), vertical partial laryngec-
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tomy or supracricoid partial laryngectomy (n=3), cordectomy
(n=3), RT (n=5), and none because of follow-up loss (n=1). All
five patients who received salvage RT were salvaged successfully.
Larynx preservation rates showed no significant difference
between the groups. For the RT group, the 3- and 5-year larynx
preservation rates were 98.2%, while they were 100.0% and
97.2% in the cordectomy group (p=0.831).
5. Complications
During RT, three patients experienced a grade III skin reaction and two experienced grade III pharyngitis. Additionally,
one patient required a 1-week break during treatment because
of a grade III skin reaction. There were no late complications
more severe than grade 2. When follow-up of the patients in
the RT group was conducted in the radiation oncology department, subjective scoring of the voice quality was performed.
The patient scored the voice quality in a scale of 0 to 100. The
score for most patients was more than 80, but six patients
(5.4%) still complained of continued hoarseness at a median
of 10 months (range, 3 to 44 months) after treatment. In the
cordectomy group, in one institution, patients who complained of severe voice impairment underwent assessment
that included speech intelligibility and the percentage of consonants correct as criteria, which resulted in three patients
being diagnosed with phonation disorder. In the other institution, voice handicap index was assessed for two-thirds of
the patients who received cordectomy, and a total of six
patients (11.3%) complained of moderate to severe voice
impairment at a median of 13 months (range, 2 to 46 months)
after cordectomy.

Discussion
In our study, the RT group had better LC and DFS than the
cordectomy group, with a 5-year LC rate of 89.9% and 73.2%,
and a DFS rate of 83.7% and 68.0%, respectively. In addition,
multivariate analysis revealed that LC was adversely
affected by T stage and cordectomy as the first treatment
choice. Currently, there are variable results regarding what
the optimal treatment modality for early glottic cancer is, and
to the best of our knowledge, this is the first study to show
favorable results for RT.
In comparison to our results, previous studies have shown
different results concerning LC. O’Hara et al. [11] conducted
a review of 36 publications and concluded that there was no
demonstrable difference in LC between RT and transoral
laser surgery. The 3-year LC rates were 89.3% and 88.9% for

RT and transoral laser surgery, respectively, for stage IA
tumors and 86.2% and 76.8%, respectively, for stage IB
tumors [11]. Another comprehensive systemic review by Yoo
et al. [6] also concluded that there is no evidence in favor of
either treatment.
An Italian study of RT alone showed 3-year and 5-year LC
rates of 86% and 84%, respectively, for 831 T1 glottic cancer
cases. For 256 T2 glottic cancer patients, the 3-year and 5-year
LC rates were both 73% [12,13]. In our study, the results were
superior for T1 stage, with 3-year and 5-year LC rates of
95.6% and 93%, respectively, and 3-year and 5-year LC rates
of 77.0% for both for stage T2. For cordectomy, Canis et al.
[14] reported a 5-year LC rate of 86.8% for 404 patients with
T1a glottic cancer who received transoral laser microsurgery.
The results were inferior in our analysis, with a 5-year LC
rate of 73.2% for T1 patients. Therefore, the favorable results
for RT group in our study may have been due to the superior
results of the RT group and the inferior results of the cordectomy group compared to previous reports.
In our study, the RT field was uniformly set for nearly all
patients. The RT field generally not only included the gross
tumor area but also areas concerned with microscopic
extension. Cordectomy, on the other hand, has anatomical
limitations that makes it difficult to expose the tumor adequately, especially with thyroid cartilage, cricothyroid membrane, and para-arytenoid musculature acting as limitations
[15]. In addition, the extent of resection is always a dilemma
for surgeons since resection extent is closely linked with
voice quality [16]. Thus, cordectomy may not have been sufficient to control the local disease in some cases. While the
results of cordectomy may vary across surgeons and institutions, when we examined whether there were any differences
in LC between surgeons and the year in which cordectomy
was performed, neither were found to differ significantly.
Although LC differed significantly between the RT and
cordectomy groups, OS did not show any significant differences, which is consistent with the results of other studies
[6]. A total of 26 local failures, three regional failures, and one
distant failure occurred, but only three patients died of disease progression, demonstrating that recurrent glottic cancer
could be salvaged in most cases in both treatment groups.
As for laryngeal preservation, there are various results
reporting that there are no differences between the two treatments, or that the likelihood of laryngeal preservation may
be higher with cordectomy [6-8]. Our results showed high
rates of 5-year larynx preservation in both groups that did
not differ significantly, with 98.2% and 97.2% being observed
for the RT and cordectomy groups, respectively.
Since disease control rates of early glottic cancer are good
with both treatment modalities, quality of voice is an essential concern. Aaltonen et al. [17] reported the first randomized study concerning voice quality of early laryngeal cancer
VOLUME 50 NUMBER 1 JANUARY 2018
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patients. Patients who received RT or transoral laser surgery
had similar overall voice quality, but RT resulted in a less
breathy voice [17]. Others reported that voice quality was
better in the RT group [18,19]. In our study, although there
were limitations for the assessment of voice quality, there
were more patients with severe voice impairments in the
cordectomy group.
An interesting exception in the RT group was the two
patients who received ipsilateral cord irradiation via tomotherapy, which is a modality attracting increasing interest
with favorable results for both tumor control and promising
voice quality [16]. These two patients have been followed up
until now with NED status at 89.1 and 70.4 months, respectively. In addition, the fact that almost all local recurrences
occurred at the ipsilateral vocal cord supports the possibility
of treating only the ipsilateral vocal cord.
There are several limitations to our study, including its retrospective nature. In addition, objective voice quality assessment was not performed for all patients during follow-up.
Thus, it is challenging to determine if one treatment modality
is superior to another with respect to voice quality, which is
an important factor in the decision about early glottic cancer
treatment. Furthermore, the resection margins of specimens
from cordectomy were not reported in many cases, making
it difficult to confirm the cause of the lower LC in the cordectomy group.
However, to the best of our knowledge, this is the first

study to demonstrate favorable results of RT over cordectomy. Currently, there are no prospective randomized trials
and none are expected in the future; thus, decisions must be
based on nonrandomized data. Most previous data show
similar control rates of early glottic cancer for RT and cordectomy, and in some, a lower control rate for RT [6,11,20]. Since
cordectomy outcomes can be influenced by many factors,
including those associated with the location and surgeon,
results may vary among studies.
In contrast to cordectomy, the favorable results of RT can
be explained by unvarying inclusion of the tumor area in the
RT field. Moreover, patients in the RT group did not experience any severe acute or late complications, and all but six
patients (5.4%) recovered voice quality. Thus, it seems reasonable that RT should be encouraged in both T1 and T2 glottic cancer, while cordectomy should be encouraged in
adequately excisable cases of early glottic cancer.
RT resulted in higher rates of LC and DFS compared to
cordectomy for early glottic cancer (T1/2), with low complication rates and acceptable voice quality. Treatment with
radiotherapy is feasible and should be encouraged for both
T1 and T2 glottic cancer.
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Epidemiology of Intracranial Metastases in Korea:
A National Cohort Investigation

Purpose
To investigate the epidemiologic features of intracranial metastases (ICMET) in Korea, we
performed a cohort study using the National Health Insurance Service–National Sample
Cohort database, which comprised healthcare usage information of approximately 1 million
Korean individuals over 12 years.
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Materials and Methods
We enrolled 998,602 subjects, after excluding 18,218 subjects diagnosed with any cancer
during the washout period (2002-2004). The observation period was 9 years (2005-2013;
8,725,438 person-years). The initial diagnosis date of ICMET and the primary cancer was
recorded. The incidence was determined based on the number of incident cases and observation size, whereas survival was estimated using death statistics from the database.
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Results
Through observation period, a total 776 subjects developed ICMET. The age-standardized
incidence of ICMET was 8.2 per 100,000 person-years. The mean interval between the
initial diagnosis date of the primary cancer and ICMET was 13.1 months. Patients with
ICMET had shorter survival than those without ICMET (30.9 months vs. 81.4 months,
p < 0.001). The ICMET incidence among the cancer patients was 5.0 per 1,000 personyears; it was highest in lung cancer cases, followed by breast and liver cancer cases. Moreover, ICMET from lung cancer was the most common metastasis type, followed by ICMET
from liver and breast cancer.
Conclusion
The incidence of ICMET was 8.2 per 100,000 person-years among the Korean population
and 5.0 per 1,000 person-years among cancer patients. Most of the ICMET cases arose
from lung cancer. ICMET also critically influenced survival in cancer patients.

Introduction
Cancer is a life-threatening disease, and metastasis is the
major cause of morbidity and mortality among cancer
patients. Among the various neurologic complications of
cancer, intracranial metastasis (ICMET) is the most common
and devastating one. Although ICMET can spread to all
intracranial structures, including the cranium and meninges,
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the most common site is the brain parenchyma [1]. With the
increase in the life expectancy of the population and
improvements in cancer treatment, the burden of ICMET
treatment has also increased [2].
However, the epidemiology of ICMET has only been
reported in a few population-based reports in the United
States and Europe [2-7]; its reported incidence ranges from
7.0 to 15.7 per 100,000 person-years according to the study
methodology used. To our knowledge, no epidemiologic
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Table 1. Cancer incidence by primary location
Total

Male

Female

No. of
Incidencea)
No. of
Incidencea)
No. of
Incidencea)
incident cases
incident cases
incident cases

Location

ICD code

Lip, oral cavity, and pharynx
Esophagus
Stomach
Colon and rectum
Liver
Gallbladder, etc.
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri
Ovary
Prostate
Testis
Kidney
Bladder
Brain and central nervous system
Thyroid
Hodgkin lymphoma
Non-Hodgkin lymphoma
Multiple myeloma
Leukemia
Other and unspecified

C00-C14
C15
C16
C18-C20
C22
C23-C24
C25
C32
C33-C34
C50
C53
C54
C56
C61
C62
C64
C67
C70-C72
C73
C81
C82-C85, C96
C90
C91-C95
Remain

2,209
441
5,452
5,219
4,268
975
1,165
303
4,191
2,749
976
321
944
2,753
81
669
867
716
5,607
38
634
182
427
2,491

25.3
5.1
62.5
59.8
48.9
11.2
13.4
3.5
48.0
31.5
11.2
3.7
10.8
31.6
0.9
7.7
9.9
8.2
64.3
0.4
7.3
2.1
4.9
28.5

897
378
3,537
2,925
2,900
494
613
267
2,802
19
2,753
81
422
639
342
968
24
363
102
239
1,124

20.6
8.7
81.2
67.1
66.6
11.3
14.1
6.1
64.3
0.4
63.2
1.9
9.7
14.7
7.8
22.2
0.6
8.3
2.3
5.5
258

1,312
63
1,915
2,294
1,368
481
552
36
1,389
2,730
976
321
944
247
228
374
4,639
14
271
80
188
1,367

30.0
1.4
43.8
52.5
31.3
11.0
12.6
0.8
31.8
62.5
22.3
7.3
21.6
5.7
5.2
8.6
106.2
0.3
6.2
1.8
4.3
31.3

a)

Incidence is presented as per 100,000 person-years.

reports regarding ICMET in Korea have been published,
despite the presence of a well-established Korea Central Cancer Registry since 1980. Although the cancer statistics in
Korea have been reported annually from this registry [8,9],
these reports mainly focus on the primary cancer statistics.
In order to assess the epidemiologic features of ICMET in
Korean individuals, we conducted a retrospective cohort
study using the National Health Insurance Service–National
Sample Cohort (NHIS-NSC) database, which comprised
healthcare usage information of approximately 1 million
individuals of the Korean population over a 12-year period
[10].

Materials and Methods
1. NHIS-NSC
The NHIS-NSC was established through the random
selection of 2% of all individuals enrolled in the NHIS—the
single universal insurer in Korea. In the random selection
procedure, subjects were stratified by sex, age, and socio-economic status. Approximately 97% of the entire population is
covered by the NHIS. Hence, this sample cohort can be considered to represent the national Korean population. The
Korean population registry identification number was substituted with a newly assigned identification number to mask
personal information. From 2002 to 2013, all healthcare usage
information, including any diagnosis based on the Korean
Standard Classification of Diseases (KCD) code, the date of
healthcare usage, and the related expense of each item, was
recorded. Information regarding the demographic factors
and death was also extracted.
VOLUME 50 NUMBER 1 JANUARY 2018
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2. Cohort design for the assessment of ICMET
The maintenance of a sufficient washout period is essential
to accurately estimate the incidence of a disease in a cohort
study. Accordingly, we set the enrollment date as January 1,
2005, in order to obtain a washout period of 3 years (20022004). A total of 1,016,820 subjects were initially enrolled.
Among these subjects, 18,218 who were diagnosed with any
cancer (Cxx as per the KCD code) from 2002 to 2004 were
excluded. Thus, a total of 998,602 subjects were initially registered. The total observation period was 9 years (2005-2013).
Although the original NHIS-NSC was designed as a dynamic
cohort, the dead subjects in the present study were not
replaced by newborn children, in order to maintain a fixed
initial enrollment.
This study was approved by the database provider (NHIS2016-2-260). The need for study approval was waived by the
institutional review board (X-1611-372-906), as the study
used an anonymized public database that is available to
researchers.
3. Definition of terms used
The primary endpoint was set as the first date of the diagnosis of ICMET (C793 or C7930, metastasis to the brain;
C7931, metastasis to the meninges). To determine the primary cancer related to the ICMET, the first date of the diagnosis of any cancer (Cxx), excluding ICMET, was also
extracted. In cases where subjects had multiple primary
diagnostic codes, the earliest diagnosis was registered and
categorized.
Primary cancers were classified as 24 entities according to
the Korea Central Cancer Registry (Table 1) [8]. The date of
diagnosis associated with the primary cancer was also
recorded. Ages from 0 to 79 years were classified at 10-year
intervals, and those aged > 80 years were assigned to a single
separate group at registration. The date of death was
recorded for the dead subjects.
4. Statistical analysis
We used open source structured query language, MariaDB
(ver. 10.1.17, MariaDB foundation, http://mariadb.org), for
data manipulation and extraction. Moreover, R software ver.
3.3.1 (the Foundation for Statistical Computing, http://www.
r-project.org), with suitable packages (survival, http://cran.
r-project.org/package=survival), was used for statistical
analysis.
The incidence was calculated as [Number of diagnosed
subjects/Total observation period (person-years)]#(100,000
or 1,000). And, the confidence interval (CI) of the crude incidence was calculated using the Mid-P exact test [11]. Stan-
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Korean census
WHO
2005 (%)
2000-2025 (%)

Age (yr)

Cohort (%)

0-9

11.6

11.8

17.6

10-19

14.2

13.9

17.1

20-29

15.5

15.6

16.2

30-39

18.1

17.5

14.8

40-49

17.2

17.1

12.6

50-59

10.6

10.9

9.9

60-69

7.4

7.6

6.7

70-79

4.0

4.3

3.7

≥ 80

1.5

1.4

1.5

Fig. 1. Heatmap of the population structures. The proportion of each age group is presented as a percentage. The
population structure of this cohort is very similar to that
generated by the Korean census 2005 data. However, the
World Health Organization (WHO) 2000-2025 population
structure is markedly different from both these population
structures.

dardization according to age-group was conducted using the
new World Health Organization world standard population
2000-2025 guidelines (Fig. 1) [12]. The survival duration was
analyzed using Kaplan-Meier survival analysis. Cancer survival and ICMET survival were determined as the interval
from the date of the initial diagnosis of the primary cancer
and ICMET to the date of death or last observation date of
the cohort (December 31, 2013), respectively.
The cancer-specific incidence of ICMET was analyzed only
for cancers with > 2,600 incident cases. When the number of
all incident cancer patients (n=43,678) and all ICMET patients
(n=776) were considered, ICMET patients were found to represent only 1.8% of all cancer patients. Based on the proportion of 1.8±0.5% with suitable 95% confidence levels, the
required sample size was estimated as > 2,558 [13]. Hence,
stomach, colorectal, liver, lung, breast, prostate, and thyroid
cancer cases were also included in the sub-group analysis.
Comparison of survival was performed for cancers with " 30
ICMET patients.
The survival duration was generally expressed as mean
survival±standard error. In the present study, the median
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Table 2. The five most common cancers in this cohort
Location

No. of incident cases

Incidencea)

95% Confidence interval

5,607
5,452
5,219
4,268
4,191

64.3
62.5
59.8
48.9
48.0

62.6-66.0
60.8-64.2
58.2-61.5
47.5-50.4
46.6-49.5

3,537
2,925
2,900
2,802
2,752

81.2
67.1
66.6
64.3
63.2

78.5-83.9
64.7-69.6
64.2-69.0
62.0-66.7
60.8-65.6

4,639
2,730
2,294
1,915
1,389

106.2
62.5
52.5
43.8
31.8

103.2-109.3
60.2-64.9
50.4-54.7
41.9-45.8
30.2-33.5

Total
Thyroid
Stomach
Colorectum
Liver
Lung
Male
Stomach
Colorectum
Liver
Lung
Prostate
Female
Thyroid
Breast
Colorectum
Stomach
Lung
a)

Incidence is presented as per 100,000 person-years.

2,500

Cancer incidence by age groups
(/100,000 person-years)

survival duration could not be estimated, as > 50% patients
with any cancer (thyroid, breast, ovary cancer, and others)
survived for the entire observation period. Hence, we unified
the expression of the survival function as mean survival.
However, the 5-year survival rate was also provided as supplementary information. To estimate survival among those
diagnosed with ICMET, the median value of survival was
used. The comparison of the survival function was performed using the log-rank test. In general, a p-value of < 0.05
was considered as statistically significant.

2,000
1,500
1,000
500

Results
1. Overall results
Of 998,602 subjects enrolled, 41,032 died during the observation period. Thus, the total observation size of this cohort
was 8,725,438 person-years. The proportions of the population
according to age and sex were similar, based on comparisons
with the population and housing census in 2005 (Fig. 1). A
total of 43,678 patients were diagnosed with cancer, and the
crude incidence of any cancer was 500.6 per 100,000 personyears (95% CI, 495.9 to 505.3). The age-standardized incidence
was calculated as 464.9 per 100,000 person-years. The most

09
10
-1
9
20
-2
9
30
-3
9
40
-4
9
50
-5
9
60
-6
9
70
-7
9
≥
80

0
Age group (yr)

Fig. 2. Bar graph indicating the cancer incidence by age
group. In general, older subjects show higher cancer incidence. The peak incidence is 2,052 per 100,000 personyears in subjects aged 70-79 years.

commonly diagnosed primary cancer among the sample was
thyroid cancer (incidence, 64.3; 95% CI, 62.6 to 66.0), followed
by stomach (incidence, 62.5; 95% CI, 60.8 to 64.2), colorectal
(incidence, 59.8; 95% CI, 58.2 to 61.5), liver (incidence, 48.9;
VOLUME 50 NUMBER 1 JANUARY 2018
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168

30.8±1.7
29.1±2.3
34.5±7.7
19.6±6.0
24.3±7.2
29.6±7.4
5.0±0.4
5.0±0.5
6.0±1.5
2.0±0.6
5.0±0.8
5.0±1.7
18.9±1.3
14.6±1.4
12.4±3.1
12.0±3.9
16.3±4.3
21.2±5.3
73.2±0.2
46.4±0.9
92.0±0.6
57.2±0.8
74.5±0.7
67.0±0.7
17.9±1.5
11.1±1.8
35.7±7.8
16.6±5.8
18.5±6.5
25.7±7.3
81.4±0.2
54.8±0.8
99.6±0.5
65.7±0.8
83.3±0.6
75.9±0.6
30.9±1.2
22.5±1.4
47.2±4.5
30.5±4.9
36.8±3.9
40.4±5.6

72.0±0.2
42.6±0.8
90.8±0.7
56.7±0.8
74.0±0.7
66.6±0.7

1-Year
survival rate (%)
Median survival
duration (mo)
Mean survival
duration (mo)
No ICMET
ICMET
No ICMET
ICMET

Overall

95% CI, 47.5 to 50.4), and lung cancer (incidence, 48.0; 95% CI,
46.6 to 49.5). Among the male subjects, the top five
incident cancers included stomach (incidence, 81.2; 95% CI,
78.5 to 83.9), colorectal (incidence, 67.1; 95% CI, 64.7 to 69.6),
liver (incidence, 66.6; 95% CI, 64.2 to 69.0), lung (incidence,
64.3; 95% CI, 62.0 to 66.7), and prostate cancer (incidence, 63.2;
95% CI, 60.8 to 65.6), in that order. Thyroid cancer (incidence,
106.2; 95% CI, 103.2 to 109.3) was the most common cancer
among the female subjects, followed by breast (incidence, 62.5;
95% CI, 60.2 to 64.9), colorectal (incidence, 52.5; 95% CI, 50.4
to 54.7), stomach (incidence, 43.8; 95% CI, 41.9 to 45.8), and
lung cancer (incidence, 31.8; 95% CI, 30.2 to 33.5) (Table 2). The
age-distribution of cancer incidence is illustrated in Fig. 2. The
highest incidence was observed in the 70- to 79-year age group
(incidence, 2,052; 95% CI, 2,002 to 2,104). The overall mean survival of cancer patients was 80.3±0.2 months from diagnosis,
whereas the 5-year survival rate was 72.0±0.2% (Table 3).
A total of 776 subjects were diagnosed with ICMET. The
crude incidence of ICMET was 8.9 per 100,000 person-years in
the entire population (95% CI, 8.3 to 9.5). The age-standardized
incidence of ICMET was 8.2 per 100,000 person-years. The
mean interval between the date of the initial diagnosis of the
primary cancer and ICMET was 13.1 months. Patients with
ICMET survived for an average of 30.9±1.2 months from the
date of diagnosis of the primary cancer, which was significantly shorter than that in patients without ICMET (81.4±0.2
months, p < 0.001). The 5-year survival rate was 17.9±1.5% in
patients with ICMET and was 73.2±0.2% in cancer patients
without ICMET. The mean survival duration from the date of
ICMET diagnosis was 18.9±1.3 months (median, 5.0±0.4
months). Approximately 31% of the patients survived for > 1
year after ICMET diagnosis.
The incidence of ICMET among the cancer patients was 5.0
per 1,000 person-years (95% CI, 4.7 to 5.4). With regard to the
number of cases, ICMET from lung cancer was found to be the
most common metastasis type (n=417, 53.7%), followed by
ICMET from liver (n=48, 6.2%), breast (n=46, 5.9%), and colorectal cancer (n=41, 5.3%) (Table 4).
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ICMET, intracranial metastases.

Overall
Lung
Breast
Liver
Colorectum
Stomach

80.3±0.2
51.4±0.8
98.4±0.6
65.2±0.8
82.8±0.6
75.6±0.6

2. Lung cancer
Overall

5-Year survival rate (%)

Survival duration from the primary cancer diagnosis

Mean survival duration (mo)

Table 3. Survival features of the cancer patients in this cohort

Survival duration from the diagnosis of ICMET

Cancer Res Treat. 2018;50(1):164-174

With regard to the incidence of ICMET according to the primary cancer, lung cancer was found to be associated with the
greatest ICMET incidence. Over the follow-up of 10,198 person-years among 4,191 subjects with lung cancer, 417 were
diagnosed with ICMET. The incidence of ICMET was 40.9 per
1,000 person-years among lung cancer patients. The mean time
interval between the primary cancer diagnosis and ICMET
was 8.1±13.7 months. Moreover, the mean survival duration
among lung cancer patients was 51.4±0.8 months from the
date of the primary diagnosis; the 5-year survival rate was
42.6±0.8%. Among the subjects without ICMET, the mean sur-
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Table 4. Incidence and number of cases of ICMET based on the primary cancers
Location
By incidence
Lung
Breast
Liver
Colorectum
Stomach
Prostate
Thyroid
By number of cases
Lung
Liver
Breast
Colorectum
Stomach
Prostate
Thyroid

Total
patients

ICEMT
patients

Observation size
(person-years)

Incidencea)

Proportion (%)b)

4,191
2,749
4,268
5,219
5,452
2,753
5,607

417
46
48
41
39
14
12

10,198
10,904
14,056
19,096
18,225
11,953
20,099

40.9
4.2
3.4
2.1
2.1
1.2
0.6

-

4,191
4,268
2,749
5,219
5,452
2,753
5,607

417
48
46
41
39
14
12

-

-

53.7
6.2
5.9
5.3
5.0
1.8
1.5

ICMET, intracranial metastases. a)Incidence is presented as per 1,000 person-years, b)Proportion among all the ICMET patients.

vival duration was 54.8±0.8 months (5-year survival rate,
46.4±0.9%), which was significantly longer than that among
subjects with ICMET (22.5±1.4 months, p < 0.001) (Fig. 3A).
The 5-year survival rate was 11.1±1.8% in patients with
ICMET. From the date of diagnosis of ICMET, these patients
survived for an average of 14.6±1.4 months (median, 5.0±0.5
months) (Table 3).
Cumulative incidence rate of ICMET from diagnosis of lung
cancer was presented in Fig. 4. Among 417 ICMET from lung
cancer, 178 (37.8%) were diagnosed simultaneously or prior
to lung cancer. Thus, the slope of incidence curve was very
steep at the origin. One-year cumulative incidence of ICMET
was 8.8±0.5%. At 5-year observation, cumulative incidence
reached to 13.6±0.7%.
Incidence of ICMET from lung cancer patients was 44.2 and
35.6 per 1,000 person-years in male and female patients,
respectively. In both sex, age group of peak incidence of
ICMET was 60-69 years old. Incidence by sex and age was
schematized in Fig. 5A. Survival of younger age group (< 60
years-old) was significantly better than older age group (p <
0.001). Median survival of younger and older age group was
8.0±1.4 months and 4.0±0.3 months, respectively. Regarding
sex, female patients survived longer than male patients
(median survival, 6.0±1.1 months vs. 4.0±0.5 months, p=0.007).
Younger female patients showed best survival compared with
older male patients (Fig. 5B).
Chronological analysis for ICMET from lung cancer
revealed that incidence of ICMET from lung cancer has been

gradually increased with the years. It was 88.2 per 1,000 person-years in 2012 while it had been 17.5 per 1,000 person-years
in 2005. Furthermore, interval between primary diagnosis and
ICMET has been getting shorter from 11.8 months in 2005 to
5.3 months in 2012. Nevertheless, 1-year survival rate from
diagnosis of lung cancer or ICMET has been consistent during
observation period (Fig. 6).
3. Breast cancer
During the observation period, 46 patients were found to
have developed ICMET from breast cancer; these patients represented 5.9% of all ICMET cases. Considering the observation
size among the breast cancer patients (10,094 person-years),
the incidence of ICMET among breast cancer patients was
estimated as 4.2 per 1,000 patient-years, which was the second-highest value, after lung cancer. The mean time interval
between the primary cancer diagnosis and ICMET diagnosis
was 30.9±21.8 months. The overall mean survival of breast
cancer patients from the date of the primary cancer diagnosis
was 98.4±0.6 months, and the 5-year survival rate was
90.8±0.7%. Patients without ICMET survived for longer
(99.6±0.5 months) than those with ICMET (47.2±4.5 months,
p < 0.001) (Fig. 3B). The 5-year survival rate from the date of
primary cancer diagnosis in patients without ICMET was
92.0±0.6%, and was 35.7±7.8% in patients with ICMET. The
mean survival duration from the date of ICMET diagnosis was
12.4±3.1 months (median, 6.0±1.5 months). Approximately
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A

Lung cancer

1.00

1.00

ICMET
No ICMET

0.75

Survival rate

Survival rate

0.75

0.50

0.25

0.50

0.25

ICMET
No ICMET

p < 0.001

0

B

Breast cancer

0

12

No. at risk

p < 0.001

24 36 48 60 72 84
Time from diagnosis (mo)

0

96

0

12

No. at risk

No ICMET 3,774 2,177 1,593 1,270 1,075 890 697 446 226
ICMET 417 208 99 58 41 29 18
8
1

24 36 48 60 72 84
Time from diagnosis (mo)

No ICMET 2,703 2,309 1,946 1,584 1,274 1,014 737 461 230
ICMET
46 42 31 24 16 12 8
3
1

Cumulative No. of events

Cumulative No. of events

No ICMET
ICMET

No ICMET
ICMET

98 1,310 1,616 1,714 1,762 1,805 1,819 1,840 1,851
3 201 284 320 329 338 344 349 350

3
0

55
5

95
11

116 143 157 165 170 177
18 22 26 29 33 34

C

Liver cancer

1.00

96

ICMET
No ICMET

Survival rate

0.75

0.50

0.25
p < 0.001

0
No. at risk

0

12

24 36 48 60 72 84
Time from diagnosis (mo)

96

No ICMET 4,219 2,784 2,274 1,914 1,648 1,372 1,114 746 388
ICMET
48 28 18 14
9
6
5
3
2
Cumulative No. of events
No ICMET
ICMET

79 1,148 1,372 1,501 1,581 1,632 1,661 1,677 1,691
3
21 29 32 36 38 38 40 40

Fig. 3. Survival curves of lung (A), breast (B), and liver (C) cancer patients. Patients with intracranial metastases (ICMET)
showed poorer survival (p < 0.001). The shading indicates the 95% confidence interval.
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Incidence of ICMET (per 1,000 person-years)
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Cumulative incidence of ICMET

0.15

0.10

0.05

0

0

70
60
50
40
30
20
10
0

≤ 39

12 24 36 48 60 72 84 96
Time from diagnosis of lung cancer (mo)

Fig. 4. Survival curve shows cumulative incidence of
intracranial metastases (ICMET) from diagnosis of lung
cancer. Initial steep slope indicates high rate of simultaneous diagnosis with primary cancer.

40-49

50-59 60-69
Age group (yr)

70-79

Survival rate

≥ 80

B

1.00

Y/M
Y/F
O/M
O/F

0.75

35% of the patients survived for > 1 year after the diagnosis of
ICMET, which was the highest value among the five most
common ICMET-producing cancer cases.

A

Male
Female
Total

0.50

0.25

4. Liver cancer
A total of 4,268 patients were diagnosed with liver cancer in
this study. Among these patients, 48 were found to have
developed ICMET after a mean interval of 17.6±19.9 months;
these patients represented 6.2% of all ICMET patients. The
incidence of ICMET among the liver cancer patients was 3.4
per 1,000 person-years. The 5-year survival was 56.7±0.8%,
and the mean survival duration of liver cancer patients was
65.2±0.8 months from the date of the primary cancer diagnosis.
The survival duration from the date of the primary cancer
diagnosis was significantly shorter in patients with ICMET
from liver cancer (30.5±4.9 months) than among those without
ICMET (65.7±0.8 months, p < 0.001) (Fig. 3C). Moreover, the
5-year survival rate of patients with and without ICMET was
16.6±5.8% and 57.2±0.8%, respectively. Patients with ICMET
from liver cancer showed the worst survival features. The
mean survival duration from the date of ICMET diagnosis was
12.0±3.9 months (median, 2.0±0.6 months), and < 20% of
patients survived for > 1 year (Table 3).
5. Colorectal cancer

0
No. at risk

36
0
6
12
18
24
30
Time from diagnosis of ICMET from lung cancer (mo)

Y/M 117
Y/F 70
O/M 161
O/F 69

54
44
57
25

30
30
24
17

21
20
14
15

16
13
11
8

12
11
9
8

8
10
8
4

74
33
132
48

82
40
140
51

87
45
142
55

89
47
143
56

92
48
143
57

Cumulative No. of events
Y/M
Y/F
O/M
O/F

7
1
10
7

60
26
103
42

Fig. 5. (A) Bar graph shows detailed statistics of incidence
by sex and age groups. (B) Survival function by sex and
age group. Younger age group represents age < 60 patients. ICMET, intracranial metastases; Y/M, younger
male; Y/F, younger female; O/M, older male; O/F, older
female.

The incidence of ICMET from colorectal cancer was 2.1 per
1,000 person-years. Although the number of ICMET cases
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100

the 5-year survival rate was 66.6±0.7%. The survival duration
of patients with ICMET from stomach cancer was shorter
(40.4±5.6 months) than that among non-ICMET patients
(75.9±0.6 months, p < 0.001). The 5-year survival rate of
patients without ICMET was 67.0±0.7% and was 25.7±7.3%
among patients with ICMET. These patients had an average
survival duration of 21.2±5.3 months from the date of diagnosis of ICMET (median, 5.0±1.7 months).

90
80
70
60
50
40

7. Prostate and thyroid cancer

30
20
10
0
2005

2006

2007

2008

2009

2010

2011

2012

Incidence (per 1,000 person-years)
Mean interval between primary diagnosis and ICMET (mo)
1-Year survival rate from primary diagnosis
1-Year survival rate from ICMET diagnosis

Fig. 6. Line graphs shows chronological change of statistics regarding intracranial metastases (ICMET) from lung
cancer. Incidence shows incremental trend over years,
while mean interval does descending.

(n=41, 5.3%) from colorectal cancer was fourth-highest among
the different ICMET-producing primary cancers, the ranking
of incidence reduced to sixth due to the presence of a large
denominator, observation size (19,096 person-years). The
mean time interval between the primary cancer diagnosis and
ICMET was 21.0±17.8 months. The mean survival duration of
colorectal cancer patients was 82.8±0.6 months, from the date
of the primary cancer diagnosis. The 5-year survival rate was
74.0±0.7%. Among the subjects with ICMET, the mean survival duration was 36.8±3.9 months (5-year survival rate,
18.5±6.5%), which was significantly shorter than that among
subjects without ICMET (83.3±0.6 months, p < 0.001). The
5-year survival rate of patients without ICMET was 74.5±0.7%.
The mean survival duration from the date of diagnosis of
ICMET was 16.3±4.3 months (median, 5.0±0.8 months).
6. Stomach cancer
Stomach cancer was the second-most frequent cancer
among the Korean population, and was the most frequent cancer among male subjects. Cases of ICMET from stomach cancer represented 5.0% of all the ICMET patients. The incidence
of ICMET from stomach cancer was 2.1 per 1,000 person-years.
The mean interval from the date of the primary cancer diagnosis was 19.7±18.2 months. The mean survival duration from
the date of stomach cancer diagnosis was 75.6±0.6 months, and
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Over the 11,953 person-years observation period among
2,753 prostate cancer patients, the incidence of ICEMT was
found to be 1.2 per 1,000 person-years; these patients represented 1.8% of all ICMET cases. Moreover, 12 patients developed ICMET from thyroid cancer during the 20,099-personyear observation period (incidence, 0.6 per 1,000 personyears).

Discussion
In the present cohort study, the overall cancer incidence
was found to be 500.6 per 100,000 person-years. Previous
reports by the Korea central cancer registry described the
cancer incidence as 445.7 per 100,000 person-years in 2013
[8]. As our cohort represented a random selection of 2% of
the Korean population, potential selection bias could exist.
Rather, one of the most important reasons for such overestimation was that the present cohort database was observed over 9 years, whereas the Korea central cancer registry
included annual incident cases of cancer. Although the initial
population structure of the cohort was similar to that of the
national population, the proportion of older individuals may
increase over time. Older age is one of the most powerful risk
factors for cancer development. However, as the NHIS-NSC
database originally included a categorized age variable, the
exact age of the subject could not be determined. Hence, the
adjustment for age over time could not be performed in the
present analysis.
Metastatic tumor is the most common condition among the
various intracranial malignant tumors [14]. In the present
cohort study, the incidence of ICMET (8.9 per 100,000 person-years) was within the range reported in the other countries [2,3,5-7]. The incidence of ICMET was higher than that
of all the primary central nervous system malignant tumors
combined (8.2 per 100,000 person-years). Considering the
national population of Korea (approximately 51 million), we
estimate that the annual number of cases of ICMET may be
4,540 per year. The most common primary cancer associated
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with ICEMT is reported to be lung cancer. In fact, in the present study, lung cancer was found to be the primary cancer
in > 50% of all cases of ICMET. The annual incidence of
ICMET among the lung cancer patients was estimated as
2,440.
Although the occurrence of ICMET in cases with liver cancer is reportedly rare, ICMET arising from liver cancer was
the second-most common type (6.2%) among all the ICMET
cases in this cohort investigation, only secondary to lung cancer. In a previous Korean report, eight of 3,100 hepatocellular
carcinoma patients (0.3%) were found to have developed
ICMET between 1987 and 1991 [15], although subsequent
studies in other Asian countries indicated a higher incidence
rate (2.2%-7.0%) [16,17]. In the present study, among 4,268
liver cancer patients, a total of 48 patients were diagnosed
with ICMET (1.1%). Considering the high incidence of hepatocellular carcinoma in Korea and prolonged survival of
these patients, the number of patients with ICMET arising
from liver cancer is expected to increase in the future [18].
Thus, the high incidence of ICMET is problematic, but the
prognosis of cases of ICMET arising from liver cancer is even
worse. Consistent with previous reports, the median survival
of patients with ICMET was only 2 months, which was lowest among the types of cancer analyzed in the present study.
Thus, we believe that patients with liver cancer should be
carefully evaluated for ICMET based on the primary diagnosis. Moreover, appropriate guidelines for the screening of
such cases should also be established.
The major limitations of the present cohort study are related to the nature of the NHIS-NSC. This database comprised
claims data from healthcare institutions, without any reports
regarding imaging or histologic examinations. Hence, we
could not evaluate the primary cancer based on the histologic
classification (e.g., small cell or non-small cell lung cancer).
Moreover, the accuracy of the registered diagnostic code may
represent another potential issue of this database. Although
there is a possibility of errors in the registration of the diagnostic codes, an independent review agency (Health Insurance Review & Assessment Service) operated by the government reviewed the relevancy of all claims. As ICMET, and

other primary cancers, are special diagnoses wherein
patients receive guaranteed financial support from the NHIS,
the proportion of misdiagnoses may be limited. Another limitation of the present study was the lack of treatment information, including chemotherapy, radiotherapy, and surgery.
As diversely located cancers require various drugs at different doses, there may be too many codes for appropriately
entering a query. Similarly, radiotherapy involves various
doses of treatment with different fractionation values. Moreover, it was unclear whether the treatments were intended
for the metastatic lesion. Hence, in the present study, the
treatment administered for ICMET was not considered in the
analysis. To overcome the limitations presented by the NHIS
database, a tailored and detailed registry is mandatory to elucidate the efficacy of treatment for ICMET, because as
described in the present study, the development of ICMET
is one of the most important clinical factors influencing the
survival of cancer patients.
To our knowledge, this is the first report to describe the
epidemiology of ICMET in Korea using a national database.
The age-standardized incidence of ICMET was found to be
8.2 per 100,000 person-years among the entire population in
Korea. In particular, the incidence of ICMET among cancer
patients was 5.0 per 1,000 person-years. Furthermore, the
most common primary cancer among those who developed
ICMET was lung cancer, followed by liver and breast cancer.
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Gemcitabine and Docetaxel Combination for Advanced Soft Tissue
Sarcoma: A Nationwide Retrospective Study

Purpose
This nationwide retrospective study was conducted to evaluate the efficacy and safety of
combined gemcitabine and docetaxel (GD) as an off-label therapy for advanced soft tissue
sarcoma, which has limited treatment options owing to its rare occurrence.
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Materials and Methods
A total of 228 patients received GD therapy for advanced soft tissue sarcoma from 2009 to
2014 in Korea. We retrospectively reviewed the clinical medical records and claims data of
these patients.
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Results
A total of 218 patients in 20 medical centers were included in the final analysis (median
age, 50.0 years). The objective response rate was 15.1% (34/218, in the leiomyosarcoma
subgroup; 26.3%). The median overall survival and progression-free survival were 10.3
months (95% confidence interval [CI], 8.4 to 12.2) and 3.3 months (95% CI, 2.8 to 4.7),
respectively. The treatment was discontinued in 7.8% of patients owing to adverse events;
however, there was no adverse event-related death. Neutropenia (35.7%) and anemia
(15.1%) were the most frequent grade 3/4 toxicities. Univariate analysis for identifying the
predictors of the progression-free survival period revealed that patients aged " 50 years
had a hazard ratio of 1.388 (95% CI, 1.027 to 1.875; p < 0.05) relative to those aged > 50
years, and the group with leiomyosarcoma had a hazard ratio of 0.693 (95% CI, 0.493 to
0.975; p < 0.05) relative to the group with other histopathological subtypes.
Conclusion
GD therapy was tolerable and effective for Korean patients with soft tissue sarcoma. In conclusion, for patients with advanced soft tissue sarcoma, especially leiomyosarcoma, GD
therapy could be an important therapeutic option.
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Introduction
Soft tissue sarcoma refers to a type of malignant tumor that
originates in the mesodermal tissues. This condition accounts
for less than 1% of all cancers that occur in humans and is
classified into 50 or more histopathological subtypes, such
as leiomyosarcoma (LMS), liposarcoma, and others [1,2].
Anthracycline-based chemotherapy (e.g., doxorubicin and
ifosfamide combination) is the most commonly used firstline drug therapy for soft tissue sarcoma [3-5], and when
such therapy fails, high-dosage ifosfamide, pazopanib alone,
or gemcitabine and docetaxel combination is administered
[1,6-10].
Among the second-line therapies for soft tissue sarcoma,
gemcitabine and docetaxel combination is an off-label regimen that can only be used in approved hospitals in Korea.
Gemcitabine and docetaxel have been not approved for
advanced soft tissue sarcoma by the Korea Ministry of Food
and Drug Safety. However, this regimen has been in off-label
use since February 2009 with prior approval from the Korean
Health Insurance Review & Assessment Service (HIRA), and
as of 2014, it has been used for 228 cases. In Korea, patients
with advanced soft tissue sarcoma who failed anthracyclinebased chemotherapy were usually administered a gemcitabine and docetaxel combination between 2009 and 2014.
This Korean nationwide retrospective study was conducted to evaluate the efficacy and safety of combined gemcitabine and docetaxel as an off-label therapy for advanced
soft tissue sarcoma.

Materials and Methods
1. Patients
A total of 228 patients received combined gemcitabine and
docetaxel for advanced soft tissue sarcoma at 20 medical centers beginning in February 2009, when it was first approved
as an off-label regimen, and continuing until 2014. The
patients were diagnosed with soft tissue sarcoma and
received one or more anticancer therapies that failed; therefore, they subsequently received gemcitabine and docetaxel
combination therapy for cancer metastasis or recurrence.
In these patients, the histopathological subtypes included
alveolar soft-part sarcoma, desmoplastic small round cell
tumor, epithelioid sarcoma, gastrointestinal stromal tumor,
neuroectodermal tumor, fibrosarcoma, LMS, liposarcoma,
malignant fibrous histiocytoma, malignant hemangiopericytoma, malignant peripheral nerve sheath tumor, and syn-
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ovial sarcoma. Because clear cell sarcoma, extraskeletal chondrosarcoma, extraskeletal osteosarcoma, and Ewing’s sarcoma/primitive neuroectodermal tumors are histopathological types not approved for this off-label regimen by
HIRA, patients with these subtypes were excluded from this
study.
This study was approved by the Institutional Review
Board of the HIRA in Korea (2015-013-001).
2. Data collection
Twenty medical centers that were approved for the offlabel use of combined gemcitabine and docetaxel had their
patient medical records provided to HIRA for evaluation of
off-label use. Data were collected from the medical records
of these patients. Information regarding the patients’ demographic characteristics, such as age and sex; disease characteristics, such as histopathological classification and site of
origin; treatment effects; and adverse events was obtained.
In addition, health insurance claims data for the use of gemcitabine and docetaxel combination were reviewed to confirm the patient’s age, date of disease progression and date
of death.
3. Chemotherapy treatment
The patients were administered (1) a single cycle of gemcitabine 1,000 mg/m2 intravenously (D1, D8) and docetaxel
35 mg/m2 intravenously (D1, D8) every 21 days or (2) gemcitabine 900 mg/m2 intravenously (D1, D8) and docetaxel 75100 mg/m2 intravenously (D1) every 21 days. When administering this regimen, each medical center performed a drug
response evaluation every 2-3 cycles. The drug administration was discontinued if the disease progressed or a serious
adverse event occurred, and initiating the next cycle of chemotherapy was allowed if tumors showed complete response (CR), partial response (PR), or stable disease (SD).
4. Efficacy
Efficacy was based on the Response Evaluation Criteria In
Solid Tumors (RECIST) ver. 1.1 performed by each medical
center. Based on the best tumor response observed after therapy, tumor responses were classified as CR, PR, SD, or progressive disease (PD). The objective tumor response rate was
defined as CR+PR. Cases that did not belong to any of these
classifications or when a tumor response could not be evaluated were marked as not evaluable. The progression-free
survival (PFS) period was defined as the time from the start
of the therapy to the date of disease progression or death.
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5. Toxicity
Hematological adverse events were evaluated using
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) ver. 4.0 with reference to
hematocrit, white blood cell (WBC), and platelet counts. In
addition, nonhematological adverse events were obtained
from the patients' medical records.
6. Statistical analysis
Statistical analysis of the data was conducted using SAS
EG 4.3 (SAS Institute Inc., Cary, NC). The patients’ characteristics, response rates, and adverse events were analyzed.
Survival was analyzed using the Kaplan-Meier survival
estimation method. In addition, the Cox proportional hazards model was applied to analyze the prognosticators of
PFS and overall survival, with p < 0.05 set as the statistical
significance level.

Results
1. Patient characteristics
A total of 218 patients from 20 medical centers were
included in the final analysis. From all initially reported cases,
10 were excluded, including nine with unreliable histopathological reports and one case of patient information entry error.
The patient population consisted of 111 men (50.9%) and 107
women (49.1%) with a median age of 50.0 years (range, 18 to
77 years). The percentage of patients with metastasis and
recurrence was 71.4% and 28.1%, respectively. With respect to
performance status, the majority of the patients (81.7%) had
an Eastern Cooperative Oncology Group (ECOG) performance status score of 0 or I, while 12.4% and 2.3% of patients
had ECOG scores of II and III, respectively. Patients who had
undergone surgical treatment accounted for 82.1%, while
50.5% had undergone radiation therapy, 58.1% received one
type of chemotherapy, and 40.9% received two or more types
of chemotherapy. The abdomen-retroperitoneum-pelvis was
the most common site of cancer origin (49.1%), followed in
order by the extremities, chest, internal organs, other sites, and
head and neck (Table 1).

2. Efficacy
The percentage of patients who had a dose reduction was
45.8%, and the actual dose intensity received was 95% of the

Table 1. Baseline demographic and clinical characteristics
of patients
Characteristic

No. (%)

Sex
Male
Female
Age, median (range, yr)
Histology
Leiomyosarcoma
Malignant fibrous histiocytoma
Liposarcoma
Synovial sarcoma
Malignantperipheral nerve sheath tumor
Fibrosarcoma
Epithelioid sarcoma
Angiosarcoma
Desmoplastic small round cell tumor
Malignant hemangiopericytoma
Alveolar soft part sarcoma
Neuroectodermal tumor
Sarcoma, not otherwise specified
Initial localization
Abdomen-retroperitoneum-pelvis
Extremity
Chest
Head and neck
Others
Previous treatment
Surgery
Adjuvant chemotherapy
Radiotherapy
Palliative chemotherapy
No. of previous chemotherapy lines
1
2
"3
ECOG PS
0
1
2
3
Unknown

111 (50.9)
107 (49.1)
50 (18-77)
57 (26.1)
36 (16.5)
27 (12.4)
19 (8.7)
15 (6.9)
12 (5.5)
9 (4.1)
8 (3.7)
6 (2.8)
5 (2.3)
2 (0.9)
1 (0.5)
21 (9.6)
107 (49.1)
50 (22.9)
37 (17.0)
10 (4.6)
14 (6.4)
179 (82.1)
56 (25.7)
110 (50.5)
210 (96.3)
129 (59.2)
52 (23.9)
37 (17.0)
34 (15.6)
145 (66.1)
27 (12.4)
5 (2.3)
8 (3.7)

ECOG PS, Eastern Cooperative Oncology Group performance status.

dose intensity approved by the HIRA. The primary cause of
the dose reduction was adverse events (52.6%), with approximately 19% occurring because of old age or patient condition.
In 3.7% of the cases, the dose was slightly increased and the
number of chemotherapy cycles was three. Among the 218
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Table 2. Responses to gemcitabine and docetaxel combination treatment
Response

No. (%)

Complete response
Partial response
Stable disease
Progressive disease
Not evaluable
Objective response rate

1 (0.5)
33 (15.1)
79 (36.2)
83 (38.1)
22 (10.1)
34 (15.6)

patients who were included in the final analysis, 196 had
RECIST reports available, while response evaluation could not
be performed in 22 patients because of early termination of
treatment or other reasons.
For all 218 patients, tumor response evaluations were based
on the best response among all evaluations. The results
showed one patient with CR (0.5%), 33 patients with PR
(15.1%), 83 patients with SD (38.1%), and 83 patients with PD
(38.1%), indicating that the objective tumor response rate was
15.6% (Table 2). Among the histopathological subtypes, LMS
showed a higher response rate of 26.3% (15/57), the response
rate for malignant fibrous histiocytoma was 11.1% (4/35), that
for liposarcoma was 14.8% (4/27), and that for synovial sarcoma was 10.5% (2/19) (Table 3). With regard to drug administration, the 1-week regimen, in which docetaxel was administered twice at intervals of 1 week (gemcitabine 1,000 mg/
m2, D1, D8; docetaxel 35 mg/m2, D1, D8), resulted in a higher
response rate of 19% (20/104), while the response rate was

11.7% (13/111) for the 3-week regimen, where docetaxel was
administered every 3 weeks (gemcitabine 1,000 mg/m2, D1,
D8+docetaxel 75-100 mg/m2 D1).
The median PFS and overall survival durations analyzed
using the Kaplan-Meier survival estimation method were 3.3
months (95% confidence interval [CI], 2.8 to 4.7) and 10.3
months (95% CI, 8.4 to 12.2), respectively (Figs. 1 and 2) in the
median follow-up period of 343 days. There were no significant differences among tissue types, but there was a significant
PFS difference between LMS (median PFS, 5.8 months) and all
other tissue types (median PFS, 3.0 months) (Fig. 3).
Univariate analysis for identifying the predictors of the PFS
period revealed that patients aged ! 50 years had a hazard
ratio of 1.388 (95% CI, 1.027 to 1.875; p < 0.05) relative to those
aged > 50 years, and that those with LMS (n=57; median age,
50.0) had a hazard ratio of 0.693 (95% CI, 0.493 to 0.975; p <
0.05) relative to the group with other histopathological subtypes (n=160; median age, 50.0) (Table 4).
3. Toxicity
Hematological adverse events were evaluated using NCICTCAE ver. 4.0 with reference to hematocrit, WBC, and
platelet counts from the clinical evaluations performed by each
medical center. The results showed grade 3 (G3) or higher
adverse events of neutropenia (78 of 218 patients, 35.7%), anemia (15.1%), thrombocytopenia (11.4%), and febrile neutropenia (7.4%) (Table 5). In addition, G3 or higher nonhematological adverse events reported included nausea/vomiting
(1.4%), general weakness (1.4%), fatigue (1.4%), myalgia
(1.0%), and skin rash (1.4%). Discontinuation of the drug

Table 3. Objective response rate by histology
Variable
All histological subtypes
Leiomyosarcoma
Malignant fibrous histiocytoma
Liposarcoma
Synovial sarcoma
Malignant peripheral nerve sheath tumor
Fibrosarcoma
Epithelioid sarcoma
Angiosarcoma
Desmoplastic small round cell tumor
Malignant hemangiopericytoma
Alveolar soft part sarcoma
Neuroectodermal tumor
Sarcoma, not otherwise specified
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Objective
response rate (%)

No./Total

15.7
26.3
11.1
14.8
10.5
0
16.7
11.1
37.5
16.7
0
0
0
9.5

34/217
15/57
4/35
4/27
2/19
0/16
2/12
1/9
3/8
1/6
0/5
0/2
0/1
2/21
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Table 4. Prognostic factors for progression-free survival: univariate analysis with Cox univariate models
Hazard ratio (95% CI)

p-value

0.694 (0.452-1.066)
0.888 (0.655-1.205)
1.247 (0.925-1.681)
1.388 (1.027-1.875)
0.693 (0.493-0.975)

0.0954
0.4475
0.1476
0.0326
0.0352

Performance status (0-1 vs. 2-3)
No. of lines of previous systemic therapy (1 vs. " 2)
Sex (female vs. male)
Age (! 50 yr vs. > 50 yr)
Histology subtype
(leiomyosarcoma vs. other sarcoma)

CI, confidence interval.

Product-limit survival estimate

1.0

Product-limit survival estimate

1.0
Censored

Censored

0.8

Survival probability

Survival probability

0.8
Median PFS, 3.3 mo
(95% CI, 2.8-4.7)

0.6
0.4
0.2
0

Median OS, 10.3 mo
(95% CI, 8.4-12.2)

0.6
0.4
0.2

0

10

20
Time (mo)

30

40

0

0

20

40
Time (mo)

60

80

Fig. 1. Kaplan-Meier estimates of progression-free survival (PFS) in patients treated with gemcitabine and docetaxel combination as a second or subsequent line treatment in Korea. CI, confidence interval.

Fig. 2. Kaplan-Meier estimates of overall survival (OS) in
patients treated with gemcitabine and docetaxel combination as a second or subsequent line treatment in Korea. CI,
confidence interval.

owing to adverse events occurred in 7.8% of the cases; however, there was no adverse event-related death.

There have been a few clinical trials of gemcitabine and
docetaxel combination therapy, which is recommended as a
second-line chemotherapy regimen for soft tissue sarcoma;
however, the largest retrospective study reported to date is
the 2006 French study of 133 patients with soft tissue sarcoma
from 10 institutions [11]. In that study, the overall response
to gemcitabine and docetaxel combination therapy was
18.4% and the median overall survival was 12.1 months. In
the current study, which examined 218 Korean patients, the
objective response rate was 15.6%, while the median overall
survival was 10.3 months. It is difficult to compare the results
from these two studies since they evaluated patients from
different countries in different clinical settings. However,
both studies are significant because they were relatively large
multicenter studies that reflected real clinical settings and

Discussion
Soft tissue sarcoma, a relatively rare cancer, has 50 or more
histopathological subtypes, such as LMS and liposarcoma,
and it may appear heterogeneous depending on the histopathological subtype [1,6,7]. Only a few effective chemotherapy regimens are currently available for treatment of
advanced soft tissue sarcoma, and there have been very few
phase III clinical trials of second-line chemotherapy [6-10].
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1.0

LMS
Others
LMS-censored
Others-censored

Survival probability

0.8

p=0.035

0.6
0.4
0.2
0

0
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30
Time (mo)

40

50

Fig. 3. Kaplan-Meier estimates of progression-free survival in patients treated with gemcitabine and docetaxel
combination as a second or subsequent line treatment
according to histology in Korea. LMS, leiomyosarcoma.

evaluated a rare cancer for which it is difficult to perform
phase III clinical trials.
In the French study, uterine LMS, a histopathological subtype that is relatively more responsive, accounted for a significantly higher proportion (57.1%) of cases, and the subtypes of uterine LMS showed higher response rates than
those of other subtypes of soft tissue sarcoma (24% vs. 10.4%),
but the differences were not statistically significant (p= 0.06).
In addition, patients with uterine LMS had a longer survival
than those with other subtypes of soft tissue sarcoma
(p=0.01). In our study, subtypes of LMS affected approximately 26% of our patients and the response rate in these
patients was 26.3%. In our analysis of prognosticators of PFS,
patients with LMS had significant differences, with a hazard
ratio of 0.693 (95% CI, 0.493 to 0.975; p < 0.05) compared to
those with other subtypes.
Another study using gemcitabine and docetaxel combination therapy for soft tissue sarcoma was an open randomized
trial that compared the administration of gemcitabine alone
versus gemcitabine and docetaxel combination in 122
patients with various histopathological forms of unresectable
soft tissue sarcoma, excluding Kaposi’s sarcoma and gastrointestinal stromal tumors [12]. In that study, gemcitabine

Table 5. Toxicity (% person)
Toxicity
Hematological
Neutropenia
Anemia
Thrombocytopenia
Febrile neutropenia
Nonhematological
Nausea/Vomiting
Mucositis
Peripheral neuropathy
Fatigue
Diarrhea
Myalgia
Anorexia
Skin rash
General weakness
Abdominal pain
Dyspnea
Insomnia
Fever
Constipation
Alopecia

Values are presented as number (%).
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G1

G2

G3

G4

5 (2.3)
33 (15.1)
22 (10.2)
2 (0.9)

10 (4.5)
60 (27.4)
16 (7.3)
-

40 (18.3)
32 (14.6)
20 (9.1)
11 (5.1)

38 (17.4)
1 (0.5)
5 (2.3)
8 (3.7)

23 (10.5)
22 (10.1)
21 (9.6)
18 (8.2)
12 (5.5)
19 (8.7)
15 (6.9)
8 (3.7)
3 (1.4)
5 (2.3)
3 (1.4)
2 (0.9)
11 (5.1)
7 (3.2)
3 (1.4)

13 (5.9)
8 (3.7)
11 (5.0)
8 (3.7)
6 (2.7)
6 (2.7)
6 (2.7)
4 (1.8)
4 (1.9)
6 (2.7)
5 (2.3)
1 (0.5)
2 (0.9)
2 (0.9)
2 (0.9)

3 (1.4)
1 (0.5)
2 (0.9)
1 (0.5)
2 (0.9)
1 (0.5)
2 (0.9)
3 (1.4)
1 (0.5)

2 (0.9)
1 (0.5)
-

Unknown
grade
-

21 (9.6)
1 (0.5)
1 (0.5)
6 (2.7)
3 (1.4)
4 (1.8)
1 (0.5)
5 (2.3)
1 (0.5)
2 (0.9)
1 (0.5)
1 (0.5)
-
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and docetaxel combination therapy resulted in a higher
response rate than gemcitabine alone (16% vs. 8%), and
showed prolongation of PFS (6.2 months vs. 3.0 months) and
overall survival (17.9 months vs. 11.5 months).
Other studies were a Japanese study that retrospectively
analyzed the medical records of 64 patients with progressed
soft tissue sarcoma [13], a German study that examined 17
patients with epithelioid sarcoma from three institutions [14],
an American study of 19 patients with recurrent, refractory
pediatric soft tissue sarcoma from a single pediatric hospital
[15], a German study of 34 patients with soft tissue sarcoma
from a single institution [16], as well as Korean studies that
include a phase II clinical trial with 24 patients with soft tissue sarcoma from four institutions [17] and a retrospective
study of 22 patients with soft tissue sarcoma from a single
Korean institution [18].
The current study investigated the efficacy and safety of
combined gemcitabine and docetaxel in 218 patients, representing all cases of its use for soft tissue sarcoma in Korea.
However, it should be noted that this study has some limitations. First, this study was based on patient case report
forms collected retrospectively for evaluation of the use of
anticancer drug off-label therapy; therefore, there were qualitative limitations of the data (such as missing adverse reactions and dosage changes). In addition, despite the multicenter studies, a central review of responses and adverse
reactions could not be conducted owing to limited human
and material resources, although hematologic toxicity was
evaluated directly at the central lab using the clinical data of
each hospital. Thus, it seems that the number of patients who
reported nonhematological toxicities was somewhat lower
than that reported in previous prospective studies. Moreover, because the data were collected retrospectively, it
should be noted that there was some heterogeneity in patient
characteristics of histologic subtypes. For example, in this
study data, there were 11 cases of uterine LMS among a total
of 57 cases of LMS. The response rate was 27.2%, with three
patients showing PR responses. Moreover a total of 46 cases
were classified as nonuterine LMS because their primary
sites were locations such as the extremities, kidneys and
abdominal retroperitoneum. Twelve of these patients
showed PR results, corresponding to a 26.15% response rate.
However, in this study, for nine of the 11 patients (81.8%)
who were identified as having a uterine subtype, this was at
least the third line of chemotherapy, whereas 30 patients
(65%) with non-uterine LMS received this therapy as their
second line of treatment. Taxane therapy can be selected as
an off-label therapy for uterine sarcoma in Korea. Therefore,
gemcitabine plus docetaxel therapy may have been administered more often for heavily treated uterine subtype than
non-uterine subtypes. Because of this selection bias, it was
difficult to compare the response rates between subgroups

of LMS in this study. There were also some differences in
administration and dosage depending on the protocols of
each hospital, and detailed protocols such as administration
of granulocyte colony-stimulating factor in the event of
adverse reactions differed slightly from hospital to hospital.
Despite these numerous limitations, this study is a largescale national study of patients with soft tissue sarcoma,
which is difficult to evaluate using prospective designs
owing to its rare occurrence, and our results reflect the clinical efficacy of the gemcitabine and docetaxel regimen practiced in Korean hospitals. Thus, we believe that our study
provides valuable clinical insights. In this study, in addition
to the patient case reports, specific details submitted to the
Korea HIRA for the examination of anticancer drug benefits
from each hospital and follow-up evaluations of death dates
were reviewed to improve the quality of data for response
rate and survival periods. The results of this study will facilitate identification of the disease characteristics and selection
of anticancer chemotherapy in clinical settings in Korea. In
the future, more effective and individualized treatment
approaches need to be explored for each histopathological
subtype of soft tissue sarcoma.
The results of this nationwide retrospective analysis of 218
patients from 20 medical centers representing all cases of the
use of gemcitabine and docetaxel combination therapy for
treating patients with advanced soft tissue sarcoma in Korea
showed that this combination treatment was effective and its
toxicity was manageable. In conclusion, for patients with
advanced soft tissue sarcoma, especially LMS, gemcitabine
and docetaxel combination therapy could be an important
therapeutic option.
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The Clinical Significance of Occult Gastrointestinal Primary Tumours in
Metastatic Cancer: A Population Retrospective Cohort Study

Purpose
The purpose of this study was to estimate the incidence of occult gastrointestinal (GI) primary tumours in patients with metastatic cancer of uncertain primary origin and evaluate
their influence on treatments and overall survival (OS).
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Materials and Methods
We used population heath data from Manitoba, Canada to identify all patients initially diagnosed with metastatic cancer between 2002 and 2011. We defined patients to have “occult”
primary tumour if the primary was found at least 6 months after initial diagnosis. Otherwise,
we considered primary tumours as “obvious.” We used propensity-score methods to match
each patient with occult GI tumour to four patients with obvious GI tumour on all known clinicopathologic features. We compared treatments and 2-year survival data between the two
patient groups and assessed treatment effect on OS using Cox regression adjustment.
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Results
Eighty-three patients had occult GI primary tumours, accounting for 17.6% of men and 14%
of women with metastatic cancer of uncertain primary. A 1:4 matching created a matched
group of 332 patients with obvious GI primary tumour. Occult cases compared to the
matched group were less likely to receive surgical interventions and targeted biological therapy, and more likely to receive cytotoxic empiric chemotherapeutic agents. Having an occult
GI tumour was associated with reduced OS and appeared to be a nonsignificant independent predictor of OS when adjusting for treatment differences.
Conclusion
GI tumours are the most common occult primary tumours in men and the second most
common in women. Patients with occult GI primary tumours are potentially being undertreated with available GI site-specific and targeted therapies.
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Introduction

Materials and Methods

According to the Canadian Cancer Society, gastrointestinal
(GI) cancer is the most common type of cancer and cause of
cancer death in Canada [1]. In 2016, 46,000 Canadians will be
diagnosed with cancers of the GI tract involving the esophagus, stomach, biliary system, pancreas, small intestine, colon,
rectum, and anus and 22,000 Canadians will die from these
cancers [1]. The tendency of GI cancers to be either asymptomatic at early stages or to present with vague symptoms
that might be mistaken for other inflammatory diseases at
more advanced stages, as well as the lack of accurate screening procedures for many of these cancers, contribute to the
diagnosis of GI cancers at more advanced-stages, often after
they metastasize to other areas of the body [2].
Patients with metastatic cancers of the GI tract may have
clinical and pathologic presentation masking their actual GI
tract origin (i.e., occult GI tumour). A series of recent analyses
of gene profiling molecular assays predicted the GI tract to
be the most common cancer site of origin in patients initially
diagnosed with metastatic cancer of unknown origin,
accounting for 34% to 45% of these patients [3-5]. In a small
number of case reports, metastatic disease of occult GI primary tumours have also been shown to have clinicopathologic features that mimic metastatic disease from other
cancer sites of origin leading to a diagnostic and thus treatment conundrum [6-14]. It is essential to correctly distinguish
a GI primary site from metastatic disease of other primary
sites not only for selection of a growing arsenal of effective
first-line site-specific or targeted therapies which may
improve survival [15], but also for the selection of secondline chemotherapy, decisions regarding debulking surgery
or surgery for resection of metastases, optimal management
of symptoms, prognosis, and recommendations regarding
entry into hospice care.
Currently, little is known about the clinical significance of
metastatic disease of occult GI primary tumours in actual
clinical practice. In this study, we used provincial heath
administrative databases in the Canadian province of Manitoba to identify occult GI primary tumours in patients with
metastatic cancer of uncertain primary (i.e., difficult to diagnose primary) and estimate their actual incidence. We also
aimed to compare those patients to their counterparts of
patients with metastatic disease of obvious (i.e. readily diagnosed) GI primary tumours to evaluate the impact of having
an occult GI primary tumour on disease management and
overall survival.

1. Data sources and identification of study population
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We conducted a retrospective cohort study using administrative health data obtained by linking the databases of the
Manitoba Cancer Registry (MCR) and Provincial Pharmacy
program of CancerCare Manitoba (CCMB) with Manitoba
Health’s administrative databases, including the Hospital
Discharge Database, Physician Claims Database and the
Drug Program Information Network (DPIN). A full description of these databases, their contents and the linkage process
has been reported elsewhere [16-19].
We used the MCR to identify all metastatic cancer patients
(defined as stage IV or distant metastasis within 4 months of
initial diagnosis) during the period from January 1, 2002, to
December 31, 2011. All Manitoba residents aged 18 to 90
years old with no history of cancer at diagnosis who had
their metastatic disease histologically confirmed and survived at least 6 months following their initial cancer diagnosis were eligible for inclusion in our metastatic patient
population. This 6-month window was important to ensure
that patients would have had reasonable survival time during the early course of their metastatic disease to undergo a
full diagnostic workup and have their primary tumour site
identified [20]. When the primary tumour was identified 6
months or more after initial diagnosis, we defined patients
to have “occult” primary tumour (i.e., metastatic cancer of
uncertain primary). Otherwise, we defined patients to have
“obvious” primary tumour. Our case definition is consistent
with other attempts at identifying occult primary tumours
[20]. Full details regarding the identification of our metastatic
patient population are reported elsewhere [21].
For this analysis, we used our metastatic patient population to identify all patients diagnosed with metastatic cancer
of GI sites including esophagus, gastroesophageal junction,
stomach, small intestine, colon, rectum, anus, anal canal,
liver, intra hepatic bile duct, extra hepatic bile duct, gallbladder, pancreas, and other unspecified GI tract. We stratified
this group into two main subgroups: (1) patients with occult
GI tumours and (2) patients with obvious GI tumours. Twoyear follow-up information was collected from the MCR for
each patient in the two subgroups including surgical and
therapeutic radiology procedures, systemic therapies, palliative care, diagnosis of second primary and death.
We linked those patients with the Provincial Pharmacy
Program of CCMB and Manitoba Health’s administrative
databases to validate all cancer therapy data captured by the
MCR; to collect additional information on types of radiotherapy, chemotherapy, and targeted cancer therapy agents as
described elsewhere [16-19]; and to measure co-morbidity
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using the method developed by Charlson et al. [22] and used
elsewhere [18,19,21]. We also used, in particular, the Physician Claims Database to collect information on GI diagnostic
examinations received during the diagnostic workup (defined as the period from 6 months before to 6 months after cancer diagnosis) for all identified patients diagnosed with
metastatic cancer of GI sites. The GI diagnostic examinations
recorded in the Physician Claims Database included diagnostic laparoscopy or laparotomy, diagnostic GI endoscopic
examinations (i.e., esophagoscopy and esophagogastroduodenoscopy, gastroscopy, enteroscopy, endoscopic ultrasound, colonoscopy, and proctosigmoidoscopy), taking of
biopsy from a GI site, abdominal ultrasound, computerized
axial tomography (CT) scan of the abdomen, magnetic resonance imaging (MRI) scan of the abdomen, and GI nuclear
scans.
Ethics approval for the study was obtained from the University of Manitoba Health Research Ethics Board, Manitoba
Health Information Privacy Committee and University of
Western Ontario Health Research Ethics Board.
2. Statistical analysis
Continuous data are reported as mean±standard deviation, and categorical data, as numbers and percentages. Categorical data were compared using the chi-square test.
Quantitative variables were compared using the t test. All
statistical tests were two-sided and results were considered
significant at the 5% critical level. Statistical analysis was performed using SAS ver. 9.3 (SAS Institute Inc., Cary, NC).
We performed a matched analysis within our cohort study.
We used logistic regression to create a propensity score (i.e.,
likelihood) [23] for having occult GI primary tumour, using
the following potential confounders, which were available
for the entire cohort: age, sex, Charlson co-morbidity score,
number and type of metastatic sites, grade differentiation,
primary tumour site, histology, and year of initial diagnosis,
regardless of their individual statistical significance. We used
the propensity score to match each patient who had an occult
GI tumour with up to four patients who had obvious GI
tumour on the estimated propensity score. To avoid a poor
quality match, we only considered observations that were
within a ±0.01 of the occult unit’s propensity score for matching and chose the closest match without replacement (i.e.,
caliper matching without replacement) [23]. When no
matches were found that case would be dropped.
Time to death was assessed using Kaplan-Meier survival
curves. The curves were compared using the log-rank test
statistic. Cox proportional hazard modeling was used to calculate hazard ratios (HRs) with associated 95% confidence
intervals (CIs) to assess the differences between occult cases
and the matched group with respect to 2-year overall sur-

vival (OS). We tested the effect of cancer treatments on the
calculated HR for cases with occult versus matched patients
with obvious GI primary tumours. We included receipt of
surgical resection (no vs. yes), radiotherapy (no vs. yes), and
systemic therapy (i.e., chemotherapy or biological targeted
therapy) (no vs. yes) as covariates in a Cox proportional hazard model. We also tested the interactions between these
covariates and status of primary tumour (occult vs. obvious
GI tumour). In subgroup analyses in which we included
patients from the case and matched groups who were treated
with a given cancer therapy, we examined the effect of wait
time after initial diagnosis to receive that cancer treatment
and the effect of receipt of certain type of therapeutic agents
versus others on OS.
In separate analyses we used Kaplan-Meier survival
curves and Cox regression to compare the 2-year OS in the
case group of patients with occult GI tumours to all patients
with obvious GI primary tumours and generate HR. We conducted standard adjusted analyses by including all potential
confounders mentioned earlier in this section as covariates
in a Cox proportional hazard model. We also used the
propensity score to adjust for differences in baseline characteristics between the two patient groups using two methods.
First, we used the propensity score as a covariate in a Cox
proportional hazard model and generate adjusted HR [23].
Second, we used a weighted Cox proportional hazards
model and generate adjusted HR, where the weight assigned
for each patient was based on the stabilized inverse propensity score as previously described [24].

Results
There were 529 patients who had metastatic cancer of
uncertain primary origin (i.e., had an occult primary tumour),
accounting for 8.9% of all patients newly diagnosed with
metastatic cancer who met the inclusion criteria (n=5,953)
(Table 1). Of those, there were 83 patients with occult GI primary tumour, accounting for 15.7% of all patients with
metastatic cancer of uncertain primary and 5% of all patients
with metastatic GI primary tumour (n=1,656) (Table 1).
Prior to matching, patients with metastatic cancer of occult
GI primary tumours presented with distinctive clinicopathologic features from their counterparts of all patients with
obvious GI primary tumours (n=1,573) (Table 2). Using 1:4
matching on the estimated propensity score, we matched the
case group of 83 patients with occult GI primary tumours with
a group of 332 patients with obvious GI primary tumours. No
occult cases were dropped due to poor match quality. Table 2
shows the baseline patient and tumour characteristics of the
VOLUME 50 NUMBER 1 JANUARY 2018

185

Cancer Res Treat. 2018;50(1):183-194

Table 1. Primary tumour site of 5,953 patients diagnosed with metastatic cancer by sex and diagnostic status of primary
tumour

Primary tumour site

Gastrointestinal tumours
Lung and pleural tumours
Urological tumours
Lymphoma tumours
Head and neck tumours
Gynecologic tumours
Breast tumours
Unknown primary tumour site
(primary tumour never diagnosed)
Melanoma (skin) tumours
Bone and soft tissue sarcoma tumours
Endocrine tumours
Ophthalmic tumours
Ill-defined tumours
Brain tumours

Patients with obvious
primary tumour
Men
(n=3,157)

Women
(n=2,267)

960 (30.4)
607 (19.2)
910 (28.8)
266 (8.4)
279 (8.8)
1 (< 0.1)
-

613 (27.0) 1,573 (29.0)
604 (26.6) 1,211 (22.3)
89 (3.9)
999 (18.4)
211 (9.3)
477 (8.8)
91 (4.0)
370 (6.8)
265 (11.7)
265 (4.9)
280 (12.4)
281 (5.2)
-

57 (1.8)
35 (1.1)
38 (1.2)
2 (< 0.1)
1 (< 0.1)
1 (< 0.1)

25 (1.1)
41 (1.8)
44 (1.9)
4 (0.2)
0(
0(

All
(n=5,424)

82 (1.5)
76 (1.4)
82 (1.5)
6 (0.1)
1 (< 0.1)
1 (< 0.1)

Patients with occult
primary tumour
Men
(n=244)

Women
(n=285)

All
(n=529)

43 (17.6) 40 (14.0) 83 (15.7)
21 (8.6)
21 (7.4)
42 (7.9)
39 (16)
6 (2.1)
45 (8.5)
10 (4.1)
10 (3.5)
20 (3.8)
18 (7.4)
3 (1.1)
21 (4.0)
55 (19.3) 55 (10.4)
0(
4 (1.4)
4 (0.7)
99 (40.6) 129 (45.2) 228 (43.1)
6 (2.4)
6 (2.4)
2 (0.8)
0(
0(
0(

6 (2.1)
6 (2.1)
4 (1.4)
0(
1(
0(

12 (2.3)
12 (2.3)
6 (1.1)
0(
1 (0.2)
0(

All patients
diagnosed with
metastatic
cancer (n=5,953)
1,656 (27.8)
1,253 (21.0)
1,044 (17.5)
497 (8.3)
391 (6.6)
320 (5.4)
285 (4.8)
228 (3.8)
94 (1.6)
88 (1.5)
88 (1.5)
6 (0.1)
2 (< 0.1)
1 (< 0.1)

Values are presented as number (%).

matched group (n=332) as compared to the case group of 83
patients with occult GI primary tumours. As a result of matching, we eliminated differences in age, sex, year of initial diagnosis, co-morbidity score, grade differentiation, GI primary
tumour location, histology, and number and type of metastatic
sites between occult cases and the matched group (Table 2).
Compared to the matched group, occult cases experienced on
average a longer time of 10.8 months after initial cancer diagnosis to have their primary tumour identified (Table 2). During the diagnostic workup, occult cases compared to the
matched group received similar diagnostic laparoscopies or
laparotomies and abdominal diagnostic imaging examinations. However, occult cases were less likely to receive any
type of diagnostic GI endoscopic examinations (mean difference, 33.4%; 95% CI, 21.8 to 45; p < 0.001) including upper GI
endoscopy (mean difference, 14.5%; 95% CI, 4.5 to 24.9;
p=0.01), lower GI endoscopy (mean difference, 14.2%; 95% CI,
2.8 to 25.5; p=0.01), endoscopic ultrasound (mean difference,
15%; 95% CI, 10.5 to 19.7; p < 0.001), and endoscopic retrograde cholangio-pancreatography (mean difference, 13%; 95%
CI, 7.9 to 18; p < 0.001) (Table 2).
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1. Treatment characteristics
Receipt of systemic therapy and time to radiotherapy and
systemic therapy after initial diagnosis did not differ significantly between the occult cases and matched group (Table 3).
Occult cases compared to matched patients were less likely to
have surgical resections (mean difference, 20.2%; 95% CI, 8.5
to 31.8; p=0.001) and receive radiotherapy (mean difference,
15.7%; 95% CI, 6 to 25.3; p=0.005) (Table 3). Among all patients
who had surgical resections, the time to surgery was longer
for cases compared to matched patients (mean difference, 1
month; 95% CI, 0.17 to 1.85; p=0.01) (Table 3). Among all
patients who received systemic therapy, cases were more
likely to receive platinum drugs (mean difference, 20.7%; 95%
CI, 5.3 to 36.1; p=0.01), anthracyclines (mean difference, 15.7%;
95% CI, 3.4 to 28.1; p=0.002) and taxanes (mean difference,
8.9%; 95% CI, 3 to 18.5; p=0.01) and less likely to receive biological targeted therapy (mean difference, 18%; 95% CI, 8.7 to
27.3; p=0.005) than matched patients (Table 3). Among
patients who received biological targeted therapy, cases were
more likely to receive bevacizumab (mean difference, 16%;
95% CI, 6.8 to 25.2; p=0.01) compared to the matched group
(Table 3). Table 3 shows the treatment characteristics of cases,
matched group with obvious GI tumours and all patients with
obvious GI tumours (n=1,573).
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Table 2. Baseline patient and tumour characteristics of 1,656 patients diagnosed with metastatic GI cancer by diagnostic
status of their primary tumours

Characteristic

Age at initial diagnosis (yr)
Mean±SD (range)
Year of initial diagnosis
2002-2003
2004-2005
2006-2007
2008-2009
2010-2011
Type of GI diagnostic examination
received during the diagnostic workupd)
Diagnostic laparoscopy or laparotomy
Upper GI endoscopy
Lower GI endoscopy
Endoscopic retrograde
cholangio-pancreatography
Endoscopic ultrasound
Any type of GI diagnostic
endoscopic exanimation
Taking of biopsy from a GI site
Abdominal ultrasound
CT scan of the abdomen
MRI scan of the abdomen
GI nuclear scan
Sex
Men
Women
GI primary tumour site
Esophagus and gastroesophageal junction
Stomach
Small intestine
Colon, rectum, anus, and anal canal
Liver and intrahepatic bile duct
Gallbladder
Extrahepatic bile duct
Pancreas
Unspecified GI tract
Grade differentiation
Well differentiated moderately
Moderately differentiated
Poorly differentiated
Undifferentiated
Histology
Adenocarcinomas
Cystic, mucinous and serous
Squamous, other epithelial,
unspecified epithelial, other non-epithelial
and undifferentiated

Patients with
obvious GI
primary
tumours (n=1,573)

Patients with
occult GI
primary
tumours (n=83)

64±12.5 (19-90)

62±11.7 (36-90)

p-valuea)

Matched patients
with obvious GI
primary tumours
(n=332)b)

p-valuec)

0.18

62±10.9 (35-90)

0.90

57 (17.2)
50 (15.06)
68 (20.5)
84 (25.3)
73 (21.98)

0.90

269 (17.1)
299 (19.0)
360 (22.9)
332 (21.1)
313 (19.9)

14 (16.9)
12 (14.5)
16 (19.3)
22 (26.5)
19 (22.9)

0.60

104 (6.6)
488 (31.02)
989 (62.9)
93 (5.9)

10 (12.04)
19 (22.9)
26 (31.3)
2 (2.4)

0.05
0.10
< 0.001
0.10

32 (9.6)
124 (37.3)
151 (45.5)
51 (15.4)

138 (8.8)
1,286 (81.7)

1 (1.2)
37 (44.6)

0.01
< 0.001

54 (16.3)
259 (78.01)

< 0.001
< 0.001

609 (38.7)
415 (26.4)
1,275 (81.05)
283 (17.99)
2 (0.12)

17 (20.5)
34 (40.96)
71 (85.5)
14 (16.9)
0(

< 0.001
0.003
0.30
0.80
> 0.99

86 (25.9)
118 (35.5)
264 (79.5)
67 (20.2)
1 (0.3)

0.30
0.30
0.20
0.50
> 0.99

960 (61.02)
613 (38.97)

43 (51.8)
40 (48.2)

0.09

175 (52.7)
157 (47.3)

0.90

159 (10.1)
96 (6.1)
31 (1.97)
1,101 (69.99)
23 (1.46)
18 (1.1)
16 (1.01)
127 (8.07)
2 (0.13)

9 (10.8)
4 (4.8)
6 (7.2)
35 (42.2)
3 (3.6)
2 (2.4)
7 (8.4)
15 (18)
2 (2.4)

< 0.001

38 (11.4)
16 (4.8)
26 (7.8)
140 (42.2)
14 (4.2)
8 (2.4)
25 (7.5)
63 (18.9)
2 (0.6)

0.90

65 (4.1)
826 (52.5)
296 (18.8)
386 (24.6)

6 (7.2)
18 (21.7)
18 (21.7)
41 (49.4)

< 0.001

24 (7.2)
73 (21.9)
73 (21.9)
162 (48.8)

0.90

1,307 (83.08)
121 (7.69)
145 (9.2)

57 (68.6)
13 (15.7)
13 (15.7)

0.003

225 (67.8)
55 (16.5)
52 (15.6)

0.90

0.50
0.01
0.01
0.001
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Table 2. Continued
Characteristic

Time interval between initial
cancer diagnosis and identification
of primary tumour (mo)
Mean±SD (range)
No. of patients (%)
" 0 to < 3
" 3 to < 6
" 6 to < 9
" 9 to < 12
" 12 to < 15
" 15 to < 24
No. of metastatic sites
1
2
3
"4
Metastatic sites
Digestive system
Respiratory system
Female genital system
Bones and joints
Lymph nodes
Buccal cavity and pharynx,
male genital system,
urinary system, brain, endocrine,
soft tissue (including heart), skin,
hematopoietic and reticuloendothelial
systems, others and ill-defined
With second primary tumour
Charlson co-morbidity scoree)
Mean±SD (range)
Score > 0
0
1
"2

Patients with
obvious GI
primary
tumours (n=1,573)

0.24±0.95 (0-5.9)

Patients with
occult GI
primary
tumours (n=83)

11±4 (6.1-22.9)

p-valuea)

< 0.001

Matched patients
with obvious GI
primary tumours
(n=332)b)

p-valuec)

0.30±1 (0-5.8)

< 0.001

1,505 (95.7)
68 (4.3)
0(
0(
0(
0(

0(
0(
32 (38.6)
21 (25.3)
17 (20.5)
13 (15.6)

452 (28.7)
757 (48.4)
267 (16.9)
88 (5.6)

32 (38.5)
27 (32.5)
19 (22.8)
5 (6.02)

0.07

127 (38.2)
112 (33.7)
74 (22.2)
19 (5.7)

0.90

1,690 (39.9)
645 (15.2)
52 (1.2)
146 (3.5)
1,376 (32.5)
326 (7.7)

82 (38.3)
35 (16.3)
14 (6.5)
20 (9.3)
52 (24.3)
11 (5.1)

0.001

237 (38.9)
97 (15.9)
39 (6.4)
54 (8.9)
146 (24.0)
36 (5.9)

0.90

60 (3.8)
0.30±0.77 (0-11)
344 (21.9)
1,229
271
73

0(
0.21±0.58 (0-4)
14 (16.9)
69
12
2

313 (94.3)
19 (5.7)
0(
0(
0(
0(

0.07
0.30
0.30

0(
0.22±0.6 (0-4)
60 (18)
272
48
12

> 0.99
0.90
0.80

Values are presented as number (%) unless otherwise indicated. GI, gastrointestinal; SD, standard deviation; CT, computed
tomography; MRI, magnetic resonance imaging. a)Patients with occult (n=83) vs. all obvious (n=1,573) using Fisher exact or
chi-square, b)Patients were matched on the estimated propensity score, c)Patients with occult (n=83) vs. matched obvious
(n=1,573) using Fisher exact or chi-square, d)Diagnostic workup was defined as the period from 6 months before to 6 months
after metastatic cancer diagnosis, e)Co-morbid diagnoses were considered present if they were found during 1 year before
and 6 months after the initial diagnosis with cancer.
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Table 3. Treatments of 1,656 patients diagnosed with metastatic GI cancer by diagnostic status of their primary tumours
Characteristic

Patients with
obvious GI
primary
tumours (n=1,573)

With surgical resection
1,055 (67.4)
Time interval between initial cancer
diagnosis and surgical resection (mo)
Mean±SD (range)
1.2±2.2 (0-20.1)
" 0 to < 3
953 (
" 3 to < 6
60 (
" 6 to < 12
29 (
" 12 to < 24
11 (
With radiotherapy
468 (29.7)
Time interval between initial cancer diagnosis
and start of radiotherapy (mo)
Mean±SD (range)
6.1±5.6 (0-24)
" 0 to < 3
161 (
" 3 to < 6
147 (
" 6 to < 12
94 (
" 12 to < 24
66 (
Type of radiotherapy
Teletherapy
346 (73.9)
Other types
122 (26.1)
With systemic therapy
1,176 (74.8)
Time interval between initial cancer
diagnosis and start of systemic therapy (mo)
Mean±SD (range)
3.4±3 (0-23.6)
" 0 to < 3
693 (
" 3 to < 6
359 (
" 6 to < 12
89 (
" 12 to < 24
35 (
With information about systemic
876 (74.5)
therapy agents received
Frequency of systemic therapy
agents received
Single agents
130 (14.8)
Double agents
370 (42.3)
Triple agents or more
376 (42.9)
Type of chemotherapeutic agents received
Antimetabolitesd)
841 (96.0)
Topoisomerase inhibitorse)
490 (55.9)
Platinum drugsf)
537 (61.3)
Anthracyclinesg)
57 (6.5)
Taxanesh)
26 (2.9)
Others agentsi)
26 (2.9)
With biological targeted therapy
176 (20.1)
Type of biological targeted
therapy agents received
Bevacizumab
149 (17.0)
Cetuximab
18 (2.0)
Panitumumab
11(1.3)
Other targeted therapy
3 (0.3)

Patients with
occult GI
primary
tumours (n=83)
30 (36.0)

1.9±4.2 (0-20.5)
25 (
2(
2(
1(
15 (18.0)

6.4±5.1 (0.6-15)
5(
3(
5(
2(
11 (73.3)
4 (26.7)
59 (71.1)

3.5±4.5 (0-22.9)
41 (
10 (
4(
4(
46 (77.9)

p-valuea)

< 0.001

0.09

0.02

0.80

0.90
0.45

0.90

0.50

Matched patients
with obvious GI
primary tumours
(n=332)b)
187 (56.3)

0.8±1.6 (0-12.6)
175 (
8(
4(
0(
112 (33.7)

7.6±6.7 (0.3-24)
33 (
29 (
24 (
26 (
87 (70.6)
33 (29.4)
261 (78.6)

3.4±3.4 (0-23.6)
162 (
70 (
18 (
11 (
200 (76.6)

p-valuec)

0.001

0.01

0.005

0.50

0.90
0.10

0.90

0.80

10 (21.7)
17 (36.9)
19 (41.3)

0.40

55 (27.5)
77 (38.5)
68 (34.0)

0.60

44 (95.6)
24 (52.2)
30 (65.2)
10 (21.7)
5 (10.8)
1 (2.2)
3 (6.5)

0.90
0.60
0.60
0.004
0.01
0.90
0.02

190 (95.0)
91 (45.5)
89 (44.5)
12 (6.0)
4 (2.0)
5 (2.5)
49 (24.5)

0.90
0.40
0.01
0.002
0.01
0.90
0.005

3 (6.5)
1 (2.1)
0(
0(

0.06
0.90
0.90
0.90

45 (22.5)
8 (4.0)
3 (1.5)
0(

0.01
0.90
0.90
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Table 3. Continued
Characteristic

With support drugs received to
control side effects or conditions
associated with chemotherapy

Patients with
obvious GI
primary
tumours (n=1,573)
774 (88.4)

Patients with
occult GI
primary
tumours (n=83)
32 (69.6)

p-valuea)

< 0.001

Matched patients
with obvious GI
primary tumours
(n=332)b)
151 (75.5)

p-valuec)

0.40

Values are presented as number (%) unless otherwise indicated. GI, gastrointestinal; SD, standard deviation. a)Patients with
occult (n=83) vs. all obvious (n=1,573) using Fisher exact or chi-square, b)Patients were matched on the estimated propensity
score, c)Patients with occult (n=83) vs. matched obvious (n=332) using Fisher exact or chi-square, d)Antimetabolites included
capecitabine, gemcitabine, 5-fluorouracil, and raltitrexed, e)Topoisomerase inhibitors included etoposide and irinotecan, f)Platinum drugs included carboplatin, cisplatin, and oxaliplatin, g)Anthracyclines included doxorubicin and epirubicin, h)Taxanes
included paclitaxel and docetaxel, i)Other agents included dexamethasone, vincristine, streptozocin, cyclophosphamide, and
mitomycin.

2. Survival outcomes

100

Stratified log-rank test p < 0.01 at 2 years

90
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80
Overall survival (%)

Cases had worse OS compared to matched patients (2-year
OS, 30% vs. 41.3%, p=0.01; median OS, 14.2 months vs. 20.3
months, Fig. 1) (HR, 1.44; 95% CI, 1.1 to 1.9; p=0.01) (Table 4).
In a Cox proportional-hazard regression analysis, having an
occult compared to an obvious GI tumour became a nonsignificant independent predictor of OS when controlling for use of
surgery, radiation therapy and chemotherapy (Table 4). In this
analysis, receipt of surgical resection and chemotherapy were
significant independent predictors of OS (Table 4). No interactions between treatment and primary tumour status (occult
vs. obvious) were identified.
In subgroup analyses, the time from diagnosis to surgery
was a significant independent predictor of OS in patients
treated with surgery (HR for one month increase in wait time,
1.09; 95% CI, 1.04 to 1.16; p=0.01). The times from diagnosis to
receipt of radiation therapy and systemic therapy were not significant independent predictors of OS. Similarly, the type of
chemotherapeutic agents received (platinum, taxanes and
anthracyclines vs. other chemotherapeutic combinations) was
not an independent significant predictor of OS in patients
treated with chemotherapy. However, receipt of biological targeted therapy was associated with survival advantage in
patients treated with systematic therapy from the case and
matched group (HR, 0.5; 95% CI, 0.08 to 0.83; p=0.001).
Unadjusted and adjusted Cox proportional-hazard regression analyses that compared OS of the case group of 83
patients with occult GI primary tumours to all patients with
obvious GI primary tumours (n=1,573) revealed similar results
(Table 4, Fig. 1).

70
60

46%

50
40

41.3%

30

30.1%

20

Patients with occult GI primary tumours (58 deaths)
Matched patients with obvious GI primary tumours (195 deaths)
All patients with obvious GI primary tumours (849 deaths)
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0

0
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6

No. at risk
83
332
1,573

83
332
1,573

8
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Time (mo)
46
231
1,173

31
181
910
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137
724

Fig. 1. Overall survival analyses comparing patients with
occult gastrointestinal (GI) primary tumours to patients
with obvious GI primary tumours.

1.19
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0.002
0.02

1.54 1.17-2.05
1.38 1.05-1.8
1.73 1.44-2.08 < 0.001

1.31

1.32

< 0.001

1.3-2.2

1.23

HR

1.68

0.01

p-value

1.1-1.94

95% CI

1.45

HR

Occult vs.
Obvious

0.96-1.46

0.9-1.57

0.99-1.73

1.05-1.7

0.92-1.66

95% CI

Occult vs.
Obvious

0.06

0.20

0.05

0.04

0.16

p-value

3.31

3.18

2.7

3.3

3.88

HR

< 0.001

< 0.001

< 0.001

p-value

2.91-3.77 < 0.001

2.78-3.64 < 0.001

2.3-3.1

2.8-3.7

2.97-5.1

95% CI

Receipt of
surgical resection
(no vs. yes)b)

0.93

0.99

0.95

1.02

0.94

HR

0.82-1.05

0.78-1.29

0.73-1.18

0.8-1.17

0.76-1.27

95% CI

0.09

0.60

0.60

0.60

0.50

p-value

Receipt of
radiation therapy
(no vs. yes)b)

Adjusted for receipt of surgical resection,
radiation therapy, and chemotherapy

1.48

1.58

1.38

1.60

1.39

HR

0.001

p-value

1.28-1.7

< 0.001

1.37-1.84 < 0.001

1.16-1.65 < 0.001

1.38-1.85 < 0.001

1.15-1.74

95% CI

Receipt of
chemotherapy
(no vs. yes)b)

HR, hazard ratio; CI, confidence interval; GI, gastrointestinal. a)We created time dependent covariates by creating interactions of the covariates and a function of survival time in the models to test proportionality. When time dependent covariates were not significant then covariates were considered proportional. The proportionality assumption was appropriate for all, b)We tested the interaction between receipt of a given treatment (no vs. yes) and status of primary tumour (occult vs. obvious)
for significance and found none, c)Patient and disease characteristics included age, sex, co-morbidity, number and type of metastatic sites, grade differentiation, histology, primary tumour site, year of initial diagnosis.

For cases and matched patients
with obvious GI tumours
(4:1 matching, n=415)
For cases and all patients
with obvious GI tumours
(n=1,656)
Unadjusted for patient and
disease characteristics
Adjusted for patient and
disease characteristicsc)
Adjusted for the estimated
propensity score
Adjusted for patient and
disease characteristicsc) using
inverse probability weighting

Proportional-hazard
modela)

Unadjusted for
treatment characteristic

Table 4. Adjusted and unadjusted HR for death and 95% CI
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Discussion
To our knowledge, the present study is the first to determine the incidence of metastatic cancer of occult GI primary
tumours through a population-based analysis. With GI cancers being the most frequent occult primary tumours identified in men and the second most frequent in women with
metastatic cancer of uncertain primary, oncologists should
maintain a high index of suspicion in GI origins of disease
when conducting clinical, surgical, pathological, and radiological evaluations of these patients. It is necessary to understand the natural history of GI cancers because the incidence,
prognosis, and recommended treatment of these tumours
vary with anatomical location and histological subtype.
The absence of accurate determination of GI primary
tumours early in the course of metastatic cancer appears to
be associated with fewer diagnostic GI endoscopic examinations during the diagnostic workup, less frequent surgical
intervention and use of biological targeted therapy such as
bevacizumab, longer time to surgical interventions and
greater use of empiric (i.e., broad-spectrum) and more toxic
chemotherapeutic drugs such as platinum drugs, taxanes
and anthracyclines. Less exposure to surgery and biological
targeted therapy and a longer time to receive surgery were
all independently associated with higher risk of death and
appeared to account for a large portion of the observed 45%
increase in risk of mortality for patients with occult GI
tumours. This association should be interpreted with caution
as it might also be due to unexplained differences in tumour
biology, disease burden and/or the functional status of
patients differing between cases and the matched group.
However, it is still reasonable to hypothesize that many
patients were rendered unsuitable for certain effective and
targeted cancer treatment and treated with more intensive
empiric cytotoxic chemotherapy for their metastatic disease
due to the uncertainty of primary tumour site. The implication is that with the growing availability of more effective
personalized treatments, it is important to determine GI primary tumour sites early in the course of metastatic disease
for timely use of the best systemic and local treatment to
optimize patients’ survival and quality of life. The current
Canadian clinical practice has not been influenced by the
recently emerged gene expression profiling assays to help
identify the primary tumour in metastatic cancer [4,25-27].
These techniques complement current traditional diagnostic
procedures (e.g., immunohistochemical analyses, endoscopies, CT scans, X-rays, MRI scans, etc.) when dealing with
diagnostic difficulties so that the primary tumour can be classified early in the course of metastatic disease [28,29].
A precision medicine approach can often be applied to the
treatment of metastatic GI cancers [15]. There are now 10
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biological targeted therapies for these cancers that have been
approved by the U.S. Food and Drug Administration for clinical use (e.g., cetuximab, panitumumab, and bevacizumab
for colorectal cancer, trastuzumab, and regorafenib for gastric and gastroesophageal cancer) and many others are in
various phases of development [15]. Generally, these targeted therapies are studied, approved, and reimbursed
solely within the context of an identified GI primary tumour
location. In addition, selection of these treatments is not only
dependent on the biologic characteristics of individual GI
tumour (e.g., KRAS mutation and anti-epidermal growth factor receptor status) but also on knowledge of GI primary
tumour sites to interpret mutation results. For instance,
knowledge of KRAS mutation status has quite different
implications depending on whether the primary site is lung
versus colon. Therefore, information about the GI primary
tumour location and its inherent biologic characteristics are
both necessary and complementary for patients to access
new personalized treatments of metastatic GI cancers.
Although this is a retrospective cohort study and our
results must be considered hypothesis generating, the incidence of occult GI primary tumours and their impact on therapeutic decision making and patient outcomes are unlikely
to be studied in prospective designed analyses. This is
because metastatic cancer of occult GI source by definition
cannot be identified a priori and the size of any prospective
investigation would be too large to be feasible and would
take several years to complete. Furthermore, the randomization of metastatic patients potentially considered to have
occult GI primary tumours to different treatment modalities
might not be considered ethical due to the existence of sitespecific therapies and the possibility other therapeutic strategies might be less effective. Our retrospective cohort study
is an example of an alternative approach. This study used
rigorous linkage of high quality population data from comprehensive heath administrative databases and yielded true
incidence rates of occult GI primary tumours. We have taken
special care to avoid sources of bias and confounding in our
study by conducting a matched cohort analysis where the
matched patient group with obvious GI tumours clearly had
the same underlying population as the cases with occult GI
tumours and were matched on all known patient and
tumour characteristics. In fact, the smaller number of patients
included in our matched cohort analysis compared to our
overall cohort permits future investigation of more detailed
and expensive risk factors of having an occult GI tumour. For
instance, important factors associated with diagnostic
workup obtained from detailed medical histories or biologic
markers such as specialist referrals and type and frequency
of immunohistochemistry tests (i.e., information not collected by the databases used for this study) become feasible
to investigate in order to understand the actual diagnostic
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barriers in patients with occult GI tumours.
In conclusion, GI tumours are the most common occult primary tumours detected in men and the second most common
detected in women presenting with metastatic cancer of
uncertain primary. Currently, patients with occult GI primary tumours are potentially being undertreated with available GI site-specific and targeted therapies. It may be
beneficial to determine the occult GI primary tumour site
early in the course of metastatic cancer to enable more effective therapies and improve survival outcomes.
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An Open-Label, Randomized, Parallel, Phase II Trial to Evaluate
the Efficacy and Safety of a Cremophor-Free Polymeric Micelle Formulation
of Paclitaxel as First-Line Treatment for Ovarian Cancer:
A Korean Gynecologic Oncology Group Study (KGOG-3021)
Purpose
Genexol-PM is a biodegradable cremophor EL–free polymeric micelle formulation of paclitaxel. Here, we compared efficacy and safety of Genexol-PM plus carboplatin versus Genexol
plus carboplatin for ovarian cancer treatment.
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Materials and Methods
In this multicenter, randomized, phase II study, patients with International Federation of
Gynecology and Obstetrics IC-IV epithelial ovarian cancer were randomly assigned (1:1) to
receive Genexol-PM 260 mg/m2 or Genexol 175 mg/m2 with 5 area under the curve carboplatin every 3 weeks (6 cycles). The primary endpoint was the carbohydrate antigen 125 and
Response Evaluation Criteria In Solid Tumor composite overall response rate (ORR).
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Results
Of 131 enrolled patients, 98 were included in intention-to-treat analysis. Mean dosages
were 260.00±0.00 mg/m2 Genexol-PM or 174.24±3.81 mg/m2 Genexol. Median followup was 18.0 months (range, 6.1 to 33.8 months). ORR was 88.0% (95% confidence interval
[CI], 80.4 to 95.6) with Genexol-PM, and 77.1% (95% CI, 67.1 to 87.1) with Genexol (noninferiority threshold, 16.3%). Median time to progression was 14.8 months (95% CI, 11.3
to 20.2) with Genexol-PM and 15.4 months (95% CI, 13.2 to 29.6) with Genexol (p=0.550).
Overall, six patients died. Neutropenia was the most common toxicity (incidences of 86.0%
vs. 77.1%, p=0.120). Peripheral neuropathy incidences were 84.0% versus 64.6% (p=
0.148). Peripheral neuropathy of ! grade 3 occurred in one patient receiving Genexol. All
toxicities were manageable.
Conclusion
Genexol-PM plus carboplatin as first-line treatment in patients with epithelial ovarian cancer
demonstrated non-inferior efficacy and well-tolerated toxicities compared with the standard
paclitaxel regimen. Further studies are warranted to optimize the dose and schedule, and
to investigate long-term outcomes.

Key words
Genexol-PM, Genexol, Carboplatin, Phase II trial,
Ovarian neoplasms

Copyright ⓒ 2018 by the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

195

Cancer Res Treat. 2018;50(1):195-203

Introduction
Ovarian cancer is the most lethal gynecologic malignancy,
being responsible for approximately 14,000 deaths in the
United States annually [1]. It constitutes 2.1% of cancers
among Korean women [2], and over 70% of patients present
with advanced stage disease. The primary treatment involves
cytoreductive surgery followed by chemotherapy. Standard
chemotherapy for ovarian cancer patients includes 5-7.5 area
under the curve (AUC) of carboplatin combined with 175
mg/m2 of paclitaxel administered for six cycles at 3-week
intervals in accordance with. Several studies demonstrate
that 175 mg/m2 of paclitaxel combined with 5 AUC of carboplatin induces a Response Evaluation Criteria In Solid
Tumor (RECIST) response rate of 59.5%-66% and a carbohydrate antigen 125 (CA-125) response rate of 72%-76.8% [3].
Recent reports also show that addition of bevacizumab (a
monoclonal antibody against vascular endothelial growth
factor) to the standard treatment prolongs progression-free
survival but not overall survival (OS) [4]. Despite recent
exploration of targeted therapies and immunotherapies,
paclitaxel remains the most important drug in ovarian cancer
treatment. Thus, many researchers are focusing on variations
in the schedule and dosage with the aim of enhancing paclitaxel’s effect. The current trend is to use dose-dense weekly
paclitaxel therapy; however, the effects are controversial and
such treatment is associated with a higher rate of severe sensory neuropathy [5,6].
To enhance the solubility of the hydrophobic paclitaxel
compound, it is prepared using polyoxyl-35-castor oil (Cremophor EL; CrEL). However, CrEL causes hypersensitivity
reactions [7]. Even with premedication, paclitaxel-CrEL treatment causes minor hypersensitivity reactions in 10%-44% of
patients, and potentially life-threatening reactions in 1%-3%
of patients [8,9].
Genexol-PM (Samyang Co., Seoul, Korea) is a novel biodegradable polymeric micellar formulation of paclitaxel. In
vivo, Genexol-PM shows greater antitumor activity and
higher concentrations in tumor tissues compared to conventional paclitaxel [10]. Dose-limiting toxicities of Genexol-PM
include neuropathy, myalgia, and neutropenia. Two phase I
trials have tested Genexol-PM in advanced cancers; the trial
performed in the United States reported a maximum tolerated dose (MTD) of 435 mg/m2, and the trial in Korea
showed an MTD of 390 mg/m2. Accordingly, a Genexol-PM
dose of 300 mg/m2 was recommended for phase II studies,
which is higher than the recommended dose of CrEL-based
paclitaxel (175 mg/m2) [11]. A phase I clinical trial was performed in Korea to investigate combination therapy with
Genexol-PM plus carboplatin as a first-line treatment for
ovarian cancer [12]. Although the MTD of Genexol-PM was
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not determined, a dosage of 260 mg/m2 was recommended
for phase II trials.
Our present open-label, randomized, phase II study aimed
to evaluate the efficacy and safety of first-line treatment with
Genexol-PM plus carboplatin administered every 3 weeks in
patients with epithelial ovarian cancer, compared to treatment with conventional CrEL-based paclitaxel (Genexol,
Samyang Co.) plus carboplatin. Our results revealed that
Genexol-PM was non-inferior to Genexol, and that GenexolPM showed well-tolerated toxicities compared with the standard paclitaxel regimen. This trial was registered with ClinicalTrials.gov, number NCT01276548.

Materials and Methods
1. Patient population
We performed a multicenter randomized, open-label, confirmatory phase II clinical trial in patients diagnosed with
epithelial ovarian cancer (International Federation of Gynecology and Obstetrics [FIGO] IC-IV at diagnosis) at 10 institutions in Korea. This trial was designed to compare efficacy
and safety between carboplatin combined with Genexol-PM
and carboplatin combined with Genexol. The included
patients had undergone debulking surgery without previous
chemotherapy for treatment of epithelial ovarian cancer that
was measurable on imaging according to the RECIST ver. 1.0
[13], or that showed CA-125 levels of over twice the upper
limit of normal within 7 days or at two tests before starting
study treatment. Additional inclusion criteria were an Eastern Cooperative Oncology Group (ECOG) performance status of 0-2, adequate organ function, and being deemed
appropriate receive paclitaxel and carboplatin for ovarian
cancer treatment. Exclusion criteria were medical history of
central nervous system disorder, current uncontrolled medical conditions that could interfere with the patient’s ability
to undergo study treatment, preexisting sensory or motor
neuropathy over grade 1 according to National Cancer Institute Common Toxicity Criteria (NCI CTCAE), and history of
chemotherapy for the ovarian cancer.
All participants gave their written informed consent. The
study protocol was approved by the appropriate institutional
review boards and independent ethics committees, and was
in compliance with Good Clinical Practice, Guidelines of the
International Conference on Harmonization, and the Declaration of Helsinki.
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Participants (n=131)
Subjects eliminated during screening (n=29)
Reason of elimination
- Consent withdrawn (n=1)
- Violation of inclusion/exclusion criteria (n=28)
Subjects of clinical trial (n=102)
Genexol-PM+carboplatin (n=51)
Genexol+carboplatin (n=51)
No use of the study drug or comparator (n=4)
Genexol-PM+carboplatin (n=1)
Genexol+carboplatin (n=3)
Subjects who used the investigational products
at least once (n=98) (ITT population)
Genexol-PM+carboplatin (n=50)
Genexol+carboplatin (n=48)

Subjects who completed the trial (n=87)
(PP population)
Genexol-PM+carboplatin (n=45)
Genexol+carboplatin (n=42)

Discontinued subjects (n=11)
Reason of discontinuation
Genexol-PM+carboplatin
- Consent withdrawn (n=0)
- Major protocol violation (n=0)
- Investigator's discretion (n=1)
- Other (n=4)
- Violation of inclusion/exclusion criteria (n=0)
Genexol+carboplatin
- Consent withdrawn (n=2)
- Major protocol violation (n=4)
- Investigator's discretion (n=0)
- Other (n=0)
- Violation of inclusion/exclusion criteria (n=0)

Fig. 1. Analyzed patient populations. ITT, intention-to-treat; PP, per-protocol.

2. Treatment
The enrolled patients were randomly assigned (1:1) to a
treatment group, with stratification according to disease status after debulking surgery in the primary setting. Either
Genexol-PM and carboplatin or Genexol and carboplatin
were administered on day 1 of each 3-week cycle. Drug
administration began within 4 days after randomization, and
was continued for a maximum of six cycles or until the
investigator detected disease progression, the subject rejected
the administration, or dose-limiting toxicity occurred. On
day 1 of each cycle, Genexol-PM or Genexol was intravenously administered over 3 hours, followed by carboplatin
administration for 30-60 minutes. Genexol-PM administration began at a dose of 260 mg/m2, Genexol was administered at a dose of 175 mg/m2, and the carboplatin dosage was
5 AUC. The Genexol-PM dosage could be increased to 300
mg/m2 starting in cycle 2 if the patient did not experience a

non-hematologic adverse drug reaction of > grade 2 from the
first cycle. To minimize hypersensitivity, Genexol-PM or
Genexol administration was preceded by premedications,
including dexamethasone and H2-blockers.
3. Assessments
The primary efficacy outcome was the estimated composite CA-125 and RECIST response rate for each treatment
group. The RECIST response rate is defined as the proportion
of subjects with a measurable disease who show complete or
partial response. The overall response was determined based
on tumor response evaluation of target and non-target
lesions after every two cycles. Tumor response and overall
response were evaluated according to RECIST criteria [13].
CA-125 response rate was defined as the proportion of subjects with CA-125 response [14], which was evaluated based
on responses from the initial administration to the last cycle.
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Table 1. Patient characteristics
Characteristic

Genexol-PM+carboplatin
(n=50)

Age (yr)
Histopathological grade
GX
G1
G2
G3
G4
Unknown
FIGO stage
IC
IIIA
IIIB
IIIC
IV
Disease after surgery
Measurable disease
Non-measurable disease
Overall administration cycles

Genexol+carboplatin
(n=48)

p-value

56.4±10.8

55.2±8.9

0.554

1 (2.0)
2 (4.0)
17 (34.0)
25 (50.0)
1 (2.0)
4 (8.0)

0(
0(
10 (20.8)
35 (72.9)
0(
3 (6.3)

0.129

1 (2.0)
1 (2.0)
1 (2.0)
38 (76.0)
9 (18.0)

0(
1 (2.1)
1 (2.1)
31 (64.6)
15 (31.3)

0.508

41 (82.0)
9 (18.0)
5.62±1.12

40 (83.3)
8 (16.7)
5.35±1.60

0.701
0.347

Values are presented as mean±standard deviation or number (%). GX, differentiation cannot be assessed; G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; G4, undifferentiated; FIGO, International Federation of Gynecology and Obstetrics.

Each cycle included laboratory testing and assessment of
ECOG performance status. Adverse events were graded following the National Cancer Institute’s CTCAE ver. 3.0.

using SPSS ver. 21 (IBM Corp., Armonk, NY), and applying
a two-sided significance level of 5%.

4. Statistical analysis
The primary efficacy outcome was the CA-125 and RECIST
composite response rate defined as the fraction of patients
who showed complete responseor partial responsebased on
RECIST ver. 1.0 and/or a CA-125 response. The predefined
non-inferiority margin was an absolute difference of 16.3%
in the primary endpoint. A one-sided 95% upper confidence
limit of the difference in the objective response rate between
the Genexol-PM group and the Genexol group that was
below the threshold of non-inferiority was considered to
indicate that the Genexol-PM group not inferior to the
Genexol group. Secondary efficacy outcomes included time
to progression (TTP) and OS. Categorical variables were
analyzed using the chi-square test, and non-parametric variables with the Wilcoxon rank-sum test. Survival curve analysis was performed using the Kaplan-Meier method, and
between-group differences were evaluated with the log-rank
method. We also analyzed safety and efficacy endpoints
among patients in each group who received at least one dose
of study treatment. All statistical analyses were performed
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Results
1. Patient characteristics
From August 2009 to May 2012, this study enrolled 131
patients with epithelial ovarian cancer, 29 patients dropped
out of the screening because most of them did not meet the
inclusion criteria, especially for CA-125 level more than twice
the upper limit of normal after debulking surgery. Except for
four patients who withdrew their consent after randomization,
98 patients were included in the analyses of clinical efficacies
and safety (Fig. 1). Mean patient age was 56.4 years (±10.8
years) in the Genexol-PM group, and 55.2 years (±8.9 years) in
the Genexol group (p=0.554) (Table 1). The two groups did not
significantly differ with regards to histopathologic grade or
FIGO stage. Over 80% of the overall subjects had a histopathological grade of G3 (poorly differentiated) or G2 (moderately
differentiated). FIGO stages at diagnosis were IIIC for 38
patients (76.0%) in the study group and 31 patients (64.6%) in

Shin-Wha Lee, Phase II Trial of Genexol-PM in Ovarian Cancer

Table 2. Responses and survival rates
Genexol-PM+carboplatin (n=50)

Response rate
Overall responsea)
CR
PR
SD
PD
NE
Survival rate
Time to progressionb)
Overall survivalc)

Genexol+carboplatin (n=48)

p-value

No. (%) or median

95% CI

No. (%) or median

95% CI

44 (88.0)
24 (48.0)
20 (40.0)
3 (6.0)
0(
3 (6.0)

80.4-95.6

37 (77.1)
16 (33.3)
21 (43.8)
5 (10.4)
1 (2.1)
4 (8.3)

67.1-87.1

0.701

13.2-29.6

0.546
0.100

14.8 (
(–)

11.3-20.2

15.4 (
(–)

CI, confidence interval; CR, complete response; PR, partial response; SD, stable disease; PD, progrssive disease; NE, not evaluated.
a)
Threshold of non-inferiority: 16.3%, b)Genexol-PM+carboplatin censored: 30, Genexol+carboplatin censored: 30, c)GenexolPM+carboplatin censored: 45, Genexol+carboplatin censored: 47.

A

0.75

0.50

0.25

Genexol-PM+carboplatin
Genexol+carboplatin

B

1.00

Survival distribution function

Survival distribution function

1.00

0.75

0.50

0.25

Genexol-PM+carboplatin
Genexol+carboplatin

p=0.550

0

0

200

OS was not calculated (p=0.100)

400
600
Time (day)

800

1,000

0

0

200

400
600
Time (day)

800

1,000

Fig. 2. Time to progression (A) and overall survival (OS) (B) in intention-to-treat analysis.

the control group, and IV for nine patients (18.0%) in the study
group and 15 patients (31.3%) in the control group (Table 1).
The mean number of cycles was 5.62±1.12 in the Genexol-PM
group and 5.35±1.60 in the Genexol group. In the Genexol
group, two subjects had their dose reduced once. The mean
doses administered were 260.00±0.00 mg/m2 of Genexol-PM
and 5.00±0.00 AUC of carboplatin in the study group, and
174.24±3.81 mg/m2 of Genexol and 5.00±0.00 AUC of carboplatin in the control group.

2. Efficacy
The study group (Genexol-PM+carboplatin) showed a
CA-125 and RECIST composite overall response rate (ORR) of
88.0%, with a 95% confidence interval (CI) of 80.4-95.6. The
control group (Genexol+carboplatin) showed a CA-125 and
RECIST composite ORR of 77.1% (95% CI, 67.1 to 87.1). The
between-groups difference in ORR was $10.9%, which was
not statistically significant (p=0.701), and was lower than the
non-inferiority threshold (16.3%), indicating that the GenexolVOLUME 50 NUMBER 1 JANUARY 2018
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1 (2.0)
0(
1 (2.0)
0(
3 (6.0)
22 (44.0)
1 (2.0)
3 (6.0)
12 (24.0)
5 (10.0)
2 (4.0)
5 (10.0)
13 (26.0)
2 (4.0)
6 (12.0)

G1
0(
2 (4.0)
3 (6.0)
19 (38.0)
4 (8.0)
20 (40.0)
1 (2.0)
1 (2.0)
8 (16.0)
3 (6.0)
0(
5 (10.0)
11 (22.0)
4 (8.0)
4 (8.0)

G2
42 (84.0)
8 (16.0)
2 (4.0)
6 (12.0)
0(
0(
0(
0(
0(
1 (2.0)
1 (2.0)
1 (2.0)
0(
0(
0(

! G3

Total
43 (86.0)
10 (20.0)
6 (12.0)
25 (50.0)
7 (14.0)
42 (84.0)
2 (4.0)
4 (8.0)
20 (40.0)
9 (18.0)
3 (6.0)
11 (22.0)
24 (48.0)
6 (12.0)
10 (20.0)

Genexol-PM+carboplatin (n=50)
1 (2.1)
0(
0(
0(
2 (4.2)
21 (43.8)
0(
2 (4.2)
7 (14.6)
2 (4.2)
5 (10.4)
8 (16.7)
20 (41.7)
7 (14.6)
5 (10.4)

G1
3 (6.3)
1 (2.1)
4 (8.3)
13 (27.1)
1 (2.1)
9 (18.8)
1 (2.1)
0(
5 (10.4)
7 (14.6)
3 (6.3)
4 (8.3)
4 (8.3)
1 (2.1)
1 (2.1)

G2
33 (68.8)
2 (4.2)
2 (4.2)
7 (14.6)
0(
1 (2.1)
0(
0(
0(
0(
2 (4.2)
0(
0(
0(
0(

! G3

Genexol+carboplatin (n=48)
37 (77.1)
3 (6.3)
6 (12.5)
20 (41.7)
3 (6.3)
31 (64.6)
1 (2.1)
2 (4.2)
12 (25.0)
9 (18.8)
10 (20.8)
12 (25.0)
24 (50.0)
8 (16.7)
6 (12.5)

Total

0.120
> 0.99
> 0.99
0.320
> 0.99
0.148
> 0.99
> 0.99
> 0.99
0.153
> 0.99
0.520
0.029
0.091
0.588

p-value

Values are presented as number (%). G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; ALT, alanine transaminase; AST, aspartate
aminotransferase.

Neutropenia
Leukopenia
Platelet count decreased
Hemoglobin decreased
Hypersensitivity
Neuropathy peripheral
Myalgia
Arthralgia
Nausea
Vomiting
Diarrhea
Constipation
Alopecia
ALT increased
AST increased

Adverse event

Table 3. Overview of adverse events
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PM was not inferior to Genexol (Table 2).
The median follow-up period was 18.0 months (range, 6.1
to 33.8 months). Tumor progression was detected in 20
patients in the Genexol-PM group, and 18 patients in the
Genexol group. One patient in each group died from tumor
progression. Median TTP was 14.8 months (95% CI, 11.3 to
20.2) in the Genexol-PM group and 15.4 months (95% CI, 13.2
to 29.6) in the Genexol group (p=0.550) (Fig. 2A). Deaths
occurred among five subjects in the study group and one subject in the control group; however, OS with 50% mortality was
not calculated. We found no significant between-groups difference in survival (p=0.100) (Fig. 2B). We analyzed the concordance between the two response rates among subjects
evaluated for both CA-125 and RECIST responses. In the
Genexol-PM group, 38 patients met the definition of CA-125
response, while a RECIST response was achieved by 35 subjects. In the Genexol group, 33 patients met the definition of
CA-125 response, while the RECIST response was met by 29
patients.
3. Safety
During the study period, 441 adverse events occurred in 50
subjects (100.0%) in the Genexol-PM group, including 49 serious events (11.1%, 49/441). In the Genexol group, 376 adverse
events occurred in 44 subjects (91.7%), including 40 serious
events (10.6%, 40/376). Except for alopecia, the rates of hematologic and nonhematologic adverse events did not significantly differ between the two groups. Neutropenia occurred
in 43 patients (86.0%) in the Genexol-PM group and 37
patients (77.1%) in the Genexol group (p=0.120), even though
a higher paclitaxel dose was administered in the Genexol-PM
group. In the Genexol-PM group, there were 104 confirmed
instances of hematologic toxicities (23.6%, 104/441) compared
to 77 instances in the Genexol group (20.5%, 77/376). Hypersensitivity reactions occurred in seven patients (14.0%) in the
Genexol-PM group, and three patients (6.3%) in the Genexol
group (p > 0.99). Incidences of peripheral neuropathy and
myalgia did not significantly differ according to study treatment. Peripheral neuropathy occurred in 42 patients (84.0%)
in the Genexol-PM group with no serious cases, and in 31
patients (64.6%) in the Genexol group with one case (2.1%)
considered serious (p=0.148) (Table 3). All reported toxicities
were successfully managed with conservative care, and no
treatment-related deaths occurred in either group. In the
Genexol-PM group, ECOG performance from screening/baseline to last observation carried forward changed by 0.02±0.68,
which was not statistically significant (p=0.837).

Discussion
Paclitaxel is an important drug in ovarian cancer treatment. However, the commonly used paclitaxel solubilizer
CrEL contributes to severe toxicities, including hypersensitivity reactions and peripheral neuropathies [7,15-18]. To
overcome these toxicities and to potentially improve efficacy,
solvent-free paclitaxel formulations have been developed.
Genexol-PM is a freeze-dried macromolecule micelle of
paclitaxel that was approved in Korea in 2006 with the indications of first-line therapy for recurrent and metastatic
breast cancer (MBC) and non-small cell lung carcinoma
(NSCLC). The copolymer mPEG-PDLLA that is used in
Genexol-PM is not listed in the U.S. Pharmacopoeia; however, the individual polymers mPEG and polylactide are
used in multiple pharmaceutical products and are on the
Food and Drug Administration's Inactive Ingredient List.
The mPEG-PDLLA copolymer has been confirmed to be nontoxic. Several phase II clinical trials demonstrate that
Genexol-PM is generally well tolerated and shows sufficient
antitumor activity in patients with MBC, NSCLC, and
urothelial carcinoma [19-21]. Phase II clinical trials have been
performed in the United States to examine Genexol-PM
monotherapy for the treatment of progressive pancreatic cancer [22]. In Korea, a phase I clinical trial investigated the combination of Genexol-PM with carboplatin in ovarian cancer
patients (featured poster presentation, abstract 0071) [12].
Our present study evaluated the anti-tumor effects of firstline treatment with Genexol-PM+carboplatin or with Genexol+carboplatin among epithelial ovarian cancer patients,
and demonstrated that the efficacy outcome in the study
group was not inferior to that in the control group. GenexolPM plus carboplatin was associated with a CA-125 and
RECIST composite response rate of 88.0% in intentionto-treat (ITT) analysis (the primary efficacy outcome), and
93.2% in per-protocol analysis. The primary efficacy outcome
differed between the groups by $10.92%, with a one-sided
95% upper confidence limit of 1.60%, which was below the
non-inferiority threshold (16.3%)—indicating that outcome
with Genexol-PM was not inferior to outcome with Genexol.
As a secondary efficacy outcome, the RECIST response rate
from ITT analysis of subjects with measurable lesions was
85.4% in the Genexol-PM group and 75.0% in the Genexol
group. Among the subjects without measurable lesions, the
CA-125 response rate was 100% in both groups. With regard
to OS rate in the ITT population, five subjects died and 47
subjects were censored in the Genexol-PM group, and one
subject died and 46 subjects were censored in Genexol group.
OS with 50% mortality was not calculated. The betweengroup difference in survival was not statistically significant
(p=0.100).
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Higher doses of conventional paclitaxel do not improve
response rates or survival among patients with MBC, predominantly due to greater toxicities [23]. On the other hand,
compared to conventional paclitaxel, nanoparticle albuminbound (nab) paclitaxel produces higher response rates with
similar safety profiles in cases of MBC, NSCLC, and pancreatic cancer [24-26]. However, controversial results are
reported by several randomized trials investigating the roles
of higher paclitaxel doses in breast cancer treatment [27,28].
No comparative clinical trials have evaluated the efficacy of
high-dose paclitaxel in epithelial ovarian cancer. Our present
phase II trial in ovarian cancer demonstrated the non-inferiority of Genexol-PM but did not show that higher paclitaxel
doses improved efficacy with regards to ORR, TTP, or OS.
Thus, there remains a need for additional clinical trials, particularly phase III/IV studies in a large number of patients
with ovarian cancer to test the superiority of high-dose
Genexol-PM compared to the conventional dose of paclitaxel. This may be a great help in selecting chemotherapeutic
agents as first-line treatment for patients with ovarian cancer.
In terms of safety, as expected, the Genexol-PM group
showed higher incidence of neutropenia and lower incidence
of peripheral neuropathy, but in this study, Genexol-PM and
conventional paclitaxel showed similar safety profiles,
including neutropenia and peripheral neuropathy. Some
researchers have reported that peripheral neuropathy due to
paclitaxel itself is inevitable, although the solvent-free paclitaxel formulation has the advantages of inducing less severe
peripheral neuropathy and more rapid recovery compared
with conventional paclitaxel [24,29]. A randomized trial of
nab-paclitaxel plus gemcitabine versus gemcitabine alone for

treatment of pancreatic cancer found the most notable difference in adverse events to be the rate of peripheral neuropathy (17% with nab-paclitaxel plus gemcitabine versus 1%
with gemcitabine) [26]. Notably, peripheral neuropathy in
that study was rapidly reversible in most patients, with neuropathy of " grade 3 improved to ! grade 1 in a median of 29
days. In our present study, no patients in the Genexol-PM
group showed peripheral neuropathy of grade 3 or higher.
In conclusion, our present phase II study demonstrated a
non-inferior ORR and manageable toxicities with GenexolPM plus carboplatin compared to with standard Genexol and
carboplatin. Genexol-PM allows administration of a greater
paclitaxel dose without compromising patient safety. Overall, Genexol-PM with carboplatin seems to be efficacious and
safe as first-line therapy in patients with epithelial ovarian
cancer. Further studies of Genexol-PM are warranted, particularly to examine the use of different schedules, including
weekly doses, and to study long-term outcomes, including
the reversibility of peripheral neuropathy.
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Purpose
The objective of this study was to validate the Korean version of the Quality of Life–Cancer
Survivors (QOL-CS-K) in a sample of lymphoma survivors.
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Results
Among 257 survivors, 245 (95.3%) completed all questionnaires and had no missing data.
The mean age of study participants was 52.2 years, 54.9% were men, and the mean time
since diagnosis was 4.0±1.6 years. The Cronbach’s # for the overall QOL-CS-K was 0.90,
and the # coefficients for each subscale ranged from 0.73 to 0.83. The test and retest
reliability was 0.88. Moderate correlations were found between comparable subscales of
the QOL-CS-K and subscales of the EORTC QLQ-C30 (r=0.51-0.55) except for the spiritual
well-being subscale of the QOL-CS-K, which did not correlate with any of the EORTC QLQC30 subscales (–0.08 to 0.16).

Materials and Methods
We conducted a cross-sectional survey of lymphoma survivors who had survived for at least
24 months since diagnosis. Participants were recruited at the outpatient clinics and at a hospital event in a tertiary hospital in Seoul, Korea. Survivors were asked to complete the QOLCS-K and the European Organization for Research and Treatment of Cancer Quality of Life
Core Questionnaire (EORTC QLQ-C30) questionnaires. To determine test-retest reliability, a
second questionnaire was sent to participants who completed the first questionnaire adequately. Exploratory factor analysis and Pearson’s correlations were used for evaluating
reliability and validity of the QOL-CS-K.

Conclusion
The QOL-CS-K is a reliable and valid scale for measuring the QOL in long-term lymphoma
survivors.
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Introduction
Hodgkin’s lymphoma and non-Hodgkin’s lymphoma, the
most common cancers of the lymphatic system, affect individuals of all ages [1]. Significant advances in the clinical
management and treatment of aggressive Hodgkin’s lymphoma and non-Hodgkin’s lymphoma have improved survival rates, such that they have become chronic diseases for
long-term survivors [1]. Given its high incidence and survival rates [2], lymphoma survivorship has been considered
an issue in the field of hematology, and a reason for research
investigations of the disease’s effects on survivors’ quality of
life (QOL). Most QOL instruments focus on the effects of the
diagnosis and initial cancer treatment, whereas the specific
concerns and needs of long-term survivors are seldom measured [3].
The European Organization for Research and Treatment
of Cancer Quality of Life Core Questionnaire (EORTC QLQC30) [4] and the Functional Assessment of Cancer TherapyAnemia [5] have been the most frequently used instruments
for assessing the QOL of lymphoma survivors. However,
these measures do not detect new symptoms and concerns
that may arise after patients complete their cancer treatments
[6]. Some studies have used generic measures, such as the
36-Item Short Form Health Survey [7] to evaluate the QOL
of lymphoma survivors [8] as well; however, it also has limitations because it does not address specific problems experienced by cancer survivors [3]. Moreover, although studies
have reported that survivors also experience positive
changes associated with having cancer, such as post-traumatic growth and appreciation of life [9], most instruments
do not assess the positive effects of experience with cancer.
The Quality of Life–Cancer Survivors (QOL-CS) questionnaire is one of the few instruments that was designed specifically for the assessment of QOL in long-term cancer survivors and has been validated or used in different countries
[10-12]. The objective of this study was to validate the Korean
version of the Quality of Life–Cancer Survivors (QOL-CS-K)
in a sample of lymphoma survivors.

Materials and Methods
1. Participants
We conducted a cross-sectional study of consecutive lymphoma survivors who were attending the outpatient hematology/oncology clinic at the Samsung Medical Center in
Seoul, Korea, between June 2013 and February 2014. In

addition, we recruited survivors who came for a hospital
event for the survivorship. The survivors were eligible to
participate if they were 18 years of age or older, had been
diagnosed with lymphoma more than 24 months before participating in the study were literate in Korean at the time of
survey (n=269). Then exclusion criteria were survivors who
were diagnosed with multiple cancers or who had psychiatric disorder at the time of the survey.
The first 200 participants who completed the Korean QOLCS-K to re-take it to provide measures to assess its test-retest
reliability. The survivors who agreed to re-take the surveys
received the survey questions 2 weeks after the first survey
with a postage-paid return envelope, and asked to return the
completed survey within 2 weeks. The Institutional Review
Board of the Samsung Medical Center approved this study,
and each participant provided informed written consent.
2. Measures
The QOL-CS was developed by researchers of the City of
Hope National Medical Center in California, USA, to measure the QOL of long-term cancer survivors [10]. The QOLCS includes 41 items representing the four domains
(physical, social, psychological, and spiritual well-being) of
cancer-specific QOL [10]. The summed scores for each
domain were used as an outcome measure with higher
scores indicating a better QOL. To develop the Korean version of the instrument (QOL-CS-K), we obtained copyright
permission from Dr. Ferrell, who developed the original
QOL-CS. Two bilingual experts translated the QOL-CS to
Korean; then, it was back-translated to English by two independent bilingual experts. Based on the experts’ opinions of
each item, we modified the scale’s questions with permission
from Dr. Ferrell. After this process, a group of experts,
including oncologists, oncology nurses, behavioral scientists,
and psychiatrists reviewed and confirmed the instruments’
content. In addition, a pilot test of ten survivors confirmed
the content validity of the scale. Instead of using the original
11-point Likert scale (0 to 10), we used a 4-point Likert scale
ranging from 1 (not at all) to 4 (very much) based on the
results of the pilot test, expert opinions, and Dr. Ferrell’s
agreement.
To examine concurrent validity, we used the EORTC QLQC30. This instrument is a 30-item cancer-specific questionnaire, which includes five functioning domains (physical,
role, cognitive, emotional, and social), global health and
overall health related QOL scales, and several items that
assess symptoms commonly reported by patients who have
cancer [13]. Participants rated each question on a Likert scale
ranging from 1 (not at all) to 4 (very much), excluding global
health status, which was rated from 1 (very poor) to 7 (excellent). We scored the EORTC QLQ-C30 items using the scorVOLUME 50 NUMBER 1 JANUARY 2018
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ing procedures outlined in the manual [14] and linearly
transformed the data to yield scores from 0 to 100; a higher
score represented a better level of functioning. The EORTC
QLQ-C30 has been validated, translated to Korean [15], and
has been widely used to measure the QOL of cancer survivors in Korea.
We also collected socio-demographic data, including marital status, education, employment status, and monthly family income. Clinical information, including the stage of cancer
at the time of diagnosis and the date of diagnosis, was
obtained from the participants’ medical records.
3. Statistical methods
Data analyses included descriptive statistics (frequencies,
means, and standard deviations) and statistics for assessing
the questionnaire’s psychometric properties. Cronbach’s $
and the item-total correlation of each subscale of the QOLCS-K were calculated to assess its internal consistency reliability. The stability of the QOL-CS-K was assessed by
computing correlations between the participants’ initial and
retest scores, specifically, the intra-class and Pearson’s correlations. In order to measure the questionnaire’s concurrent
validity, Pearson’s correlation coefficients between comparable dimensions of the QOL-CS-K and the EORTC QLQ-C30
were computed. All reported p-values were two-sided and
the significance level was set at 0.05. All analyses were performed using STATA ver. 13 (StataCorp LP, College Station,
TX).

Results
1. Participants
Among the 284 eligible survivors, 276 (97.2%) agreed to participate in the study. Among 276, seven survivors did not
return the questionnaires, and 12 had psychological problems
at the time of survey. Then final analysis included 257 survivors. The mean age of the study participants was 52.2 years
old. Among the participants, 54.9% were men and 51.8% were
currently employed. The majority of survivors had been diagnosed with non-Hodgkins lymphoma (90.4%), and the mean
time since diagnosis was 4.0±1.6 years (Table 1).
2. Feasibility
Among 257 survivors, 245 completed all questionnaires and
had no missing data. There were 12 patients (4.7%) who
missed at least one item: one patient who missed six items,
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Table 1. Participants’ socio-demographic and medical
characteristics
Characteristic
Demographics
Sex
Male
Female
Age, mean±SD (yr)
Working status
Housewife
Unemployed
Leave of absence/Loss of job
Employed
Education
Less than high school
More than College/University
Marital status
Married
Single/Divorced/Separated/Widowed
Income ($)
< 4,000
" 4,000
Smoking status
Never
Past
Current
Drinking status
Never
Past
Current
Comorbidity (yes)
Depression, mean±SD
ECOG performance status at diagnosisa)
0-1
2+
Clinical characteristics
Type of diagnosis
Non-Hodgkin’s lymphoma
Hodgkin’s lymphoma
Time since diagnosis, mean±SD (yr)

No. (%) (n=257)

139 (54.9)
118 (45.9)
52.2±14.0
73 (28.6)
3 (1.2)
47 (18.4)
132 (51.8)
133 (52.2)
122 (47.8)
206 (80.5)
50 (15.5)
140 (55.1)
114 (44.8)
157 (61.6)
83 (32.6)
15 (5.6)
114 (44.5)
46 (18.0)
96 (37.5)
116 (45.2)
4.6±4.6
244 (95.3)
12 (4.7)

232 (90.3)
25 (9.7)
4.0±1.6

SD, standard deviation; ECOG, Eastern Cooperative Oncology Group. a)Compared to before the cancer diagnosis.

one patient who missed three items, two patients who missed
two items, and eight patients who missed one item. Most frequently missed item was the question asking about menstrual
changes or fertility, and four patients (1.6%) missed the item.
Patients who had missing data were significantly older than
survivors who completed questionnaire. The mean age of the
former was 60.7, the latter was 51.8 (p=0.03).
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Table 2. Internal consistency and item-total correlations on the QOL-CS-K (n=257)
Subscale and item
Physical well-being
Fatiguea)
Appetite changesa)
Aches or paina)
Sleep changesa)
Constipationa)
Nauseaa)
Menstrual changes or fertilitya)
Rate your overall physical health
Psychological well-being
Copinga)
Quality of life
Happiness
Control
Satisfying
Concentration/Memory
Usefulness
Altered appearancea)
Self-concepta)
Initial-diagnosis distressa)
Cancer-treatment distressa)
Time of distress since completion of treatmenta)
Anxietya)
Depressiona)
Fear of future diagnostic testsa)
Fear of a second type of cancera)
Fear of a cancer recurrencea)
Fear of cancer spreading (metastasis)a)
Social concerns
Family distressa)
Support/Others
Personal relationshipa)
Sexualitya)
Employmenta)
Home activitya)
Feel isolateda)
Financial burdena)
Spiritual well-being
Important religious activities
Important spiritual activities
Spiritual change
Uncertaintya)
Positive change
Life purpose
Hopefulness
Overall QOL-CS-Kb)

Cronbach’s alpha
coefficient

Item-total
correlation

0.73
0.69
0.68
0.64
0.65
0.51
0.49
0.42
0.63
0.82
0.54
0.53
0.31
0.29
0.35
0.29
0.03
0.42
0.43
0.41
0.52
0.59
0.69
0.64
0.66
0.73
0.74
0.72
0.83
0.74
0.31
0.75
0.60
0.73
0.78
0.79
0.69
0.77
0.71
0.76
0.77
0.29
0.73
0.67
0.60
0.90

Mean±SD
2.5±0.4
2.1±0.8
2.7±0.6
2.4±0.9
2.4±0.9
2.7±0.7
2.8±0.5
2.6±0.8
2.0±0.6
1.8±0.4
2.7±0.6
2.0±0.6
1.5±1.0
1.5±0.9
1.6±1.0
1.3±0.9
1.7±1.1
2.1±1.0
1.5±1.0
0.9±1.0
1.0±0.9
2.2±0.8
2.4±0.8
2.5±0.7
2.0±0.8
1.6±0.9
1.5±1.0
1.6±0.8
2.3±0.5
2.2±0.8
1.9±1.0
2.6±0.7
2.4±0.9
2.4±0.9
2.4±0.8
2.6±0.7
2.2±0.9
1.5±0.7
1.2±1.2
1.1±1.1
1.1±1.1
2.2±0.9
1.4±1.0
1.7±1.0
1.9±1.0
1.7±0.4

QOL-CS-K, Korean version of the Quality of Life–Cancer Survivors questionnaire. a)This item was reverse scored, b)Cronbach’s
alpha, mean, and standard deviation (SD) for the entire QOL-CS-K.
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Table 3. Test-retest reliability of the QOL-CS-K
No.a)

Subscale

Correlation coefficients

(n=179)

Intra-class

Pearson’s

173
174
174
176
164

0.80
0.82
0.80
0.82
0.88

0.79
0.82
0.79
0.81
0.87

Physical
Psychological
Social
Spiritual
Total QOL-CS-K

QOL-CS-K, Korean version of the Quality of Life–Cancer Survivors questionnaire. a)Sample size can be different as some
patients missed one to eight items of the questionnaire while they completed other questions.

Table 4. Correlation of the QOL-CS-K with the EORTC QLQ-C30a)
EORTC QLQ-C30
QOL-CS-K subscale
Physical
Psychological
Social
Spiritual
Total QOL-CS-K

General health status

Physical functioning Emotional functioning

Social functioning

r-value

p-value

r-value

p-value

r-value

p-value

r-value

p-value

0.51
0.40
0.37
0.16
0.50

< 0.001
< 0.001
< 0.001
0.008
< 0.001

0.53
0.35
0.32
–0.08
0.38

< 0.001
< 0.001
< 0.001
0.211
< 0.001

0.55
0.57
0.46
0.07
0.60

< 0.001
< 0.001
< 0.001
0.275
< 0.001

0.54
0.56
0.54
0.04
0.53

< 0.001
< 0.001
< 0.001
0.573
< 0.001

QOL-CS-K, Korean version of the Quality of Life–Cancer Survivors questionnaire; EORTC QLQ-C30, European Organization
for Research and Treatment of Cancer Quality of Life Core Questionnaire. a)Calculated using Pearson’s correlation.

3. Reliability

4. Test-retest reliability

Cronbach’s $ for the overall QOL-CS-K was 0.90 and the
internal consistency for all of the subscales were high (0.730.83) (Table 2). Although the items measuring usefulness
(0.03), control (0.29), concentration/memory (0.29), and uncertainty (0.29) had low correlations with their own subscales
(e.g., psychological wellbeing), most of the item-to-subscale
correlations were moderate to high. For the physical and social
well-being subscales, all of the items exhibited higher correlations with their own subscales than with the other subscales.
The scores on the subscales are summed so that higher scores
represent fewer problems or a better QOL. In our sample, the
mean scores for the physical, psychological, social, and spiritual well-being domains were 2.5, 1.8, 2.3, and 1.5, respectively.

Of the 200 participants who agreed to re-take the QOL-CSK, 179 responses were received (89.5%). Of the 179 respondents, 164 patients (89.6%) completed survey without any
missing, and 15 patients missed at least one item ranging from
1 to 8. Most frequently missed items were items asking about
impact of sexual activity (n=8) and menstrual changes or fertility (n=7). The test–retest reliability for the overall QOLCS-K was 0.88. The physical, psychological, social, and spiritual well-being domains had reliability coefficients of 0.80,
0.82, 0.80, and 0.82, respectively (Table 3).
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5. Validity
To examine the concurrent validity of the QOL-CS-K, Pearson’s correlation coefficients between the subscales of the
EORTC QLQ-C30 and those of the QOL-CS-K were calculated
(Table 4). Moderate correlations were found between comparable subscales of the two instruments: (1) the QOL-CS-K
physical with the EORTC QLQ-C30 general health status

Juhee Cho, Validation of the Korean Version of the QOL-CS

(r=0.51, p < 0.01) and physical functioning (r=0.53, p < 0.01)
subscales; (2) the QOL-CS-K psychological with the EORTC
QLQ-C30 emotional health (r=0.55, p < 0.01) subscale; (3) the
QOL-CS-K social with the EORTC QLQ-C30 social functioning (r=0.54, p < 0.01) subscale; and the (4) QOL-CS-K total
score with the score for each subscale of the EORTC QLQ-C30
(r=0.38-0.60, p < 0.01). However, no significant associations
were found between the spiritual well-being subscale of the
QOL-CS-K and any of the EORTC QLQ-C30 subscales (–0.08
to 0.16).

Discussion
In this study, the Korean version of the QOL-CS was found
to be a reliable and valid measure of QOL among Korean survivors of lymphoma cancer. The four factors that emerged in
this analysis are reflected in the four QOL domains: physical,
psychological, social, and spiritual domains. The concurrent
validity of the QOL-CS-K was supported by their correlations with the EORTC QLQ-C30, except for spiritual wellbeing.
The feasibility of using the QOL-CS-K is good. Of total,
97.5% of the participants who received the questionnaire
responded, and 93.4% completed all of the questions without
any missing. These rates are higher than those of other validation studies [11,12]. The QOL-CS-K seems to be a more feasible instrument because of the organizational changes of the
tool we made based on the results of the pilot study and discussions with the original tool developer. We changed the
number of response options from the original 11-point Likert
scale to a 4-point Likert scale and changed the order of the
questions a bit different from the original QOL-CS asking
overall QOL, distress, and fear of recurrence first following
physical, psychological, and spiritual wellbeing related questions. Several studies have reported differences in responding to survey questions between various racial/ethnic
groups. In particular, with Asian populations, the construct
validity of the scales tended to improve when there were
four rather than 10-point scale or 5-point scale response
choices, and we expected our change to a 4-point scale would
enhance our tool’s feasibility [16]. Therefore, it is important
to consider whether response choices are culturally appropriate as well as the translated questionnaires when a tool is
adapted and validated in different languages.
The study’s results revealed that the physical, psychological, social, and spiritual subscales of the QOL-CS-K had
good psychometric properties. In addition, we found strong
to moderate correlations between the individual items and
their subscales, except for three items pertaining to control,

concentration/memory, and usefulness. However, these
items also had weak correlations with the subscales in the
original study [10] and in a study of the Dutch version of the
QOL-CS with survivors of prostate cancer [12]. More studies
are necessary for further validation of the QOL-CS-K with
different cancer survivors.
In our study, the lymphoma survivors seemed to have a
relatively good QOL compared to the healthy comparison
groups reported in previous studies [17]. However, many of
the survivors reported persistently low psychological and
spiritual well-being related to fear of the cancer’s recurrence,
insufficient support, and a lack of purpose in life and hope.
This result might be due to the possibility that physical
symptoms were closely followed up and cared for by oncologists during the surveillance period, whereas psychological
and/or spiritual well-being issues were rarely discussed
with the survivors, which worsened their psychological
problems, such as depression and anxiety disorder [18,19].
In recent years, spiritual wellbeing has been considered as a
core aspect of QOL in the cancer survivors as it includes critical components of the survivorship trajectory, such as finding a purpose and meaning in life. Yet, there is limited
evidence with lymphoma survivors because most of the QOL
studies with these survivors use tools, such as the EORTC
QLQ-C30 or the SF-36, which do not assess the spiritual wellbeing of the survivors. Studies with larger and representative
samples that use the QOL-CS-K are necessary to provide a
more comprehensive assessment of the QOL of long-term
survivors of lymphoma.
Regarding the concurrent validity of the QOL-CS-K, there
were moderate correlations between the physical, psychological, and social-related subscales of the QOL-CS-K and the
EORTC QLQ-C30, and all of them were statistically significant. However, there was no correlation between the spiritual well-being subscale of the QOL-CS-K and the physical,
emotional, or social functioning subscales of the EORTC
QLQ-C30, suggesting that the spiritual well-being subscale
of the QOL-CS-K measures unique aspects of QOL among
lymphoma survivors, which are not assessed by the EORTC
QLQ-C30.
This study has several limitations. First, in an effort to minimize respondents’ burden, the concurrent validity of the
spiritual well-being subscale of the QOL-CS-K was not
examined using separate instruments, such as the Faith,
Importance and Influence, Community, and Address (FICA)
Spiritual Assessment Tool [20], the Mental Adjustment to
Cancer (MAC) Scale [21], or the Spiritual Needs Scale for
Korean Patients with Cancer [22]. However, in a study with
a Japanese participants, who have a similar cultural background with Koreans, the spiritual well-being domain of the
Japanese version of the QOL-CS was strongly correlated with
spiritual well-being as measured by the MAC subscale [11],
VOLUME 50 NUMBER 1 JANUARY 2018
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indicating possible concurrent validity of the spiritual wellbeing domain of the QOL-CS-K. Second, as the instrument
was validated based on a sample of Korean lymphoma survivors, it may not be able applicable to other cancer survivors
with different needs and issues. Nevertheless, we found similar reliability and validity results on the physical, psychological, social, and spiritual well-being subscales with other
validity studies [12]. The Dutch and Japanese versions of the
QOL-CS questionnaire were validated with prostate and
lung cancer patients, respectively, and they have been widely
used with survivors of other cancers [23], suggesting that the
QOL-CS-K might also be feasible for use with survivors of
other cancers. Third, it is possible that response bias among
those who were willing to answer the questionnaire twice
might have confounded the results, as second-time respondents might have differences from first-time respondents.
However, the test-retest reliability was good for all the subgroups of patients.
In conclusion, our study confirmed that the QOL-CS-K
(Supplementary Material) is a reliable and valid scale for
measuring lymphoma survivors’ QOL. It can be used to
assess the QOL of long-term as well as intermediate cancer

survivors, and measure QOL aspects that affect survivors’
daily lives, including physical, psychosocial, and spiritual
aspects. Although there is a need to refine the QOL-CS-K, the
current instrument should help oncologists assess difficulties
experienced by lymphoma survivors and provide more
patient-centered care to improve their QOL and health outcomes.
Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).
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Strategic Distributional Cost-Effectiveness Analysis
for Improving National Cancer Screening Uptake in Cervical Cancer:
A Focus on Regional Inequality in South Korea
Purpose
The purpose of this study was to conduct a cost effectiveness analysis of strategies designed
to improve national cervical cancer screening rates, along with a distributional cost effectiveness analysis that considers regional disparities.

Tae-Hoon Lee, MPH1,2
Woorim Kim, BSc1,2
Jaeyong Shin, MD, MPH2,3
Eun-Cheol Park, MD, PhD2,3
Sohee Park, PhD2,4
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Materials and Methods
Cost effectiveness analysis was conducted using a Markov cohort simulation model, with
quality adjusted life years as the unit of effectiveness. The strategies considered were current
(biennial Papanicolaou smear cytology of females aged 20 or above), strong screening recommendation by mail to target regions (effect, 12% increase in screening uptake; cost, 1,000
Korean won per person), regular universal screening recommendation by mail (effect, 6%
increase in screening uptake; cost, 500 Korean won per person), and strong universal screening recommendation by mail (effect, 12% increase in screening uptake; cost, 1,000 Korean
won per person). Distributional cost effectiveness analysis was conducted by calculating the
cost effectiveness of strategies using the Atkinson incremental cost effectiveness ratio.
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Results
All strategies were under the threshold value, which was set as the Korean gross domestic
product of $25,990. In particular, the ‘strong screening recommendation to target regions’
strategy was found to be the most cost effective (incremental cost effectiveness ratio,
7,361,145 Korean won). This was also true when societal inequality aversion increased in
the distributional cost effectiveness analysis.

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

Conclusion
The ‘strong screening recommendation to target regions’ strategy was the most cost effective approach, even when adjusting for inequality. As efficiency and equity are objectives
concurrently sought in healthcare, these findings imply a need to develop appropriate economic evaluation methodologies to assess healthcare policies.

Introduction
A significant proportion of deaths in South Korea can be
attributed to cancer, with cancer mortality rates being
reported as 150.9 per 100,000 individuals in 2014 [1]. Cancer
is known to impose large socioeconomic burdens on society
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because it incurs substantial direct healthcare costs, as well
as indirect costs such as those associated with caregiving and
lost productivity [2]. To address the burden of cancer, the
South Korean government implemented the National Cancer
Screening Program in 1999 to provide screening for the five
most common sites of cancer; namely, stomach, liver, colorectal, breast, and the cervix uteri.
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Well history

Well

HPV infection

CIN 1

CIN 2/3

Cancer cured

Death

Local

Regional

Distant

Fig. 1. Model of the natural history of cervical cancer. HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia.

The World Health Organization reported that a 93% reduction in the incidence of cervical cancer can be expected in
response to introduction of screening programs [3]. Moreover, previous studies have shown that national cervical cancer screening is cost effective at reducing cervical cancer
incidence and mortality in South Korea [4,5]. Cho et al. [6]
demonstrated that the national cervical cancer screening program was effective in terms of life years saved (LYS), with a
threshold of $32,272 ($1=1,100 Korean won [KRW]) per person, which was the gross domestic product (GDP) of South
Korea in 2012 (incremental cost effectiveness ratio [ICER],
7,581,679 KRW/LYS). Similarly, another study cited the
annual conduction of Papanicolaou smear cytology (Pap) to
females aged 30 or above as the most cost effective strategy
in quality adjusted life years (QALY) [7].
Despite the potential benefits of national cervical cancer
screening uptake, examination rates are reportedly lower in
South Korea (approximately 66%) than in other countries
including the United States (74%) and the United Kingdom
(78%) [8]. Disparities were also found among individuals of
various socioeconomic status, and particularly among those
of different regional status [8]. Hence, such tendencies
require the need for a cost effectiveness analysis that takes
into account regional inequality and distribution of health
effects, in addition to previous research that has aimed to
maximize population health using restricted resources [9].
Despite such importance, few South Korean studies have
included cost effectiveness analysis of cervical cancer based
on regional disparities in cancer screening. A previous study
targeting Taiwanese participants concluded that individuals

who received group education programs had higher screening rates than those who received introduction pamphlets
through the mail [10]. Another study in the United States
demonstrated that sending introduction pamphlets by mail
can increase cervical cancer screening rates by about 12%
[11]. Therefore, this study was conducted to evaluate cost
effectiveness of methods with the aim of identifying strategies that can improve the South Korean national cervical cancer screening uptake rate. Further analysis was also performed considering regional disparities in screening rates
using the distributional cost effectiveness analysis method,
which specifically considers health inequalities under the
cost effectiveness framework [12].

Materials and Methods
1. Model structure: cost-effectiveness analysis
A Markov simulation model was developed using
TreeAge Pro (TreeAge Software, Williamstown, MA). The
model structure is illustrated in Fig. 1. Individuals enter the
model in a healthy, well state. With time, a proportion of the
individuals are found to be susceptible to human papillomavirus (HPV) infection, which can progress to cervical
intraepithelial neoplasia (CIN) and cancer.
The model incorporates disease regression, and individuals immediately diagnosed with CIN move to the well hisVOLUME 50 NUMBER 1 JANUARY 2018
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20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
" 85

20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
" 85

Age
(yr)

Daegu

Daejun

Incheon

Gwangju

Ulsan

Gyeonggi

Busan

0.0002
0.0003
0.0005
0.0005
0.0007
0.0011
0.0014
0.0019
0.0029
0.0052
0.0105
0.0225
0.0802

0.0002
0.0005
0.0005
0.0006
0.0008
0.0011
0.0018
0.0020
0.0034
0.0065
0.0128
0.0246
0.0936

Chungbuk

0.0405
0.1538
0.3503
0.4972
0.5444
0.6069
0.6545
0.6391
0.5527
0.4957
0.3798
0.2470
0.1765
0.037

0.0002
0.0004
0.0003
0.0005
0.0009
0.0013
0.0013
0.0024
0.0036
0.0070
0.0126
0.0261
0.0868

Chungnam

0.02
0.2215
0.4534
0.4821
0.6361
0.6997
0.7912
0.7406
0.6667
0.6393
0.4956
0.3882
0.2979
0.2188

0.0003
0.0004
0.0005
0.0005
0.0009
0.0012
0.0016
0.0023
0.0040
0.0067
0.0133
0.0259
0.0859

Jeonbuk

0.0417
0.202
0.4314
0.5117
0.6131
0.6232
0.6117
0.6227
0.6176
0.5186
0.4113
0.3363
0.1818
0.0723

0.0003
0.0004
0.0005
0.0007
0.0008
0.0011
0.0017
0.0023
0.0035
0.0059
0.0135
0.0276
0.0951

Jeonnam

0.01
0.1445
0.3434
0.5174
0.6277
0.6985
0.6912
0.6794
0.7135
0.5938
0.5504
0.4433
0.1892
0.3913

0.0005
0.0003
0.0005
0.0005
0.0009
0.0010
0.0017
0.0022
0.0025
0.0071
0.016
0.0302
0.1014

Gyeongbuk

0.0598
0.1986
0.4128
0.4765
0.6606
0.6575
0.6426
0.6207
0.6194
0.4356
0.3556
0.3429
0.0606
0.0952

0.0002
0.0003
0.0004
0.0005
0.0008
0.0012
0.0016
0.0023
0.0035
0.0062
0.0125
0.0250
0.0837
Gyeongnam

0.0430
0.2201
0.4591
0.5542
0.6590
0.6705
0.686
0.694
0.6414
0.5811
0.4839
0.3668
0.2284
0.113

Jeju

0.0312
0.1347
0.4019
0.4427
0.6024
0.6336
0.6472
0.6596
0.6223
0.6098
0.4736
0.3503
0.1741
0.1333

0.0003
0.0005
0.0006
0.0006
0.0009
0.0013
0.0017
0.0024
0.0038
0.0066
0.014
0.0301
0.0940

0.0639
0.2129
0.4269
0.4919
0.5819
0.6185
0.6723
0.669
0.6237
0.5851
0.4893
0.3925
0.2351
0.1321

0.0003
0.0003
0.0006
0.0008
0.0010
0.0014
0.0021
0.0026
0.0041
0.0069
0.0125
0.0239
0.0844

0.0519
0.2374
0.4092
0.5047
0.6117
0.6399
0.6766
0.6875
0.6089
0.5725
0.4814
0.3582
0.2402
0.1917

0.0002
0.0005
0.0006
0.0007
0.0011
0.0013
0.0023
0.0022
0.0040
0.0067
0.0125
0.0245
0.0799

0.0641
0.2169
0.3824
0.4991
0.6124
0.6549
0.6491
0.6404
0.6022
0.5415
0.4762
0.3579
0.1889
0.0989

0.0004
0.0004
0.0006
0.0006
0.0012
0.0011
0.0018
0.0029
0.0043
0.0072
0.0147
0.0264
0.0888

0.0145
0.1991
0.3684
0.5090
0.5919
0.6596
0.6960
0.6650
0.6848
0.5592
0.5455
0.4347
0.3000
0.1714

0.0004
0.0004
0.0005
0.0008
0.0010
0.0014
0.0021
0.0028
0.0045
0.0064
0.0127
0.0240
0.0823

0.0558
0.1528
0.3217
0.4803
0.6163
0.6064
0.6347
0.6579
0.6310
0.6111
0.5115
0.4812
0.3122
0.1895

0.0003
0.0004
0.0006
0.0009
0.0009
0.0013
0.0020
0.0022
0.0032
0.0068
0.0120
0.0246
0.0838

0.0215
0.1689
0.4048
0.4393
0.563
0.5707
0.5843
0.5921
0.5611
0.5026
0.4059
0.3063
0.1943
0.0767

0.0003
0.0004
0.0007
0.0007
0.001
0.0015
0.0016
0.0025
0.0035
0.006
0.013
0.0254
0.0849

0.0265
0.1838
0.4007
0.5091
0.6304
0.6501
0.652
0.6372
0.5894
0.4882
0.4107
0.2894
0.1761
0.0417

0.0002
0.0005
0.0007
0.0006
0.0009
0.0012
0.0018
0.0024
0.0038
0.0066
0.0125
0.0283
0.0871

0.0196
0.1553
0.3459
0.5126
0.5506
0.6100
0.6809
0.6335
0.6293
0.5000
0.3772
0.3009
0.1909
0.1014

0.0004
0.0008
0.0005
0.0007
0.0012
0.0016
0.0016
0.0018
0.0039
0.0047
0.0087
0.0208
0.0735

Screening Mortality Screening Mortality Screening Mortality Screening Mortality Screening Mortality Screening Mortality Screening Mortality Screening Mortality

Gangwon

0.0411
0.1814
0.4076
0.5172
0.6364
0.6557
0.6918
0.7126
0.6837
0.5854
0.5498
0.3801
0.197
0.1111

Screening Mortality Screening Mortality Screening Mortality Screening Mortality Screening Mortality Screening Mortality Screening Mortality Screening Mortality

Seoul

Table 1. 2012 specific cervical cancer screening and mortality rates according to region and age
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Table 2. Age- and site-specific cervical cancer mortality rates
Age (yr)
Local
20-29
30-39
40-49
50-59
60-69
70-79
" 80
Regional
20-29
30-39
40-49
50-59
60-69
70-79
" 80
Distant
20-29
30-39
40-49
50-59
60-69
70-79
" 80

Mortality rate
1-Year

2-Year

3-Year

4-Year

5-Year

0.039
0.017
0.013
0.015
0.027
0.048
0.113

0.093
0.057
0.038
0.054
0.067
0.115
0.223

0.127
0.089
0.062
0.089
0.114
0.146
0.357

0.147
0.105
0.073
0.118
0.143
0.191
0.392

0.167
0.117
0.091
0.140
0.157
0.214
0.567

0.177
0.100
0.087
0.090
0.082
0.107
0.206

0.155
0.131
0.133
0.103
0.097
0.126
0.191

0.057
0.055
0.072
0.073
0.073
0.058
0.124

0.000
0.043
0.035
0.034
0.042
0.069
0.079

0.035
0.026
0.024
0.033
0.049
0.054
0.068

0.737
0.589
0.491
0.505
0.508
0.533
0.674

0.058
0.206
0.190
0.195
0.195
0.153
0.089

0.026
0.058
0.081
0.075
0.073
0.035
0.068

0.000
0.025
0.052
0.054
0.05
0.028
0.096

0.040
0.070
0.026
0.011
0.000
0.022
0.002

tory state after treatment. The well history state can lead to
an increase in screening rates as individuals diagnosed with
CIN are likely to become cautious about CIN and cancer. If
cancer progresses, individuals can only move to the cancer
cured state if they receive treatment and survive for 5 years.
These individuals are assumed to be cancer free and considered to not receive further screening. A death state is present
in each status, and all individuals are transferred to the death
state 100 years after the start of the cohort.
Because this study aimed to identify strategies that can
improve screening uptake, four screening strategies were
evaluated: (1) the current strategy, which is the presently followed national cancer screening program in South Korea. In
this strategy, all females aged 20 or above receive the Pap
smear test biennially, and individuals screened positive
obtain further secondary examinations. (2) The strong screening recommendation to target regions strategy, which, in
addition to the current strategy, sends strong screening recommendation posts to target populations residing in areas
with higher than average mean mortality rates. (3) The regular universal screening recommendation strategy, which
dispatches regular screening recommendation posts to all

target populations. (4) The strong universal screening recommendation strategy, which mails strong screening recommendations to all target populations. The four strategies are
presumed to result in a difference of screening uptake rates:
(1) current: biennial Pap to females aged 20 or above (reference), (2) strong screening recommendation by mail to target
regions, (effect, 12% increase in screening uptake; cost, 1,000
KRW per person), (3) regular universal screening recommendation by mail, (effect, 6% increase in screening uptake; cost,
500 KRW per person), and (4) strong universal screening recommendation by mail (effect, 12% increase in screening
uptake; cost, 1,000 KRW per person).
A cohort of 1,000,000 women aged 20 or above without a
history of cervical cancer was included in the simulation
model because the national cervical cancer screening program in South Korea targets this group [13]. The model simulated each cohort member based on age-specific cervical
cancer incidence and mortality rates. Analysis was conducted using the restricted societal perspective, which
accounted for direct medical costs, indirect costs, and caregiving costs, but excluded human productivity costs.
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2. Model parameters
Age- and region-specific screening uptake rates were
obtained from the 2012 Korean Community Health Survey
(KCHS) (Table 1). The KCHS is a nationally representative
survey conducted in 253 local districts of South Korea by the
Korean Centers for Disease Control and Prevention with the
goal of understanding disease prevalence and morbidity patterns. Age- and region-specific mortality rates were calculated by eliminating cancer mortality rates from the general
mortality rate reported by Statistics Korea in 2012 (Table 1).
Cervical cancer stages were based on the Surveillance, Epidemiology, and End Results (SEER). As SEER statistics on
cervical cancer transition probabilities were unavailable,
International Federation of Gynecology and Obstetrics
(FIGO) stages were converted to SEER stages using statistics
reported in the FIGO annual report [14,15]. Table 2 presents
the age- and stage-specific 5-year mortality rates of cervical
cancer in South Korea. As SEER cancer stage based transition
probabilities were not available in South Korea, this information was obtained by converting FIGO cancer stage based
transition probabilities [15].
HPV infection rates were attained using simulation results
reported by Ko et al. [7], who took into consideration rate of
HPV infection and sexual experience (Table 3). The CIN transition probabilities were obtained from the National Health
Insurance data (Table 3) [16]. Parameters pertaining to the
regression probabilities in the precancerous stages were
obtained from previous cost effectiveness analysis of cervical
cancer in Thailand as no local information was available for
Korea (Table 3) [17,18]. Cervical cancer transition probabilities were calculated by transforming FIGO stages to SEER
stages, as described above (Table 3) [14].
3. Costs
Direct and indirect costs were included in this study, as
shown in Table 4 [19,20]. Direct medical costs included those
incurred from the Pap smear test and, with regard to individuals who screened positive, those associated with colposcopy, biopsy, and HPV DNA tests. The average usage
rates of the three examinations were used because information regarding the rate of each examination was not available. Direct tests also included consultation costs and treatment costs for individuals diagnosed with precancerous
states or cancer. Treatment costs were calculated based on a
previous study conducted by Goldhaber-Fiebert because
studies conducted in South Korea did not measure costs by
disease stage [21]. Indirect costs included time, transportation, and caregiving costs. Discount rates were assumed to
be 1%.
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Table 3. Cervical cancer screening program model parameters
Parameter
HPV infection rate
Age (yr)
20-29
30-39
40-49
50-59
60-69
" 70
Precancerous state transition probability
State
CIN1 known $ CIN2/3 known
CIN1 unknown $ CIN2/3 unknown
CIN2/3 known $ Local known
CIN2/3 unknown $ Local unknown
Regression rate
Regression state
HPV $ Well
20-24 yr
25-29 yr
" 30 yr
CIN1 $Well
20-34 yr
" 35 yr
CIN1 $ HPV
20-34 yr
" 35 yr
CIN2/3 $ Well
CIN2/3 $ CIN1
Cancerous state transition probability
State
Local unknown $ Regional unknown
Regional unknown $ Distant unknown

Value

0.24
0.14
0.13
0.09
0.03
0.01

8.31
13.00
2.14
50.00

0.552
0.370
0.103
0.1449
0.0738
0.0161
0.0082
0.0345
0.0345

14.8
31.1

HPV, human papillomavirus; CIN, cervical intraepithelial
neoplasia.

4. Utilities and screening effects
Age-specific health state utilities were attained using the
EuroQol-5D results of the KCHS. Precancerous state patient
utilities were adjusted using outcomes from patient surveys
[16] and cancer state utilities were calculated based on previous studies [22,23]. Sensitivity and specificity of the Pap
smear test were determined from a meta-analysis of experimental studies in South Korea [7]. Individuals tested positive
on the Pap smear test were assumed to fully participate in
secondary tests and the sensitivity of secondary tests were
set at 100%.

Tae-Hoon Lee, Cervical Cancer Screening Distributional Cost-Effectiveness

Table 4. Cervical cancer screening program cost and utilities parameters
Cost
Screening costa)
Primary screening costs (total=48,974)
Pap smear test
Primary diagnosis
Consultation
Total
Transportation (one way)
Total (#2)
Time
Postage of results
Secondary costs due to positive
screening results (total=89,798)
Re-diagnosis
Specialty consultation
Total
Meanb)
Time (#2)
Transportation
Total
Treatment costsa)
Precancer treatment
CIN1 treatment
CIN2/3 treatment
Cervical cancer treatment
Local
Regional
Distant
Cervical cancer follow up
management at 1 yr
Local
Regional
Distant
Cervical cancer follow up
management at 2/3/4 yr
Local
Regional
Distant
Utility
State
Well or well history
CIN1
CIN2/3
Local
Regional
Distant

Value

7,349
15,159
5,748
28,256
6,247
12,494
7,954
270

11,395
6,267
17,662
32,057
15,091
6,247
24,988

2,694,607
5,184,292
4,585,303
4,907,512
7,860,224

1,642,859
1,641,271
1,650,366

871,275
870,433
875,257

0.763
0.714
0.711
0.496
0.477
0.366

Table 4. Continued
Cost

Value

Sensitivity and specificity of
Pap smear test
CIN1 sensitivity
CIN2/3 sensitivity
Cancer sensitivity
Specificity

0.77
0.86
0.97
0.58

CIN, cervical intraepithelial neoplasia. a)All values are in
Korean won (KRW), b)Mean refers to the average colposcopy,
biopsy, and human papillomavirus DNA test costs.

5. Distributional cost effectiveness analysis
Distributional cost effectiveness analysis aims to adjust the
total effectiveness outcome with an inequality index so that
strategies with larger health disparity result in lower total
effectiveness [24]. A method for distributional cost effectiveness has been introduced by the Centre for Health Economics
in 2014, which can be expressed using the Atkinson Inequality Index in Eq. (1) [12]. The Atkinson Inequality Index is a
function of inequality aversion, namely public aversion to
health disparity, that is measured using public opinion
regarding the ideal rate of exchange between the health of
individuals with the best and worst health [24]. After calculating the Atkinson Inequality Index for every intervention
deliberated in this study, the Atkinson ICER can be measured using Eq. (2), which adjusts the obtained ICER by the
Atkinson Inequality Index [24]. The Atkinson ICER can
assess which strategy considered in an analysis is the most
cost-effective when inequality aversion increases in a society
[24]. In this study, the Atkinson ICER was used to account
for regional disparities in screening rates and to investigate
health inequalities under the —1cost effectiveness framework.
1 n Q i 1–∈ 1–∈
A∈=1–[ – ( – ) ] 1
(1)
n i=1n Q
—
1–∈
1 Q i 1–∈
A∈=1–[ – ( – ) ]
(1)
Q
n i=1
Atkinson
inequality index for ∈
A∈

∑
∑

n
A
Q∈
i
n
Q
Q
∈i
Q
∈

Population size
Atkinson
inequality
QALY, individual
i index for ∈
Population
size (mean)
QALY, per-capita
QALY, individual
i
Inequality
aversion
QALY, per-capita (mean)
Inequality aversion

C 2 –C 1
(2)
(1–A∈2 )Q 2–(1– A ∈1)Q 1
C 2 –C 1
(2)
ICER∈=
ICER∈ (1–A
ICER∈2
for)Q∈2–(1– A ∈1)Q 1
Intervention 2/1’s per-capita cost
C 2/1
ICER
for ∈ 2/1’s Atkinson index
A∈2/1 ∈ ICER
Intervention
2/1
Intervention 2/1’s per-capita cost
C 2/1
QALY
Q
A∈2/1
Intervention 2/1’s Atkinson index
Intervention 2/1’s per-capita QALY
Q 2/1
ICER∈=
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Table 5. Costs, QALY, and ICER per capita of national cervical cancer screening program strategies
Variable
Current (baseline)
Strong recommendation to target regions
Regular universal screening recommendation
Strong universal screening recommendation

Costa)

Incremental
costa)

Effectiveness

Incremental
effect

ICER

25,661,227
26,021,187
26,169,410
26,650,816

359,960
508,183
989,589

44.5874
44.6363
44.6466
44.6734

0.0489
0.0592
0.086

7,361,145
8,584,172
11,506,849

QALY, quality adjusted life years; ICER, incremental cost effectiveness ratio; CIN, cervical intraepithelial neoplasia. a)Costs
are in Korean won (KRW).

Results

Discussion

The results of the cost effectiveness analysis of the four compared strategies are presented in Table 5. The strong universal
screening recommendation strategy had the highest QALY
effectiveness per person, whereas the current strategy incurred
the lowest amount of cost. With the threshold set at $25,990
(KRW 29,901,550), the 2016 GDP of South Korea, the strong
universal screening recommendation strategy was the most
effective strategy, with an effectiveness of 44.6734 QALY and
an ICER value of KRW 11,506,849. In terms of efficiency, the
strong screening recommendation to target regions was the
most efficient, with an ICER value of KRW 7,361,145.
Table 6 presents the cost effectiveness analysis results of the
four strategies by the 16 provincial regions of South Korea.
Under the “current” strategy, Seoul had the highest QALYs
per capita, whereas Ulsan showed the lowest QALYs per
capita. Similar tendencies were found under the strong universal screening recommendation strategy. In the strong
screening recommendation to target regions strategy, Busan
had the highest QALYs per capita and Ulsan the lowest
QALYs per capita.
Fig. 2 presents the results of the distributional cost effectiveness analysis, showing the Atkinson ICER of the four strategies examined. When an identical threshold was utilized, the
Atkinson ICER of all four strategies remained under the
threshold value as inequality aversion increased. The cost
effectiveness of the four strategies also increased as inequality
aversion increased, in particular that of the strong screening
recommendation to target regions strategy.

Studies have demonstrated that the national cervical cancer screening program in South Korea is cost effective [4-7].
However, screening uptake rates remain low compared to
other more economically developed countries and show
regional disparities, requiring implementation of effective
strategies for improvement. To the best of our knowledge,
this is the first study to investigate the required strategies
through a cost effectiveness analysis in South Korea. Previous studies have examined investments in educational professionals, local community group education, mailing of
pamphlets, and consultation volunteers as approaches to
enhance screening rates and found mailings of pamphlets
and consultation volunteers to be effective [10,11,25]. Considering the requisite resources of the four approaches investigated, mailing of pamphlets was selected as a realistic and
applicable scheme. Hence, this study investigated the cost
effectiveness of four strategies, current, strong screening recommendation to target regions, regular universal screening
recommendation, and strong universal screening recommendation. The results indicated that the ICER values of all four
strategies were under the threshold value of $25,990 (KRW
29,901,550), and that the strong screening recommendation
to target regions had the highest efficiency, whereas the
strong universal screening recommendation had the highest
effectiveness. Therefore, all four strategies investigated rated
within the ICER threshold value and may be utilized by policy makers focusing on effectiveness or efficiency.
Another aspect to contemplate by policy makers is the conceivable effect of each strategy on regional disparity because
South Korea shows discrepancies between regions in
national cervical cancer screening rates. This was reflected
using the Atkinson ICER, which indicated the strong screening recommendation to target regions strategy was the most
efficient. The ICER value of this strategy decreased the most;
thus, its cost effectiveness can be seen to have improved com-

218

CANCER RESEARCH AND TREATMENT

49,866
27,993
21,256
54,618
208,613
29,252
228,556
38,135
54,320
72,917
11,047
37,033
39,194
64,528
30,380
30,371

44.520
44.419
44.234
44.599
45.185
44.700
44.838
44.603
44.508
45.137
45.025
44.512
44.475
44.299
44.524
44.619

2,220,040
1,245,930
942,145
2,440,842
9,445,269
1,310,203
10,268,755
1,704,375
2,422,573
3,297,875
498,412
1,651,741
2,875,704
1,739,773
1,355,388
1,357,881

Current

Costs are in Korean won. QALY, quality adjusted life years.

Daegu
Gwangju
Ulsan
Incheon
Seoul
Daejeon
Gyeonggi
Jeonnam
Gyeongbuk
Busan
Jeju
Jeonbuk
Gyeongnam
Chungnam
Gangwon
Chungbuk

Population

Table 6. QALY and cost distribution per capita of regions

44.520
44.419
44.234
44.599
45.185
44.700
44.838
44.721
44.626
45.253
45.144
44.619
44.58
44.404
44.627
44.720

2,220,040
1,245,930
942,145
2,440,842
9,445,269
1,310,203
10,268,755
1,708,892
2,429,012
3,306,372
499,733
1,655,719
2,882,520
1,743,869
1,358,524
1,360,954

Strong recommendation
to target regions
44.615
44.508
44.316
44.681
45.268
44.775
44.912
44.698
44.602
45.230
45.121
44.597
44.559
44.382
44.605
44.699

2,224,782
1,248,432
943,885
2,445,313
9,462,577
1,312,416
10,285,565
1,708,013
2,427,689
3,304,684
499,471
1,654,921
2,881,162
1,743,029
1,357,863
1,360,309

Regular universal screening
recommendation

44.638
44.529
44.336
44.702
45.289
44.795
44.931
44.721
44.626
45.253
45.144
44.619
44.580
44.404
44.627
44.720

2,225,944
1,249,010
944,326
2,446,485
9,466,967
1,312,993
10,289,962
1,708,892
2,429,012
3,306,372
499,733
1,655,719
2,882,520
1,743,869
1,358,524
1,360,954

Strong universal screening
recommendation
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(W)
12,500,000
Strong universal screening recommendation

11,500,000
10,500,000
9,500,000

Regular universal screening recommendation

8,500,000
7,500,000

Strong screening recommendation to target regions

6,500,000
5,500,000

0

1

7

10

20

30

Fig. 2. Atkinson incremental cost effectiveness ratio
change on changes in societal inequality aversion.

pared to other strategies. This results as the change in the
denominator of the Atkinson ICER (%E) decreases for strategies more unequal to the ‘current’ strategy and increases for
strategies less unequal to the “current” strategy. The tendencies presented in the study findings are similar to those of a
previous study that investigated the distributional cost effectiveness of the national colorectal cancer screening program
[24]. This study also found the strong screening recommendation to target regions strategy to be most efficient [24].
However, the ICER value decreased in a comparatively steep
manner as inequality aversion increased, revealing that
health disparities are likely to decline in a comparatively
larger amount if the strong screening recommendation to target regions strategy is implemented.
The findings of this study revealed that addressing health
inequality aversion can be important in the process of framing health policies. This study offers new insights by investigating the distributional cost effectiveness of the national
cervical cancer screening program in South Korea. It is also
unique in that it examined different strategies applicable
with the goal of improving national cervical cancer screening
rates because screening rates in South Korea have been
reported to be relatively low, despite its proven cost effectiveness. However, this study also had its limitations. Specifically, age- and region-specific national cervical cancer
screening rates were obtained from the KCHS because no
other data were available. The KCHS does not distinguish
between public and private cervical cancer screening, and
screening rates may have been overestimated, which also
infers a possible overestimation of the cost measures used in

220

CANCER RESEARCH AND TREATMENT

this study. Second, HPV infection, precancerous, and cancer
transition probabilities data were not based on South Korean
data because they were unavailable. Hence, cost and effectiveness may have again been overestimated as sexual
lifestyles tend to be more conservative in South Korea than
in other Western countries [16]. Third, although it can be
assumed that disease transition probabilities will differ
between regions, our study was unable to account for such
characteristics because of a lack of data. These assumptions
may have led to underestimation of the inequality measured.
This limitation has also been mentioned in previous studies
and necessitates the measurement of inequality variables.
Finally, because this study is the first distributional cost
effectiveness study of the national cervical cancer screening
program in South Korea, no other results were available to
compare with the findings presented.
In conclusion, analysis of the cost effectiveness of the
national cervical cancer screening program in South Korea
revealed the strong screening recommendation to target
regions strategy to be the most cost effective approach. Similar tendencies were found when societal inequality aversion
increased under the distributional cost effectiveness analysis,
which accounted for regional disparities in screening uptake
rates. As efficiency and equity are the two main objectives
concurrently sought in healthcare, the findings of this study
imply the need to develop appropriate economic evaluation
methodologies to assess healthcare policies.
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Nationwide Statistical Analysis of Lymphoid Malignancies in Korea

Purpose
Regional differences in the incidence of lymphoid malignancies have been reported worldwide, but there has been no large-scale epidemiologic analysis in Korea. The aim of this
study was to provide a nationwide population-based statistical analysis of Korean patients
with lymphoid malignancies.
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Materials and Methods
The Korea Central Cancer Registry analyzed the incidence and survival of patients with lymphoid malignancies from the Korean National Cancer Incidence Database. Diseases were
grouped by clinically relevant categories based on the 2008 World Health Organization classification.
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Results
Overall 65,948 lymphoid diseases were identified between 1999 and 2012. The incidence
of most subtypes increased with age, except for precursor cell neoplasms. Male predominance (male:female ratio=1.28:1) was observed. In 2012, annual age-standardized incidence rates per 100,000 persons of Hodgkin’s lymphoma, mature B-cell neoplasm, mature
T/natural killer (NK)–cell neoplasm, and precursor cell neoplasm were 0.46, 6.60, 0.95,
and 1.50, respectively, and they increased yearly from 1999. Composite Hodgkin’s and
non-Hodgkin’s lymphomas were extremely rare. Survival improvement estimated using
5-year relative survival rate was observed in patients with Hodgkin’s lymphoma (71.1%83.0%), diffuse large B-cell lymphoma (49.5%-61.5%), plasma cell neoplasms (20.2%36.9%), and lymphoblastic lymphoma/leukemia (41.5%-56.3%) between 1993 and 2012.
However, survival rates of T/NK-cell lymphoma (excluding cutaneous T-cell lymphoma)
ranged from 40.5%-43.5% during the study period. Survival rates decreased with age in
most subtypes.
Conclusion
This report presented the subtype-specific statistical analysis of lymphoid malignancies in
the Korean population, showing increasing incidences and survival rates in most subtypes.

Key words
Epidemiology, Incidence, Survival, Hematologic neoplasms,
Republic of Korea
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Introduction

Materials and Methods

Lymphoid malignancies are a diverse group of neoplasms
with different clinical presentations, histology, and biology.
They are classified by the morphology, immunophenotype,
cytogenetics, and clinical characteristics. The etiology of lymphoid neoplasms is not fully understood. Thus, combining
an epidemiologic study with a biological study is helpful for
understanding the pathogenesis of each disease.
Different incidences of lymphoid malignancies between
regions have been reported [1]. Asian countries have been
known to show a relatively lower incidence than the other
countries in North America and Europe. In terms of the subtypes of lymphoid malignancies, it also varies in each region.
For example, Asian populations show a higher incidence of
mature T/natural killer (NK)–cell lymphoma and extranodal
marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue type (mucosa-associated lymphoid tissue lymphoma), in contrast, Western population show higher incidence of follicular lymphoma and chronic lymphocytic
leukemia (CLL) [2,3]. The distribution of lymphoma-associated viruses such as Epstein-Barr virus and human T-lymphoblastic virus-1 has been proposed as a risk factor for the
high incidence of specific subtypes of mature T/NK-cell lymphoma in Asian people, but genetic factors may also affect
the incidence [4,5].
The classification of hematologic malignancies mainly
focused on morphologic and immunophenotypic characteristics before 1990s [6-8], but it has been modified to include
cytogenetic characteristics which provide an improved
understanding of tumor pathogenesis. The most recent classification of diseases for oncology, International Classification of Diseases for Oncology, third edition (ICD-O-3) was
published in 2000 [9] and updated in 2013 to include the
changes from the World Health Organization (WHO) classification published in 2008 [2]. Recent cancer registry studies
have adopted this ICD-O-3, because it more accurately
reflects our recent understanding of these diseases [10,11].
We have published nationwide statistical analyses of
hematologic malignancies based on the Korea Central Cancer
Registry (KCCR) in 2012 [12]. However, the data was not
based on the ICD-O-3 classification. Therefore, to understand
the comprehensive incidence and survival of lymphoid
malignancies in Korea, we conducted present study with
available ICD-O-3 data from the KCCR.

The Korean Ministry of Health and Welfare started the
KCCR, a nationwide hospital-based cancer registry in 1980.
In 1999, the KCCR expanded to include the entire population
in the population-based cancer registry program. Incidence
data on lymphoid malignancies between 1999 and 2012 was
obtained from the Korean National Cancer Incidence Database (KNCIDB).
The classification of lymphoid malignancies was categorized to account for incidence and clinical characteristics
based on the ICD-O-3 [9]. The codes for lymphoid malignancies were grouped into five clinically relevant categories
based on the 2008 WHO classification [2]: Hodgkin’s lymphoma (HL), mature B-cell neoplasms, mature T-cell and
NK-cell neoplasm, precursor cell neoplasm, and unknown
type of lymphoid neoplasm (S1 Table).
The crude incidence rates (CR) and age-specific incidence
rates of each subtype of lymphoid malignancy were calculated. The CR per 100,000 persons was calculated as an incidence rate based on the frequency of the disease in the entire
population by dividing the total number of events (N) by the
total number of person-year of observation (P) and multiplying the result by 100,000. The age-specific incidence rates per
100,000 within an age group (i) were calculated by dividing
the number of incident cases observed in the age group (Ni)
by the number of corresponding person-year of observation
(Pi) and multiplying the result by 100,000. Age-standardized
incidence rates (ASRs), a weighted average of crude age-specific rates, were calculated using the Segi’s world standard
population [13]. Changes in the annual ASRs were examined
by calculating the annual percentage change (APC) over a
time period as (exp(b)–1)#100, where b is the slope of the
regression of log(ASR) on a calendar year using the following
linear regression equation: E(log(ASR)|year)=a+b year [14].
For the survival analyses, cases that were diagnosed as
lymphoid malignancies and have available data in the
KNCIDB between 1993 and 2012 were included. The patient
status was followed until December 31, 2013. The relative
survival rate (RSR) was estimated by comparing the
observed survival of cancer patients with the expected survival of the general population [15]. Five-year RSR was calculated based on the Ederer II method using the algorithm
created by Paul Dickman in SAS [16,17]. All analyses were
performed using SAS ver. 9.2 (SAS Institute Inc., Cary, NC).
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Fig. 1. Incident cases of lymphoid malignancies in Korea, 2012. NK, natural killer; MDS, myelodysplastic syndrome; AML,
acute myeloid leukemia; MPN, myeloproliferative neoplasm. a)Include one case of composite Hodgkin’s and non-Hodgkin’s
lymphoma.
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Fig. 2. Incident cases of lymphoid malignancies by age group in Korea, 2012. NK, natural killer. a)All lymphoid malignancies
include one case of composite Hodgkin’s and non-Hodgkin’s lymphoma.

Results

2. Changes in incidences of lymphoid malignancies between
1999 and 2012

1. Incidences of lymphoid malignancies in 2012

The incident cases of each subtype of lymphoid malignancies and trends in CR and ASR between 1999 and 2012 are
shown in Table 1. During the study period, 65,948 lymphoid
malignancies were registered. The overall ASR of all lymphoid
malignancies increased from 6.9 to 9.9 during the study
period. The APC was 3.2% between 1999 and 2012, and it was
statistically significant. The ASRs increased from 0.24 to 0.46
in HL (APC, 5.0%; p < 0.05), from 3.41 to 6.60 in mature B-cell
neoplasm (APC, 5.6%; p < 0.05), from 0.47 to 0.95 in mature
T-cell and NK-cell neoplasm (APC, 6.6%; p < 0.05), and from
1.33 to 1.50 in precursor cell neoplasm (APC, 1.4%; p < 0.05).
The ASR of cases categorized as “unknown type lymphoid
neoplasm” decreased from 1.44 to 0.41 (APC, –9.3%; p < 0.05).

A total of 10,409 cases of hematologic malignancies occurred
in 2012, including 6,638 lymphoid malignancies (63.8%) (3,732
men and 2,906 women, male:female ratio=1.28:1) (Fig. 1). This
means that the proportions of lymphoid malignancy were
3.3% and 2.6% of all cancers in men and women, respectively.
Among all lymphoid malignancies in men, mature B-cell neoplasms (71.8%) were the most frequent, followed by mature
T-cell and NK-cell neoplasms (10.5%), and precursor cell neoplasms (8.7%). In women, mature B-cell neoplasms (74.5%)
were the most frequent, followed by precursor cell neoplasms
(8.8%), and mature T-cell and NK-cell neoplasms (8.4%).
Patients with aged between 70 and 79 years the highest
incidence of lymphoid malignancies in 2012, followed by those
aged 50 to 59 years, and then 60 to 69 years (Fig. 2). The precursor cell neoplasms were the most prevalent disease type in
patients aged group 0-19 years, whereas mature B-cell neoplasms were the most prevalent in those aged more than 20
years.

3. Estimated RSRs of lymphoid malignancies
The 5-year RSRs of patients with lymphoid malignancies in
5-year intervals (1993-1997, 1998-2002, 2003-2007, and 20082012) are shown in Table 2. HL was associated with better survival than the other disease categories. Decreasing survival
with age was observed in most disease types of lymphoid malignancies, with poor prognoses in elderly patients. Especially
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226
2,651
0.39
0.35
62
0.01
0.01
2,589
0.38
0.34
42,647
6.24
5.09
1,495
0.22
0.18
310
0.05
0.04
734
0.11
0.09
1,498
0.22
0.18
19,659
2.88
2.34
976
0.14
0.16
6,716
0.98
0.79

Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR

Hodgkin’s lymphoma

CANCER RESEARCH AND TREATMENT

Marginal zone lymphoma

Burkitt’s lymphoma/Leukemia

Diffuse large B-cell lymphoma

Follicular lymphoma

Mantle cell lymphoma

Immunoproliferative diseases

Chronic lymphocytic leukemia
/Small lymphocytic lymphoma

Mature B-cell neoplasms

Classical Hodgkin’s lymphoma

Hodgkin’s lymphoma, nodular
lymphocyte predominant

Total

Site

0.19
0.19
7
0.01
0.01
27
0.06
0.06
76
0.16
0.16
856
1.81
1.75
25
0.05
0.06
100
0.21
0.20

0.01
0.01
115
0.24
0.23
1,650
3.50
3.41
90

119
0.25
0.24
<5

1999

0.14
0.13
8
0.02
0.02
22
0.05
0.04
57
0.12
0.11
872
1.83
1.74
32
0.07
0.09
73
0.15
0.14

0.01
0.01
130
0.27
0.26
1,613
3.39
3.26
65

133
0.28
0.26
<5

2000

0.18
0.17
20
0.04
0.04
32
0.07
0.06
74
0.15
0.14
988
2.06
1.92
30
0.06
0.08
96
0.20
0.18

0.01
0.01
143
0.30
0.28
1,895
3.96
3.71
87

147
0.31
0.29
<5

2001

0.21
0.20
16
0.03
0.03
22
0.05
0.04
89
0.18
0.16
997
2.07
1.88
63
0.13
0.16
193
0.40
0.35

0.01
0.01
140
0.29
0.28
2,044
4.25
3.89
103

143
0.30
0.28
<5

2002

0.17
0.15
14
0.03
0.03
36
0.07
0.07
92
0.19
0.17
1,154
2.39
2.10
58
0.12
0.14
370
0.77
0.66

0.01
0.01
153
0.32
0.29
2,425
5.02
4.46
81

158
0.33
0.30
5

2003

0.21
0.18
15
0.03
0.03
50
0.10
0.09
77
0.16
0.13
1,287
2.65
2.29
75
0.15
0.18
379
0.78
0.66

0.00
0.00
202
0.42
0.39
2,663
5.49
4.76
102

204
0.42
0.39
<5

2004

0.18
0.15
20
0.04
0.03
48
0.10
0.08
69
0.14
0.12
1,320
2.71
2.27
61
0.13
0.14
476
0.98
0.81

0.01
0.01
154
0.32
0.29
2,877
5.91
4.95
89

157
0.32
0.29
<5

2005

0.26
0.20
20
0.04
0.03
67
0.14
0.11
102
0.21
0.17
1,395
2.85
2.32
85
0.17
0.19
519
1.06
0.86

0.01
0.01
172
0.35
0.33
3,088
6.32
5.16
126

176
0.36
0.34
<5

2006

Year

0.21
0.16
27
0.05
0.04
50
0.10
0.08
107
0.22
0.18
1,545
3.14
2.47
92
0.19
0.20
507
1.03
0.82

0.01
0.01
200
0.41
0.37
3,323
6.76
5.34
102

204
0.42
0.37
<5

2007

Table 1. Number of lymphoid malignancies and trend in crude incidence rates and age-standardized incidence rates

0.21
0.16
30
0.06
0.05
68
0.14
0.10
124
0.25
0.20
1,613
3.26
2.50
82
0.17
0.18
632
1.28
0.99

0.00
0.00
215
0.44
0.40
3,575
7.24
5.55
104

217
0.44
0.40
<5

2008

0.25
0.18
32
0.06
0.05
58
0.12
0.08
128
0.26
0.19
1,758
3.54
2.63
83
0.17
0.20
790
1.59
1.19

0.02
0.01
212
0.43
0.38
4,024
8.10
6.01
126

220
0.44
0.39
8

2009

0.23
0.16
27
0.05
0.04
80
0.16
0.11
132
0.26
0.19
1,821
3.65
2.65
92
0.18
0.23
790
1.58
1.17

0.02
0.02
238
0.48
0.41
4,154
8.33
6.05
116

247
0.50
0.43
9

2010

0.29
0.20
36
0.07
0.05
70
0.14
0.09
175
0.35
0.25
2,003
4.00
2.82
92
0.18
0.21
876
1.75
1.25

0.01
0.01
256
0.51
0.47
4,472
8.92
6.30
147

262
0.52
0.48
6

2011

0.31
0.20
38
0.08
0.05
104
0.21
0.13
196
0.39
0.28
2,050
4.07
2.77
106
0.21
0.25
915
1.82
1.28

0.01
0.01
259
0.51
0.45
4,844
9.62
6.60
157

264
0.52
0.46
5

2012

18.4a)

9.6a)

4.0a)

5.1a)

7.1a)

8.0a)

1.0

5.6a)

5.0a)

4.1

5.0a)

APC
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Unknown type lymphoid neoplasm

Composite Hodgkin’s and
non-Hodgkin’s lymphoma

Lymphoblastic leukemia

Lymphoblastic lymphoma

Precursor cell neoplasms

Other T and NK- cell lymphomas

T lymphoma cutaneous

Mature T-cell and
NK-cell neoplasms

Plasma cell neoplasms

Hairy cell leukemia

B-Cell prolymphocytic leukemia

Site

Table 1. Continued

32
0.00
0.00
58
0.01
0.01
11,169
1.63
1.30
6,612
0.97
0.82
744
0.11
0.09
5,868
0.86
0.72
7,409
1.08
1.35
749
0.11
0.13
6,660
0.97
1.22
11
0.00
0.00
6,618
0.97
0.80

Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR
Cases
CR
ASR

Total

0.00
0.00
699
1.48
1.44

0.49
0.47
21
0.04
0.04
211
0.45
0.42
533
1.13
1.33
46
0.10
0.10
487
1.03
1.23
0

0
0.00
0.00
<5
0.01
0.01
466
0.99
0.98
232

1999

0.00
0.00
668
1.41
1.34

0.49
0.46
22
0.05
0.04
211
0.44
0.41
479
1.01
1.19
37
0.08
0.09
442
0.93
1.10
<5

0
0.00
0.00
<5
0.00
0.00
482
1.01
0.99
233

2000

0.00
0.00
661
1.38
1.29

0.55
0.51
18
0.04
0.04
247
0.52
0.47
521
1.09
1.31
52
0.11
0.12
469
0.98
1.19
<5

0
0.00
0.00
6
0.01
0.01
562
1.17
1.12
265

2001

0.00
0.00
601
1.25
1.16

0.62
0.58
28
0.06
0.05
272
0.57
0.53
518
1.08
1.30
52
0.11
0.13
466
0.97
1.17
0

0
0.00
0.00
<5
0.00
0.00
560
1.16
1.07
300

2002

0.00
0.00
455
0.94
0.84

0.86
0.77
34
0.07
0.06
380
0.79
0.71
520
1.08
1.31
53
0.11
0.12
467
0.97
1.19
0

0
0.00
0.00
<5
0.01
0.01
616
1.28
1.14
414

2003

0.00
0.00
494
1.02
0.90

0.91
0.82
36
0.07
0.07
405
0.84
0.75
480
0.99
1.22
58
0.12
0.14
422
0.87
1.09
0

<5
0.00
0.00
<5
0.01
0.01
673
1.39
1.19
441

2004

0.00
0.00
434
0.89
0.76

1.06
0.91
49
0.10
0.09
466
0.96
0.81
501
1.03
1.26
38
0.08
0.09
463
0.95
1.17
0

0
0.00
0.00
<5
0.01
0.01
791
1.62
1.34
515

0.00
0.00
431
0.88
0.73

1.09
0.92
57
0.12
0.11
474
0.97
0.82
526
1.08
1.35
63
0.13
0.15
463
0.95
1.21
0

<5
0.01
0.00
<5
0.01
0.01
767
1.57
1.26
531

2006

Year
2005

0.01
0.00
478
0.97
0.77

1.02
0.86
49
0.10
0.08
454
0.92
0.77
536
1.09
1.37
45
0.09
0.11
491
1.00
1.25
<5

<5
0.00
0.00
<5
0.01
0.00
889
1.81
1.39
503

2007

0.00
0.00
337
0.68
0.52

1.20
0.97
83
0.17
0.15
508
1.03
0.83
524
1.06
1.35
47
0.10
0.11
477
0.97
1.23
0

<5
0.01
0.00
6
0.01
0.01
913
1.85
1.37
591

2008

0.01
0.00
339
0.68
0.50

1.31
1.05
89
0.18
0.15
560
1.13
0.89
569
1.15
1.46
54
0.11
0.14
515
1.04
1.33
<5

7
0.01
0.01
8
0.02
0.01
1,034
2.08
1.48
649

2009

0.00
0.00
320
0.64
0.46

1.31
0.98
87
0.17
0.14
567
1.14
0.84
581
1.16
1.50
66
0.13
0.16
515
1.03
1.34
0

8
0.02
0.01
6
0.01
0.01
1,082
2.17
1.48
654

2010

0.00
0.00
386
0.77
0.53

1.30
0.99
91
0.18
0.15
559
1.12
0.84
541
1.08
1.44
60
0.12
0.13
481
0.96
1.31
<5

5
0.01
0.01
6
0.01
0.01
1,062
2.12
1.40
650

2011

0.00
0.00
315
0.63
0.41

1.26
0.95
80
0.16
0.13
554
1.10
0.81
580
1.15
1.50
78
0.15
0.18
502
1.00
1.32
<5

<5
0.01
0.00
<5
0.01
0.00
1,272
2.53
1.63
634

2012

–9.3a)

3.5

1.2a)

3.3a)

1.4a)

5.9a)

12.5a)

6.6a)

3.7a)

3.4

6.6

APC
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APC, annual percentage change; CR, crude incidence rate; ASR, age-standardized incidence rate; NK, natural killer. a)The annual percent change is statistically
different from zero (p < 0.05).

6,638
13.18
9.93
6,313
12.60
9.74
5,956
11.94
9.42
5,804
11.69
9.42
5,244
10.61
8.80
5,047
10.27
8.71
4,752
9.72
8.50
4,282
8.83
8.09
3,972
8.22
7.68
65,948
9.65
8.41

Table 1. Continued

Cases
CR
ASR
All lymphoid malignancies

3,233
6.85
6.89

3,127
6.58
6.51

3,490
7.29
7.11

3,606
7.49
7.21

4,484
9.21
8.17

2006
2005
2004
2003
2002

Total
Site

1999

2000

2001

Year

2007

2008

2009

2010

2011

2012

APC

3.2a)
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in patients with precursor cell neoplasms, abrupt decrease in
survival rates were observed between pediatric patients (aged
0-14 years), adolescents and young adults (aged 15-34 years),
and adults (aged 35 years or more).
4. Changes in the RSRs by major subtypes
The 5-year RSRs of patients with lymphoid malignancies
continually increased from 1993 to 2012, from 45.3% to 61.7%,
with an increment of 16.4% between these years. The 5-year
RSR for most lymphoid malignancies was improved: from
71.1% to 83.0% in HL, from 42.8% to 63.8% in mature B-cell
neoplasms, and from 41.5% to 56.3% in precursor cell neoplasms.
Trends in the RSRs of several major subtypes that are clinically important and accessible in our database are shown in
Fig. 3. Yearly improvement of survival outcome was observed
in HL, diffuse large B-cell lymphoma (DLBCL), multiple
myeloma (MM), lymphoblastic lymphoma, and acute lymphoblastic leukemia. However, survival improvement was not
evident in peripheral T-cell lymphomas or extranodal NK/
T-cell lymphomas between 1993 and 2012.

Discussion
Here, we presented the first comprehensive epidemiologic
analysis for lymphoid malignancies in the Korean population. The incidence of lymphoid malignancies increased
yearly between 1999 and 2012. In most subtypes except precursor cell neoplasms, the incidences in adults and elderly
patients were higher than those in pediatric patients. Relative
survival improved during the study period in lymphoid
malignancies. However, poor survival outcomes in elderly
patients were observed in most subtypes except in indolent
diseases such as marginal zone lymphoma.
The incidence of most subtypes in Korea was low, with an
ASR less than one per 100,000 except for DLBCL (2.34) and
plasma cell neoplasms (1.30). This incidence is quite low
compared to data from other countries as we expected based
on previous reports of differences in incidences of lymphoid
malignancies between countries or ethnic groups (Table 3)
[11,14,18,19]. The incidence of several subtypes, including
follicular lymphoma (ASR, 0.18) and CLL (ASR, 0.18), is
lower in Korea than in Western countries. In contrast, the
incidence of extranodal NK/T-cell lymphoma, nasal type
was relatively high (ASR, 0.22). CLL/small lymphocytic lymphoma (SLL) is the second most common subtype of mature
B-cell malignancies in Europe (26%); however, it is rare in
Korea (3.4%). Follicular lymphoma was also rare in Korea

Immunoproliferative diseases

Chronic lymphocytic leukemia/Small lymphocytic lymphoma

Mature B-cell neoplasms

Hodgkin’s lymphoma, nodular lymphocyte predominant
Classical Hodgkin’s lymphoma

Hodgkin’s lymphoma

Site

Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total

Age (yr)

473
39
167
108
100
55
<5
<5
469
39
167
106
98
55
<5
4,339
136
495
889
1,676
1,057
86
306
14
24
58
111
89
10
40

Cases
71.1
87.4
83.1
78.5
53.3
43.6
71.0
87.4
83.1
78.1
53.3
43.6
42.8
67.8
57.7
54.3
40.3
26.8
28.4
53.1
70.4
57.0
30.4
41.3

Relative
survival

1993-1997

Table 2. Five-year relative survival rates of lymphoid malignancies by age group in Korea
Year

649
49
226
138
141
87
8
17
632
49
223
131
136
85
8
8,413
188
704
1,702
3,097
2,457
265
414
<5
15
67
156
146
26
60

Cases
72.9
94.0
88.8
75.2
58.3
42.7
72.8
94.0
88.7
73.8
58.9
42.4
47.9
81.5
68.8
62.6
47.0
31.7
21.1
53.7
70.0
58.5
45.9
6.6
37.4

Relative
survival

1998-2002

862
64
306
176
180
118
18
17
845
64
299
175
173
116
18
13,590
213
996
2,656
4,602
4,530
593
469
0
<5
49
163
225
28
94

Cases
79.1
95.4
89.8
86.4
74.4
45.2
79.0
95.4
89.6
86.3
74.4
44.8
58.7
79.9
84.8
76.1
62.3
41.1
25.2
63.0
82.7
67.3
58.0
41.4
60.7

Relative
survival

2003-2007

1,135
60
420
192
247
189
27
30
1,105
59
409
184
239
187
27
19,601
262
1,164
3,454
6,638
6,930
1,153
601
<5
9
67
199
277
47
153

Cases

83.0
91.7
93.4
93.3
80.0
55.5
37.0
92.5
82.7
91.6
93.2
93.8
80.2
54.5
37.0
63.8
87.1
87.6
81.3
69.9
48.4
29.6
73.7
89.2
88.0
63.3
45.3
54.0

Relative
survival

2008-2012

Hyewon Lee, Statistics on Lymphoid Malignancies in Korea

VOLUME 50 NUMBER 1 JANUARY 2018

229

230

CANCER RESEARCH AND TREATMENT

Marginal zone lymphoma

Burkitt’s lymphoma/Leukemia

Diffuse large B-cell lymphoma

Follicular lymphoma

Mantle cell lymphoma

Site

Table 2. Continued

Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80

Age (yr)

40
<5
5
8
12
13
<5
298
7
55
80
101
51
<5
2,213
60
347
519
783
461
43
81
47
15
5
10
<5
<5
59
0
16
15
21
7
0

Cases
60.8
64.5
69.6
71.6
62.2
57.8
49.5
68.5
55.4
57.6
49.0
34.5
36.5
52.6
70.3
90.3
-

Relative
survival

1993-1997

Year

118
0
8
22
53
34
<5
338
7
39
103
111
70
8
4,413
82
499
980
1,532
1,165
155
168
90
24
15
24
13
<5
548
<5
79
174
188
96
7

Cases
53.0
45.9
45.4
71.4
85.0
84.7
67.5
49.8
52.9
81.8
65.6
63.7
53.7
37.1
28.8
66.4
83.4
85.7
92.8
90.2
88.2
68.9
-

Relative
survival

1998-2002

237
0
5
32
91
99
10
419
<5
53
117
155
84
7
6,377
69
538
1,303
2,058
2,089
320
364
126
72
49
77
36
<5
2,165
10
279
687
747
415
27

Cases
41.4
66.6
43.9
27.4
79.8
100.3
81.4
79.8
63.2
59.1
79.8
80.6
72.6
64.2
43.7
23.0
57.8
79.4
55.7
59.8
44.5
12.6
95.0
97.8
97.9
96.6
85.0
86.5

Relative
survival

2003-2007

355
0
<5
34
138
154
27
706
<5
67
207
250
161
17
8,574
88
611
1,456
2,701
3,116
602
439
155
73
81
66
58
6
3,808
10
364
1,095
1,513
754
72

Cases

52.4
75.7
54.1
49.6
0.0
88.3
93.6
95.1
91.0
74.6
61.5
84.9
81.5
77.6
70.2
47.2
27.1
62.8
87.0
80.9
47.8
38.0
24.3
98.2
99.2
99.1
97.9
97.7
89.3

Relative
survival

2008-2012
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Other T and NK-cell lymphomas

T lymphoma cutaneous

Mature T-cell and NK-cell neoplasms

B-Cell prolymphocytic leukemia
Hairy cell leukemia
Plasma cell neoplasms

Site

Table 2. Continued

Total
Total
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80

Age (yr)

0
11
1,291
<5
30
194
621
417
27
442
32
89
126
126
59
10
63
<5
11
21
15
10
<5
379
29
78
105
111
49
7

Cases
20.2
57.1
29.5
20.2
12.2
22.8
46.4
56.4
56.5
46.8
43.0
32.8
59.8
44.2
51.9
51.6
46.5
41.2
31.7
-

Relative
survival

1993-1997

0
13
2,341
<5
37
326
1,009
904
64
1,275
51
218
322
384
272
28
128
7
31
32
30
27
<5
1,147
44
187
290
354
245
27

Cases
23.7
62.5
37.1
25.2
16.1
6.0
46.4
82.4
57.1
52.1
40.1
34.7
24.5
72.6
77.7
72.7
69.7
64.2
43.5
79.6
53.7
49.8
37.5
31.5
25.3

Relative
survival

1998-2002

Year

6
16
3,443
<5
40
401
1,275
1,538
186
2,267
104
364
554
672
505
68
217
13
58
66
49
26
5
2,050
91
306
488
623
479
63

Cases
32.6
85.3
50.6
38.4
23.1
11.9
44.6
67.4
60.1
50.6
43.1
26.6
15.1
82.5
88.2
82.8
84.6
61.6
40.5
62.7
54.8
46.3
39.9
24.6
13.4

Relative
survival

2003-2007

25
26
4,914
<5
35
498
1,714
2,301
365
2,979
94
408
667
873
791
146
419
21
107
115
95
67
14
2,560
73
301
552
778
724
132

Cases

57.0
69.8
36.9
82.1
52.0
44.2
29.5
18.8
50.4
74.8
74.3
60.3
48.4
32.8
23.4
87.7
95.6
92.7
91.6
69.6
44.2
67.3
66.7
53.6
43.0
29.4
24.8

Relative
survival

2008-2012
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Composite Hodgkin’s and non-Hodgkin’s lymphoma
Unknown type lymphoid neoplasm

Lymphoblastic leukemia

Lymphoblastic lymphoma

Precursor cell neoplasms

Site

Table 2. Continued

Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
0-14
15-34
35-49
50-64
65-79
" 80
Total
Total
0-14
15-34
35-49
50-64
65-79
" 80

Age (yr)

2,111
1,161
524
203
164
57
<5
101
44
35
11
8
<5
0
2,010
1,117
489
192
156
54
<5
0
3,227
168
522
698
1,064
713
62

Cases
41.5
61.6
21.7
13.0
9.0
6.8
43.0
59.2
31.6
41.4
61.7
21.0
12.2
7.4
7.2
47.1
60.3
52.8
58.9
45.6
31.2
21.3

Relative
survival

1993-1997

2,489
1,286
618
289
175
113
8
222
88
91
23
11
9
0
2,267
1,198
527
266
164
104
8
<5
2,957
124
369
649
897
784
134

Cases
48.7
71.3
32.5
21.0
15.0
3.2
45.8
66.0
36.4
49.0
71.6
31.8
19.8
15.3
2.4
52.7
72.7
65.6
67.2
54.5
32.8
23.0

Relative
survival

1998-2002

Year

2,517
1,254
563
321
221
142
16
249
92
93
24
28
9
<5
2,268
1,162
470
297
193
133
13
<5
1,935
69
194
357
507
619
189

Cases
52.8
77.8
39.7
24.6
15.9
6.2
51.8
75.1
47.5
29.9
52.9
78.1
38.2
25.2
13.9
6.6
52.1
75.5
76.5
70.3
60.7
33.2
16.8

Relative
survival

2003-2007

2,691
1,189
595
407
307
174
19
294
86
113
48
23
21
<5
2,397
1,103
482
359
284
153
16
6
1,435
27
98
202
329
551
228

Cases

56.3
82.7
50.1
33.0
20.7
13.5
54.4
75.2
54.4
43.2
56.5
83.3
49.2
31.6
20.9
11.0
50.2
84.2
81.4
78.0
66.2
35.8
13.5

Relative
survival

2008-2012
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61.7
83.3
78.0
74.8
66.0
45.6
26.6
27,847
1,632
2,686
4,924
8,394
8,637
1,574
56.7
78.0
70.6
68.5
58.7
38.2
22.4
21,173
1,704
2,423
4,066
6,182
5,914
884
49.9
73.5
58.6
59.2
47.0
31.5
21.1
15,784
1,698
2,135
3,101
4,694
3,713
443
45.3
62.5
48.1
52.6
40.9
28.5
25.4
10,592
1,536
1,797
2,024
3,130
1,941
164

-, statistic not displayed due to less than 25 cases; NK, natural killer.

Total
0-14
15-34
35-49
50-64
65-79
" 80
All lymphoid malignancies

Relative
survival
Cases
Cases
Cases

Site

Cases

2003-2007

Relative
survival
Relative
survival

1998-2002
1993-1997

Year

Table 2. Continued

Age (yr)

Relative
survival

2008-2012
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compared to in European countries (3.4% vs. 11% of mature
B-cell malignancies) [11]. The proportions of CLL/SLL and
follicular lymphoma among B-cell non-Hodgkin’s lymphoma (NHL) in the United States were 19.6% and 12.3%,
respectively [14]. Although we cannot directly compare the
ASRs from our data with those of other registry-based incidences, there are subtype-specific differences in the Korean
population compared to foreign data. An increasing trend in
the incidence of HL and NHL was observed in Korea, which
is similar to Japan [19], but not the United States.
Comprehensive subtype-specific analysis in Asia is limited
so far. A recent study performed in Hong Kong showed differences between Hong Kong and the United States [18]. The
authors compared the incidences of lymphoid malignancies
between the East Asian and white populations from Surveillance, Epidemiology, and End Results (SEER) data, and
found that the age-adjusted incidence of most subtypes was
< 1 per 100,000 in the Hong Kong population, except for
DLBCL (3.26) and plasma cell neoplasms (1.99). The incidences of follicular lymphoma and CLL were 0.75 and 0.52,
respectively, which was quite high compared to the incidences in our data (0.18 and 0.18). Rates in Asians from SEER
data were generally intermediate compared to the rates in
SEER Whites. Similar to our data, the incidence of extranodal
T/NK-cell lymphoma, nasal type was much higher in Hong
Kong (0.25) than in the United States (SEER White) (0.06).
However, the number of Asian population in this analysis
was relatively small compared to our data, with fewer than
10,000 cases in the Asian group, and survival data were lacking.
To our knowledge, this is the first population-based and
subtype-specific survival analysis of hematologic malignancies in Asia. Comprehensive analysis based on subtypes
defined by ICD-O-3 code is more useful than past population-based studies that divided lymphoid diseases in to
broad categories such as ‘non-Hodgkin’s lymphoma’ or
‘leukemia’ [20].
The multicenter retrospective analysis in Korea by Won et
al. [21] previously showed that the overall survival rate of
classical HL with a median follow-up of 30 months was
80.2%. It did not include pediatric patients under the age of
16 years. In our KCCR data, the 5-year survival rate was
82.7% in 2008-2012. The overall survival outcome of HL was
favorable. However, the survival rate of elderly patients over
65 years significantly decreased to 37%-54.4%. The poor outcome of elderly patients may be due to unfavorable tumor
biology and underlying comorbidities as well as the toxicity
of current standard chemotherapy such as anthracyclines
and bleomycin [22,23]. The introduction of less toxic but
effective treatment would likely improve survival outcomes,
especially in elderly patients, and the results of such treatment regimens could be evaluated in a future update of
VOLUME 50 NUMBER 1 JANUARY 2018
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Fig. 3. Trend in relative survival rate of lymphoid malignances between 1993 and 2012 in Korea. ICD-O-3 codes are as
follows. (A) Hodgkin’s lymphoma 9659, 9650, 9661, 9662, 9651, 9663, 9664, 9665, 9667, 9652,9653, 9654, 9655. (B) Diffuse large
B-cell lymphoma 9675, 9678, 9679, 9680, 96849684. (C) Multiple myeloma 9732. (D) Peripheral T-cell lymphoma, except NK/
T-cell lymphoma 9702, 9705, 9714, 9716, 9717. (Continued to the next page)

KCCR analyses.
We also observed marked survival improvement in
patients with DLBCL between the pre-rituximab and postrituximab era: 5-year RSRs of 49.5% to 61.5% from 1993-1997
to 2008-2012, respectively. Rituximab, a monoclonal antibody
that binds to CD20 on B cells and induces apoptosis of lymphoma cells, was approved in November 2003 by the Ministry of Food and Drug Safety (MFDS) in Korea. The influ-
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ence of rituximab-containing chemoimmunotherapy on
DLBCL survival has been reported [24]. In addition, rituximab has been approved for various indications in NHLs
other than DLBCL in the United States [25]. In our data, survival rates of follicular lymphoma also increased during the
study period. With the broadened indication of rituximab in
Korea for other NHLs such as mantle cell lymphoma and
marginal zone lymphoma, we can expect better outcomes in
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Fig. 3. (Continued from the previous page) (E) Extranodal NK/T-cell lymphoma, nasal type 9719. (F) Lymphoblastic lymphoma
9728, 9729, 9727. (G) Acute lymphoblastic leukemia 9836, 9837, 9835. (H) All lymphoid malignancies. ICD-O-3, International
Classification of Diseases for Oncology, third edition.

the future data, although there were no significant improvements of survival in the present data.
For other T- and NK-cell lymphomas, except cutaneous
T-cell lymphoma, there were no evident changes in survival
rates during the study period (5-year RSR, 44.2% to 44.2%
between 1993-1997 and 2008-2012, respectively). This result
is in line with the unsatisfactory results of clinical trials for
the disease categories, except for the paradigm shift in the
management of extranodal NK/T-cell lymphoma, nasal
type. In localized diseases, concomitant/sequential chemo-

therapy and radiotherapy became standard therapy because
radiotherapy alone was not adequate due to systemic relapse
[26]. For advanced cases, systemic chemotherapy containing
L-asparaginase and drugs unaffected by P-glycoprotein was
indicated [27]. In subtype-specific analyses, survival of
extranodal NK/T-cell lymphoma, nasal type, improved,
revealing a 5-year RSR of 49.9% for all age groups in 20082012 (n=869) compared to 45.8% in 2003-2007 (n=670) and
46.5% in 1998-2002 (n=314) (Fig. 3). The RSR in 1993-1997
seems to be superior, but this result might be due to a limiVOLUME 50 NUMBER 1 JANUARY 2018
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Table 3. International comparison of age-standardized incidence rates of lymphoid malignancies
Europe
(HAEMACARE)a)

The United States
(SEER White)b)

The United States
(SEER Asian)b)

Hong Kongb)

Japanc)

KCCRd)

2000-2002

2001-2010

2001-2010

2001-2010

2008

1999-2012

2.41
3.79
3.13
1.92
NA
NA
NA
4.62
NA
NA
NA
NA
1.42e)
24.50

2.91
4.75
5.59
3.17
0.63
1.53
0.42
4.03
0.06
0.32
0.10
0.30

1.28
1.06
4.37
1.33
0.24
1.18
0.28
2.54
0.12
0.20
0.13
0.28

0.75
0.52
3.26
0.75
0.20
0.74
0.27
1.99
0.25
0.18
0.12
0.27
NA
11.22

0.5
0.1
2.5
0.1
0.1
0.5
0.12
1.5
0.08
0.11
0.12
0.25
1.1
NA

0.35
0.18
2.34
0.18
0.09
0.79
0.16
1.30
0.22
0.11
0.10
0.26
1.22
8.41

HL
CLL/SLL
DLBCL
FL
MCL
MZL
BL
PCN
Extranodal NK/T
ALCL
AITL
PTCL-NOS
ALL/LBL
All lymphoid

1.7f)
28.55

16.11

All rates expressed per 100,000 person-years. SEER, Surveillance, Epidemiology, and End Results; KCCR, Korea Central Cancer
Registry; HL, Hodgkin’s lymphoma; CLL/SLL, chronic lymphocytic leukemia/small lymphocytic lymphoma; DLBCL, diffuse
large B-cell lymphoma; FL, follicular lymphoma; MCL, mantle cell lymphoma; NA, not available; MZL, marginal zone lymphoma; BL, Burkitt’s lymphoma/leukemia; PCN, plasma cell neoplasm; NK, natural killer; ALCL, anaplastic large cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified; ALL,
acute lymphoblastic leukemia; LBL, lymphoblastic lymphoma. a)Data from European HAEMACARE project [10], b)Ageadjusted to the World Health Organization’s World Standard Population (2000-2025) [21], c)Age-standardized to the world
population. Estimated values from the published figures [22], d)Weighted averages of crude age-specific rates, calculated using
Segi’s world standard population (presented data), e)This rate includes lymphoblastic lymphomas, f)From SEER data including
all ethnic groups. Age-adjusted to the 2,000 U.S. standard population [23].

tation of the registry; the registry did not cover the entire
population at that time, so the number of cases was relatively
insufficient (153 cases in 1993-1997). The survival benefits
from the current therapy for extranodal NK/T-cell lymphoma, nasal type, needs to be confirmed in future analysis.
The standard treatment of MM also changed during the
study period. Autologous stem cell transplantation was
introduced in early 1990s. In addition, thalidomide, bortezomib, and lenalidomide were approved by MFDS in April
2006, March 2006, and December 2009, respectively. We
found that the 5-year RSR of patients with plasma cell neoplasms changed from 20.2% to 36.9% from 1993 to 2012,
respectively. This rate is still unsatisfactory, and it is lower
than the RSR in the United States (48.5%) between 2006 and
2012 [14], but an increasing trend in survival rates in Korea
is encouraging for such an ‘incurable disease.’
The survival rates of acute lymphoblastic leukemia/lymphoma showed improving trends based on the year of diagnosis, with 5-year RSR of all age groups reaching 56.3% in
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2008-2012. Age at diagnosis significantly influenced the survival of this disease. The 5-year RSR in pediatric patients
(aged 0-14 years) is 82.7%, but it falls dramatically in young
adults (50.1%, aged 15-34 years) and adults (33%, aged 35-49
years). Poor prognosis of adult acute lymphoblastic leukemia
/lymphoma is historically well known, and the factors associated with this difference in outcome include the poorer
biology of the leukemia, the lower compliance of patients
(physically and emotionally), differences in the therapeutic
approaches, and the lower rates of enrollment in clinical trials [28-30]. Efforts to improve outcomes in adults include
development of pediatric-inspired chemotherapy protocols
for young adults and the combination of tyrosine kinase
inhibitors, such as imatinib and dasatinib with conventional
chemotherapy for Philadelphia-positive disease. Welldesigned and clinical trial-based treatment protocols for
adult patients should be established in Korea.
We reported the subtype-specific incidence and survival
of lymphoid malignancies. Our research showed increasing

Hyewon Lee, Statistics on Lymphoid Malignancies in Korea

incidence and survival rates based on the year of diagnosis
in most subtypes. In addition, the survival rates of most subtypes (except for indolent disease) decreased dramatically
with age. The strength of our study is that these data were
analyzed in clinically meaningful disease categories. Additionally, this is a good example for refining and utilizing data
from pre-existing cancer registry. If we can integrate more
detailed information such as immunophenotypes, genetic
abnormalities, and treatment information, to the registry, the
quality of data on hematologic malignancies will improve.
The qualified registry can provide practical evidence to
determine whether advances in diagnosis and treatment can
improve cancer survival.
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FOXO1 Suppression Is a Determinant of Acquired Lapatinib-Resistance
in HER2-Positive Gastric Cancer Cells through MET Upregulation

Purpose
Lapatinib is a candidate drug for treatment of trastuzumab-resistant, human epidermal
growth factor receptor 2 (HER2)–positive gastric cancer (GC). Unfortunately, lapatinib
resistance renders this drug ineffective. The present study investigated the implication of
forkhead box O1 (FOXO1) signaling in the acquired lapatinib resistance in HER2-positive
GC cells.

Jinju Park, MS1
Yiseul Choi, MS1
Young San Ko, PhD2
Younghoon Kim, MD3
Jung-Soo Pyo, MD, PhD4
Bo Gun Jang, MD, PhD5
Min A Kim, MD, PhD3
Jae-Seon Lee, PhD6
Mee Soo Chang, MD, PhD3
Jong-Wan Park, MD, PhD7
Byung Lan Lee, MD, PhD1,7,8

Materials and Methods
Lapatinib-resistant GC cell lines (SNU-216 LR2-8) were generated in vitro by chronic exposure
of lapatinib-sensitive, HER2-positive SNU-216 cells to lapatinib. SNU-216 LR cells with FOXO1
overexpression were generated by stable transfection of a constitutively active FOXO1 mutant
(FOXO1A3). HER2 and MET in SNU-216 LR cells were downregulated using RNA interference.
The sensitivity of GC cells to lapatinib and/or cisplatin was determined by crystal violet assay.
In addition, Western blot analysis, luciferase reporter assay and reverse transcription–polymerase chain reaction were performed.
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Results
SNU-216 LR cells showed upregulations of HER2 and MET, but downregulation of FOXO1
compared to parental SNU-216 cells. FOXO1 overexpression in SNU-216 LR cells significantly suppressed resistance to lapatinib and/or cisplatin. In addition, FOXO1 negatively
controlled HER2 and MET at the transcriptional level and was negatively controlled by these
molecules at the post-transcriptional level. A positive crosstalk was shown between HER2
and MET, each of which increased resistance to lapatinib and/or cisplatin.
Conclusion
FOXO1 serves as an important linker between HER2 and MET signaling pathways through
negative crosstalks and is a key regulator of the acquired lapatinib resistance in HER2-positive GC cells. These findings provide a rationale for establishing a novel treatment strategy
to overcome lapatinib resistance in a subtype of GC patients.
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Introduction
Gastric cancer (GC) constitutes a major cause of cancerrelated deaths worldwide, but its management, especially in
advanced stages, has evolved relatively little. Human epidermal growth factor receptor 2 (HER2/ErbB2/neu) is a 185kDa transmembrane receptor tyrosine kinase (RTK) and a
member of the epidermal growth factor receptor (EGFR)
family [1]. HER2 serves as an important therapeutic target
for therapy in HER2-positive metastatic GC since its overexpression is found in more than 15% of GC and is associated
with poor prognosis, particularly in the advanced stages of
disease [2]. For patients with HER2-positive advanced GC,
trastuzumab (Herceptin, Genentech) combined with standard chemotherapy has been used as first-line treatment
[2,3]. However, intrinsic and/or acquired resistance totrastuzumab became a major obstacle in anti-HER2 therapy for
advanced GC [2]. Thus, there is a need for alternatives to
block HER2 signaling in GC.
Lapatinib (Tykerb, GlaxoSmithKline, Ware, UK) is an oral
dual tyrosine kinase inhibitor of EGFR (HER1) and HER2 [4].
Although lapatinib could be used for treatment of trastuzumab-resistant, HER2-positive advanced GC cases, the
major problem of therapies targeting tyrosine kinases is that
many tumors do not response or eventually develop resistance to the drugs, often due to activation of alternative signaling pathways [5]. Therefore, it is important to know in
advance which pathways could mediate resistance to the
lapatinib treatment and to find ways of bypassing these
obstacles [6].
Mesenchymal-epithelial transition factor protein (MET),
the hepatocyte growth factor (HGF) receptor, is a 190-kDa
RTK, and plays a critical role in tumor growth, invasion and
metastasis. MET is frequently overexpressed and activated
in a subset of GC [7]. Previously it has been shown that
co-expression of MET and HER2 in GC is associated with
poorer survival compared to overexpression of either one [8].
Moreover, MET overexpression occurred more frequently in
HER2-positive GCs than in HER2-negative GCs [9]. Growing
evidences implicate the interplays between HER family
receptors and MET in cancer cells through overlapping
downstream signaling pathways [6]. In vitro cell culture
experiments showed that HGF-induced MET activation was
responsible for lapatinib resistance in HER2-positive GC cell
lines [10,11]. In addition, GC cells derived from HER2-positive and MET-positive GC showed that the combination of
lapatinib and MET-inhibitor offered a more profound cell
growth inhibition than lapatinib alone [9]. Despite the strong
evidence regarding the interplay between MET and HER2 in
GC, the current understanding of the regulation of MET
expression and activation in relation to lapatinib-resistance
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in HER2-positive cells requires additional research.
Forkhead box O1 (FOXO1) is a transcription factor and a
member of the FOXO subfamily of the Forkhead/winged
helix family [10]. Since FOXO1 activates or represses multiple
target genes, and consequently regulates a variety of cellular
functions [11], dysregulation of FOXO1 would subsequently
result in various disease states such as cancer. FOXO1 inactivation has been documented in several cancers, including
GC [12], and its association with several anti-cancer drugs
has increasing attracted oncologists' attention [13-15].
The existence of a negative crosstalk between FOXO1 and
HER2 in parental GC cell lines was previously reported [16].
This crosstalk was associated with cancer cell growth, epithelial-mesenchymal transition, cell migration and invasion in
vitro as well as tumorigenicity and metastasis in vivo [16].
However, the relationship between FOXO1 and anti-HER2
drug resistance in GC has not been reported. In the present
study, lapatinib-resistant GC cell lines (SNU-216 LR 2-8)
were generated by chronic exposure to lapatinib and the
potential role of FOXO1 in lapatinib resistance was examined. In addition, we silenced MET expression and investigated its implication in the lapatinib resistance in the
lapatinib-resistant, HER2-positive GC cells.

Materials and Methods
1. Cell culture
A HER2-positive GC cell line SNU-216 was purchased
from the Korean Cell Line Bank (Seoul, Korea). Cells were
maintained in RPMI 1640 medium (Life Technologies, Grand
Island, NY) containing 10% fetal bovine serum (FBS; BioWest, Kansas City, MO) in a humidified atmosphere containing
5% CO2 at 37°C.
2. Reagents and antibodies
Lapatinib was purchased from Cell Signaling Technology
(Berverly, MA), and cisplatin (CDDP) was purchased from
Sigma (St. Louis, MO). Antibodies against phosphoHER2Tyr1221/1222 (pHER2, rabbit monoclonal), HER2 (rabbit
monoclonal), phospho-METTyr1234/1235 (pMET, rabbit monoclonal), phospho-AKTSer473 (pAKT, rabbit polyclonal), AKT
(rabbit polyclonal), and FOXO1 (rabbit monoclonal) were
purchased from Cell Signaling Technology. Antibodies
against MET (rabbit polyclonal), "-actin (mouse monoclonal)
and secondary antibodies, which are horseradish peroxidaseconjugated anti-rabbit IgG or anti-mouse IgG, were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
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3. Generation of lapatinib-resistant clones SNU-216 LR
from SNU-216 cells
SNU-216 cells were cultured in the presence of increasing
concentrations of lapatinib over a period of 8 months, reaching a final concentration of 10 µmol/L at the end of this
period as described previously [17]. Single-cell clonal populations were obtained from a pool of resistant cells by serial
dilutions. Cells were expanded in RPMI-1640 medium containing 10% FBS and lapatinib (1 µmol/L).
4. Growth inhibition assays
The viability of cells was measured indirectly using crystal
violet assay as described by Kim et al. [18]. Cells were seeded
in 24-well plates at a density of 1#104 cells/well for cell
growth and cultured for 4 days. To study the cytotoxicity
effect of drugs, 1.5#104 cells were seeded in 24-well plates,
incubated for 24 hours, and treated for 3 days at 37°C with
indicated concentrations of drugs dissolved in 0.04%
dimethyl sulfoxide. Control columns contained cells without
drug and blank columns contained medium alone. Medium
was aspirated from the wells followed by washing three
times with tap water. Attached cells were stained with 0.2%
crystal violet aqueous solution in 20% methanol for 10 minutes followed by washing four times and were air dried.
Crystal violet stain was dissolved in 10% sodium dodecyl
sulfate (SDS) for 10 minutes at room temperature, transferred
into 96-well plates, and the absorbance was measured at 570
nm using an enzyme-linked immunosorbent assay reader
(Bio-Rad, Hercules, CA). The reading of blank columns was
subtracted from each value.

firmed by "-actin.
6. Transfection of forkhead responsive element–luciferase
construct and luciferase reporter assay
To determine FOXO1 nuclear DNA-binding activity in GC
cells, luciferase reporter assay was performed as previously
described [15]. GC cells were seeded in 24-well plates at a
density of 3#104 cells/well and were transiently cotransfected with 0.4 µg forkhead responsive element (FHRE)–
luciferase reporter plasmid (reporter construct in which a
small region of the Fas ligand promoter contains the three
FHREs, Addgene plasmid 1789, Addgene Inc., Cambridge,
MA) and 0.4 mg pSV-b-galactosidase vector (Promega, Madison, WI), an internal control, using Lipofectamine Plus (Life
Technologies). Twenty-four hours after transfection, assays
for luciferase and "-galactosidase were carried out using a
Dual-Luciferase Reporter Assay System (Promega). Luciferase activity was measured on an Auto-Lumat LB 9505c
luminometer (Berthold Analytical Instruments, Nashua, Germany) and was normalised by "-galactosidase activity.
7. Overexpressing FOXO1 in SNU-216 LR cells
Overexpressing FOXO1 was done by stable transfection of
pcDNA3 containing human FOXO1A3 mutant gene (Addgene plasmid 13508, Addgene Inc.). The plasmid FOXO1A3
encodes a constitutively active version of FOXO1 (all three
AKT phosphorylation sites are mutated to Ala). Each vector
(1 µg) was transfected into GC cells using Lipofectamine Plus
according to the manufacturer’s instructions. Twenty-four
hours after transfection, G418 (3 µg/mL) was added to select
stable FOXO1A3 clones.

5. Western blot analysis
Western blot analysis was performed as described previously [16]. Proteins were obtained when cells were subconfluent (70%-80%). Briefly, cell lysates in SDS lysis buffer (125
mM Tris-HCl [pH 6.8], 4% SDS, 0.004% bromophenol blue,
and 20% glycerol) were separated on 10% SDS–polyacrylamide gel and electrophoretically transferred to polyvinylidene difluoride membranes (Millipore Corporation, Billerica,
MA) blocked with 5% non-fat dry milk in phosphatebuffered saline–Tween-20 (0.1%, vol/vol) for 1 hour. The
membranes were then incubated with a primary antibody
against pHER2 (1:1,000), HER2 (1:1,000), pMET (1:1,000),
MET (1:1,000), pAKT (1:1,000), AKT (1:1,000), FOXO1
(1:1,000), or "-actin (1:1,000). Horseradish peroxidase-conjugated anti-rabbit IgG (1:2,000) or anti-mouse IgG (1:2,000)
was used as a secondary antibody. Enhanced chemiluminescence (Amersham, Arlington Heights, IL) was used to detect
the immunoreactive proteins. Equal protein loading was con-

8. Lentivirus-mediated short hairpin RNA silencing of
HER2
Lentiviral particles containing non-targeting short hairpin
RNA (shRNA) or HER2 shRNA were purchased (Sigma).
The sequence of HER2 shRNA was 5"-CCGGTGTCAGTATCCA GGCTTTGTACTCGAGTACAAAG CCTGGATACTGACATTTTTG-3". The control shRNA particles contain 4
bp mismatches within the short hairpin sequence to any
known human or mouse gene. Viral infection was performed
by incubating GC cells in the culture medium containing
lentiviral particles for 12 hours in the presence of 5 µg/mL
Polybrene (Santa Cruz Biotechnology). Pooled puromycin
(2 µg/mL)-resistant cells were used for further analysis.
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Fig. 1. Effect of chronic lapatinib treatment on SNU-216 cells. (A) Lapatinib-resistant (LR), human epidermal growth factor
receptor 2 (HER2)–positive gastric cancer (GC) cell lines (SNU-216 LR2-8) were generated from a lapatinib-sensitive, HER2positive SNU-216 GC cell line by chronic exposure to lapatinib over a period of 8 months. Twenty-four hours after plating,
parental and lapatinib-resistant (LR) SNU-216 cells were treated with the indicated concentrations of lapatinib for 3 days,
and cell viability was determined using crystal violet assay. The percentage of viable cells is shown relative to untreated
cells (considered as 100%). (B) Comparative analysis of total and phosphorylated HER2, MET, and AKT as well as total forkhead box O1 (FOXO1) by Western blot analysis (WB). mRNA expressions of HER2, MET, and FOXO1 were determined by
reverse transcription–polymerase chain reaction (RT-PCR). "-Actin protein and mRNA were served as loading controls. (C)
FOXO1 transcriptional activity was determined by the luciferase reporter assay and was normalized by "-galactosidase
activity. Luciferase activity in parental SNU-216 cells was arbitrarily set to 1. Each bar represents the mean±standard deviation. a)p < 0.05 vs. parental SNU-216 cells.

9. MET silencing by stable transfection with shRNA plasmid vector
For MET silencing, the pGFP-V-RS plasmid vectors containing either scrambled shRNA or MET shRNA were purchased from OriGene (Rockville, MD). The sequence of MET
shRNA was 5"-GCAAGCCAGATTCTGCCGAACCAATGGAT-3". Each vector (1 µg) was transfected into GC cells
using Lipofectamine Plus according to the manufacturer’s
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instructions. Twenty-four hours after transfection, puromycin (2 µg/mL) was added to select stable MET shRNA
clones.
10. Reverse transcription–polymerase chain reaction
Reverse transcription–polymerase chain reaction (RT-PCR)
was performed to determine the mRNA level of molecules
in GC cells, and the amplification of "-actin transcripts was
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Fig. 2. Effect of forkhead box O1 (FOXO1) overexpression on lapatinib and/or cisplatin sensitivity in lapatinib-resistant
(LR) cell lines. SNU-216 LR3 and LR7 cells were transfected with empty pcDNA3 vector (pcDNA3) or FOXO1A3 mutant
vector (FOXO1A3). Cell viability was measured by crystal violet assay. (A) FOXO1 overexpression was confirmed by Western
blot analysis. (B) FOXO1 transcriptional activity was analyzed by the luciferase reporter assay. (C) Cells were treated with
the indicated concentrations of lapatinib, and cell viability was measured after 3 days. The percentage of viable cells is shown
relative to untreated cells (considered as 100%). (D) Cells were treated with the indicated concentrations of cisplatin, and
cell viability was measured after 3 days. The percentage of viable cells is shown relative to untreated cells (considered as
100%). (Continued to the next page)
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Fig. 2. (Continued from the previous page) (E) Cells were treated with the 1 µmol/L lapatinib alone or combined with 10 µg/mL
cisplatin (CDDP), and cell viability was measured after 3 days. The percentage of viable cells is shown relative to untreated
cells (considered as 100%). Each bar represents the mean±standard deviation. ns, not significant. a)p < 0.05 vs. pcDNA3 cells,
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p < 0.05 vs. lapatinib-treated pcDNA3 cells, c)p < 0.05 vs. cisplatin-treated pcDNA3 cells, d)p < 0.05 vs. pcDNA3 cells,
e)
p < 0.05 vs. lapatinib-treated FOXO1A3 cells.

used as the control to normalize the transcript levels of molecules. Total RNAs were isolated using TRIZOL reagent
(Invitrogen, Carlsbad, CA), and reverse-transcription was
performed to synthesize cDNAs in a 20 µL reaction mixture
containing each gene-specific primer, 1 µg of RNA, 2# reaction buffer, 0.4 µL Taq polymerase, and 1.2 mM MgCl2. The
cDNAs of HER2 transcripts were amplified for 28 cycles (30
seconds at 94°C, 30 seconds at 52°C, and 30 seconds at 70°C),
the cDNAs of MET transcripts were amplified for 30 cycles
(30 seconds at 94°C, 30 seconds at 52°C, and 30 seconds at
72°C), the cDNAs of FOXO1 transcripts were amplified for
25 cycles (30 seconds at 94°C, 1 minute at 57°C, and 1 minute
at 72°C), and the cDNAs of "-actin transcripts were amplified
for 18 cycles (94°C for 30 seconds, 52°C for 30 seconds, and
70°C for 30 seconds). The PCR cycling numbers had been
optimized to avoid the amplification saturation. Five microliter RT-PCR product was separated on 1% agarose gels,
which were subsequently stained with ethidium bromide.
Primer sequences were 5"-GGGAGAG AGTTCTGAGGATT3" and 5"-CGTCCGTAGAAAGGTAGTTG-3" for HER2, 5"TTGC CAGAGACATGTATGATAAAG-3" and 5"-CCAGCATTTTAGCATTACTT-3" for MET, 5'-GCAGATCTACGAGTGGATGGTC-3’ and 5’-AAACTGTGATCCAGGGCTG TC
-3’ for FOXO1, and 5’-ACACCTTCTACAATGAGCTG-3’
and 5’-CATGATGGAGTTGAAGGT AG-3’ for "-actin.
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11. Statistical analysis
All experiments were performed using triplicate cultures,
and the results were expressed as the mean±standard deviation. Statistical analyses were conducted using GraphPad
Prism software for Windows 7 (ver. 4, GraphPad Software,
San Diego, CA). Data were evaluated by two-tailed Student’s
t test. Differences with a p-value of < 0.05 were considered
statistically significant.

Results
1. Lapatinib-resistant, HER2-positive GC cells exhibit downregulation of FOXO1
To verify if FOXO1 is involved in the acquired lapatinib
resistance in HER2-positive GC cells, stable lapatinib-resistant
GC cell lines SNU-216 LR (LR2-LR8) were generated from
lapatinib-sensitive parental SNU-216 cells by exposure to continuous treatment with lapatinib (0-10 µmol/L) over a period
of 8 months as described previously by Kim et al. [17]. While
parental SNU-216 cells treated with 10 µmol/L lapatinib displayed an almost complete abrogation of growth, the resistant
cell lines showed significantly lower cell viability reduction
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than parental cell line (Fig. 1A).
Western blot analysis (Fig. 1B) confirmed HER2 overexpression and low expression of FOXO1 in parental SNU-216 cells
as previously reported [16]. In SNU-216 LR cells (except LR2)
with the acquired lapatinib resistance, the expression and
activation (manifested by phosphorylated forms) of HER2 and
MET increased with a more distinctive upregulation of MET.
Consistently, phosphorylated AKT (common downstream signaling protein of HER2 and MET), but not total AKT,
increased in SNU-216 LR cells. In contrast, FOXO1 expression
decreased in most of resistant cell lines (L3-L8). Downregulation of FOXO1 activation in all lapatinib-resistant cell lines was
confirmed using the luciferase reporter assay (Fig. 1C). In
addition, RT-PCR analysis showed that mRNA expressions of
HER2 and MET were increased in SNU-216 LR cells. In contrast, FOXO1 mRNA expression was not changed (Fig. 1B).

transfected with empty pcDNA3 vector were generated as
control. Western blot analysis (Fig. 2A) and the luciferase
reporter assay (Fig. 2B) confirmed that FOXO1 expression and
transcriptional activity were increased in FOXO1A3-transfected cells compared to vector control cells. The role of
FOXO1 in the acquired lapatinib resistance in HER2-positive
GC cells was examined by comparing cell growth of SNU-216
LR cells with or without FOXO1 overexpression using crystal
violet assay. Treatment of SNU-216 LR3 cells (Fig. 2C) with
lapatinib (1 µmol/L) for 72 hours decreased cell viability to
~60% in vector cells and ~40% in FOXO1A3-transfected cells
compared to untreated cells. This result demonstrated a significant difference in the lapatinib cytotoxicity between vector
control cells and FOXO1A3-transfected cells (p=0.0099). Similar results were shown in SNU-216 LR7 cells (p=0.006)
(Fig. 2C).

2. FOXO1 overexpression reduces resistance to lapatinib

3. Constitutive FOXO1 activation increases the cytotoxic
effect of combined treatment with lapatinib and cisplatin
compared to lapatinib alone

To examine whether FOXO1 is related to the acquired lapatinib resistance in SNU-216 LR cells (LR3 and LR7), FOXO1
expression was modulated by transfection with a construct
expressing constitutively active FOXO1 (FOXO1A3). Cells

In the preliminary study, we found that parental SNU-216
cells were cisplatin-sensitive, but SNU-216 LR cells were cis-
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Fig. 3. Association between forkhead box O1 (FOXO1) and human epidermal growth factor receptor 2 (HER2)/MET in
lapatinib-resistant (LR) cell lines. SNU-216 LR3 and LR7 cells were transfected with empty pcDNA3 vector (pcDNA3) or
FOXO1A3 mutant vector (FOXO1A3). (A) The protein expressions of total and phosphorylated HER2, MET, and AKT were
determined by Western blot analysis (WB). (B) The mRNA expressions of HER2 and MET were evaluated by reverse transcription-polymerase chain reaction (RT-PCR).
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Fig. 4. Effect of human epidermal growth factor receptor 2 (HER2) downregulation on lapatinib/cisplatin resistance in
lapatinib-resistant (LR) cell lines. SNU-216 LR3 and LR7 cells were infected with a lentivirus containing either control shRNA
(shCtrl) or HER2 shRNA (shHER2). Cell viability was measured by crystal violet assay. (A) The protein expressions of HER2,
pAKT, and AKT were determined by Western blot analysis. (B) Twenty-four hours after plating, cells were cultured for 3
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(considered as 100%). (D) Cells were treated with the indicated concentrations of cisplatin, and cell viability was measured
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Fig. 4. (Continued from the previous page) (E) Cells were treated with the 1 µmol/L lapatinib alone or combined with 10 µg/mL
cisplatin (CDDP), and cell viability was measured after 3 days. The percentage of viable cells is shown relative to untreated
cells (considered as 100%). Each bar represents the mean±standard deviation. ns, not significant. a)p < 0.05 vs. shCtrl cells,
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p < 0.05 vs. lapatinib-treated shCtrl cells, c)p < 0.05 vs. cisplatin-treated shCtrl cells, d)p < 0.05 vs. shCtrl cells, e)p < 0.05 vs.
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platin-resistant (data not shown). Thus, SNU-216 LR cells with
lapatinib resistance also developed cross-resistance to cisplatin. However, treatment of SNU-216 LR3 cells with cisplatin (10 µg/mL) in the presence of FOXO1 overexpression
significantly decreased cell viability (52% vs. the untreated
control) compared with vector control cells (93% vs. the
untreated control) (p=0.016) (Fig. 2D). Similar results were
shown in SNU-216 LR7 cells (p=0.008) (Fig. 2D).
Although lapatinib plus chemotherapy using parental SNU216 cells showed an additive or synergistic effect in vitro [19],
inconsistent results were shown in the second-line treatment
of patients with HER2-positive GC [20]. In the present study,
the effect of adding cisplatin to lapatinib in SNU-216 LR3 and
LR7 cells in the absence or presence of FOXO1 overexpression
was examined. In the presence of FOXO1 overexpression, the
combined treatment with cisplatin and lapatinib showed an
additive cytotoxic effect (26% vs. the untreated control) in
SNU-216 LR3 cells compared to treatment with lapatinib alone
(44% vs. the untreated control) (p=0.022). However, there was
no difference in cell viability in the absence of FOXO1 overexpression (Fig. 2E). Consistent results were shown in LR7 cells
(p=0.001) (Fig. 2E). Thus, FOXO1 induces the efficacy of
adding cisplatin to lapatinib in lapatinib-resistant SNU-216 LR
cells.

4. FOXO1 transcriptionally downregulates HER2 and MET
HER2 and MET are strong predictors of lapatinib sensitivity
in GC cells [10,11,17]. However, the molecular mechanism
underlying a link between HER2 and MET with respect to
lapatinib resistance remains undefined. To analyze the relationship between FOXO1 and HER2/MET in SNU-216 LR
cells, we increased the FOXO1 expression and activation by
transfection of FOXO1A3 as shown in Fig. 2A and B. In addition, Western blot analysis and RT-PCR were performed.
Western blot analysis showed that the total and phosphorylated forms of HER2 and MET were downregulated by
FOXO1 overexpression (Fig. 3A). Furthermore, the protein
expression of phosphorylated AKT, but not the total AKT, was
decreased. Consistently, RT-PCR demonstrated that mRNA
expressions of HER2 and MET were downregulated (Fig. 3B).
Taken together, FOXO1 negatively regulates HER2 and MET
expressions at the transcriptional level, suggesting its involvement in the lapatinib-induced HER2/MET signaling pathway.
5. The acquired resistance to lapatinib and/or cisplatin is
reversed by silencing HER2
Parental SNU-216 cells are responsive to lapatinib because
of the presence of HER2 overexpression. In the present study,
however, SNU-216 cells became resistant to lapatinib after
chronic exposure to lapatinib in spite of HER2 upregulation
VOLUME 50 NUMBER 1 JANUARY 2018

247

Cancer Res Treat. 2018;50(1):239-254

A
shMET

shCtrl

LR3

8

shMET

Relative cell growth

shCtrl

LR7

MET
pAKT
AKT

4

a)

2
0

β-Actin

shCtrl
shMET

6

a)

1

LR7

8

2
3
Culture (day)

Relative cell growth

LR3

B

6
4

a)

a)

2
0

4

shCtrl
shMET

1

2
3
Culture (day)

4

C
LR3

120

b)

b)

80
60

b)

40
20
0

0

0.001
0.01
0.1
Lapatinib (µmol/L)

60
b)

40

0

1

0

0.001
0.01
0.1
Lapatinib (µmol/L)

shCtrl
shMET

120
100

80

c)

60

c)

40

c)

20

Cell viability (%)

100

1

D

LR7

shCtrl
shMET

120
Cell viability (%)

80

20

LR3

0

shCtrl
shMET

100
Cell viability (%)

Cell viability (%)

100

LR7

120

shCtrl
shMET

80
60

c)

c)

40
20

0

1
7
Cisplatin (µg/mL)

10

0

0

1
7
Cisplatin (µg/mL)

10
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LR7 cells were transfected with pGFP-v-RS vectors containing either control scrambled shRNA (shCtrl) or MET shRNA
(shMET). Cell viability was measured by crystal violet assay. (A) The protein expressions of MET, pAKT, and AKT were
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248

CANCER RESEARCH AND TREATMENT

Jinju Park, FOXO1 in Lapatinib-Resistant Gastric Cancer Cells

B

E
LR3

LR7
shCtrl
shMET

120
ns

80
60

d)

40
d)

20
0
Lapatinib (1 µmol/L)
Cisplatin (10 µg/mL)

ns

100

e)

Cell viability (%)

Cell viability (%)

100

shCtrl
shMET

120
e)

80
60
d)

40
20

d)

0
–
–

+
–

+
+

Lapatinib (1 µmol/L)
Cisplatin (10 µg/mL)

–
–

+
–

+
+

Fig. 5. (Continued from the previous page) (E) Cells were treated with the 1 µmol/L lapatinib alone or combined with 10 µg/mL
cisplatin (CDDP), and cell viability was measured after 3 days. The percentage of viable cells is shown relative to untreated
cells (considered as 100%). Each bar represents the mean±standard deviation. ns, not significant. a)p < 0.05 vs. shCtrl cells,
b)
p < 0.05 vs. lapatinib-treated shCtrl cells, c)p < 0.05 vs. cisplatin-treated shCtrl cells, d)p < 0.05 vs. shCtrl cells, e)p < 0.05 vs.
lapatinib-treated shMET cells.

(Fig. 1A and B). To investigate whether the dependency of cell
viability on HER2 expression persists in SNU-216 LR cells,
HER2 was downregulated by RNAi (Fig. 4A). We found that
HER2 shRNA-transfected cells had a lower level of pAKT
(Fig. 4A) and showed growth inhibition (Fig. 4B). HER2 downregulation also significantly suppressed lapatinib resistance
(Fig. 4C) and cisplatin resistance (Fig. 4D) compared to control
shRNA cells. Furthermore, the combined treatment of HER2
shRNA-transfected SNU-216 LR cells showed an additive
cytotoxic effect compared to treatment with lapatinib alone
(Fig. 4E).
6. The acquired resistance to lapatinib and/or cisplatin is
reversed by silencing MET
Parental SNU-216 cells showed a low level of MET expression, which notably increased in SNU-216 LR cells (Fig. 1B).
To investigate the role of MET in lapatinib resistance in SNU216 LR cells, MET expression was downregulated by RNAi
(Fig. 5A). MET shRNA-transfected cells had a lower level of
pAKT (Fig. 5A) and also showed growth inhibition (Fig. 5B).
Furthermore, MET silencing significantly suppressed lapatinib
resistance (Fig. 5C) and cisplatin resistance (Fig. 5D) compared
to control shRNA cells. In addition, combination treatment
showed additional growth inhibition compared to treatment
with lapatinib alone in MET shRNA-transfected cells, but not
in control shRNA cells (Fig. 5E).

7. HER2 and MET interplay through transcriptional control
by FOXO1
To investigate whether interplay between HER2 and MET
exists, stable SNU-216 LR3 and LR7 cell lines overexpressing
either HER2 shRNA (Fig. 6A) or MET shRNA (Fig. 6D) were
used. Western blot analysis showed that HER2 silencing
decreased the protein expressions of total and phosphorylated
MET (Fig. 6A). In turn, MET silencing reduced the protein
expressions of total and phosphorylated HER2 (Fig. 6D). Thus,
these findings indicate that there is a positive interplay
between these two molecules. Then, the effect of HER2 downregulation on FOXO1 expression and activation was examined. Western blot analysis (Fig. 6A) and luciferase reporter
assay (Fig. 6B) demonstrated that HER2 silencing increased
protein expression and activation of FOXO1 without a change
in FOXO1 mRNA expression as shown by RT-PCR (Fig. 6C).
Similar findings were observed in MET shRNA-transfected
cells (Fig. 6D-F). These results indicate that FOXO1 expression
is negatively regulated at the post-transcriptional level by
HER2 and MET.
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Downregulation of FOXO1 leads to coactivation of HER2 and MET, which are essential to lapatinib resistance. Reintroduction
of FOXO1 is necessary to reduce the lapatinib resistance in a subpopulation of HER2-positive GC patients showing lapatinib
resistance.

Discussion
The acquisition of drug resistance in treated patients has
become a significant issue in the establishment of strategy
for human cancer therapy. Moreover, the complex interplay
of signal-transduction pathways further complicates customizing of cancer treatments which might target a single
mechanism [21]. The purpose of the present study was to
determine the correlation between FOXO1 expression profile
and the sensitivity to lapatinib alone or in combination with
cisplatin, thereby providing a new strategy for treating lapatinib-resistant, HER2-positive GC. Here, FOXO1 suppression was identified as a determinant of acquired lapatinib
resistance in HER2-positive GC cells, at least in part, through
negative crosstalks with HER2 and MET. To the best of our
knowledge, this is the first study to demonstrate the involvement of FOXO1 in anti-HER2 drug resistance and its association with MET in GC cells.
Given that HER2 serves as a putative target for therapy in
HER2-positive GC, elucidating the molecular mechanism of
lapatinib resistance is critical to establish a more efficient
treatment strategy for patients who failed to respond to
adjuvant trastuzumab-based chemotherapy. However, the
molecular mechanism underlying the unresponsiveness of
GC to lapatinib remains largely unexplained. Previously,
lapatinib sensitivity was shown to be positively correlated to
the degree of HER2 overexpression in various cancer cells
[10]. Consistently, lapatinib responsiveness was shown in
HER2-positive parental GC cell lines SNU-216 and NCI-N87
[19]. Although the initially addicting oncoprotein HER2 in
parental SNU-216 cells is the target of lapatinib, SNU-216 LR
cells were lapatinib-resistant in spite of HER2 upregulation.

This suggests that the acquired lapatinib resistance in SNU216 LR cells may be attributed to an alternative or redundant
survival pathway [22]. Indeed, Kim et al. [17] suggested that
MET upregulation could confer the acquired lapatinib resistance to lapatinib-sensitive, HER2-positive GC cells.
Previous studies have shown that FOXO1 plays an important role in the regulation of responsiveness of cancer cells
to various anticancer drugs [13-15]. For example, FOXO1
increased paclitaxel resistance in ovarian cancer cells [13],
adriamycin resistance in breast cancer cells [14] and cisplatin
resistance in GC cells [15]. With respect to HER2-positive
cancer cells, FOXO1 decreased trastuzumab resistance in
HER2-positive breast cancer cells [23,24]. However, different
resistance mechanisms have been reported for trastuzumab
and lapatinib [25], and lapatinib sensitivity in cultured cells
is determined by tissue type [26]. In the present study,
FOXO1 activation was downregulated in SNU-216 LR cells
compared to parental SNU-216 cells. Thus, the present study
hypothesized that FOXO1 is implicated in the acquired lapatinib resistance in these cells in association with HER2 and
MET. Taking advantage of lapatinib-resistant, HER2-posistive SNU-216 LR cell lines, we confirmed that lapatinib alone
showed weak growth inhibitory effect toward SNU-216 LR
cells. Further, FOXO1 overexpression in these cells induced
an enhanced cytotoxic effect of lapatinib. These results
demonstrate the importance of FOXO1 for the lapatinibmediated cytotoxic effect in SNU-216 LR cells.
The efficacy of lapatinib alone or in combination with standard chemotherapy for HER2-positive GC is yet to be
improved. In the preclinical cell-based study using HER2positive GC cell lines (SNU-216 and NCI-N87), lapatinib plus
chemotherapy showed an additive or synergistic effect [19].
In contrast, a randomized, open-labeled, phase III study
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(Tytan study) showed that second-line treatment of HER2positive advanced GC patients with lapatinib plus chemotherapy did not significantly improve overall survival compared to chemotherapy alone [20]. In the present study, the
combined treatment with lapatinib and cisplatin did not
induce a significant difference in cell viability of SNU-216 LR
cells compared to lapatinib treatment, which is consistent
with results of the clinical trial. In the presence of FOXO1
overexpression, however, combined treatment resulted in a
greater reduction in cell viability compared to treatment with
lapatinib alone. These results provides a direct evidence that
FOXO1 suppression confers acquired resistance to lapatinib
and/or cisplatin in lapatinib-resistant, HER2-positive GC
cells. Since FOXO1 involvement in lapatinib resistance has
not been previously identified in HER2-positive cancers, this
is a novel molecular mechanism underlying acquired lapatinib resistance in HER2-positive GC. These findings provide
a basis for the proposal that systemic reintroduction of
FOXO1 in HER2-positive GC patients could result in a selective lapatinib toxicity in cancer cells. In the near future, it
should be possible to generate an enhanced anti-cancer effect
via a combination of lapatinib and FOXO1-replacement therapy. However, the technique of transcription factor-replacement therapy is not yet in general use.
The phenomenon of oncogene addiction has revealed
potentially important therapeutic opportunities that can lead
to the selective elimination of tumor cells showing dependence on a protein or pathway [22]. Just as acute inactivation
of addicting oncoproteins frequently leads to cancer cell
death, recent evidence points to similar outcomes induced
by the reintroduction of a wild-type version of tumor suppressor genes that are frequently inactivated in cancer cells
[22]. Accumulating data on the “addiction to lack of tumor
suppressor genes” indicate that, in the establishment of the
oncogene addicted state, a prerequisite may involve the
removal of support systems such as tumor suppressors (p53,
FHIT, PTEN, LKB1, and TESTIN) [22]. In the present study
using SNU-216 LR cells, upregulations of oncogenes HER2
and MET as well as downregulation of tumor suppressor
FOXO1 were observed. In addition, FOXO1 overexpression
reduced mRNA expressions of HER2 and MET. Accordingly,
it seems that chronic exposure to lapatinib induced FOXO1
downregulation, and consequently upregulated of HER2 and
MET through transcriptional control. Taken together, we
speculate that FOXO1 inactivation may be a prerequisite in
the establishment of the addiction to HER2 as well as MET
in SNU-216 LR cells.
Although lapatinib responsiveness is associated with
HER2 overexpression in parental GC cell lines [19], HER2
was upregulated in lapatinib-resistant, HER2-positive GC
cell lines in the present study. However, the effect of HER2
modulation on the acquired lapatinib resistance in these cells
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has never been evaluated. This study investigated whether
the loss of HER2 addiction or addiction switching to an
alternative oncogene [22] is induced by chronic exposure to
lapatinib. HER2 expression in SNU-216 LR cells was downregulated by using RNA interference, which resulted in AKT
inactivation and cell growth suppression. These results indicate that HER2 addiction still remains. Inconsistently, HER2
downregulation significantly suppressed resistance to an
anti-HER2 drug lapatinib, In addition, cisplatin resistance
was decreased in HER2-silenced SNU-216 LR cells, which is
consistent with a previous report [27].
MET has been shown to cross-react with EGFR proteins
and possibly substitutes for their activity, thus conferring
resistance to EGFR-targeting drugs [28]. With respect to GC
cells, HGF-induced MET activation in HER2-positive GC cell
lines (SNU-216 and NCI-N87) induced lapatinib resistance
[10]. In the present and previous [17] studies, chronic exposure to lapatinib upregulated MET compared to parental
HER2-positive GC cells. However, the effect of MET modulation on the acquired lapatinib resistance in these cells has
not been shown. This study examined whether cancer cells
exhibit MET addiction in addition to original HER2 addiction. MET downregulation in SNU-216 LR cells decreased
AKT activation and cell growth, which was similar to results
obtained with HER2 downregulation. Consistently, MET
downregulation significantly suppressed lapatinib and/or
cisplatin resistance. Since both HER2 and MET contributed
to lapatinib resistance in SNU-216 LR cells, it seems that MET
provides redundant survival signals through the activation
of downstream survival pathways that overlap with those of
HER2. Thus, SNU-216 LR cells can be considered to be
“co-addicted” to HER2 and MET.
The present study showed that MET expression and activation were clearly lower than those of HER2 in parental
SNU-216 cells. After acquisition of lapatinib resistance, MET
was notably upregulated in the majority of SNU-216 LR cell
lines compared to HER2. Previously, MET amplification was
shown to be responsible for the MET overexpression induced
by EGFR RTK inhibitor treatment of non-small cell lung cancer patients who displayed acquired resistance [22]. However, Kim et al. [17] reported that there is no MET gene
amplification in HER2-positive SNU-216 LR cells with
acquired lapatinib resistance. Although concomitant overexpression of HER2 and MET was observed in a subset of GC
patients [9], the regulatory relationship between these two
molecules has not been demonstrated in GC. Our results
showed that HER2 downregulation in SNU-216 LR cells suppressed the expressions of both total and phosphorylated
MET and vice versa. Thus, it seems that the interplay
between these two molecules in the survival signaling pathway is not due to transphosphorylation, instead is due to the
activations of overlapping downstream molecules. Since

Jinju Park, FOXO1 in Lapatinib-Resistant Gastric Cancer Cells

FOXO1 is negatively controlled by and controls HER2 and
MET, FOXO1 seems to serve as an important linker between
HER2 and MET signaling pathways via negative crosstalks.
In addition, downregulation of either HER2 or MET increased FOXO1 protein expression and activation, but not
mRNA expression, which indicates negative regulation at the
post-transcriptional level.
In conclusion, the present study shows a novel molecular
mechanism that could cause the acquired lapatinib resistance
in a subset of HER2-positive GC cells. It seems that FOXO1
suppression is implicated in the acquisition of lapatinib
resistance in HER2-positive GC cells through upregulation
of MET as well as HER2 (Fig. 7). Thus, this should be taken

into consideration when designing combination therapies for
a subset of lapatinib-resistant, HER2-positive GC.
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Comparison of Ion Personal Genome Machine Platforms
for the Detection of Variants in BRCA1 and BRCA2

Purpose
Transition to next generation sequencing (NGS) for BRCA1/BRCA2 analysis in clinical laboratories is ongoing but different platforms and/or data analysis pipelines give different
results resulting in difficulties in implementation. We have evaluated the Ion Personal
Genome Machine (PGM) Platforms (Ion PGM, Ion PGM Dx, Thermo Fisher Scientific) for the
analysis of BRCA1/2.
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Materials and Methods
The results of Ion PGM with OTG-snpcaller, a pipeline based on Torrent mapping alignment
program and Genome Analysis Toolkit, from 75 clinical samples and 14 reference DNA samples were compared with Sanger sequencing for BRCA1/BRCA2. Ten clinical samples and
14 reference DNA samples were additionally sequenced by Ion PGM Dx with Torrent Suite.
Results
Fifty types of variants including 18 pathogenic or variants of unknown significance were
identified from 75 clinical samples and known variants of the reference samples were confirmed by Sanger sequencing and/or NGS. One false-negative results were present for Ion
PGM/OTG-snpcaller for an indel variant misidentified as a single nucleotide variant. However, eight discordant results were present for Ion PGM Dx/Torrent Suite with both falsepositive and -negative results. A 40-bp deletion, a 4-bp deletion and a 1-bp deletion variant
was not called and a false-positive deletion was identified. Four other variants were misidentified as another variant.
Conclusion
Ion PGM/OTG-snpcaller showed acceptable performance with good concordance with
Sanger sequencing. However, Ion PGM Dx/Torrent Suite showed many discrepant results
not suitable for use in a clinical laboratory, requiring further optimization of the data analysis
for calling variants.

Introduction
About 10% of the breast cancers are known to be hereditary and the most commonly associated gene with hereditary
breast and ovarian cancer syndromes (HBOC) are BRCA1
and BRCA2 [1,2]. The detection of genetic variants in HBOC
patients and the carriers have enormous impact on the management and decision for further therapeutic options [3].
│ http://www.e-crt.org │
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Thus, performing BRCA1 and BRCA2 analysis is recommended in patients suspected of HBOC [4]. According to the
National Comprehensive Cancer Network guidelines,
genetic risk assessment and genetic testing is required in
patients with pedigrees suggestive of or known genetic predisposition [4]. Sanger sequencing has been the gold standard for BRCA1/BRCA2 variant analysis for HBOC [5,6].
However, due to the relatively large size of the BRCA1 and
BRCA2 genes and the lack of mutational hotspots, performCopyright ⓒ 2018 by the Korean Cancer Association
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ing Sanger sequencing in multiple samples is often time consuming and expensive [7]; thus, the implementation of next
generation sequencing (NGS) for BRCA1/BRCA2 analysis is
being considered in diagnostic settings [8-10]. Many studies
have evaluated the use of NGS for the detection of BRCA1 or
BRCA2 variants in HBOC [11-16] and some recent studies
have evaluated the analysis of BRCA1 or BRCA2 with NGS
in the clinical laboratory setting [13,15-17]. In this study, we
have assessed the results of NGS assays for BRCA1 and
BRCA2 variants performed by an amplicon based method
with Ion Torrent Personal Genome Machine (PGM) (Thermo
Fisher Scientific, Waltham, MA) and Ion PGM Dx (Thermo
Fisher Scientific), in consideration of implementing the platforms in a diagnostic laboratory. Since different platforms
and data analysis pipelines give different results, platforms
available for diagnostic use were considered. Ion PGM Dx is
a class II medical device approved by the U.S. Food and Drug
Administration used in conjunction with the instrument-specific reagents and data analysis software, Torrent Suite. Ion
Torrent systems measures the pH to detect polymerization
events and is known to be prone to homopolymer errors
[18,19], thus OTG-snpcaller, an optimized pipeline based on
Torrent Mapping Alignment Program (TMAP) and Genome
Analysis Tool kit (GATK) [20] for single nucleotide polymorphism calling from Ion Torrent data [21] were used as the
analysis pipeline with the Ion PGM data. The results of
BRCA1 and BRCA2 analysis with Ion PGM/OTG-snpcaller
and Ion PGM Dx/Torrent Suite were compared to those
from Sanger sequencing. Since there are no studies with the
Ion PGM Dx platform, we have evaluated the results of Ion
PGM and Ion PGM Dx for BRCA1/ BRCA2 analysis with clinical and reference samples.

Materials and Methods
1. Samples
Clinical samples were collected from 75 breast cancer
patients suspected of hereditary breast cancer for detection
of BRCA1 or BRCA2 genetic variants as a routine clinical
practice. Seventy-five consecutive samples were included in
this study. In addition, 14 reference DNA samples from the
National Institute of General Medical Sciences Human
Genetic Cell Repository (https://catalog.coriell.org/) with
known BRCA1 or BRCA2 pathogenic variants or variants of
unknown significance (VUS) were included in this study.
The sample numbers used are NA13705, NA13715, NA14090,
NA14094, NA14634, NA14636, NA14637, NA14638, NA14684, NA141-70, NA14622, NA14623, NA14624, and NA14639.
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This study was approved by the Institutional Review Board
of the institution (IRB-B-1508-310-302).
2. Methods
The genomic DNA was extracted by QIAamp Blood DNA
mini kit (Qiagen, Valencia, CA) for the clinical samples and
the reference DNA samples were obtained. For 75 clinical
samples and 14 reference samples, the comparison of results
of Sanger sequencing and NGS with Ion PGM was made and
among the clinical and reference samples, 24 samples (10
clinical samples and 14 reference samples), were performed
additionally with Ion PGM Dx for comparison.
3. Next generation sequencing
1) Library preparation
The target regions of BRCA1 and BRCA2 were amplified
by the Ion Ampliseq BRCA1 and BRCA2 Panel (Thermo
Fisher Scientific). The panel includes three primer pools (167
amplicons) which cover the entire coding region and 10 to
20 bp of the intronic flanking sequences of coding exons. For
amplification, 4 µL of 5# Ion Ampliseq HiFi Master Mix
(Thermo Fisher Scientific), 10 µL of 2# Ion Ampliseq primer
pool, 20 ng of genomic DNA per reaction, and 4 µL of nuclease-free water were mixed. The temperature profile applied
with the final 20 µL of the polymerase chain reaction (PCR)
mixture were 99ºC for 2 minutes, 99ºC for 15 seconds, and
60ºC for 4 minutes 19 cycles, with a final hold at 10ºC. The
primer sequences were partially digested and adapters and
barcodes were ligated to the amplicons according to the Ion
AmpliSeq Library 2.0 Kit manual. A unique adapter was
applied for each library with the Ion Xpress Barcode
Adapters 1 to 16 Kit (Thermo Fisher Scientific). Quantification of amplified library was performed with the Qubit ver.
2.0 fluorometer (Life Technologies, Carlsbad, CA) using the
Qubit dsDNA HS Assay Kit, diluted to approximately 100
pmol/L. Ion OneTouch 2 System and the Ion OneTouch ES
Instrument (Thermo Fisher Scientific) was used according to
the user guide with the 200-bp chemistry kits. All barcoded
samples were sequenced on the Ion PGM (Thermo Fisher Scientific) with 316 chips using 12 samples on a single chip per
sequencing run.
For Ion PGM Dx, Ion PGM Dx Library Kit, Ion OneTouch
Dx Template Kit, and the Ion PGM Dx Sequencing Kit was
used. All barcoded samples were sequenced on the Ion PGM
Dx with the Ion 318 Dx Chip using 12 samples on a single
chip per sequencing run. Sequencing data were analyzed
with the Ion Torrent Suite software TS 4.0.0 and contextually
with Ion Reporter.
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Table 1. List of pathogenic variants and variants of known significance found in clinical samples
Gene
BRCA1
BRCA1
BRCA1
BRCA1
BRCA1
BRCA1
BRCA2
BRCA2
BRCA2
BRCA2
BRCA2
BRCA2
BRCA2
BRCA2
BRCA2
BRCA2
BRCA2
BRCA2

Codon
c.154C>T
c.390C>A
c.3627dupA
c.922_924delinsT
c.2566T>C
c.4883T>C
c.276dupA
c.943T>A
c.994delA
c.2350A>G
c.2435delA
c.2798_2799delCA
c.3195_3198delTAAT
c.3744_3747delTGAG
c.5575_5578delATTA
c.6322C>T
c.6325G>A
c.8187G>T

Protein
p.Leu52Phe
p.Tyr130*
p.Glu1210Argfs*9
p.Ser308*
p.Tyr856His
p.Met1628Thr
p.Ser93fs*8
p.Cys315Ser
p.Ile332Phefs*7
p.Met784Val
p.Asn812Ilefs*13
p.Thr993Argfs
p.Asn1066Leufs*10
p.Ser1248Argfs*10
p.Ile1859Lysfs
p.Arg2108Cys
p.Val2109Ile
p.Lys2729Asn

dbSNP

BIC/Clinical
importance

BIC/Clinical
classification

HGMD

rs80357084
rs80356888
rs80357729
rs397509335
rs80356892
rs4986854
rs80359345
rs80359065
rs80359778
rs11571653
rs80359329
rs80359348
rs80359375
rs80359403
rs80359520
rs55794205
rs79456940
rs80359065

Unknown
Yes
Yes
None
Unknown
Unknown
Yes
Unknown
Yes
Unknown
Yes
Yes
Yes
Yes
Yes
Unknown
Unknown
Unknown

Pending
Class 5
Class 5
None
Pending
Pending
Class 5
Pending
Class 5
Pending
Class 5
Class 5
Class 5
Class 5
Class 5
Pending
Pending
Pending

DM?
DM
DM
DM
DM?
DM?
DM
DM?
DM
DM?
DM
DM
DM
DM
None
DM?
DM?
DM?

dbSNP, Short Genetic Variations database; BIC, Breast Cancer Information Core; HGMD, Human Genetic Mutation Database;
DM?, likely disease causing mutation; DM, disease causing mutation.

2) Data analysis for NGS
For Ion PGM, we have adopted an optimized pipeline
based on TMAP and GATK [20], the OTG-snpcaller for single
nucleotide variant based on a previous study [21]. Briefly,
the raw data from Torrent Suite 4.6 was mapped with TMAP
3.6 (https://github.com/iontorrent/TAMP) and the duplicates were removed with Remove Duplicates according to
the Alignment Score Tag. To reduce the false negative results
of single nucleotide variant in a gap site, Alignment Optimize Structure filtering method was incorporated. Then the
variant calling was performed with GATK tool. Local mutational hotspot files were included for annotation of the variants identified.
For Ion PGM Dx, the sequence data were processed using
Ion Torrent Suite software 4.0 processed on the Torrent
Server (Thermo Fisher Scientific).
Sequence alignments for variants with discordant results
were manually inspected with the Integrative Genomics
Viewer (IGV) 2.3 [22].
4. Sanger sequencing
All clinical samples were sequenced for the entire coding
regions by Sanger sequencing. B-Pure EasySeq PCR plates

for BRCA1 and BRCA2 (Nimagen, Nijmegen, Netherlands)
were used for amplification and the PCR products were
purified and sequenced with BigDye Terminator Cycle
Sequencing Kit (Applied Biosystem, Foster City, CA) and
products were run on 3130xl Genetic Analyzer (Applied
Biosystems). The data was analyzed by Mutation Surveyor
4.0 (SoftGenetics, State College, PA) with the reference
sequence NM_007294.2 for BRCA1 and NM_000059.3 for
BRCA2. The variants were described as recommended by the
Human Genome Variation Society (HGVS) nomenclature
(http://varnomen.hgvs.org).
The characterization of the variants was made primarily
by Breast Cancer Information Core (BIC) from National
Human Genome Institute (https://research.nhgri.nih.gov/
bic/), Short Genetic Variations database (dbSNP, https://
www.ncbi.nlm.nih.gov/projects/SNP/index.html), and
Human Gene Mutation Database (HGMD) professional
2016.2 (Qiagen, Boston, MA) as of date September 10, 2016.
BIC classifies variants into five classes: class 1 for not pathogenic/low clinical significance, class 2 for likely not pathogenic/little clinical significance, class 3 for uncertain variants,
class 4 for likely pathogenic variants, and class 5 for pathogenic variants. HGMD classifies variants into disease causing
mutation, likely disease causing mutation, disease associated
polymorphism, disease associated polymorphism with
VOLUME 50 NUMBER 1 JANUARY 2018
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Table 2. List of reference Coriell DNA samples and the pathogenic/unknown significance variants in each sample
BIC/Clinical BIC/Clinical
importance classification

No.

ID

Gene

Coding variant

Protein variant

dbSNP

1
2
3
4
5
6

NA13705
NA13715
NA14090
NA14094
NA14634
NA14636

BRCA1
BRCA1
BRCA1
BRCA1
BRCA1
BRCA1

c.3756_3759delGTCT
c.5266dupC
c.66_67delAG
c.1175_1214del40
c.4065_4068delTCAA
c.5558dupA

p.Leu1252Serfs
p.Gln1756Profs*74
p.Glu23Argfs*18
p.Leu392Glnfs
p.Asn1355Lysfs
p.Tyr1853*fs

rs80357868
rs80357906
rs80357783
rs80359874
rs80357508
rs80357629

Yes
Yes
Yes
Yes
Yes
Yes

7
8

NA14637
NA14638

BRCA1
BRCA1

c.4327C>T
c.213-11T>G

p.Arg1443*
p.?

rs41293455
rs80358061

Yes
Yes

9
10
11
12
13
14

NA14684
NA14170
NA14622
NA14623
NA14624
NA14639

BRCA1
BRCA2
BRCA2
BRCA2
BRCA2
BRCA2

c.797_798delTT
c.5946delT
c.6275_6276delTT
c.125A>G
c.5718_5719delCT
c.6198_6199delTT

p.Ser267Lysfs
p.Ser1982Argfs
p.Leu2092Profs
p.Tyr42Cys
p.Leu1908Argfs
p.Ser2067Hisfs

rs80357789
rs80359549
rs11571658
rs4987046
rs80359530
rs80359564

Yes
Yes
Yes
Unknown
Yes
Yes

Class 5
Class 5
Class 5
Class 5
Class 5
Pending
[Class 4 or 5]
Class 5
Pending
[Class 4 or 5]
Class 5
Class 5
Class 5
Pending
Class 5
Class 5

HGMD
DM
DM
DM
NA
DM
DM
DM
DM
DM
DM
DM
DM?
NA
DM

dbSNP, Short Genetic Variations database; BIC, Breast Cancer Information Core; HGMD, Human Genetic Mutation Database;
DM, disease causing mutation, DM?, likely disease causing mutation; NA, not available.

additional supporting functional evidence, frameshift or
truncating variant with no disease association reported yet,
polymorphism affecting the structure, function or expression
of a gene but with no disease association reported yet.

The uniformity of coverage was 97.22%. Twenty-four samples
were performed concurrently with Ion PGM Dx and the mean
read length was 149 bp, the mean mapped reads were 280,200
bp and on target rate was 97.80% with a mean depth of 1,796#
(1,062# to 4,332#) and the mean uniformity of 96.23%.

5. Multiple ligation probe amplification
2. Detection of variants
To analyze for large gene rearrangement or deletion/
duplication, multiple ligation probe amplification (MLPA)
was performed for all clinical samples. MLPA kits (P002 for
BRCA1 and P045 for BRCA2) (MRC-Holland, Amsterdam,
Netherlands) were used with Veriti 96-well Thermal Cycler
(Applied Biosystems) and the data was analyzed with GeneMarker 2.0 (SoftGenetics).

Results
1. Sequencing (NGS) statistics
For BRCA1 and BRCA2 analysis, on average, 233,185 reads
per patients were obtained with a mean amplicon length of
139 base pair (bp) with Ion PGM in 89 samples. The mean
sequencing depth was 1,377# (775# to 2,237#) and 96.40% of
the reads were on the targeted region of BRCA1 and BRCA2.
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Pathogenic variants and VUS identified in 75 clinical samples and reference DNA samples are shown in Tables 1 and 2,
respectively. MLPA results showed no deletions or duplications for BRCA1 and BRCA2 in clinical samples. In clinical
samples, six pathogenic or VUS were found in BRCA1 including two nonsense variants, one frameshift variant, and three
missense variants. Twelve pathogenic or VUS were identified
in BRCA2 including seven frameshift and five missense variants. All pathogenic or VUS identified in the clinical samples
were previously reported variants. A list of all variants (n=50)
identified in clinical samples are shown in the S1 Table. In
total, 19 variants were identified in BRCA1 including 18 exonic
and one intronic variants. Six synonymous, nine missense
variants, two nonsense variants, and one frameshift variants
were identified in the exons. In BRCA2, 31 variants were identified with 30 exonic variants and one intronic variant. There
were seven frameshift variants, 13 missense and 10 synonymous variants. In total, 14 pathogenic/VUS variants were
found in the reference DNA samples in this study, which

Sang Mee Hwang, Ion PGM and Ion PGM Dx for BRCA1 and BRCA2 Assays

Table 3. Discordant results by NGS and Sanger sequencing
Gene
BRCA1
BRCA1
BRCA1
BRCA1
BRCA1
BRCA1
BRCA2
BRCA2

Sanger

Ion PGM/OTG-snpcaller

Ion PGM Dx/Torrent Suite

Not detected
c.922_924delinsT
c.1175_1214del40
c.3113A>G
c.3548A>G
c.4065_4068delTCAA
c.994delA
c.3744_c.3747delAGTG

Not detected
c.922A>T
c.1175_1214del40
c.3113A>G
c.3548A>G
c.4065_4068delTCAA
c.994delA
c.3744_c.3747delAGTG

c.117_118delTG
c.922A>T
Not called
c.3107_3112delTTAAAG
c.3548_3549delAA
Not called
Not called
c.3742_3745delTGAG

NGS, next generation sequencing.

Ion PGM/
OTG-snpcaller

Ion PGM Dx/
Torrent Suite

Fig. 1. Alignment of an indel variant (c.922_924delinsT) in a clinical sample viewed by Integrative Genomics Viewer, called
as a single nucleotide variant, c.922C>T, by both Ion PGM/OTG-snpcaller and Ion PGM Dx/Torrent Suite.
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A

Ion PGM/
OTG-snpcaller

Ion PGM Dx/
Torrent Suite

Fig. 2. (A) Alignment of a 40-bp deletion in BRCA1 (c.1175_1214del40) in the reference Coriell DNA sample (NA14094)
which was called by Ion PGM/OTG-snpcaller but not by Ion PGM Dx/Torrent Suite. (Continued to the next page)

included nine variants in BRCA1 (one nonsense, one splice
site, and seven frameshift variants) and five variants in BRCA2
including one missense and four frameshift variants.
The variants identified by the NGS and Sanger sequencing
were compared. The different parameters for variant calling
in Ion Torrent variant caller for Ion PGM Dx are shown in S2
Table. In Ion PGM, the “Generic-PGM-Germline Low stringency” parameter was used for variant calling while the
default option was used for Ion PGM Dx/Torrent Suite.
The discordant sequencing results including those from clinical and reference DNA samples are shown in Table 3. Ion
PGM/OTG-snpcaller and Sanger sequencing showed only
one discrepant result in BRCA1 for c.922_924delinsT in which
Ion PGM/OTG-snpcaller identified the indel as a single
nucleotide variant, c.922A>T (Fig. 1). All the other pathogenic
variants or VUS identified were in concordance with Sanger
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sequencing. However, eight discrepant results were present
between Sanger sequencing and Ion PGM Dx/Torrent Suite.
One false-positive variant in BRCA1, c.117_118delTG was
identified by Ion PGM Dx but not present by visual inspection
with the IGV. Three false-negative results were present with
Ion PGM Dx/Torrent Suite in which pathogenic variants of
BRCA1, c.1175_1214del40, c.4065_4068delTCAA and a pathogenic variant of BRCA2, c.994delA were not called by the Ion
PGM Dx/Torrent Suite (Fig. 2). Four other discordant results
were present misidentifying a variant as another variant with
Ion PGM Dx/Torrent Suite and of these discordant results,
two variants were recurrently present in seven samples among
24 samples tested with Ion PGM Dx/Torrent Suite. Single
nucleotide variants of BRCA1, c.3113A>G and c.3548A>G,
were called as c.3107_3112delTTAAAG and c.3548_3549delAA. The other misidentified variant was c.922_924delinsT
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B

Ion PGM/
OTG-snpcaller

Ion PGM Dx/
Torrent Suite

Fig. 2. (Continued from the previous page) (B) A 4-bp deletion in BRCA1 (c.4065_4068delTCAA) not called by Ion PGM Dx/Torrent Suite present in a reference Coriell DNA sample (NA14634). (Continued to the next page)

which was called as c.922A>T as in Ion PGM/OTG-snpcaller
and a 4-bp deletion in BRCA2, c.3741_3744delTGAG, which
was c.3744_3747delAGTG by Sanger sequencing.

Discussion
The implementation of NGS to a clinical laboratory
requires validation and thorough evaluation. Many studies
have shown comparison results of BRCA1 and BRCA2 with
NGS to Sanger sequencing, which has been considered the
golden standard for variant analysis. However, different
NGS platforms and data analysis pipeline showed variable
performance [12,13,17,23], which lead us to the evaluation of
Ion PGM and Ion PGM Dx, which were candidates of NGS

platforms to our laboratory. Our data showed that Ion
PGM/OTG-snpcaller showed comparable results to Sanger
sequencing with one false negative results for an insertion/
deletion variant. However, Ion PGM Dx with the supplied
Torrent Suite software alone was not suitable for BRCA1 and
BRCA2 analysis in a diagnostic setting, due to false negative
and positive errors.
In total, 50 variants including 12 pathogenic variants/VUS
and 38 benign variants were found in 75 clinical samples and
the known pathogenic or VUS of the 14 reference Coriell
DNA samples were confirmed with Sanger sequencing and
NGS. Most of the variants were identified with Sanger
sequencing and Ion PGM/OTG-snpcaller except for one discordant result for a pathogenic variant. An indel variant in
BRCA1, c.922_924delinsT was identified as a single nucleotide variant (c.922A>T) with Ion PGM/OTG-snpcaller and
this variant was also not correctly called by Ion PGM Dx/
VOLUME 50 NUMBER 1 JANUARY 2018
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C

Ion PGM/
OTG-snpcaller

Ion PGM Dx/
Torrent Suite

Fig. 2. (Continued from the previous page) (C) A 1-bp deletion in BRCA2 (c.994delA) not called by Ion PGM Dx/Torrent Suite
present in a clinical sample.

Torrent Suite.
Several other discrepancies were present with Ion PGM
Dx/Torrent Suite, showing recurrent false positive and negative variant assignments. Three recurrent false positive variants in BRCA1, c.3107_3112delTTAAAG and c.3548_3549delAA, which corresponded to c.3113A>G and c.3548A>G
by Sanger sequencing were present in the variant call format
(VCF), however there were no insertions or deletions manually confirmed by IGV. We have speculated that these false
positive assignments occur when multiple possible variants
are listed for a chromosome position which includes a
hotspot variant inserted prior to analysis. Therefore, to minimize the discrepancies by Ion PGM Dx/Torrent Suite, we
have deleted the two recurrent hotspot variants from the
local database and those recurrently misidentified as a pathogenic variant were not reported in the VCF files. However,
the manual deletions of these hotspot variants would be not
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advisable in populations where these variants are reported.
Moreover, since incorrect hotspot IDs were matched to the
variants, we have developed a simple program with python
2.7, “Filter Dx” which selects homozygous or heterozygous
variants and eliminates the assigned hotspot variants when
there are multiple alternative alleles, where errors were
found to be prone. This program condenses the long list of
variants with possible germline variants (provided at
request).
False-negative results were present by Ion PGM Dx missing a 40-bp deletion in BRCA1 (c.1175_1214del40), a 4-bp
deletion in BRCA1 (c.4065_4068delTCAA) in reference DNA
samples and a 1-bp deletion in BRCA2 (c.994delA) (Fig. 2).
The 40-bp deletion have been reported as being difficult in
NGS for detection and not detected in certain platforms
requiring modification of data analysis pipelines [17,24,25].
Not many parameters were adjustable in the Ion PGM Dx/
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Torrent Suite platform in processing the data acquired from
the Ion PGM Dx, thus requiring further modification of the
variant calling pipelines in Torrent Suite as suggested in previous studies for its use in the clinical laboratory setting
[17,26].
As in a previous study, we have also found that Ion PGM
Dx/Torrent Suite reported a variant with AGTG deletion
from chr13:32912234 (c.3742_3745del), whereas a deletion of
TGAG from chr13:32912236, c.3744_3747delTGAG was
detected in Sanger sequencing [16] and the discrepancy in
codon numbers occurs since the HGVS nomenclature
requires that the most 3’ position possible of the reference
sequence is arbitrarily assigned to have been changed. Thus,
confirming the variants with IGV and checking the HGVS
nomenclature is essential for reporting variants.
Ion Torrent platforms is known to have disadvantages in
homopolymer errors, false indel detections [19,26]; however,
many studies have shown that Ion Torrent platforms can be
used in clinical settings when sufficient read depth can be
obtained and quality control measures are implemented
[8,12,13]. In our study, modifying the data analysis algorithm
with TMAP and GATK (OTG-snpcaller) with Ion PGM
reduced the calling errors and identified the variants not

called by Ion PGM Dx/Torrent Suite, showing the importance of optimizing data analysis pipeline for implementing
NGS [12,26].
The reference DNA samples allowed confirmation of pathogenic variants with the various methods, helping the evaluation of procedural evaluations as incorporated in many of
the validation studies with NGS [24,25,27].
Although approved as class II medical device, the use of
Ion PGM Dx with the vendor supplied Torrent Suite analysis
software showed both false-negative and -positive results not
suitable for use in a clinical laboratory. Further optimization
of the data analysis pipeline is necessary for use of Ion PGM
platforms to be used in a clinical laboratory.
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Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).
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Selection Criteria for Active Surveillance of Patients with
Prostate Cancer in Korea: A Multicenter Analysis of Pathology
after Radical Prostatectomy
Purpose
Korean patients with prostate cancer (PC) typically present with a more aggressive disease
than patients in Western populations. Consequently, it is unclear if the current criteria for
active surveillance (AS) can safely be applied to Korean patients. Therefore, this study was
conducted to define appropriate selection criteria for AS for patients with PC in Korea.
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Materials and Methods
We conducted a multicenter retrospective study of 2,126 patients with low risk PC who
actually underwent radical prostatectomy. The primary outcome was an unfavorable disease,
which was defined by non-organ confined disease or an upgrading of the Gleason score to
! 7 (4+3). Predictive variables of an unfavorable outcome were identified by multivariate
analysis using randomly selected training samples (n=1,623, 76.3%). We compared our
selected criteria to various Western criteria for the primary outcome and validated our criteria
using the remaining validation sample (n=503, 23.7%).
Results
A non-organ confined disease rate of 14.9% was identified, with an increase in Gleason
score ! 7 (4+3) of 8.7% and a final unfavorable disease status of 20.8%. The following criteria were selected: Gleason score " 6, clinical stage T1-T2a, prostate-specific antigen (PSA)
" 10 ng/mL, PSA density < 0.15 ng/mL/mL, number of positive cores " 2, and maximum
cancer involvement in any one core " 20%. These criteria provided the lowest unfavorable
disease rate (11.7%) when compared to Western criteria (13.3%-20.7%), and their validity
was confirmed using the validation sample (5.9%).

*A list author’s a!liations appears at the end
of the paper.

Conclusion
We developed AS criteria which are appropriate for Korean patients with PC. Prospective
studies using these criteria are now warranted.
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Introduction
Active surveillance (AS) is a treatment option, with curative intent, that is widely accepted in many cancer treatment
guidelines for patients with very low risk prostate cancer
(PC) [1,2]. Currently, there are insufficient long-term data
regarding the outcomes of patients with PC to reliably identify individuals who would be suitable for AS, as well as to
define standardized criteria for definitive treatment of
patients who are on AS. Indeed, only one study is currently
available, which consisted of a 15-year follow-up of AS in
patients with PC [3]. In their study, Klotz et al. [3] reported
an overall survival (OS) rate of 62% and a disease-specific
survival (DSS) of 94.3%, with 27% of patients undergoing
definitive treatment over the 15-year period. At the end of
the 15-year observation period, 55.0% of patients remained
untreated and on surveillance. Therefore, a significant proportion of patients initially placed on AS required definitive
treatment, and some of these did not receive treatment at the
appropriate time. Therefore, the major challenge of AS is to
differentiate patients with significant PC disease status from
those with an insignificant disease status.
The heterogeneous nature of PC is the principal factor
underlying our current inability to specifically identify those
patients in whom the disease is likely to progress [4]. Identification of standardized criteria for definitive treatment is
further complicated by ethnicity-specific differences in the
disease course of PC. As an example, in Asian populations,
including Koreans, patients with PC tend to have a higher
Gleason score and advanced stage than their Western counterparts [5-7]. Thus, the current AS selection criteria, which
are based on Western studies, should cautiously be applied
to Asian populations [8,9], which limits the widespread use
of AS in Asia. Therefore, the development of more stringent
AS protocols for Asian patients based on well-designed,
large clinical studies, is urgently needed [10]. Accordingly,
this multicenter retrospective study was conducted to identify potentially appropriate selection criteria for AS in Korean
patients with PC. A secondary goal was to compare the
validity of our new criteria to various Western criteria for our
study population.

005-683) and each participating institution.
2. Study design and patient eligibility
We conducted a multicenter, retrospective study among
Korean patients with PC who would now be potential candidates for AS, but actually underwent radical prostatectomy
between 2000 and 2012. Eight institutions were included in
the study, Seoul National University Hospital, Seoul
National University Bundang Hospital, Samsung Medical
Center, Asan Medical Center, Pusan National University
Hospital, Chonnam National University Hwasun Hospital,
Kyungpook National University Hospital, and Inje University Haeundae Paik Hospital. As these were low-risk
patients, only pelvic lymph node dissection was performed
for selected cases (about 20%). We evaluated pathological
outcomes and biochemical recurrence (BCR)–free survival.
Inclusion criteria for patient selection were as follows: histologically proven adenocarcinoma of the prostate, diagnosed
using contemporary transrectal ultrasound-guided prostate
biopsy (" 10 cores), with a clinical staging of T1c-T2a; prebiopsy prostate-specific antigen (PSA) ! 10 ng/mL; and a
biopsy Gleason score ! 6. The exclusion criteria were as follows: prior radiation therapy; androgen deprivation therapy
or any other treatment for PC, such as high-intensity focused
ultrasound; previous prostate surgery, including transurethral resection of the prostate; or missing data pertaining to
essential variables.
3. Outcomes
The following key pathological features were evaluated
from the radical prostatectomy pathology report: non-organ
confined disease, any upgrading of the Gleason score, a specific increase in the Gleason score " 7 (4+3), an unfavorable
disease outcome, and insignificant cancer. The primary outcome for analysis was an unfavorable disease status, defined
as non-organ confined disease or an upgrading of the Gleason score " 7 (4+3). Insignificant cancer was defined as follows according to the Stamey criteria: organ-confined disease;
a Gleason score ! 6; and a tumor volume < 0.5 mL [11]. BCRfree survival, DSS and OS were also evaluated.
4. Statistics

Materials and Methods
1. Ethic statement
This study was approved by the Institutional Review
Board (IRB) of Seoul National University Hospital (H-1507-
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Patients were randomly assigned to two groups, with
about 75% of patients allocated to the ‘training sample’ used
to identify the best selection criteria, and the remaining 25%
assigned to the ‘validation sample’ used to externally validate the selection criteria. Random allocation was performed
using SPSS ver. 21.0 (IBM Corp., Armonk, NY) as previously
described [12]. Finally, 1,623 (76.3%) were included to the
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Table 1. Basic characteristics of the patients (n=2,126)
Characteristic
Age (yr)
Prostate size (mL)
PSA (ng/mL)
PSA density (ng/mL/mL)
Clinical T stage
T1c
T2a
No. of positive biopsy cores
1
2
>2
Maximum involvement of core (%)
Operation methods
Open
Laparoscopic
Robotic
Pathologic T stage
T0
T2a-b
T2c
T3a
T3b
T4
Lymph node involvement
Pathologic Gleason score
!6
7 (3+4)
7 (4+3)
8
9
Positive surgical margin
Follow-up duration (mo)
Median
Mean±SD

Training sample (n=1,623)

Validation sample (n=503)

64.7±6.9 (37-86)
39.0±17.4 (7.8-141.0)
5.4±2.0 (0.1-10.0)
0.16±0.09 (0-0.60)

65.0±7.2 (39-81)
39.0±17.8 (12.0-162.0)
5.3±1.9 (0.7-9.9)
0.15±0.08 (0.02-0.51)

1,007 (62.0)
616 (38.0)

334 (66.4)
169 (33.6)

750 (46.2)
350 (21.6)
523 (32.2)
25.5±21.0 (0.3-100)

227 (45.1)
126 (25.0)
150 (29.8)
25.1±20.5 (0.5-100)

767 (47.3)
178 (11.0)
678 (41.8)

238 (47.3)
65 (12.9)
200 (39.8)

8 (0.5)
371 (22.9)
1,008 (62.1)
214 (13.2)
19 (1.2)
3 (0.2)
4 (0.2)

4 (0.8)
104 (20.7)
315 (62.6)
74 (14.7)
6 (1.2)
0(
1 (0.2)

810 (49.9)
666 (41.0)
115 (7.1)
20 (1.2)
12 (0.7)
281 (17.3)

253 (50.3)
211 (41.9)
31 (6.2)
4 (0.8)
4 (0.8)
75 (14.9)

53 (
55.2±28.0

51 (
54.1±27.2

Values are presented as mean±SD (range) or number (%). PSA, prostate specific antigen; SD, standard deviation.

training sample and 503 (23.7%) in the validation sample.
Using the training sample, the association between preoperative clinicopathological factors from various AS criteria
[3,13-17] with primary and major secondary outcomes was
evaluated. The following factors were evaluated: age; clinical
stage (T1c, T2a); prostate size; PSA; PSA density, measured
both as a continuous variable and categorical variable (< 0.15,
0.15-0.2, and > 0.2 ng/mL/mL); number of positive cores (1,
2, and " 3); percent positive cores, defined as the number of
positive cores/number of total cores; the maximum cancer
involvement rate in any core, measured both as a continuous

and categorical variable (! 20%, > 20% and ! 50%, and > 50%).
Univariate logistic regression analyses were conducted to
assess the association of each factor with an unfavorable disease outcome.
Subsequently, multivariate analysis with backward elimination using a probability for removal of 0.1 was performed.
This analysis included all variables found to be significant
by univariate analyses as a starting point. If both continuous
and categorical forms of the same variable were significant
upon univariate analysis, we selected a categorical form for
better interpretation on multivariate analysis. The purpose
VOLUME 50 NUMBER 1 JANUARY 2018
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Results
1. Patients’ characteristics
Across the eight participating institutions, 2,433 patients met
our inclusion criteria during the defined study period. After
screening for exclusion criteria, the data of 2,126 patients were
retained for the final analysis. Basic characteristics of our study
cohort are summarized in Table 1. Overall, non-organ confined disease was identified in 14.9% (316/2,126) of cases, with
a general upgrading of the Gleason score in 50.0% (1,063/
2,126) of cases and an upgrading to a score " 7 (4+3) in 8.7%
(186/2,126) of cases. A final unfavorable disease status was
defined in 20.8% (442/2,126) of cases. At the median followup period of 52 months, the 5- and 10-year BCR-free survival
rate was 92.3% and 78.3%, respectively (Fig. 1). The 10-year
DSS and OS were 97.7% and 95.8%, respectively.
2. Factors associated with unfavorable disease outcome and
BCR-free survival
The results of logistic regression analyses are reported in
Table 2. With the exception of clinical stage, all variables eval-
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1.0
Biochemical recurrence-free survival

of the multivariate analysis was to identify significant factors
that would be used as selection criteria. For the analysis, we
employed backward elimination, which can find the best fitted, reduced model. To rule out the effects of heterogeneity
of the institutions, we conducted sensitivity analysis. We
compared two multivariate logistic regression models, an
original one and another model including institutions as the
variables.
Univariate and multivariate Cox proportional regression
analyses were performed to assess BCR-free survival using
the same method. We also used a spline curve fitting method
to visualize the odds ratio (OR) and hazard ratio (HR)
according to significant continuous variables and to identify
sensitive cut-off values for each retained significant factor.
The results of these analyses were then used to develop new
AS selection criteria for Korean patients with PC. Finally, we
compared the validity of our selection criteria against various
Western criteria [3,13-17] in our study population in terms
of key pathological features and BCR-free survival. We subsequently validated our criteria using the validation sample.
For statistical comparisons, a p-value of < 0.05 was considered significant. Statistical analyses were performed using SPSS
ver. 21.0, with curve fitting performed using R for Windows
ver. 3.1.1 (R Foundation for Statistical Computing, Vienna,
Austria).

5 Years: 92.3%

0.8

10 Years: 78.3%

0.6
0.4
0.2
0

0

12 24 36 48 60 72 84 96 108 120 132
Duration after surgery (mo)

Fig. 1. Biochemical recurrence-free survival curve.

uated by univariate logistic regression analysis were significantly associated with an unfavorable disease outcome.
Among these, age, PSA density (as a categorical variable),
number of positive biopsy cores and the maximum cancer
involvement rate in any core (as a categorical variable) were
retained as significant factors upon multivariate analysis. In
the sensitivity analysis, the final multivariate logistic regression model was not significantly affected by the effects of the
institutions (S1 Table).
Cox proportional regression analyzes are presented in Table 3.
BCR-free survival was inversely associated with clinical stage,
a PSA density > 0.2 ng/mL/mL and the maximum cancer
involvement rate in any core (as categorical variable) upon
multivariable analysis. The curve fitting analysis is presented
in Fig. 2. A PSA density " 0.15 ng/mL/mL was associated
with a higher risk of unfavorable disease (OR > 1) and a higher
risk of BCR (HR > 1). From this curve, we identified 1 or 2 positive biopsy cores and a maximum cancer involvement in any
core ! 20% as cut-off criteria.
3. Suggestion of an appropriate AS selection criteria for
Korean patients with PC, with comparison to Western AS
criteria
Based on the aforementioned results, we identified the following criteria for appropriate AS in Korean patients with PC:
a biopsy Gleason score ! 6; a clinical stage T1-T2a; a PSA ! 10
ng/mL and a PSA density < 0.15 ng/mL/mL; a number of
positive cores ! 2; and a maximum cancer involvement rate
within any core ! 20%. Comparison of these criteria to established Western criteria is summarized in Table 4. Using our
newly defined criteria, we could select more patients for AS

Chang Wook Jeong, Active Surveillance Criteria for Prostate Cancer

Table 2. Logistic regression analyses for unfavorable disease
Univariate
OR (95% CI)
Age (yr)
cT stage, T2a vs. T1c
Prostate size (mL)
PSA (ng/mL)
PSAD (cont.)
PSAD (ng/mL/mL)
< 0.15
0.15-0.2
> 0.2
Positive biopsy cores
1
2
"3
Positive cores (%)
Maximum cancer involvement
rate in any core (cont.)
Maximum cancer involvement
rate in any core (%)
! 20
> 20 and ! 50
> 50

1.03 (1.01-1.04)
1.26 (0.983-1.60)
0.98 (0.97-0.99)
1.09 (1.03-1.16)
46.83 (12.63-173.72)
Reference
1.37 (0.99-1.89)
2.09 (1.59-2.75)
Reference
1.33 (0.96-1.84)
2.07 (1.58-2.73)
1.02 (1.01-1.03)
1.02 (1.01-1.03)

Multivariate
p-value

OR (95% CI)

p-value

0.008
0.068
< 0.001
0.006
< 0.001
< 0.001

1.03 (1.01-1.05)
-

< 0.001
< 0.001

0.055
< 0.001
< 0.001
0.091
< 0.001
< 0.001
< 0.001

Reference
1.21 (0.86-1.72)
1.85 (1.37-2.51)
Reference
1.24 (0.87-1.76)
1.62 (1.17-2.25)
-

< 0.001
Reference
1.75 (1.32-2.31)
3.32 (2.31-4.77)

< 0.001
< 0.001

0.274
< 0.001
0.008
0.232
0.004
< 0.001

Reference
1.42 (1.04-1.92)
2.35 (1.57-3.50)

0.025
< 0.001

OR, odds ratio; CI, confidence interval; cT stage, clinical T stage; PSA, prostate specific antigen; PSAD, PSA density.

(n=402) than when using the Johns Hopkins University criteria
(n=381), which is considered to be the most stringent criteria
for AS selection among training samples (Table 5). Our criteria
also provided a lower unfavorable disease rate (11.7%) and
higher insignificant cancer rate (12.0%) in our training sample
than the Western criteria. The 10-year BCR-free survival was
also the highest (91.7%) among all eligibility criteria. Furthermore, the unfavorable disease rate was only 5.9%, with a
10-year BCR-free survival of 96.7% in our validation sample,
which confirmed our original results.

Discussion
PC has been shown to be more aggressive in Asian populations than in Western populations due to ethnicity-specific
factors and overall lower access to PSA screening [18]. Specifically for radical prostatectomy cases, even after adjusting
for other factors, the Gleason score for Korean men is consistently higher and the disease status is more advanced than

in African-American men, who are already at a significantly
higher risk than Caucasian men for aggressive PC [19]. Moreover, the Gleason score has been reported to be higher for
Asian-American patients than for Caucasian men, despite
equal access to healthcare [20]. These epidemiological data
clearly demonstrate the need for AS criteria specific to Asian
populations. A study using the Johns Hopkins University criteria to evaluate a study group of patients who had undergone radical prostatectomy, revealed an upgrading of the
Gleason score in 17.1% (322/1,892) of their cases, with an
unfavorable disease outcome, defined as a non-organ confined disease or any upgrading of the Gleason score, in 22.3%
(419/1,892) of their cases [21]. When applying this criteria
and definition to our entire cohort, our rate of any
upgrading of the Gleason score was 40.5% (210/518), with
an unfavorable disease rate occurring in 43.1% (233/518) of
cases. A recently published multicenter study in Japan
reported a pathological outcome similar to ours [22], with a
rate of upgrading of the Gleason score of 52.8% (150/284),
and 14.1% (40/284) for upgrading to " 7 (4+3). This study
used the same definition of unfavorable disease outcome as
our study, reporting an unfavorable disease rate of 21.1%
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Table 3. Cox proportional regression analyses for biochemical recurrence-free survival
Univariate
Age (yr)
cT stage, T2a vs. T1c
Prostate size (mL)
PSA (ng/mL)
PSAD (cont.)
PSAD (ng/mL/mL)
< 0.15
0.15-0.2
> 0.2
Positive biopsy cores
1
2
"3
Positive cores (%)
Maximum cancer involvement
rate in any core (concentration)
Maximum cancer involvement
rate in any core (%)
! 20
> 20 and ! 50
> 50

Multivariate

HR (95% CI)

p-value

HR (95% CI)

p-value

1.00 (0.97-1.03)
1.55 (1.08-2.23)
1.00 (0.99-1.01)
1.15 (1.05-1.25)
24.81 (3.96-155.49)

0.968
0.019
0.729
0.003
< 0.001
0.003

1.62 (1.09-2.40)
-

0.017
0.067

Reference
1.13 (0.68-1.88)
1.96 (1.32-2.91)
Reference
1.39 (0.86-2.24)
1.75 (1.16-2.65)
1.01 (1.00-1.02)
1.02 (1.01-1.02)

0.643
< 0.001
0.008
0.184
0.008
0.037
< 0.001

Reference
1.05 (0.61-1.81)
1.64 (1.06-2.53)
-

0.004
Reference
1.78 (1.17-2.73)
2.22 (1.29-3.83)

0.008
0.004

0.856
0.027
0.039

Reference
1.64 (1.06-2.52)
1.80 (1.02-3.16)

0.025
0.041

HR, hazard ratio; CI, confidence interval; cT stage, clinical T stage; PSA, prostate specific antigen; PSAD, PSA density.

(60/284). In the present study, we reported rates of up-grading of the Gleason score of 50.0%, upgrading to " 7 (4+3) of
8.7%, and an unfavorable disease rate of 20.8% for our entire
cohort, which were similar to previously reported trends in
Asian populations. These results underline the caution that
needs to be exerted when adopting a Western AS protocol
for Asian populations.
A similar limitation of the usefulness of Western AS protocols for Asian patients with AS was demonstrated in the
International Prostate Cancer Research: Active Surveillance
(PRIAS) project, which aimed to prospectively evaluate AS
with data from 18 countries, including Japan [23]. Notably,
there was a high reclassification rate at the time of the first
biopsy in the PRIAS-Japan protocol [24] of 33.8% compared
to 24% for the global cohort [23,24]. Based on these outcomes,
the PRIAS-Japan research group agreed that a long-term follow-up is needed to determine if the PRIAS protocol could
safely be used in Asian patients with PC. According to the
data from Japan, a positive core rate was a strong predictor
of reclassification [24]. Indeed, the reclassification rate was
significantly lowered to 20.1% by using one positive core as
a strict selection criterion. However, using these criteria,
about 25% of patients who would benefit from AS would
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lose this opportunity.
From this perspective, we would like to emphasize that
our new selection criteria for AS is not the strictest criteria,
but we do consider it to be the most appropriate for Asian
populations. Applying our criteria, we would select more
patients for AS than would be selected using the Johns Hopkins University AS criteria (402 vs. 381, respectively), with
these criteria being the most stringent [16]. Moreover, our
selection criteria provided a lower rate of unfavorable disease outcome than was obtained using the John Hopkins criteria (11.7% vs. 13.4%, respectively), and a higher BCR-free
survival rate (91.74% vs. 74.5%, respectively). Therefore,
based on our criteria, we could offer AS to a greater proportion of patients with PC, without compromising the identification of patients who would benefit from definitive
treatment.
Previous studies have evaluated AS selection criteria for
Korean men, with some evidence of their usefulness
[9,25,26]. However, these were single center studies that
included a small number of patients or studies that only evaluated the applicability of Western AS criteria to Korean men.
One Japanese prospective AS study attempted to develop
their own AS protocol [27]. However, their selection of crite-
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Fig. 2. Curve fitting analysis for the odds ratio for an unfavorable disease outcome (A-C) or the hazard ratio for biochemical
recurrence-free survival (D-F). PSAD, prostate specific antigen density; PPC, percent positive cores; MPC, maximum cancer
percentage in any core.

Table 4. Summary of our new criteria and various Western criteria for active surveillance
Protocol
JHU (15)
PRIAS (13)
Univ. Miami (14)
UCSF (12)
MSKCC (16)
Univ. Toronto (3)
Present study

Biopsy
Gleason
score

cStage

PSA (ng/mL)

!6
!6
!6
!6
!6
!6
!6

T1c
T1c-T2
T1-T2
T1-T2
T1-T2a
T1-T2a
T1-T2a

! 10
! 15
! 10
! 10
! 10
! 10

No. of
PSAD (ng/mL/mL) positive
cores
< 0.15
< 0.2
< 0.15

!2
!2
!2
< 33%
!3
!2

Maximum cancer
involvement
rate in any core
! 50
! 20
! 50
! 50
! 20

cStage, clinical stage; PSA, prostate specific antigen; PSAD, PSA density; JHU, Johns Hopkins University; PRIAS, Prostate
Cancer Research International: Active Surveillance; Univ. Miami, University of Miami; UCSF, University of California at San
Francisco; MSKCC, Memorial Sloan-Kettering Cancer Center; Univ. Toronto, University of Toronto.
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Table 5. Key pathological outcome and biochemical recurrence survival by various active surveillance eligibility criteria
No (%)
Protocol
JHU (15)
PRIAS (13)
Univ. Miami (14)
UCSF (12)
MSKCC (16)
Univ. Toronto (3)
Our new criteria
(training sample)
Our new criteria
(validation sample)

Patient
381 (23.5)
858 (52.9)
707 (43.6)
1,127 (69.4)
1,113 (68.6)
1,623 (100)
402 (24.8)
135 (26.8)

Upgrading Unfavorable Insignificant
! p (4+3)
disease
cancer

NOCD

Upgrading

25 (6.6)
82 (9.6)
49 (6.9)
120 (10.6)
119 (10.7)
228 (14.0)
26 (6.5)

151 (39.6)
363 (42.3)
300 (42.4)
531 (47.1)
523 (47.0)
813 (50.1)
140 (34.8)

26 (6.8)
69 (8.0)
55 (7.8)
95 (8.4)
95 (8.5)
147 (9.1)
27 (6.7)

5 (3.7)

50 (37.0)

3 (2.2)

5-Year

10-Year

BCRFS
(%)

BCRFS
(%)

51 (13.4)
136 (15.9)
94 (13.3)
197 (17.5)
196 (17.6)
336 (20.7)
47 (11.7)

33 (8.7)
74 (8.7)
64 (9.2)
78 (7.0)
78 (7.1)
95 (6.0)
40 (10.1)

97.2
94.2
94.5
93.3
93.7
91.9
94.6

74.5
83.0
90.6
81.0
79.6
79.9
91.7

8 (5.9)

16 (12.0)

98.3

96.7

NOCD, non-organ confined disease; BCRFS, biochemical recurrence-free survival, Johns Hopkins University; JHU, Johns
Hopkins University; PRIAS, Prostate Cancer Research International: Active Surveillance; Univ. Miami, University of Miami;
UCSF, University of California at San Francisco; MSKCC, Memorial Sloan-Kettering Cancer Center; Univ. Toronto, University
of Toronto.

ria was not based on concrete evidence, and were instead
defined from existing criteria. In contrast, we defined our AS
selection criteria based on research evidence and clinical
rationale derived from a large scale, multicenter dataset.
Application of our findings is limited by the retrospective
study design. Additionally, lack of central pathological
review as well as the 2005 revision of the Gleason grading
system, which likely influenced our results, are another limitation [28]. However, the pathologists in the participating
centers were well experienced uropathologists; therefore, we
believe that inter-rater variability would not be sufficient to
alter our results. The heterogeneity of practice pattern for
these patients across the eight included institutions could be
another potential limitation. However, dedicated uro-oncologists managed these patients following standard practices
in each institution; thus, this minor heterogeneity may enable
generalization of the study in real practice scenario. We also
confirmed minimal effects of institutions by sensitivity analysis. Recent studies have focused on the use of multi-parametric magnetic resonance imaging and the identification of new
biomarkers to seek more appropriate AS selection criteria
[29,30]. As these emerging criteria have yet to be standardized, we could not incorporate this information into our
analysis. Despite these limitations, our study offers several
strengths, with the participation of centers with the highest
volume of assessment and treatment of PC in Korea being a
definite advantage that favors the general interpretation and
clinical application of our criteria. Furthermore, as our new
AS criteria uses only general clinicopathological factors, it is
readily applicable to clinical practice.
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In conclusion, Korean men with PC who are eligible for AS
according to Western criteria are at a higher risk for upgrading of the Gleason disease score, unfavorable disease outcomes and long-term BCR than Western patients with PC.
Our new selection criteria could help improve AS protocols
in Korean men, and possibly other Asian populations. These
criteria are: a clinical T1c-2a stage; a biopsy Gleason score
! 6; a pre-biopsy PSA ! 10 ng/mL and PSA density < 0.15
ng/mL/mL; number of positive cores ! 2 among 10 or more
total biopsy cores; and a maximum cancer involvement rate
in any core ! 20%. With these new selection criteria, we identified more potential candidates for AS than when using the
Johns Hopkins University AS criteria, while maintaining a
lower rate of unfavorable disease and higher BCR-free survival then when using the John Hopkins criteria.
Prospective studies using these criteria are now warranted
in Korea. However, further studies are still needed to determine the optimal follow-up protocol and better criteria for
initiation of active treatment during surveillance. Additionally, the contribution of multi-parametric prostate magnetic
resonance imaging to refining the criteria will need to be
evaluated and considered.
Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (http://www.e-crt.org).
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No Association of Positive Superficial and/or Deep Margins with
Local Recurrence in Invasive Breast Cancer Treated with
Breast-Conserving Surgery
Purpose
We evaluated the effect of positive superficial and/or deep margin status on local recurrence
(LR) in invasive breast cancer treated with breast-conserving surgery (BCS) followed by
radiotherapy.
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Materials and Methods
In total, 3,403 stage 1 and 2 invasive breast cancer patients treated with BCS followed by
radiotherapy from January 2000 to December 2008 were included in this study. These
patients were divided into three groups according to margin status: clear resection margin
status for all sections (group 1, n=3,195); positive margin status in superficial and/or deep
sections (group 2, n=121); and positive peripheral parenchymal margin regardless of superficial and/or deep margin involvement (group 3, n=87). The LR-free survival between these
three groups was compared and the prognostic role of margin status was analyzed.
Results
Across all groups, age, tumor size, nodal status, and human epidermal growth factor receptor 2 status did not significantly differ. High grade, positive extensive intraductal component,
hormone receptor positivity, hormone therapy received, and chemotherapy not received
were more prevalent in groups 2 and 3 than in group 1. Five-year LR rates in groups 1, 2,
and 3 were 1.9%, 1.7%, and 7.7%, respectively. Multivariate analysis revealed that group
3 was a significant predictor for LR (hazard ratio [HR], 4.78; p < 0.001), but that positive
superficial and/or deep margin was not (HR, 0.66; p=0.57).
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Conclusion
Superficial and/or deep margin involvement following BCS is not an important predictor for
LR.
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Introduction
Breast conserving surgery (BCS) followed by whole breast
radiotherapy (RT) is a well-established local treatment option
for early-stage breast cancer [1-3]. Of the many factors associated with a high risk of local recurrence (LR) after BCS,
involved margin is the most important [4-6]. Most surgical
oncologists agree that there is no further benefit from margins beyond “no ink on invasive tumor or ductal carcinoma
in situ,” which was supported by the 2015 St. Gallen International Expert Consensus on the primary therapy of early
breast cancer [7].
From the perspective of surgical oncologists, BCS should
aim not only to resect enough normal surrounding structures
along with the tumor to secure oncological safety, but also
to minimize unnecessary excessive resection in order to
attain good cosmetic results. As the unnecessary excision of
a skin segment can alter the position of the nipple or the
inframammary crease, appropriate skin incisions rather than
excisions are the currently suggested routine procedures of
BCS [8,9]. In addition, more remaining post-BCS retromammary fat tissue on the pectoral fascia enable better cosmetic
outcomes. However, due to concerns regarding the possible
unfavorable prognostic effects of superficial and/or deep
margin involvement, some surgeons still attempt to remove
the skin, subcutaneous fat, retromammary fat, and even the
pectoral fascia for clear margin status. If proven oncologically safe, making appropriate skin incisions as opposed to
excision and leaving as much subcutaneous or retromammary fat as possible could be crucial for satisfactory cosmesis. McIntosh et al. [9] suggested that the involvement of
anatomically non-breast parenchymal margins, i.e., superficial and deep margins, may have a smaller effect on LR than
breast peripheral parenchymal margins. However, it is not
possible to address this issue using a randomized study
design; thus, a lack of evidence and conflicting personal
opinions have confused surgeons about the effect of positive
superficial and/or deep margins on LR.
In this large cohort study, we aimed to evaluate the effect
of positive superficial and/or deep margins on local failure
in breast cancer patients treated with BCS followed by RT.

Materials and Methods
Our study protocol was approved by the Institutional
Review Board of Asan Medical Center, Seoul, Korea (IRB No.
2016-0229). The clinicopathological and survival data were
obtained from the Asan Medical Center–Breast Cancer Cen-
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ter (AMC-BCC) database. The AMC-BCC is a web-based
database system that is prospectively maintained by surgical
oncologists and includes information on all consecutive
patients who have undergone breast cancer surgeries at Asan
Medical Center since 1989 and now contains more than
25,000 entries. The following patient and tumor characteristics were available: age at diagnosis, tumor size, lymph node
status, histologic grade, presence of extensive intraductal
component (EIC), hormone receptor status, human epidermal growth factor receptor 2 (HER2) status, and presence of
hormone therapy or chemotherapy. The inclusion criteria for
this study were as follows: (1) BCS for stage 1 or 2 invasive
breast cancer from January 2000 to December 2008 and (2)
subsequent planned adjuvant radiotherapy. Patients who
received neoadjuvant chemotherapy were excluded.
At the time of BCS, a surgeon oriented a specimen by placing a stitch at the 12 and 3 o’clock reference positions. The
specimen was then measured and inked in several colors corresponding to the six margins of interest: four peripheral
parenchymal margins (medial, lateral, superior, and inferior)
and two non-breast parenchymal margins (superficial and
deep). If necessary, frozen biopsies were created during the
operation. If any peripheral parenchymal margins such as
the medial, lateral, superior, or inferior margin showed
tumor involvement, the involved margin was further re-excised at the surgeon’s discretion. For patients undergoing
re-excision due to positive margins, we analyzed the margins
from the re-excised specimen. Any patients who had undergone a mastectomy due to margin involvement, were
excluded from the analysis.
A negative margin was defined as no ink on the tumor. A
positive margin was defined as any invasive or in situ carcinoma on the inked margins of removed tissue. The study
participants were divided into three groups according to
their final margin status: group 1 (negative margin group),
which included patients with a clear resection margin on all
sections after BCS; group 2 (positive superficial and/or deep
margin group), which included patients who had positive
margins with only superficial and/or deep edges of the
resected specimen; and group 3 (positive peripheral
parenchymal margin group), which included patients with
positive margins with parenchymal (medial, lateral, superior, and inferior) margins with or without superficial
and/or deep resection margin involvement (Fig. 1).
All patients underwent whole-breast RT with tangential
opposing fields. The median whole breast dose was 50.4 Gy
in 28 daily fractions. The boost dose to the surgical cavity was
determined according to the margin status. Group 1 patients
received a boost RT of 10 Gy in 4-5 daily fractions. Patients
with a positive margin as ductal carcinoma in situ or invasive
carcinoma received 12.5 or 15 Gy in five or six daily fractions
(groups 2 and 3). There was no difference in RT technique

Tae In Yoon, Superficial and/or Deep Margin Involvement on LR

Consecutive patients with histologically confirmed
breast cancer from Jan 2000 to Dec 2008 (n=9,375)

Definitive surgery?

Total mastectomy (n=5,082)

Breast-conserving surgery (n=4,293)
Excluded
No planned adjuvant radiotherapy (n=197)
Stage 0, III, IV (n=669)
Neoadjuvant chemotherapy (n=24)

Enrolled patients (n=3,403)

Resection margin?

Group 1
Negative margin group
(n=3,195, 93.9%)

Group 2
Positive superficial and/or
deep margin group (n=121, 3.6%)

Group 3
Positive peripheral parenchymal
margin group (n=87, 2.6%)

Fig. 1. Overview of the study population comprised of primary breast cancer patients.

and dose between the groups 2 and 3.
LR-free survival was defined as the time from surgery to
the first appearance of recurrence in the ipsilateral breast,
including the skin or chest wall. Breast cancer-specific survival (BCSS) was defined as the time from surgery to death
from breast cancer. Clinicopathological characteristics were
compared between the three groups using the chi-square test
and ANOVA. Survival curves were generated using the
Kaplan-Meier method, and the significance of survival differences was verified using the log-rank test. The Cox proportional-hazards model was used to evaluate the independent prognostic effect of the surgical resection margin
status on LR. Adjusted variables included patient age at
diagnosis, tumor size, lymph node status, histologic grade,
EIC presentation, hormone receptor status, adjuvant chemotherapy, and surgical resection margin status. Unless stated
otherwise, the data are presented as mean±standard deviation, and the cutoff for statistical significance was set at
p < 0.05. All statistical analyses were performed using SPSS
ver. 21.0 (IBM Corp., Armonk, NY).

Results
1. Clinicopathological characteristics
A total of 3,427 patients diagnosed with stage 1 and 2 invasive breast cancer were treated with BCS followed by RT at
our hospital during the study period. Of these patients, 24 who
received neoadjuvant chemotherapy were excluded from the
study cohort. The final analysis included 3,403 patients. Of the
3,403 patients, 3,195 (93.9%) had negative margins (group 1),
121 (3.6%) had positive superficial and/or deep margins
(group 2), and the remaining 87 (2.6%) had positive conventional peripheral parenchymal margins (group 3) (Fig. 1). The
three study groups did not significantly differ from one
another with respect to age, tumor size, nodal status, or HER2
status. Groups 2 and 3 had greater proportions of patients with
higher histologic grade, positive EIC, positive hormone receptor status, hormone therapy, and without chemotherapy compared to group 1. The details of the patient characteristics are
summarized in Table 1.
2. Prognostic value of the surgical resection margin status
In the Cox proportional hazards model, statistically significant predictors for LR were younger age (< 40 years vs. " 40
VOLUME 50 NUMBER 1 JANUARY 2018
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Table 1. Baseline characteristics of the study patients
Characteristic
Age at diagnosis (yr)
Follow-up period (mo)
Median
Mean±SD
Tumor size (cm)
!2
>2
Node metastasis
Negative
Positive
Histologic grade
1/2
3
Unknown
EIC present
No
Yes
Unknown
Hormone receptor status
Negative
Positive
Unknown
HER2 status
Negative
Positive
Unknown
Hormone therapy
No
Yes
Unknown
Chemotherapy
No
Yes
Unknown

Negative
margin (group 1)
(n=3,195)

Positive superficial
and/or deep margin
(group 2) (n=121)

Positive peripheral
parenchymal margin
(group 3) (n=87)

p-value

47 (19-78)

45 (29-71)

45 (30-73)

0.47

88 (
92.6±26.6

81 (
91.0±25.7

88 (
91.7±23.7

0.86

2,356 (73.7)
839 (26.3)

89 (73.6)
32 (26.4)

70 (80.5)
17 (19.5)

0.37

2,419 (75.7)
776 (24.3)

88 (72.7)
33 (27.3)

71 (81.6)
16 (18.4)

0.68

1,959 (66.1)
1,003 (33.9)
5(

84 (74.3)
29 (25.7)
0(

63 (77.8)
18 (22.2)
0(

0.02

2,481 (81.3)
571 (18.7)
143 (

86 (71.7)
34 (28.3)
1(

46 (55.4)
37 (44.6)
4(

< 0.001

993 (31.3)
2,180 (68.7)
21 (

21 (17.4)
100 (82.6)
0(

16 (18.4)
71 (81.6)
0(

< 0.001

2,244 (80.4)
546 (19.6)
371 (

86 (78.9)
23 (21.1)
12 (

59 (80.8)
14 (19.2)
14 (

0.89

880 (27.8)
2,285 (72.2)
30 (

20 (16.5)
101 (83.5)
0(

15 (18.6)
67 (81.4)
1(

0.005

1,277 (40.0)
1,918 (60.0)
1(

61 (50.4)
60 (49.6)
0(

46 (52.9)
41 (47.1)
0(

0.005

Values are presented as median (range) or number (%) unless otherwise indicated. SD, standard deviation; EIC, extensive
intraductal component; HER2, human epidermal growth factor receptor 2.

years) (hazard ratio [HR], 2.59; 95% confidence interval [CI],
1.64 to 4.10; p < 0.001), negative hormone receptor (HR, 2.90;
95% CI, 1.65 to 5.12; p < 0.001), and peripheral parenchymal
margin involvement (group 3) (HR, 4.78; 95% CI, 2.27 to 10.09;
p < 0.001). Positive superficial and/or deep margin involvement (group 2) were not significant predictors for LR (HR,
0.66; 95% CI, 0.16 to 2.72; p=0.566) (Table 2, S1 Table). Overall,
there was a 2.9% rate of LR (99/3,403) with a median follow
up of 88 months (range, 1 to 188 months): 2.8% (89/3,195) in
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the negative margin group (group 1), 1.7% (2/121) in the positive superficial and/or deep margin group (group 2), and
9.2% (8/87) in the positive peripheral parenchymal margin
group (group 3). There were no skin or chest wall recurrences,
and only two patients showed ipsilateral breast tumor recurrence in group 2 (Table 3). The 5-year LR-free survival of these
groups were 1.9%, 1.7%, and 7.4%, respectively, with significantly poorer LR-free survival in group 3 (p=0.001 for groups
1 vs. 3, and p=0.010 for groups 2 vs. 3). No difference in

Tae In Yoon, Superficial and/or Deep Margin Involvement on LR

Table 2. Multivariate analysis of the predictive factors for local recurrence
Variable
Age at diagnosis (yr)
" 40
< 40
Tumor size (cm)
!2
>2
Node metastasis
No
Yes
Histologic grade
1/2
3
EIC present
No
Yes
Hormone receptor status
Positive
Negative
Adjuvant chemotherapy
No
Yes
Resection margin involvement
Group 1
Group 2
Group 3

HR (95% CI)

p-value
< 0.001

1(
2.59 (1.64-4.10)
0.022
1(
1.78 (1.09-2.92)
0.613
1(
0.86 (0.48-1.54)
0.880
1(
0.96 (0.57-1.63)
0.410
1(
1.26 (0.73-2.17)
< 0.001
1(
2.90 (1.65-5.12)
0.139
1(
0.62 (0.33-1.17)
< 0.001
1(
0.66 (0.16-2.72)
4.78 (2.27-10.09)

0.566
< 0.001

HR, hazard ratio; CI, confidence interval; EIC, extensive intraductal component.

LR-free survival was observed between group 1 and group 2
(p=0.401). The 5-year BCSS of groups 1, 2, and 3 was 97.5%,
99.2%, and 98.8%, respectively, with no statistically significant
differences between these groups (p=0.107) (Fig. 2).

Discussion
Our present study finding have indicated that the prognostic impact of positive superficial and/or deep margins on
local failure is not significant in stage 1 and 2 breast cancer
treated with BCS followed by RT. This result has valuable
clinical implications in that the routine removal of structures
above and below a targeted tumor during BCS may cause
unsatisfactory cosmetic results, particularly in Asian women
with small breasts. In addition, if oncologically safe, surgical
strategies with less extensive or destructive resection could
improve the postoperative quality of life and lower the

prevalence of unnecessary oncoplastic procedures to restore
an inadequately conserved breast.
LR rates have generally been reported at 8%-21% following
BCS [10-14]. In the present study, the 5-year LR rate in the
positive superficial and/or deep margin group was similar
to that in the negative margin group (1.7% vs. 1.9%) and significantly lower than that in the positive peripheral parenchymal margin group (1.7% vs. 7.4%). The relatively higher
prevalence of superficial and/or deep margins in our study
is related to our center’s surgical strategies for BCS. Tumor
resection without skin involvement by resecting only the
breast parenchyma and leaving the skin with the subcutaneous fat below could increase the likelihood of a positive
superficial resection margin. Likewise, for a tumor without
chest wall muscle involvement, leaving the posterior fascia
and the retromammary fat above could also increase the likelihood of a positive deep resection margin. For these reasons,
some surgeons remain concerned about the uncertainty of
oncological safety of these procedures and thus perform a
full-thickness excision by resecting from the skin to the posVOLUME 50 NUMBER 1 JANUARY 2018
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Table 3. Detailed description of the resection margin status and LR type according to the study groups
Resection margin status

LR site

Both in

Group

Group 1: no involvement on
all resection margins (n=3,195)
Group 2: involvement on
superficial and/or deep
resection margins (n=121)

Group 3: involvement on
conventional peripheral
parenchymal resection
margins (n=87)

Total

In breast

No. of
Skin
Same
Other
LRs quadrant quadrant

Chest
wall

Free

In situ

Invasive

situ and
invasive

NA

3,195

-

-

-

-

89

67

20

1

1

-

31

-

-

-

1

1

-

-

-

-

73

76
-

1
-

13
-

1
0
0
7

4

1
3

-

-

-

-

9
-

4
-

1

0
1
0

1
-

-

-

-

LR, local recurrence; NA, not available.
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Fig. 2. Kaplan-Meier plots of local recurrence-free survival and breast cancer-specific survival according to margin status.

terior fascia. However, we believe that our surgical principle
has no negative impact on local management, and the evidence from the present study can be helpful to surgeons in
making a decision whether to resect only the breast parenchyma and leave the subcutaneous and retromammary fat
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for a more natural breast shape in selected patients.
A previous MEDLINE search revealed that few studies
have explored the anatomic location of the involved margin
as an indicator to forgo further resection before radiation [9].
Additional resection leads to delayed RT and poor cosmetic

Tae In Yoon, Superficial and/or Deep Margin Involvement on LR

results [6,15]. Moreover, Mullen et al. [16] reported that the
re-excision of an involved anterior (superficial) resection
margin after BCS was significantly less likely to lead to further disease. As revealed by our present findings, superficial
and/or deep resection margin involvements have no relationship with LR, which suggests a rationale for leaving subcutaneous and retromammary fat during the operation and
omitting additional resection after BCS for patients with positive superficial and/or deep resection margins.
Oncoplastic surgery has contributed to widening the range
of breast-conserving surgery. The oncologic safety of oncoplastic surgery with breast conservation has also been
demonstrated, and various types of oncoplastic breast-conserving surgery have been performed [17,18]. Oncoplastic
surgery has many advantages, but also disadvantages such
as relatively larger tissue excision, more complications,
longer operation time, and more expensive surgery costs
than breast-conserving surgery alone [19]. Oncoplastic surgery is useful in obtaining negative margins with wide
resection [20,21]. However, if the conservation of subcutaneous or retromammary fat can predict a good cosmetic outcome, more sophisticated techniques and additional timeconsuming surgery may not always be necessary.
In this study, the radiation dose differed according to the
margin status. Patients with a positive margin as ductal carcinoma in situ or invasive carcinoma received a tumor bed
boost of 12.5 or 15 Gy at 2.5 Gy per fraction, respectively.
There was no difference in RT between the groups 2 and 3,
hence radiation was not a factor that affected the LR between
the two groups.
Younger age, usually defined as below 40 years, is associated with an increased LR risk after BCS as compared to
older women [14,22]. Likewise, the multivariate Cox regression analysis in our present study suggested that a younger
age at breast cancer diagnosis (< 40 years old) is a significant
risk factor for LR (HR, 2.59; p < 0.001).
Koca et al. [23] previously reported the presence of an EIC
affected the positive margin status after BCS. The presence
of an EIC has been associated with an increased risk of LR in
some studies, even in the presence of negative margins
[14,24]. However, the results of other studies did not support
these findings [10,25]. In our present study, we found that
patients with an EIC were more likely to have positive resec-

tion margins. However, we also found that the presence of
an EIC was not associated with an increased risk of local failure.
A negative hormone receptor was a predictive factor for
LR in our study. Various studies to date have reported an
association between breast cancer subtype and tumor recurrence. In some studies, triple-negative breast cancer had an
increased risk of LR [26,27]. A recent meta-analysis indicated
that the loco-regional recurrence rate was significantly higher
in hormone receptor–negative tumors compared with nontriple negative tumors [28], which is coincident with our
finding. Our present analysis had some limitations, including
its single-center retrospective design with some biases in
patient and treatment selection and non-centralized pathologic review. In addition, the small number of LR events limited the statistical power of our analysis and consequently
yielded large standard errors. Despite these limitations, the
strength of our current study was that we analyzed a large
cohort of contemporarily-treated BCS patients, for whom
detailed information was available on the specific anatomical
margin (including superficial and deep margin) location and
treatments.
In conclusion, superficial and/or deep margin involvement following BCS is not an important predictor for LR.
Extensive excision of skin, subcutaneous fat, retromammary
fat, or pectoral fascia does not need to be routinely performed to achieve negative superficial and/or deep margin
status during BCS.
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Clinical Significance of Discordance between Carcinoembryonic
Antigen Levels and RECIST in Metastatic Colorectal Cancer

Purpose
The purpose of this study was to investigate the prognostic implications of carcinoembryonic
antigen (CEA) levels that are inconsistent with Response Evaluation Criteria in Solid Tumor
(RECIST) responses in metastatic colorectal cancer patients.
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Materials and Methods
We retrospectively evaluated 360 patients with at least one measurable lesion who received
first-line palliative chemotherapy. CEA-response was defined as CEA-complete response (CR;
CEA normalization), CEA-partial response (PR; ! 50% decrease in CEA levels), CEA-progressive
disease (PD; ! 50% increase in CEA levels), and CEA-stable disease (SD; non-CR/PR/PD).
Overall survival (OS) and progression-free survival (PFS) were evaluated according to CEAresponse.
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Results
In RECIST-PR patients, poorer CEA-response was associated with disease progression at
the subsequent evaluation. In RECIST-SD patients, CEA-CR and -PR were associated with
lower disease progression rates than CEA-PD at the subsequent evaluation. Correlations
between survival outcome and CEA-response in same-category RECIST patients were
assessed. In RECIST-PR patients, discordant CEA-response (CEA-PD/SD) was associated
with poorer survival than CEA-CR/PR (median OS and PFS, 44.0 and 15.4 [CEA-CR], 28.9
and 12.5 [CEA-PR], 21.0 and 9.8 [CEA-SD], and 13.0 and 7.0 [CEA-PD] months, respectively;
all p < 0.001). In RECIST-SD patients, favorable CEA-response produced better survival
(median OS and PFS, 26.8 and 21.0 [CEA-CR], 21.0 and 11.0 [CEA-PR], 16.1 and 8.2 [CEASD], and 12.2 and 6.0 [CEA-PD] months, respectively; all p < 0.001). RECIST-PD patients
with CEA-CR showed longer OS than those with CEA-PD. Multivariate analysis demonstrated
that discordant CEA-response is a powerful prognostic factor for RECIST-PR and RECIST-SD
patients.
Conclusion
Among patients of the same RECIST-response categories, CEA-response patterns are significantly prognostic and strongly predictive of subsequent evaluation outcomes.
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Introduction
Of patients diagnosed with colorectal cancer, approximately 30% will eventually die of metastatic disease [1]. Systemic combination chemotherapy is the mainstay treatment
for patients with metastatic colorectal cancer (mCRC), and
the introduction of targeted molecular agents has significantly improved patient prognoses [2-4].
In palliative settings, response to chemotherapy and subsequent treatment decisions are generally based on radiologic assessment, the Response Evaluation Criteria in Solid
Tumors (RECIST), and clinical information such as symptoms and the results of physical examinations [5,6]. Carcinoembryonic antigen (CEA) is an important tumor marker
in mCRC [7] that can be used to monitor patients with
metastatic disease [8,9]. However, the relationship between
the extent of CEA level change and chemotherapy response
remains undefined. In clinical settings, response to chemotherapy is generally evaluated based on radiologic
response together with CEA changes. The outcome of
chemotherapy is usually clear if these two parameters are
consistent. However, when the parameters are discordant,
(e.g., partial response [PR] on radiology but rising CEA levels, or progressive disease [PD] on radiology concomitant
with decreasing CEA levels), the tumor response to chemotherapy is uncertain. In cases with discordant responses, the
radiological response usually takes precedence; however, the
clinical significance of a change in CEA patterns while radiologic response remains unchanged has not been investigated. Therefore, we conducted a retrospective study of the
prognostic impact of different CEA change patterns in
patients with the same RECIST categories post-chemotherapy.

Materials and Methods

tumor. Histological types were classified as well/ moderate
differentiation or poor differentiation/mucinous adenocarcinoma/signet ring cell adenocarcinoma. Metastatic presentation was defined as metachronous or synchronous [10].
2. Chemotherapy protocol and tumor response evaluation
All patients received fluorouracil and leucovorin plus
oxaliplatin (FOLFOX) or plus irinotecan (FOLFIRI) with or
without target agents (bevacizumab or cetuximab) as firstline palliative chemotherapy. The initial CEA and imaging
tests included abdominal and chest computed tomography
or magnetic resonance imaging 1 week before initiation of
chemotherapy. Patients were subsequently evaluated for
chemotherapy response with CEA testing and imaging studies every 8±2 weeks. Radiological changes were evaluated
using RECIST [11], and the first imaging response evaluation
was defined as “RECIS-T-response.” In RECIST-complete
response (CR)/PR/stable disease (SD) patients, the same
chemotherapy regimen was maintained, and chemotherapy
response was assessed using RECIST at the subsequent evaluation session, whereupon the response was defined as the
“second RECIST-response.”
3. Definition of CEA-response
Serum CEA levels were measured using an electro-chemiluminescent immunoassay (normal, < 5 ng/mL). A previous
study [12] showed that the CEA ratio was significantly correlated with RECIST-response (as determined by imaging)
as long as changes in CEA levels were ±50%; therefore, the
change patterns in CEA (baseline to first post-chemotherapy
evaluation) were defined as CEA-CR (< 5 ng/mL), CEA-PR
(" 50% decrease in CEA levels while maintaining absolute
values " 5 ng/mL), CEA-PD (" 50% increase in CEA levels),
and CEA-SD (change in CEA levels that did not qualify as
CEA-CR/-PR/-PD) at the time of the first response evaluation. These change patterns are collectively referred to as
“CEA-response.”

1. Study population

4. Statistical analysis

The study design was approved by the Institutional
Review Board of Seoul St. Mary's Hospital. We evaluated 563
patients who received first-line palliative chemotherapy for
mCRC during 2008-2014. Of these, 142 patients who had no
measurable lesions, as well as nine who had other malignancies within the previous 5 years were excluded as they could
have affected CEA levels. Moreover, 52 patients with initial
CEA levels that were within the normal limit (< 5 ng/mL)
were also excluded. All diagnoses were confirmed via biopsy
or examination of the surgical specimen from the primary

Overall survival (OS) and progression-free survival (PFS)
were calculated from the date at which first-line palliative
chemotherapy was started until the date of death and of disease progression, respectively. Objective response was
defined as CR or PR, while disease control was defined as
CR, PR, or SD. The cut-off for RECIST PR was 50% tumor
shrinkage, whereas that for RECIST SD was 0% tumor
shrinkage. For survival analyses, patients who were alive or
had no disease progression were censored at the date of last
contact. Univariate analyses for OS and PFS were conducted
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Table 1. Baseline characteristics
Characteristic

using the Kaplan-Meier method with the log-rank test. Multivariate Cox regression models were employed to verify the
prognostic values of CEA-response, and were adjusted for
age, sex, cancer location, histological type, metastatic presentation, number of metastatic organs, and first-line chemotherapy regimen. The correlations between CEA-response
and first or second RECIST-response, as well as between
CEA-response and extent of tumor shrinkage, were analyzed
using the linear by linear association test. All analyses were
conducted using the SPSS ver. 21 (IBM Corp., Armonk, NY),
and a two-sided p-value of < 0.05 was considered statistically
significant.

No. (%) (n=360)

Age, median (range, yr)
< 65
" 65
Sex
Female
Male
Location
Colon/S-colon
Rectum
Histological type
Well/Moderate differentiation
Poor differentiation/Mucinous/
Signet ring cell
Metastatic presentation
Metachronous
Synchronous
No. of metastatic organs
Only one (1)
More than one (" 2)
First-line chemotherapy
FOLFOX/FOLFIRI
FOLFOX/FOLFIRI+targeting agent
(bevacizumab or cetuximab)
Initial CEA, median (range, ng/mL)

63 (23-88)
204 (56.7)
156 (43.3)
127 (35.3)
233 (64.7)
230 (63.9)
130 (36.1)
304 (84.4)
56 (15.6)

Results

128 (35.6)
232 (64.4)

1. Patient characteristics and survival according to clinicopathologic factors

204 (56.7)
156 (43.3)
260 (72.2)
100 (27.8)
24.62 (0.10-5,158.00)

Values are presented as number (%). FOLFOX, oxaliplatin
plus fluorouracil and leucovorin; FOLFIRI, cetuximab plus
irinotecan, fluorouracil, and leucovorin; CEA, carcinoembryonic antigen.

We included 360 patients (64.7% men; 35.3% women) with
a median age of 63 years (range, 23 to 88 years), among which
63.9% of patients had colon cancer and 36.1% had rectal cancer. The median follow-up time was 21.8 months. At the study
end date, 285 patients (79.1%) had experienced disease progression and 261 (72.5%) had died. The patient characteristics
are described in Table 1. Univariate analyses (S1 Table)
revealed that poor survival was significantly associated with
multiple metastatic organs (PFS hazard ratio [HR], 1.27;
p=0.04). Chemotherapy with a target agent produced better
survival than chemotherapy alone (OS HR, 0.68; p=0.01; PFS
HR, 0.6; p=0.002). Poorer CEA-response was associated with
poor survival. Moreover, multivariate analyses revealed that
a poor prognosis was independently associated with synchro-

Table 2. Correlation between CEA-response and RECIST-response
RECIST-response
CR
(n=11)
CEA-response
CEA-CR (n=53)
CEA-PR (n=124)
CEA-SD (n=107)
CEA-PD (n=76)

3 (27.3)
3 (27.3)
3 (27.3)
2 (18.1)

PR
(n=168)
36 (21.4)
77 (45.8)
35 (20.8)
20 (12.0)

SD
(n=114)
7 (6.1)
35 (30.7)
45 (39.5)
27 (23.7)

PD
(n=67)

ORR
(n=179)

7 (10.4)
9 (13.4)
24 (35.8)
27 (40.3)

39 (73.6)
80 (64.5)
38 (35.5)
22 (28.9)

p-value

< 0.001

DCR
(n=293)
46 (86.8)
115 (92.7)
83 (77.6)
49 (64.5)

p-value

< 0.001

Values are presented as number (%). CEA, carcinoembryonic antigen; RECIST, Response Evaluation Criteria in Solid Tumors;
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR,
disease control rate.
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Table 3. Correlation between CEA-response and second RECIST-response
Second
RECISTresponse
CEA-response
CEA-CR
CEA-PR
CEA-SD
CEA-PD

In RECIST-CR patients
Non-PD
(n=9)

PD
(n=2)

3 (100)
3 (100)
2 (66.7)
1 (50.0)

0(
0(
1 (33.3)
1 (50.0)

In RECIST-PR patients

p-value

0.113

Non-PD
(n=140)

PD
(n=28)

33 (91.7)
67 (87.0)
29 (82.9)
11 (55.5)

3 (8.3)
10 (13.0)
6 (17.1)
9 (45.0)

In RECIST-SD patients

p-value

< 0.001

Non-PD
(n=85)

PD
(n=29)

7 (100)
31 (88.6)
33 (73.3)
14 (51.9)

1 (10)
4 (11.4)
12 (26.7)
13 (48.1)

p-value

< 0.001

Values are presented as number (%). CEA, carcinoembryonic antigen; RECIST, Response Evaluation Criteria in Solid Tumors;
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Table 4. Correlation between CEA-response and extent of tumor shrinkage
Tumor shrinkage in assessable patients
In RECIST-PR patients
CEA-CR
CEA-PR
CEA-SD
CEA-PD

In RECIST-SD patients

Median (%)

" 50%

> 50%

p-value

57
51
36
34

8 (27.6)
30 (48.4)
19 (67.9)
13 (76.5)

21 (72.4)
32 (51.6)
9 (32.1)
4 (23.5)

< 0.001

Median (%)
22
3
3
–17

" 0%

> 0%

p-value

2 (33.3)
12 (38.7)
14 (41.2)
13 (61.9)

4 (66.7)
19 (61.3)
20 (58.8)
8 (38.1)

0.105

Values are presented as number (%) unless otherwise indicated. In RECIST-PR and RECIST-SD patients, the median percentages of tumor shrinkage were 50% and 2%, respectively. Therefore, the cut-off value for tumor shrinkage was set at 50% and
0% in RECIST-PR and RECIST-SD patients, respectively. CEA, carcinoembryonic antigen; RECIST, Response Evaluation Criteria in Solid Tumors; PR, partial response; SD, stable disease; CR, complete response; PD, progressive disease.

nous metastasis (OS HR, 1.37; p=0.03) and multiple metastatic
organs (PFS HR, 1.32; p=0.02). Chemotherapy with target
agents was a significantly favorable prognostic factor for disease progression (PFS HR, 0.72; p=0.02). Poorer CEA-response
was associated with poor OS and PFS.
2. Evaluation of tumor response using both CEA- and
RECIST-response
Table 2 shows the correlation between CEA-response and
RECIST-response. The CEA-CR and CEA-PR groups exhibited better objective response rates than the CEA-SD and
CEA-PD groups (p < 0.001). Additionally, a more favorable
CEA-response was significantly associated with a better disease control rate (p < 0.001). We assessed the prognostic
implications of CEA-response as a second response evaluation method for patients in the same RECIST-response categories (Table 3). In RECIST-PR patients, poorer CEAresponse was significantly associated with disease progres-
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sion at the time of the second response evaluation (p < 0.001).
Furthermore, an improved CEA-response in RECIST-SD
patients was significantly associated with less disease progression than a poorer CEA-response at the second response
evaluation (p < 0.001).
We investigated the correlation between CEA-response
and tumor shrinkage at the first response evaluation among
assessable RECIST-PR and RECIST-SD patients (136 of 168
and 92 of 114, respectively) (Table 4, Fig. 1). In RECIST-PR
and RECIST-SD patients, the median tumor shrinkage was
50% and 2%, respectively; therefore, we set the cut-off values
of tumor shrinkage at 50% and 0%, respectively. Improved
CEA-response was correlated with marked tumor shrinkage
(> 50%) in the RECIST-PR patients (p < 0.001), whereas CEAresponse was not correlated with the extent of tumor shrinkage (> 0%) in RECIST-SD patients (p=0.105). We also
investigated the correlation between CEA-response, RECISTresponse, and tumor shrinkage according to target agents
(S2 and S3 Tables). Among patients receiving cetuximab, a
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A
1.0

Tumor shrinkage rate

0.9
0.8

CEA-CR
CEA-PR
CEA-SD
CEA-PD

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

B
Tumor shrinkage rate

0.3
0.2

CEA-CR
CEA-PR
CEA-SD
CEA-PD

0.1
0
–0.1
–0.2

Fig. 1. Distribution of tumor shrinkage rates according to CEA-response in RECIST-PR (A) and RECIST-SD (B) patients at
the time of first response evaluation. CEA, carcinoembryonic antigen; CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; RECIST, Response Evaluation Criteria in Solid Tumors.

more favorable CEA-response was significantly associated
with better objective response rates (p=0.046); however, this
was not the case among patients receiving bevacizumab.
Additionally, improved CEA-response was correlated with
marked tumor shrinkage (> 50%) in RECIST-PR patients
receiving cetuximab (p=0.043), but not in those receiving
bevacizumab. However, CEA-response was not correlated
with the extent of tumor shrinkage (> 0%) in RECIST-SD
patients in either the cetuximab or bevacizumab groups.
3. Prognostic implications of discordant CEA-responses in
patients with the same RECIST-response
Among all patients, the CEA-CR group exhibited better OS
(42.2±5.6 months) and PFS (15.4±2.0 months) than the CEAPR (OS, 25.1±1.9 months; PFS, 11.5±0.8 months), CEA-SD
(OS, 17.0±1.2 months; PFS, 7.6±0.7 months), and CEA-PD

groups (OS, 12.2±1.0 months; PFS, 4.2±0.5 months) (p < 0.001).
We evaluated survival outcomes according to CEA-response
in RECIST-PR or -SD patients (Fig. 2). In RECIST-PR patients,
better CEA-response showed longer OS and PFS (all
p < 0.001), while in RECIST-SD patients, better CEA-response
was correlated with a more favorable OS than a poorer CEAresponse (p < 0.001). Additionally, CEA-CR and PR showed
longer PFS in RECIST-SD patients (p < 0.001). Moreover,
there was no significant difference in OS according to CEAresponse in RECIST-PD patients (p=0.082). Evaluation of the
prognostic impact of CEA-response in the same RECISTresponse patients revealed discordant CEA-response (CR,
SD, and PD) among RECIST-PR patients was associated with
different prognoses upon univariate analysis (S4 Table). Multivariate analysis (Table 5) showed that CEA-SD and CEAPD were poor prognostic factors for OS (CEA-SD: HR, 3.13;
p < 0.001; CEA-PD: HR, 6.43; p < 0.001) and PFS (CEA-SD:
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A
1.0

CEA-CR
CEA-PR
CEA-SD
CEA-PD

0.8

Cumulative probability of OS

Cumulative probability of OS

1.0

p < 0.001

0.6
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0.2
0

0
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Time (mo)

60

B

0.8

p < 0.001

0.6
0.4
0.2
0

80

CEA-CR
CEA-PR
CEA-SD
CEA-PD

0

20

40
Time (mo)

60
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C
1.0

CEA-CR
CEA-PR
CEA-SD
CEA-PD

0.8

Cumulative probability of PFS

Cumulative probability of PFS

1.0

p < 0.001

0.6
0.4
0.2
0
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40
Time (mo)
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CEA-CR
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CEA-SD
CEA-PD

0.8

p < 0.001

0.6
0.4
0.2
0

0
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Time (mo)
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Fig. 2. Cumulative survival rates according to CEA-response in patients with different RECIST evaluations. In patients with
RECIST-PR (A and C), a discordant CEA-response (CEA-PD/SD) showed poorer survival than CEA-CR/PR (median OS
and PFS: 44.0±5.9 and 15.4±1.9 months [CEA-CR], 28.9±1.8 and 12.5±1.3 [CEA-PR], 21.0±2.1 and 9.8±1.0 [CEA-SD], and
13.0±1.1 and 7.0±0.8 [CEA-PD], respectively; all p < 0.001). In patients with RECIST-SD (B and D), a more favorable CEAresponse demonstrated better OS and PFS (median OS and PFS: 26.8±19.6 and 21.0±9.3 months [CEA-CR], 21.0±1.4 and
11.0±0.8 [CEA-PR], 16.1±1.4 and 8.2±0.8 [CEA-SD], and 12.2±1.1 and 6.0±0.7 [CEA-PD], respectively; all p < 0.001). In patients
with RECIST-PD (E), there was no significant difference in OS according to CEA-response (median OS: 20.1±5.8 months
[CEA-CR], 13.0±4.8 [CEA-PR], 9.0±1.4 [CEA-SD], and 8.7±4.6 [CEA-PD]; p=0.082). (A) OS in RECIST-PR patients, (B) OS in
RECIST-SD patients, (C) PFS in RECIST-PR patients, (D) PFS in RECIST-SD patients, (E) OS in RECST-PD patients. CEA,
carcinoembryonic antigen; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; RECIST,
Response Evaluation Criteria in Solid Tumors; OS, overall survival; PFS, progression-free survival. (Continued to the next
page)
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Fig. 2. (Continued from the previous page)

HR, 2.40; p=0.004; CEA-PD: HR, 3.81; p < 0.001) in RECISTPR patients. Among RECIST-SD patients, univariate analysis
showed that discordant CEA-responses (PR and PD) have
significantly different and opposing effects on survival
(S4 Table). Furthermore, multivariate analysis (Table 5) indicated that discordant CEA-responses have varying prognostic impacts on OS (CEA-PR: HR, 0.53; p=0.03; CEA-PD: HR,
1.77; p=0.04). Additionally, discordant CEA-responses have
varying prognostic effects on PFS (CEA-PR: HR, 0.48; p=0.03;
CEA-PD: HR, 1.86; p=0.03). Among RECIST-PD patients
(S5 Table), multivariate analysis showed that CEA-CR was
associated with longer OS than CEA-PD (HR, 0.37; p=0.04).

Discussion
We found that the number of metastases and target agents
used were associated with prognosis, which is consistent
with the results of previous studies [13,14]. However, we also
showed that synchronous metastasis was associated with
poor prognosis, which is contrary to the findings of a previous study [10]; therefore, further investigations are required
to clarify these findings.
Our study showed that CEA-response is an important
prognostic factor in mCRC that is highly associated with
RECIST-response. Huang et al. [12], whose data were consistent with ours, suggested that CEA change patterns are

highly correlated with findings on images acquired for
RECIST determination.
Discordance between CEA- and RECIST-responses can
lead clinicians to question the actual effects of chemotherapy;
however, the impact of such discordance in mCRCs has not
been fully determined. To the best of our knowledge, this is
the first study to investigate the clinical significance of the
discordance between CEA-response and RECIST-response
in mCRC patients. Our findings showed that different CEAresponses in the same RECIST-response patients have important, yet varying prognostic impacts on mCRC prognosis.
In the present study, poor CEA-response in RECIST-PR
patients was associated with disease progression and shorter
OS. This result can likely be explained by the early acquisition of tumor resistance to chemotherapy. Generally,
response evaluation is performed after 3-4 cycles of chemotherapy. Even though tumor size may have decreased temporarily after 1-2 cycles, chemoresistance may have developed during the latter cycles. Hence, the tumor size is still
smaller than shown on baseline imaging for RECIST evaluation, while the tumor marker levels are rapidly increasing
because the cancer is again progressing, resulting in a discordance between CEA- and RECIST-responses.
In our study, 8% of patients with CEA-CR and 13% of
those with CEA-PR showed disease progression at the time
of the second response evaluation; however, approximately
50% of patients with CEA-PD had disease progression at that
point. Based on these data, we suggest that an earlier second
response evaluation would be beneficial for these patients,
and that an individualized next response evaluation for
patients with poor CEA-response/good RECIST-response
status may be necessary. For example, Neki et al. [15] proposed that circulating tumor cell presence after chemotherapy might be useful for predicting the response to anticancer
therapy. It is also necessary to identify host factors related to
early chemoresistance, as suggested by previous studies of
colon cancer [16,17]; however, suitable biomarkers of chemoresistance remain elusive despite several ongoing studies.
The discordant pattern of poor RECIST-response and
favorable CEA-response is also worth investigating. Among
patients with RECIST-PD, those who achieved CEA-CR
showed longer OS than those with CEA-PD. Similarly, in
RECIST-SD patients, those with better CEA-response
showed better second response and survival outcomes than
those with poorer CEA-response. This may be explained by
a delayed chemotherapy response. It is also possible that
tumor size does not decrease on imaging modalities, even
though tumor viability has decreased [18]. Hence, it could be
helpful to evaluate metabolic activity using positron emission tomography with fluorodeoxyglucose, which can reflect
pathologic responses related to prognosis in mCRC [19-22].
These multimodal response evaluations could help prevent
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0.68
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0.36

0.43

p-value

OS, overall survival; PFS, progression free survival; RECIST, Response Evaluation Criteria in Solid Tumors; PR, partial response; SD, stable disease; HR, hazard
ratio; CI, confidence interval; FOLFOX, oxaliplatin plus fluorouracil and leucovorin; FOLFIRI, cetuximab plus irinotecan, fluorouracil, and leucovorin; CEA, carcinoembryonic antigen; CR, complete response; PD, progressive disease.

Age (yr)
< 65
" 65
Sex
Female
Male
Location
Colon/S-colon
Rectum
Histological type
Well/Moderate differentiation
Poor differentiation/Mucinous
/Signet ring cell
Metastatic presentation
Metachronous
Synchronous
No. of metastatic organs
Only one (1)
More than one (" 2)
First-line chemotherapy
FOLFOX/FOLFIRI
FOLFOX/FOLFIRI+targeting agent
CEA-response
CEA-CR
CEA-PR
CEA-SD
CEA-PD

HR

In RECIST-PR patients

Table 5. Multivariate analysis of OS and PFS according to the first same RECIST-response
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mistaking chemosensitivity for chemoresistance, since treatment options are still limited.
The results of our study showed that improved CEAresponse was associated with greater tumor shrinkage in
RECIST-PR patients, which clearly demonstrates the relevance of CEA-response to outcomes in the same RECISTresponse patients. Our findings can support previous studies
[23,24] which showed that the extent of tumor shrinkage is
significantly associated with outcomes. In particular, our
findings suggest that CEA-response may reflect better tumor
shrinkage in patients receiving cetuximab compared to those
treated with bevacizumab. These findings are consistent with
those of a previous study that showed higher response rates
and depth of responses following first-line treatment with
anti–epidermal growth factor receptor than with anti–vascular endothelial growth factor agents in RAS wild-type cancer
[25]. However, our results should be interpreted with caution
because of the small number of targeting agents used.
It should be noted that this study had several limitations.
First, baseline CEA and RECIST responses were measured
on different days for some patients. Even though our study
set the interval between the start of chemotherapy and
CEA/radiology testing at less than 1 week, discordant patterns could be affected by differences in the time of measurement in patients with very rapid progression. Thus, mini-

mizing the time gap between chemotherapy and baseline
studies may be important for accurate response evaluation.
Second, there is no established cut-off value for the CEAresponse. We set a 50% increase or decrease rate for CEA
level in our study, while other studies proposed different
CEA-response cut-offs [5,25]; therefore, it is necessary to
establish a more definitive threshold. Finally, our study was
retrospective and therefore subject to the known limitations
and biases of such investigations.
Among patients with same RECIST responses, discordant
CEA-response patterns are strongly predictive of second
response evaluation outcomes and are a significant prognostic marker. These patients would likely benefit from individualized and detailed multimodal chemotherapy response
evaluation.
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Second Primary Cancer Risk among Kidney Cancer Patients in Korea:
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Purpose
Secondary primary cancers (SPCs) commonly arise in patients with renal cell carcinoma
(RCC). We designed the present study to estimate the SPC incidence in Korean patients
with RCC.
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Materials and Methods
The study cohort was population-based and consisted of 40,347 individuals from the Korean
Central Cancer Registry who were diagnosed with primary renal cancer between 1993 and
2013. Standardized incidence ratios (SIRs) for SPCs were estimated for different ages at
diagnosis, latencies, diagnostic periods, and treatments.
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Results
For patients with primary RCC, the risk of developing a SPC was higher than the risk of
developing cancer in the general population (SIR, 1.13; 95% confidence interval, 1.08 to
1.18). Most cancer types showed higher incidences in patients with RCC than in the general
population. However, the relative incidence of gastric cancer as an SPC varied by age. Gastric cancer incidence was elevated in young patients (< 30 years) with RCC, but reduced in
older (! 30) patients with RCC. Patients with advanced RCC died prematurely, regardless
of SPC development. In contrast, those with early-stage RCC survived for longer periods,
although SPC development affected their post-RCC survival. After SPC development, women
had better survival than men.
Conclusion
In Korean patients with primary RCC, the incidence of SPC was 13% higher than the incidence of cancer in the general population. These findings may play important roles in the
conduct of follow-up evaluations and education for patients with RCC.

Introduction
The number of cancer survivors continues to increase
because of earlier diagnosis, improvements in treatment, and
supportive care [1,2]. As advancements are made in medical
diagnostic imaging, a growing number of renal cell carci│ http://www.e-crt.org │

Key words
Renal cell carcinoma, Second primary neoplasms, Prognosis,
Incidence, Survival

noma (RCC) cases are being discovered incidentally because
small RCC tumors tend to be asymptomatic [3]. According
to the Korea Central Cancer Registry (KCCR), 4,333 new RCC
cases were diagnosed in 2013 (male, 2,992; female, 1,341),
amounting to an incidence of 5.7 cases per 100,000 individuals (male, 8.3; female, 3.4). Additionally, in Korea, the 5-year
survival rates of men and women with RCC have increased
Copyright ⓒ 2018 by the Korean Cancer Association
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gradually, rising from 60.8% and 64.5% in 1993-1995 to 80.5%
and 81.6% in 2009-2013, respectively [4].
Previous studies have reported that the risk of developing
second primary cancers (SPCs) in RCC survivors is higher
than the risk of developing primary cancers in comparable
members of the general population. RCC survivors have
been observed to have elevated risks of bladder, prostate, colorectal, lung, and nervous system SPCs, as well as second
primary melanoma and non-Hodgkin’s lymphoma [5,6]. The
elevated incidences of SPCs might be attributable to the
application of more intensive medical surveillance following
the development of primary cancer, genetic or non-genetic
factors that are shared between the primary cancer and SPCs,
or interactions between the primary cancer and SPCs [7,8].
Novel treatment modalities are improving the survival
rate of patients with RCC [9,10], and understanding the incidence and prognostic importance of SPC has become a concern for treatment providers and RCC survivors, particularly
in relation to quality of life. In this context, the objective of
the present study of Korean patients with RCC was to calculate the SPC incidence and evaluate the effects of SPC on survival. The ultimate goal of our analysis was to produce data
that would be useful for the management of patients with
RCC.

Materials and Methods

1998, cancer cases were collected and registered annually
from > 180 Korean hospitals, which are believed to have
included 80%-90% of all cancer cases in Korea [11]. Since
1999, population-based cancer incidence data have been produced systematically, and the KCCR data from 1999 to 2002
have been published in the Cancer Incidence in Five Continents.
Vol. 9, which reflects the completeness and validity of the
dataset [12]. The cancers recorded in the KCCR were classified based on the International Classification of Disease for
Oncology, 3rd edition (ICD-O-3) [13]. RCC was defined as
being present for cases with ICD-O-3 code C64.9. The KCCR
data includes patient information (sex and age at the time of
diagnosis), cancer information (date of diagnosis, tumor site,
histology type, and Surveillance, Epidemiology, and End
Results [SEER] summary stage), and first-line treatment
information (surgery, chemotherapy, radiothereapy [RT],
immunotherapy, and hormone therapy). The details of the
KCCR are widely published [4,11,14]. For the multiple primary rules, we used the definition from the International
Agency for Research on Cancer [15].
If an SPC was identified within the first 2 months after the
diagnosis of the first primary cancer, it was considered to be
a synchronous cancer, and was therefore excluded from our
study [16]. Additionally, to avoid potential confusion, secondary kidney cases were also excluded.
The reasons for exit from the present study were death
during follow-up (n=12,262, 30.39%) and the end of the study
period (n=28,085, 69.61%). The National Cancer Center Institutional Review Board approved this study (NCC2016-0230).

1. Study population and data collection

2. Statistical analyses

We evaluated 40,347 patients who were diagnosed with
primary RCC between 1993 and 2013, as recorded in the
KCCR (Fig. 1). The Korean Ministry of Health and Welfare
began accumulating data via the KCCR in 1980 [11]. Until

To provide a quantitative comparison of the cancer risks
faced by patients with RCC and the general population, we
calculated standardized incidence ratios (SIRs) and corresponding 95% confidence intervals (95% CIs). We chose to

Subjects from Korea National Cancer Incidence Database
(KNCIDB) during 1993-2013 (n=2,598,399)
Subjects who occurred in other cancer sites as
an index cancer were excluded (n=2,556,575)
Subjects who was diagnosed with RCC (n=41,824)
Subjects who died 1,187, lost to follow-up 0, or reached study
cut-off 290 within 2 months were excluded (n=1,477)
Final study population (n=40,347)

Fig. 1. Flow chart of selection of the study population. RCC, renal cell carcinoma.
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Table 1. Characteristics of patients with initial kidney cancer, 1993-2013
No. (%)
Patients with kidney cancer
Time period kidney cancer diagnosis
1993-1997
1998-2002
2003-2007
2008-2013
Age at diagnosis with kidney cancer, mean±SD (yr)
Age at diagnosis with kidney cancer, median (range, yr)
Patients by age at 1st primary kidney cancer diagnosis (yr)
0-29
30-59
" 60
Primary treatment for kidney cancer
Surgery
Radiation
Chemotherapy
Follow-up after kidney cancer diagnosis, mean±SD (yr)
Follow-up after kidney cancer diagnosis, median (range, yr)
Patients who developed subsequent primary cancers
Patients by number of subsequent primary cancer
1
2
"3
Age at diagnosis of 2nd primary cancer, mean±SD (yr)
Letency between 1st and 2nd cancers, mean±SD (yr)
Letency between 1st and 2nd cancers, median (range, yr)
Patients by latency group between 1st and 2nd cancers (mo)
< 12
12-59
60-119
" 120
Patients by age at 2nd primary cancer diagnosis (yr)
0-29
30-59
" 60
Follow-up after 2nd primary cancer diagnosis, mean±SD (yr)
Follow-up after 2nd primary cancer diagnosis, median (range, yr)

40,347 (100)
3,938 (9.76)
6,684 (16.57)
10,569 (26.20)
19,156 (47.48)
56.36±15.18
57.00 (0.00-100.00)
1,532 (3.80)
20,927 (51.87)
17,888 (44.34)
32,688 (81.02)
1,343 (3.33)
3,545 (8.79)
5.14±4.82
3.63 (0.00-20.80)
2,111 (5.23)
1,977 (4.90)
126 (0.31)
8 (0.02)
64.15±11.61
4.97±4.26
3.83 (0.17-20.00)
354 (16.77)
912 (43.2)
543 (25.72)
302 (14.31)
15 (0.71)
639 (30.27)
1,457 (69.02)
3.08±3.06
2.17 (0.00-19.42)

SD, standard deviation.

use the SIR because it is a measure of relative risk that compares the incidence rate of the subsequent cancer of interest
to the baseline incidence rate in the general population. Cancer incidence rates were calculated for each type of cancer,
by sex, age and calendar year, and were multiplied by the
accumulated person years at risk to estimate the expected
number of subsequent cancers for each stratum. SIRs were
obtained by dividing the observed number of second cancers
in patients with RCC by the expected number, if the patients

in the cohort experienced the same cancer rates as members
of in the general population. We calculated the person-years
at risk from 2 months after the date of the initial RCC diagnosis to the date of the last known survival status, death, or
study completion (December 31, 2013). For analysis, the subjects were stratified by age at RCC diagnosis (< 30, 30-59, and
" 60 years), latency (< 1 year, 1-5 years, 5-10 years, and " 10
years), and the period of RCC diagnosis (1993-2000 and 20012013).
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1.05
1.07
0.98
0.90
0.63
0.72a)
0.41
0.99
1.95
0.18a)
1.01
1.24
0.48
0.19
1.60a)
1.60a)
7.34
0.79
1.29
0.00
0.94
0.64
3.01
3.10a)
4.75a)
2.09a)
4.81

1.07
1.09
1.24
0.95
0.84
0.79
0.46
1.07
0.00
1.37
1.05
1.34
0.77
0.81
1.24
1.26
0.00
0.60
1.12
0.00
0.00
0.00
0.00
2.74
5.43a)
2.10a)
4.82

0-29
4.63a)
4.38a)
0.00
3.84a)
0.00
2.19
0.00
7.47
0.00
0.00
10.41
0.00
0.00
0.00
15.20
0.00
16.96
27.08a)
72.74a)
17.20a)
0.00
0.00
21.59a)
22.21a)
0.00
3.13a)
5.06

1.29a)
1.31a)
1.57
0.93
0.74
0.74a)
0.14a)
1.36a)
1.31
0.79
1.39a)
1.45a)
0.99
0.77
2.07a)
2.07a)
2.90
1.43a)
1.91a)
0.34a)
4.76a)
0.00
2.61
2.35
4.11a)
2.64a)
3.90

30-59

! 120

1.10a)
1.13a)
1.11
0.80a)
0.46a)
0.62a)
0.84
1.19a)
2.49
1.22
1.16
1.57a)
1.19
1.02
1.85a)
1.87a)
0.00
1.18
1.66a)
0.19a)
2.18a)
0.45
3.75a)
1.35
1.07
2.85a)
2.87

60-119

12-59

< 12

1.13a) (2,269/2,007.01) 1.44a)
1.14a) (2,253/1,970.16) 1.42a)
1 (33/32.9)
0.45
0.88a) (915/1,043.64)
0.98
0.60a) (24/39.82)
0.75
0.68a) (257/377.73)
0.68a)
0.66 (17/25.67)
0.93
1.05 (349/330.94)
0.73
1.9 (7/3.68)
2.00
0.83 (17/20.37)
0.36
1.05 (320/305.26)
0.74
1.34a) (69/51.59)
0.74
0.9 (34/37.57)
0.97
0.67 (13/19.29)
0.36
1.75a) (237/135.4)
2.61a)
1.76a) (233/132.72)
2.55a)
3.66 (2/0.55)
11.44
1.50a) (153/102.23)
5.27a)
1.66a) (90/54.28)
3.16a)
0.43a) (16/36.86)
2.73a)
4.24a) (47/11.09)
24.99a)
0.74 (4/5.38)
3.09
2.48 (6/2.42)
0.00
2.03a) (14/6.9)
1.11
2.71a) (12/4.42)
0.00
2.70a) (311/115.02)
4.29a)
3.25a) (5/1.54)
0.00
1.01
1.02
0.55
0.83a)
0.53a)
0.64a)
0.87
0.93
2.33
0.86
0.91
1.10
0.82
0.58
1.64a)
1.65a)
0.00
1.48a)
1.50a)
0.41a)
4.01a)
1.03
0.85
1.30
1.85
2.86a)
1.75

1.13a)
1.14a)
1.41
0.94
0.75
0.75a)
0.76
1.21a)
1.51
1.03
1.18
1.42
0.78
0.62
1.66a)
1.62a)
6.29
1.48a)
1.92a)
0.46
2.26
0.00
1.12
1.79
2.80
2.40a)
3.69

1.13a)
1.14a)
0.79
0.84a)
0.52a)
0.64a)
0.61
0.97
2.13
0.71
0.97
1.31
0.98
0.72
1.78a)
1.81a)
2.58
1.51a)
1.52a)
0.43a)
5.17a)
1.08
3.26a)
2.15a)
2.67a)
2.79a)
3.01

2001-2013

Period
1993-2000

SIR
! 60

RT, radiotherapy; SIR, standardized incidence ratio; O/E, observed/expected. a)Significant at alpha=0.05.

All subsequent cancers
All excluding kidney
Buccal cavity, pharynx
Digestive system
Esophagus
Stomach
Gallbladder
Respiratory system
Nose, nasal cavity, ear
Larynx
Lung, bronchus
Female breast
Female genital system
Cervix
Male genital system
Prostate
Testis
Urinary system
Urinary bladder
Kidney parenchyma
Renal pelvis, other urinary
Ureter
Bone, joints
Soft tissue including heart
Melanoma of skin
Thyroid
Acute lymphocytic leukemia

Age (yr)

SIR(O/E)

Latency (mo)

Total

Table 2. Risk of subsequent primary cancers after diagnosis of kidney cancer by follow-up, age, period, and treatment, 1993-2013

RT
1.13
1.15
0.00
1.06
0.00
0.53
0.00
0.41
17.94
0.00
0.23
0.00
4.41
4.09
1.12
1.15
0.00
2.04
1.25
0.00
13.24a)
0.00
0.00
0.00
0.00
2.42
46.40a)

1.15a)
1.16a)
1.06
0.88a)
0.54a)
0.72a)
0.64
1.08
1.86
0.78
1.08
1.33a)
0.94
0.66
1.81a)
1.83a)
4.04
1.40a)
1.64a)
0.46a)
3.40a)
0.43
1.88
1.81
3.10a)
2.80a)
2.94

1.26a)
1.26a)
0.63
0.94
1.03
0.79
0.93
1.06
5.77
0.00
1.09
1.04
1.37
1.29
0.67
0.69
0.00
3.89a)
2.85a)
1.19
18.51a)
0.00
6.62
6.01
5.23
2.24a)
5.43

Surgery Chemotherapy

Treatment
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Results
The characteristics of the 40,347 patients with primary RCC
are shown in Table 1. Those with primary RCC had an elevated overall risk of developing an SPC. For the following cancers, the incidences of SPC were higher in patients with RCC
than in comparable members of the general population: lung
cancer, female breast cancer, thyroid cancer, soft tissue tumor,
acute lymphocytic leukemia, skin melanoma, prostate cancer,
bladder cancer, and renal pelvis tumor (Table 2). On the other
hand, the risks of gastric, and esophagus cancer in RCC
patients were significantly decreased (SIR, 0.68 and 0.60,
respectively).
Following a diagnosis of RCC, the risk of thyroid cancer as
an SPC tended to decrease over time. For patients examined
within 1 year after diagnosis of RCC, there was an increased
risk of thyroid cancer (SIR, 4.29). For patients followed for 1-5
years, the risk decreased to an SIR of 2.85. Finally, the SIR
decreased to 2.09 in patients after an even longer follow-up
period (" 5 years). Similar findings were seen for prostate and
bladder cancer. The early-onset group had higher relative risks
for all SPCs than the mid or late-onset groups (SIR, 4.38).
Patients who developed RCC at < 30 years of age had elevated
incidences of gastric cancer as an SPC (SIR, 2.19), but those
who developed RCC at 30-59 and " 60 years of age had
reduced incidences (SIR, 0.74 and 0.64, respectively). To investigate the potential effects of changes in the techniques and
methods that were used for diagnosis and treatment, we considered two separate analysis periods (1993-2000 and 20012013). However, there were no significant differences in the
incidence of SPCs between these periods (Table 2).
To investigate the effects of first-line treatment for RCC on
the risk of SPC, we calculated SIRs according to RT, surgery,
and chemotherapy. For all treatment modalities except RT, the
risk of SPC was significantly higher in RCC patients than the
risk of cancer in comparable members of the general popula-

tion. Similarly, for all therapies, the risks of urological cancers
were higher in RCC patients than in the general population.
Among the 32,688 patients (81.02%) who underwent surgery
as the initial therapy for RCC, the incidences of gallbladder
and cervical cancers appeared to be lower than the incidences
of these cancers in the general population (SIR, 0.64 and 0.66,
respectively), but did not reach statistical significance (Table 2).
During 21 years of follow-up, 12,241 of the 40,347 patients
with RCC died. The 10-year overall survival (OS) rates were
60.9% and 63.1% in the SPC and non-SPC groups, respectively
(p > 0.05). The 5- and 15-year OS rates in the SPC group were
81.3% and 44.7%, respectively, whereas those in the non-SPC
group were 71.8% and 55.9%, respectively. The curves intersected over time. The SPC group had a higher OS rate than the
non-SPC group prior to 8 years, but the rate began to decrease
thereafter (Fig. 2). Among patients who developed SPC, the

1.00

Survival probability

Data were also analyzed based on the treatment modalities
that had been used for RCC. Treatment given within 4
months of the initial RCC diagnosis was considered to be
first-line treatment. Survival probabilities were calculated
using the Kaplan-Meier method [17], based on the presence
of an SPC. Intergroup differences were evaluated using the
log-rank test. All statistical tests were two-sided, and a
p-value of < 0.05 was considered statistically significant.
SEER*Stat software (ver. 8.3.2, http://seer.cancer.gov/seerstat) was used to calculate the SIRs and 95% CIs. Survival
curves and log-rank tests were generated using STATA ver.
11 (StataCorp LP, College Station, TX).

0.75

0.50

0.25
Patients with kidney cancer only
Patients with SPC after kidney cancer

0

0

2

4
6
8 10 12 14 16 18
Survival time after kidney cancer (yr)

Survival time (yr)
1
2
3
4
5
7
10
15
19

20

Kidney cancer only
(n=38,236)

SPC after kidney
cancer (n=2,111)

86.3
80.5
76.9
74.0
71.8
67.8
63.1
55.9
50.6

97.9
94.5
90.5
85.3
81.3
73.5
60.9
44.7
31.0

Log-rank p > 0.05

Fig. 2. Kaplan-Meier curve: survival after kidney cancer
according to whether secondary primary cancer (SPC).
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Survival time after socond cancer (yr)
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Fig. 3. Kaplan-Meier curve: survival after second cancer
according to sex in patients with second cancer.

OS rate following SPC onset was higher for women than for
men (Fig. 3).
To analyze the associations between SPC incidence and OS
according to RCC stage, we performed a subgroup analysis
on patients from 2006-2013. The OS curves of those with an
SPC and those with RCC only (i.e., the non-SPC group) intersected 5.25 years after RCC diagnosis (S1 Fig.). Distant stage
disease was present in 4.17% and 12.52% of cases in the SPC
and non-SPC groups, respectively. Before 5.25 years after RCC
diagnosis, the proportion of patients with distant stage disease
at the time of diagnosis was 16.41%, but this value decreased
to 2.47% thereafter (p < 0.05). Regarding the presence of SPC,
before 5.25 years, 16.66% of cases in the non-SPC group and
6.65% of cases in the SPC group were distant stage (p < 0.05)
(S2 Fig.). However, there were no differences in stage between
the 2 groups after 5.25 years of follow-up (p=0.39). After 5.25
years, the survival rate of the SPC group decreased over time
and was lower than that in the non-SPC group.

Discussion
Our results show that the risk of SPC in patients with a
diagnosis of primary RCC was higher than the risk of cancer
in the general population, a finding that is consistent with
previous reports. Our results also show that—unlike other
types of SPCs—the risk of developing gastrointestinal SPC
was age-dependent. Patients who had RCC onset before the
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age of 30 years showed an elevated risk of gastric SPC, while
those who developed RCC at older ages showed reduced
risks of gastric SPC. In RCC survivors who undergo nephrectomy, lifestyle changes (e.g., limiting excessive dietary salt,
spice food and high calorie intake, quitting smoking) are recommended to maintain the residual kidney function and prevent cancer recurrence. Such adaptations have prophylactic
effects for gastric cancer [18,19], which might explain the
reduced incidence of gastric cancers in those who develop
RCC after the age of 30.
In the present study, we observed that patients with RCC
had higher incidences of the following cancers than did comparable members of the general population: lung, breast,
prostate, bladder, and renal pelvis tumor, as well as melanoma.
We observed that about 13% of all patients with RCC had
one or more new primary tumors. Across previous studies,
the incidence of SPC among RCC patients has been quite
diverse. For instance, in a study of the SEER database during
1973-2006, Chakraborty et al. [20] found a 10% incidence of
SPC in RCC. On the other hand, in a study set in Norway,
Beisland et al. [21] a 47% incidence of SPC in RCC. Other
studies have reported incidences of 16% and 18.5% [22,23].
The diverse incidences of SPC in the investigated registries
might be explained by differences in intrinsic factors (such
as genetic backgrounds and ethnic groups) and extrinsic factors (such as life styles and environment).
The immune system has been implicated in both RCC and
melanoma. Interferon-$ (IFN-$) and high-dose interleukin 2
(IL-2) were reported to be effective for RCC, prior to therapy
using a targeted agent against metastatic RCC [24]. IL-2 stimulates T-cell proliferation and differentiation, whereas
IFN-$ has antiangiogenic effects [25]. Recently, immunotherapy based on the close association between melanoma and
immunity has had a profound impact on the treatment of
metastatic melanoma [26]. Many studies that are currently
underway use agents that target programmed death-1 (PD1)
[27,28]. And these agents have been reported to have impressive antitumor effects in several malignancies, including
melanoma and urologic cancer [29,30].
We also found that the incidence of thyroid SPC in patients
with RCC was higher than the incidence of thyroid cancer in
comparable members of the general population, regardless
of age, latency, or period of diagnosis (1993-2000 vs. 20012013). Although we predicted that incidence of thyroid cancer would have increased due to the recent popularization
of thyroid examinations, the fact that thyroid cancer was
even more common in RCC patients than in the general population implies an association between RCC and thyroid cancer. Some studies have reported that patients with thyroid
cancer are at risk of developing a second cancer of the kidney
[31-35]. Genetic correlations between RCC and thyroid can-
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cer might contribute to a higher risk of SPCs in a given population.
The incidence of primary thyroid cancer likely increased
after 2000 because of increased surveillance, as a result of
changes in health insurance coverage. Another possible
hypotheses for our results are as follows. First, surveillance
may need to be more frequent for cancer patients than general population. Secondly, a distinct inherited tumor syndrome has been characterized as association of papillary
thyroid cancer, nodular thyroid disease, and papillary renal
neoplasia [36].
The survival of patients with RCC is heavily dependent on
cancer stage at the time of diagnosis. Patients who are diagnosed with advanced RCC are expected to have poor survival outcomes. However, early-stage RCC is associated with
a more favorable prognosis and more than 10 years of survival following complete resection, meaning that the survival
rates of patients with early-stage RCC could depend substantially on the risk of developing SPC and SPC prognosis.
In the present study, we observed that survival curves of
patients with and without SPCs intersected over time. More
specifically, the SPC group had a high survival rate prior to
8 years following the RCC diagnosis, but the non-SPC group
had a higher survival rate thereafter. SPC risk after RCC
increased with time and was higher in men (Fig. 3), whereas
survival rates were higher in women.
Overall, these results indicate that the non-SPC group had
significantly more cases of advanced RCC at the time of
diagnosis. In addition, survival was superior in the SPC
group within the first 5.25 years of diagnosis, implying that
the survival rate of RCC patients might be affected by the
presence of SPC.
The development of RCC and gastric cancer in relatively
young patients (< 30 years) is usually due to common genetic
mutations. It is already widely known that RCC is associated
with mutations in the von Hippel–Lindau tumor suppressor,
succinate dehydrogenase B (SDHB), c-mesenchymal-epithelial transition (c-MET), and fumarate hydratase genes [37].
Fioroni et al. [38] suggested that, despite the inconclusive
results that have been obtained in multiple studies, c-MET
amplification is likely to be intimately associated with gastric
cancer. Peng et al. [39] reported that, in gastric cancer, higher
c-MET gene expression was associated with poor prognosis.
Furthermore, many studies have reported that chromosome
3p translocation of SDHB is associated with gastrointestinal
stromal tumors [40-42].
The main limitations of this study are its retrospective
nature and the inherent limitations of publicly available registry databases, such as underreporting (e.g., surgical treatment type, tumor size, TNM stage and grade, some of kidney
cancer cell types [papillary and chromophobe type], and
adjuvant treatment) after nephrectomy were not available)

and the lack of some variables (e.g., RT dosage, types of systemic therapy for metastatic RCC). Additionally, some specific and relevant data were not recorded, such as on environment-lifestyle factors and comorbidities other than cancers. Furthermore, the short follow-up period was a limitation of our study. The median follow-up duration was 3.63
years in the entire study cohort. This duration is relatively
short in comparison with previous studies. Therefore, further
studies with longer follow-up periods should be conducted
to assess the risk of SPC development with improved accuracy and to overcome surveillance bias.
In conclusion, we conducted the first nationwide analysis
that has estimated the risk of SPC among patients with kidney cancer in Korea. Our analysis provides basic information
on the characteristics and survival rates of patients who have
primary kidney cancer and SPC. The risk of developing SPC
in patients with RCC was higher than the risk of developing
cancer in the general population. Most cancer types showed
higher incidences in patients with RCC than in the general
population. However, the relative incidence of gastric cancer
as an SPC varied substantially by age. From a clinical perspective, these results suggest that patients with RCC, especially those who are long-term survivors, should be monitored carefully for the development of SPC.
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