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Asian Consensus Guidelines for the Diagnosis and Management of
Gastrointestinal Stromal Tumor

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors originating in the gastrointestinal tract. With the introduction of molecular-targeted therapy for
GISTs which has yielded remarkable outcomes, these tumors have become a model of multidisciplinary oncological treatment. Although Western clinical guidelines are available for
GISTs, such as those published by the National Comprehensive Cancer Network (NCCN)
and the European Society of Medical Oncology (ESMO), the clinical situations in Asian countries are different from those in Western countries in terms of diagnostic methods, surgical
approach, and availability of new targeted agents. Accordingly, we have reviewed current
versions of several GIST guidelines published by Asian countries (Japan, Korea, China, and
Taiwan) and the NCCN and ESMO and discussed the areas of dissensus. We here present
the first version of the Asian GIST consensus guidelines that were prepared through a series
of meetings involving multidisciplinary experts in the four countries. These guidelines provide
an optimal approach to the diagnosis and management of GIST patients in Asian countries.
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Introduction

Pathologic Diagnosis of GISTs
Although GISTs can arise in any portion of the gastrointestinal tract, they usually occur in the stomach (60%) or
small intestine (30%). GISTs rarely occur in extra-gastrointestinal locations such as the omentum, mesentery, pelvis,
and retroperitoneum [8]. GISTs range in size from less than
1 cm, typically discovered incidentally during tests for other
diseases, to very large lesions measuring up to 35 cm
(median, 5 cm) [9]. Regardless of their size, GISTs have typ-
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KIT (CD117) by IHC
–

+

DOG1 or CD34 by IHC
–

+

GIST

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors originating in the gastrointestinal
tract. They are generally positive for CD117 (c-Kit), and are
primarily caused by activating mutations in KIT or PDGFRA
with a characteristic morphology [1]. The identification of a
signal transduction pathway associated with the development of GISTs facilitated advances in the understanding of
this tumor. Indeed, molecular-targeted therapy with imatinib
(Glivec, Novartis) has yielded remarkable outcomes. GISTs
have become a model of multidisciplinary oncological treatment, and an interdisciplinary approach is required to provide optimal care for GIST patients. Surgical and medical
oncology, pathology, and gastroenterology are the essential
fields of the multidisciplinary treatment of GIST.
Although Western clinical guidelines for the treatment and
management of GISTs are available, such as those published
by the National Comprehensive Cancer Network (NCCN)
and the European Society of Medical Oncology (ESMO) [2,3],
it is unclear whether these guidelines are appropriate for the
clinical situation in Asian countries. Despite the limited
Asian data on GISTs, several studies have suggested that
some aspects of Western guidelines are not applicable to
Asian GIST patients and that clinical practice patterns in Asia
differ from those of Western countries [4-7]. Therefore, consensus meetings were held involving multidisciplinary
experts including surgeons, pathologists, and medical oncologists from Korea, Japan, China, and Taiwan since April
2014. These Asian GIST experts thoroughly reviewed the relevant Asian literature and shared their experience and opinion to reach a consensus on topics related to the pathologic
diagnosis and surgical and medical treatment of Asian GIST
patients.
The present consensus guidelines aimed to provide an
optimal approach to the diagnosis and management of GIST
patients in Asian countries.

Morphology: consistent with GIST

KIT or PDGFRA mutation
–

+

Non-GIST

Fig. 1. Algorithm for the diagnosis of gastrointestinal stromal tumor (GIST). IHC, immunohistochemistry.

ical morphologic features and immunoreactivity for c-Kit
(CD117), and may contain oncogenic mutation in the KIT
(80%-85%) or platelet-derived growth factor receptor alpha
(PDGFRA; 5%-7%) genes [10].
1. Morphology and immunohistochemical staining
Macroscopically, GISTs are typically a well-circumscribed
fleshy, pink or tan-white mass. Large tumors frequently present with hemorrhage, necrosis, and cystic degeneration.
GISTs can be divided into three different histologic subgroups; spindle cell GISTs (70%) which consist of cells with
pale eosinophilic fibrillary cytoplasm, ovoid uniform nuclei,
and ill-defined cell borders; epithelioid GISTs (20%) which
consist of rounded cells with eosinophilic to clear cytoplasm
arranged in sheets and nests; and the mixed type (10%) with
spindle and epithelioid cells.
The pathological diagnosis of GIST is mainly based on the
histological profile of the tumor (recommended to be obtained via surgical resection rather than preoperative biopsy),
but immunohistochemical (IHC) staining is needed to confirm the diagnosis [11]. The most important IHC staining
method for the diagnosis of GISTs is c-Kit (CD117) but staining with several other antibodies may also be helpful for primary and differential diagnosis. Approximately 94%-98% of
GISTs are positive for the c-Kit protein, which is rarely
expressed in other abdominal tumors. In addition, CD34 is
positive in 60%-80% of all GISTs. A recently developed antibody against DOG1 (discovered on GIST) was reported to be
positive in 85%-95% of c-Kit–positive GISTs and in 30%-36%
of c-Kit–negative GISTs [12]. DOG1 expression is not different between KIT/PDGFRA mutant GIST and wild-type GIST.

Dong-Hoe Koo, Asian GIST Guidelines

Therefore, DOG1 immunostaining may be helpful for tumors
which cannot be diagnosed as GIST based on c-Kit immunohistochemistry.
The algorithm for GIST diagnosis drawn by consensus is
provided in Fig. 1. First, the morphology should be consistent with that of a GIST. Second, if IHC staining for c-Kit is
positive, then the tumor can be diagnosed as GIST. If the
c-Kit stain is negative but the DOG1 IHC stain is positive, the
tumor can be diagnosed as GIST. Gastrointestinal mesenchymal tumors that harbor a KIT or PDGFRA mutation can also
be diagnosed as GIST, even though they are negative for both
c-Kit and DOG1. For gastrointestinal mesenchymal tumors
not diagnosed as GIST according to the above criteria, other
IHC markers such as CD34, smooth muscle actin (SMA),
S-100, desmin, and protein kinase C (PKC)-theta can be used
for differential diagnosis.
c-Kit negative GISTs account for approximately 5% of all
cases [13]. Among the c-Kit–negative GISTs, 40%-45% are
positive for CD34, 75% are positive for PKC-theta, and 30%40% are positive for SMA [13,14]. S-100 and desmin staining
are usually recommended to exclude neural tumors and
smooth muscle tumors, respectively.
2. Mutational analysis
KIT mutations (80% of primary GISTs) are most common
in exon 11 (65%), followed by exon 9 (10%), and are rarely
found in exons 13 and 17. PDGFRA mutations (10% of primary GISTs) are common in tumors of the stomach and are
associated with epithelioid features and indolent behavior
[1]. The most common mutation of PDGFRA is exon 18
D842V and is associated with resistance to imatinib. At present, mutation analysis is not required for the diagnosis of
GISTs when the tumors have the typical histology and c-Kit
and/or DOG-1 positivity. However, mutation analysis

should be considered when diagnosing immunohistochemically c-Kit negative GISTs. In addition, mutation analysis
can be recommended to predict treatment response to imatinib [15-17], especially to exclude imatinib-resistant GIST
(D842V) in neoadjuvant or adjuvant setting or to determine
the initial dose of imatinib for GISTs with a KIT exon 9
mutation [10]. Mutational analysis for KIT exons 9, 11, 13,
and 17 and PDGFRA exons 12, 14, and 18 can be performed
using both formalin-fixed, paraffin-embedded tissue and
fresh-frozen tissue.
Although most GISTs are driven by KIT- or PDGFRA-activating mutations, a small subset (10%) without KIT or
PDGFRA mutations exist and are referred to as wild-type
GISTs which may harbor mutations in succinate dehydrogenase (SDH) complex including SDHA, SDHB, SDHC, or
SDHD, BRAF, KRAS, or NRAS [1,18,19]. SDH-deficient GISTs
in particular, include pediatric cases and those associated
with Carney triad syndrome (gastric epithelioid GIST, pulmonary chondroma, and extra-adrenal paraganglioma in
young females) or Carney-Stratakis syndrome [20,21]. SDHdeficient GISTs, which most commonly occur in the stomach,
have histologic features that are otherwise rare in gastric
GISTs, such as epithelial hypercellular features, plexiform
growth patterns in the muscularis propria, and lymphovascular invasion and lymph node metastases [21].
3. Risk classification in localized GISTs
Risk assessment of recurrence after curative surgery for
localized GISTs provides the basis for optimal adjuvant treatment. The two most important prognostic factors are mitotic
index and tumor size as suggested by the National Institutes
of Health (NIH) consensus criteria published in 2002 [11].
The Armed Forces Institute of Pathology (AFIP) criteria
added tumor location to size and mitotic count [22].

Table 1. Modified NIH classification system proposed by Joensuu [23]
Risk category
Very low risk
Low risk
Intermediate risk
High risk

Tumor size (cm)

Mitotic index (/50 HPFs)

Primary tumor site

 2.0
2.1-5.0
 5.0
5.1-10.0
Any
> 10.0
Any
> 5.0
 5.0
5.1-10.0

5
5
6-10
5
Any
Any
> 10
>5
>5
5

Any
Any
Gastric
Gastric
Tumor rupture
Any
Any
Any
Non-gastric
Non-gastric

Adopted from Joensuu H. Hum Pathol. 2008;39:1411-9, with permission of Elsevier [23]. NIH, National Institutes of Health;
HPFs, high-power fields.
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The modified NIH classification suggested by Joensuu [23]
combined the advantages of the NIH (tumor size and mitosis) and AFIP (tumor location) criteria along with the additional factor of rupture (Table 1) [24]. Moreover, a novel
prognostic contour map was generated through the pooled
data of GIST patients who received no adjuvant therapy [25].
The contour map incorporated the mitotic index and tumor
size as continuous non-linear variables while tumor rupture
and primary site were included as categorical variables for
risk assessment.
Given these differences in the various risk classifications,
it remains unclear which classification is the best for selecting
candidates for adjuvant therapy. Our expert panel recommends using the modified NIH criteria to guide the selection
of patients who may require adjuvant therapy, on the basis
of the four risk factors including size, mitosis, primary site,
and rupture. In addition, a recent Japanese report indicated
that the modified NIH criteria was the most sensitive for
detecting patients who are likely to have recurrence [26].
4. Pathologic reporting for GISTs
The pathology report for GISTs should include the following: (1) tumor location and size and mitotic index (per 50
high-power fields); (2) resection margin status; (3) presence
or absence of metastases or rupture during the operation;
and (4) IHC staining results that include CD117 (c-Kit) with
or without CD34/DOG-1. It must be considered that the
actual size of a high-power field may differ between microscopes when obtaining mitotic counts. Hence, the panels recommend that mitotic counts are expressed as per 5 mm2
fields in near future. In addition, a pathology report may
include other histological nature of the tumor, including the
degree of cellularity, presence of necrosis or cystic changes,
and any invasion into the mucosa or adjacent structures.
In terms of pathologic reporting, there were some different
circumstances in Asia that do not exactly match the Western
guidelines such as the NCCN and ESMO guidelines. First,
genotyping for KIT or PDGFRA is strongly recommended in
these guidelines, but genotyping is not widely used and standardized in many centers in Asia. Therefore, we recommend
that the tumor tissue should be referred to centers where
genotyping facility is available, especially, in specific situations such as to diagnose immunohistochemically negative
GISTs or to predict treatment response to imatinib. Second,
we recommend using the modified NIH criteria among the
various risk classifications, especially to select patients who
may require adjuvant imatinib therapy for 36 months. Third,
we proposed to report at least four items in pathology report
because, in some cases, insufficient information can be provided by a pathologist who is not well-experienced with
GISTs.
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Surgical Treatment of GISTs
1. Preoperative evaluation and biopsy
Surgical resection is the current standard of care for localized GISTs. The initial diagnosis is generally suggested by
endoscopy, endoscopic ultrasound (EUS), or computed
tomography (CT) of the abdomen, which should be confirmed histopathologically after surgical resection of the
tumor. Preoperative histological diagnosis is feasible but
may sometimes be difficult to interpret [27]. Imaging studies
used to detect metastasis include triphasic CT of the
abdomen and pelvis and/or magnetic resonance imaging, as
necessary [28]. Chest CT is rarely needed for initial evaluation of GISTs because extra-abdominal metastasis at initial
presentation is extremely rare. Positron emission tomography (PET) may be performed when evidence of metastasis is
equivocal or for the purpose of conducting clinical trials [27].
Biopsy is absolutely necessary when considering initial
imatinib therapy in terms of neoadjuvant treatment. Preoperative biopsy should be performed, with effort to avoid
tumor spillage or metastases. In this regard, EUS-guided
biopsy is preferred to percutaneous biopsy [29]. If the tumor
is strongly suggestive of GIST and is considered resectable,
preoperative biopsy can be omitted [30]. In metastatic diseases, however, percutaneous image-guided biopsy may be
allowed. When the histology shows unusual or complex features, the diagnosis should be reviewed by an expert to discriminate GISTs from other sarcomas. Mutation analysis is
helpful and is recommended if possible.
2. Indications for surgery
When a tumor is suggestive of GIST, it should be considered for curative surgical resection due to the high malignant
potential [4-7,31]. Surgery is the treatment of choice for
patients with localized or potentially resectable GISTs. In
gastric GISTs, surgical resection is strongly recommended
when (1) tumors are 2 cm or larger in size, or (2) they are
growing or have signs of malignancy, such as irregular margin, ulceration, bleeding, cystic change, necrosis, or heterogeneous echogenicity in endoscopy and/or EUS [27]. Smaller
tumors (< 2 cm) with no signs of malignancy may be managed with active surveillance. However, a small tumor size
does not exclude the potential for malignancy in GIST. Therefore, patients should be informed about the possibility of
malignancy, even if the tumor is small. For non-gastric
GISTs, on the other hand, surgical resection is recommended,
regardless of tumor size or morphology.
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3. Surgical margins, lymph node dissection, and laparoscopic surgery
For complete resection, pseudocapsule should not be damaged during manipulation of the tumor and macroscopically
negative margin as well as adequate safety margin should
be spared. In cases with tumor infiltration into the surrounding organs, a complete en bloc resection with negative margins should be performed, regardless of tumor size [29,31].
When adjacent organs adhere to the tumor, complete en bloc
resection should also be performed to avoid tumor rupture
or intra-abdominal spillage [29]. En bloc resection is also recommended for omental and mesenteric GISTs. In gastric
GISTs, subtotal or total gastrectomy may be performed based
on the tumor size and location. In many cases, wedge resection of gastric GISTs and segmental resection of small bowel
GISTs are sufficient; however, simple enucleation or endoscopic treatment is not recommended even if the GIST is
small.
When the macroscopic surgical margin is positive (R2 disease), reoperation is recommended when possible. In cases
of positive microscopic resection margin (R1), postoperative
imatinib therapy is recommended when the malignant
potential—based on the size, mitotic index, and primary site
of the GIST—is high. If the risk of recurrence is low, routine
surveillance with no additional therapy is recommended.
A retrospective analysis has suggested that margin status
might not be a significant prognostic factor for recurrencefree survival in the era of targeted therapy [32].
Since GISTs rarely spread to local or regional lymph nodes,
lymph node dissection is usually not necessary, but it should
be considered if metastasis is suspected, such as when
enlarged lymph nodes are noted.
Although the evidence to date is mainly limited to gastric
GISTs, laparoscopic surgery can be performed for small
GISTs in favorable locations, such as those located in the
greater curvature or anterior wall of the stomach, jejunum,
or ileum [33]. Tumor grasping and tumor rupture should be
avoided; however, use of the stapling technique and extraction bags is recommended. Compared with open surgery,
laparoscopic surgery has similar outcomes for GIST patients
in terms of oncologic prognosis with several advantages,
such as less pain, less invasiveness, early recovery, and better
cosmetic results [34].
4. Postoperative follow-up and surveillance
For GIST patients in high- or intermediate-risk groups,
postoperative surveillance is recommended with abdominal
and pelvic CT scan every 3 to 4 months for the first 3 years
after surgery, every 6 months until 5 years after surgery, and
an annual assessment thereafter [27,29]. For patients in the

low- or very low-risk groups, follow-up CT every 6 months
is recommended for 5 years after surgery. Ultrasonography
may replace CT once each year [27,29]. The role of PET in
postoperative surveillance has not been established. Before
the introduction of adjuvant therapy, most recurrences of
GIST occurred in the liver and peritoneum within 2 years of
surgery [35]. In the era of adjuvant imatinib therapy, a Western study reported that the risk of recurrence was also high
within the first 1-2 years after adjuvant therapy [36]. Hence,
further investigations are needed to establish an optimized
surveillance schedule with CT in Asian countries.
5. Surgery during tyrosine kinase inhibitor therapy for
advanced GISTs
Medical treatment using tyrosine kinase inhibitor (TKI)
alone rarely achieves a complete response in advanced
GISTs, as resistant tumor clones develop continuously over
time after the initiation of imatinib treatment [37]. In particular, macroscopic residual lesions would contain many
viable tumor cells; therefore, surgical removal of these residual lesions would prevent or delay the emergence of resistant
clones. The survival benefit of adding surgical resection to
imatinib at maximal response, including partial response
(PR) and stable disease (SD), has been suggested in several
retrospective studies, in which some patients maintained
their disease status free from progression for a long while
after surgery [38,39]. A prospective randomized comparative
trial was carried out in China, although it was terminated
early due to poor accrual (n=41), it reported that 2-year progression-free survival (PFS) was 88.4% in patients who
received surgery for residual disease with imatinib and
57.7% in patients who received imatinib alone (p=0.089).
Median overall survival (OS) was not reached in the surgery
arm of that study but it was 49 months in the imatinib alone
arm (p=0.024) [40]. Recently, Park et al. [41] conducted a retrospective comparative study in 134 patients who had SD for
more than 6 months after responding to imatinib and
reported that surgical resection of residual lesions was beneficial with longer PFS and OS compared with patients
treated with imatinib alone. There is no definitive evidence
from large phase III trials; however, the potential benefit of
post-imatinib resection in preventing or delaying the development of imatinib-resistance has been strongly suggested
and it is unlikely to have a large scale prospective randomized trial, this issue should be discussed with a multidisciplinary team or with experts in referral hospitals [38,39,41].
There is no evidence to recommend surgery during sunitinib
or regorafenib.
Post-imatinib resection can be recommended when a GIST
patient shows (1) a PR or SD after an adequate duration (usually 4 to 12 months) of imatinib therapy and residual lesions
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are completely resectable or (2) limited (or focal) progression
of disease confined locally such as “nodule within the mass”
[38]. In addition to surgical resection, hepatic or peritoneal
metastases of GIST can be managed with local modalities,
such as radiofrequency ablation or chemoembolization. TKI
therapy must continue even after complete resection of the
residual tumor.
In contrast to resection after imatinib therapy, initial
debulking surgery before imatinib therapy is not beneficial
[42]. In metastatic GISTs, surgery should be avoided as a primary approach and imatinib therapy is the standard primary
treatment.
In this section, we emphasized aggressive surgery such as
complete en bloc resection of resectable tumors including
omental and mesenteric GISTs, which may seem to contradict with the Western guidelines in which points out to avoid
multivisceral resection. However, the emphasis on aggressive surgery is only limited in curative setting of primary surgery, we also recommend to avoid mutilating surgery and
consider preoperative imatinib when appropriate. In metastatic GISTs, even though all tumors seem completely
resectable, we strongly recommend multidisciplinary approach for initial imatinib therapy because there is no evidence
of survival benefit by initial debulking surgery prior to imatinib therapy.

Medical Treatment of GISTs
1. Adjuvant treatment
The purpose of adjuvant therapy is to reduce or delay the
growth of microscopic tumors after complete resection of a
GIST. A randomized, double-blinded, placebo-controlled
phase III study (ACOSOG Z9001) showed that adjuvant imatinib therapy for 1 year could significantly prolong the recurrence-free survival of patients with primary GIST after
curative resection [43]. A non-randomized, prospective
phase II study also reported that adjuvant imatinib for 36
months decreased the risk of recurrence and death compared
to observation group in Chinese GIST patients with intermediate or high risk [44]. Furthermore, a large, randomized,
phase III trial (SSG XVIII/AIO) reported that adjuvant imatinib for 36 months reduced the risk of recurrence and
improved OS compared with adjuvant imatinib for 12
months in GIST patients with high risk of recurrence after
surgery [45]. Therefore, adjuvant imatinib is currently indicated in patients with high-risk GIST and is recommended
for 3 years. For intermediate-risk patients, evidence is not
sufficient to make such a conclusion. The modified NIH cri-
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teria are recommended for selecting adjuvant imatinib candidates, because the SSG XVIII/AIO trial used the criteria for
estimating the risk of GIST recurrence [45].
In addition to risk assessment, we recommend genotyping
to identify the PDGFRA exon 18 D842V mutation, at least for
primary gastric GISTs, if this method is available. Adjuvant
imatinib is not recommended for cases with the D842V
mutation because these tumors do not respond to imatinib.
There is currently no consensus on whether wild-type GISTs
should be treated with adjuvant therapy because of their
lower sensitivity to imatinib and an often more indolent clinical course, especially in the case of syndromic GISTs such as
neurofibromatosis type 1–related GISTs, Carney triad or Carney-Stratakis syndrome [20,46].
2. Neoadjuvant treatment
Neoadjuvant imatinib therapy should be considered (1) for
localized (not metastatic) GISTs when R0 resection is not feasible or (2) for organ function preservation, including the rectum, esophagus, or duodenum, or to avoid total gastrectomy
[47,48]. Early assessment of tumor response by CT and/or
PET after the first month of imatinib treatment is recommended to avoid delayed detection of rapid tumor progression due to primary imatinib resistance [49]. Surgery is
recommended after achieving the best response or sufficient
shrinkage of the tumor [27]. Thus, the duration of preoperative imatinib is usually 4-6 to 12 months. In the absence of
significant imatinib-related adverse events, withholding imatinib before surgery is not necessary because imatinib does
not have known negative impact on wound healing and
safety of surgery.
After surgical resection of a GIST with pre-operative imatinib, the decision to commence adjuvant imatinib should be
based on the pre-neoadjuvant tumor rather than post-imatinib tumor status. However, it can be difficult to classify risk
because the pre-neoadjuvant biopsy tissues are often inadequate for determining the mitotic index. Adjuvant imatinib
should be started as soon as the patient is allowed to have
oral intake. The duration of adjuvant imatinib should be
determined by the duration of pre-operative therapy. The
total duration of imatinib therapy before and after surgery is
at least 3 years for high risk GIST. If genotyping is available,
tumors exhibiting PDGFRA exon 18 D842V mutation should
be excluded from pre- and post-operative adjuvant imatinib
therapy. However, if genotyping is not feasible and there is
a possibility of the presence of D842V mutation, particularly
for primary gastric GIST, neoadjuvant imatinib should be
administered carefully and the tumor response should be
evaluated earlier or as soon as possible.
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3. First-line imatinib therapy for advanced GISTs
Once an advanced GIST (metastatic, unresectable, or
recurrent) is diagnosed, imatinib should be immediately prescribed; regardless of presence of symptoms and even if the
tumor is completely resected grossly and histologically [35].
Cytoreductive surgery prior to imatinib therapy is not recommended [42]. The optimal initial dose of imatinib is 400
mg per day. A higher dose (800 mg per day) of imatinib is
now recommended as the initial treatment in Western countries for patients with KIT exon 9 mutant GISTs [15]. However, there was no large prospective study to evaluate the
clinical benefit of higher-dose imatinib treatment in Asian
patients with different genotypes [50,51]. A recent Korean
large-scale retrospective analysis has suggested that patients
with the KIT exon 9 mutation would also benefit from treatment with a higher dose of imatinib [17]. Our expert panel
agreed with the recommendations of Western guidelines and
suggests that a higher dose may also be beneficial in Asian
patients with KIT exon 9 mutation. However, prospective trials are needed to prove the feasibility and efficacy of higherdose imatinib in Asian populations [52].
The most common adverse effects of imatinib are fluid
retention, diarrhea, abdominal pain, nausea, poor appetite,
fatigue, muscle cramps, and skin rash. These adverse effects
usually improve and can be tolerable with prolonged imatinib therapy [53]. Discontinuation of imatinib treatment in
patients with initial favorable tumor response generally leads
to rapid disease progression [54,55]. In such cases, many
patients may respond to the reintroduction of imatinib, but
the tumor response may be smaller than what was achieved
prior to treatment interruption [56]. Therefore, the expert
meeting recommended giving imatinib treatment continuously until disease progression, intolerable adverse events
occur, or the patients’ refusal.
4. Evaluation of the tumor response
To date, CT has been the most useful diagnostic tool for
evaluating the GIST response to TKI treatment. We recommend contrast-enhanced, dynamic or triphasic CT scanning
with arterial and portal venous phases [27]. The interval for
radiological tumor response evaluation may vary according
to the clinical situation, but is usually performed every 3 to
6 months after the documentation of initial response. Fluorodeoxyglucose (FDG) PET is highly sensitive for evaluating
early tumor response, but given its cost and lack of availability, there is no consensus on its inclusion in basic imaging
tests [57].
The tumor response assessment should not solely rely on
the change of tumor size because tumors can be enlarged
with cystic changes secondary to intratumor hemorrhage or

myxoid degeneration [27,58]. In addition, new hypoattenuating lesions resulting from reduced vascularity and hyaline
degeneration can be observed following imatinib treatment.
Particularly for cases of liver metastasis, new small lesions
with hypodensity and clear margins may be observed in portal venous phase of CT scan resulting from necrosis of preexisting, small iso-dense tumors. Hence, caution is required
when applying the Response Evaluation Criteria in Solid
Tumors (RECIST) or World Health Organization (WHO) criteria for evaluating the response of GIST to TKI treatment.
The development of new criteria, preferably taking both
tumor size and density into account, is therefore warranted.
An improvement in symptoms, reduction in the degree of
the CT attenuation coefficient (Hounsfield units), or change
in the maximum standardized uptake value (SUVmax) upon
PET may also be used to determine the tumor response
[57,58].
Recurrence or progression includes the appearance of a
new lesion at the surgery site, the development of new
metastases, or an enlargement of the preexisting, hypervascular tumor. A new intratumoral nodule or increased solid
tissue density within a previously responding, hypodense
GIST is also considered as radiological evidence of tumor
recurrence or progression. This pattern of progression is not
defined in RECIST or WHO criteria, but all the experts
agreed that such radiological changes are early signs of
tumor progression. Therefore, the interior and cystic walls of
previously responding hypodense tumors should be carefully examined [28,37]. The evaluation criteria require standardization and further validations in large-scale prospective
studies are needed.
5. Failure pattern of first-line treatment
Tumor resistance to imatinib is classified as either primary
or secondary. Primary resistance is defined as progression
within the first 6 months of imatinib therapy, with most cases
progressing multifocally [27]. Secondary resistance is defined
as progression beyond 6 months after the initiation of imatinib therapy. In progressing lesions of imatinib resistant
GISTs, secondary mutations in KIT including exon 13, 14, or
17 are commonly found, and represent a major factor of secondary resistance to imatinib [59].
There are two types of progression, as described below
[27].
1) Limited (or focal) progression
Focal progression occurs when one lesion or a limited
number of lesions exhibit intratumoral nodules or increased
size with increased FDG uptake on PET whilst the other
lesions remain relatively well controlled. Treatment of focal
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progression requires multidisciplinary approach. Local therapy, such as radiofrequency ablation, chemoembolization, or
resection of localized progression of liver metastasis, or peritoneal tumor can be considered for the control of focally progressing imatinib-resistant lesions, while imatinib at standard dose is continued to control the remaining imatinibresponding tumors. If those lesions are not removable, escalation of the dose of imatinib or a switch to sunitinib should
be considered. Although there was no prospective study to
evaluate the efficacy of local treatment for focal progression
in GIST, retrospective analyses have suggested that some
cases with focal progression may benefit from local treatment
[38,60]. On the other hand, there was a study showing the
potential risk of rapid disease progression within a short
period of time after local treatment [39].
2) General (or multifocal) progression
General progression is characterized by the simultaneous
progression of most lesions. The efficacy of local treatment
of general progression in GIST is extremely limited and
mostly negative [38], therefore, it is not recommended,
except for the purpose of symptomatic palliation. Administration of imatinib at increased doses or switch to a secondline drug such as sunitinib is indicated.
6. Further treatment after failure of first-line imatinib
1) Higher dose of imatinib
Approximately 30% to 40% of patients who had disease
progression during imatinib treatment at standard dose of
400 mg per day may benefit from an increased dose of imatinib to 600-800 mg per day for a limited period [61]. With
a daily dose of 800 mg, no increase in adverse events associated with imatinib has been found, other than malaise and
anemia. If intolerable side effects occur, the dose may be
reduced to 600 mg per day [61]. When severe adverse events
are anticipated with a direct dose escalation to 800 mg per
day, imatinib can be increased in stages, to 600 mg per day,
then to 800 mg per day. The median PFS is approximately
3-5 months and the 12-month PFS rate ranges 18% to 30%
with dose escalation in imatinib-resistant GISTs [61-63].
2) Second-line sunitinib
Sunitinib is a TKI that inhibits the vascular endothelial
growth factor receptor as well as the KIT and PDGFRA. As
a result, this drug inhibits tumor growth by both direct antitumor activity and anti-angiogenic activity. A pivotal phase
III study reported that the response rate of imatinib-failure
GIST to sunitinib was nearly 10%, and the clinical benefit rate
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was approximately 65%. The median PFS was 6 months,
which was more than four times longer than that of the
placebo arm [64]. Sunitinib is approved for the treatment of
advanced GIST after failure of first-line imatinib. With regard
to dosing schedule, a daily dose of 50 mg for 4 weeks and
resting for 2 weeks was initially approved. However, some
patients experienced aggravation of symptoms during the
resting period. A randomized, phase 2 trial was conducted
to compare morning versus evening continuous dosing
schedule with a daily dose of 37.5 mg per day in imatinibfailure GIST. Combined analysis showed continuous daily
sunitinib could achieve comparable efficacy as those with
intermittent full dosing schedule in the literature [65]. A Chinese retrospective study also reported that the patients who
received 37.5 mg of sunitinib daily experienced less toxicity
compared with 50 mg of sunitinib scheduled 4 weeks-on and
2 weeks-off [66]. Although no randomized trials to date have
compared intermittent and continuous sunitinib dosing
schedules, both are equally recommended. In addition, there
is no consensus on the TKI sequence (higher dose of imatinib
or sunitinib) and either sequence is possible. Recent reports
documented that sunitinib is associated with cardiotoxicity
and hypothyroidism, therefore, close monitoring of hypertension, cardiac function, and thyroid hormones is indicated
during sunitinib therapy [67,68].
3) Third-line regorafenib
Regorafenib, a multikinase inhibitor of KIT, PDGFR, and
VEGFR, is recommended after failure of both high-dose imatinib and sunitinib, with a regimen of 160 mg daily for the
first 3 weeks of each 4-week cycle. A randomized phase III
trial (the GRID study) reported a response rate of 4.5%, clinical benefit rate of nearly 50%, and median PFS of 5 months
with the use of regorafenib [69].
4) Imatinib rechallenge
When regorafenib is not available or failed, an imatinib
rechallenge at 400 mg per day is also recommended instead
of discontinuing TKI treatment, because a certain fraction of
the tumor cells may remain responsive to imatinib and disease progression can be at least slowed. With several retrospective studies suggesting a survival benefit, recent RIGHT
study clearly demonstrated the benefit of imatinib rechallenge in prolongation of PFS compared to placebo after failure of at least first-line imatinib and second-line sunitinib
therapies [70,71]. No conventional cytotoxic chemotherapy
has ever been reported to be effective in GIST and clinical trials are under way for newer targeted agents. Thus, we do not
recommend the use of these drugs, except in clinical studies
[27].
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7. Monitoring of the imatinib plasma concentration
Monitoring of the imatinib plasma level can be helpful for
making treatment decisions in patients considered to have
either dose modification or discontinuation for suboptimal
response to treatment, treatment failure, unexpected serious
adverse events, or suspected poor compliance. Regarding the
association between imatinib plasma level and tumor
response, some retrospective data from Western patients
with advanced GIST have indicated that imatinib plasma levels are associated with PFS [72], while conflicting results have
been reported in other prospective Western studies and retrospective Asian studies [63,73,74]. Therefore, the application
of imatinib plasma level monitoring should currently be
more focused on adjusting the dose of imatinib in the management of patients who experience intolerable toxicities due
to overexposure to the drug [75]. On the other hand, prospective study for further evaluating the association between the
plasma level of imatinib and clinical outcomes in GIST
patients is warranted.
In this section, some points were more emphasized compared to the Western guidelines. First, since there is no consensus on the duration of adjuvant imatinib treatment after
pre-operative imatinib and subsequent surgical resection, we
recommend the total duration of imatinib therapy before/
after surgery to be at least 3 years for high risk GIST, while
at least 2 years of post-operative imatinib is suggested in the
NCCN guideline. Second, in neoadjuvant setting, we recommend early evaluation of tumor response (i.e., after the first
month of imatinib treatment) when genotyping is not feasible, especially for primary gastric GIST. Third, higher dose
of imatinib may be beneficial in GIST patients with KIT exon
9 mutation as recommended in the Western guidelines, but
prospective study to prove the feasibility and efficacy of high
dose imatinib therapy in Asian patients is needed. Lastly, if
third-line regorafenib is not available or failed, imatinib
rechallenge is recommended instead of discontinuing TKI
treatment. However, rechallenge or continuous treatment
with TKIs to which the patient has already been exposed is
limited in many Asian countries unlike Western countries.

Conclusion
The paradigm of diagnosis and management of GIST has
rapidly changed with the improved understanding of the
pathophysiology of the tumor and the introduction of TKIs.
In the late decade, several national guidelines have been published in Asian countries based on country-specific clinical
situations [4-7], but there has been a strong need for a con-

sensus on diagnosis and management of GISTs in Asian
patients. For this reason, this first version of Asian GIST consensus guidelines was prepared through a series of meetings
involving multidisciplinary experts in four countries. We
hope that these guidelines will be of assistance to clinicians
in Asian hospitals to improve the diagnosis and management
of GIST patients and subsequently promote optimal care for
this disease in Asia.
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Predictors of Distant Metastasis after Radical Surgery Followed by
Postoperative Radiotherapy with or without Chemotherapy for
Oropharyngeal Cancer
Purpose
We investigated the prognostic factors for distant metastasis (DM) in patients with locally
advanced oropharyngeal cancer (OPC) treated with surgery and adjuvant radiotherapy with
or without concurrent chemotherapy.
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Materials and Methods
Eighty-five patients treated between January 1995 and August 2014 were evaluated retrospectively. Data regarding the pathological tumour and nodal status, human papillomavirus
(HPV) status, treatment characteristics, and pretreatment maximum standardized uptake
value (SUVmax) of 18-fluoro-2-deoxyglucose positron emission tomography–computed
tomography scan (18F-FDG PET-CT) were evaluated, and their influence on DM and survival
outcomes were analyzed.
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Results
Median follow-up period was 48.0 months. Recurrence was observed in 20 patients,
including locoregional recurrence and DM. DM was observed in 13 patients. A multivariate
analysis confirmed that the presence of lymphovascular invasion (p=0.031), lower neck
lymph node (LN) involvement (p=0.006), SUVmax  9.7 (p=0.014), and tumour size
 3 cm (p=0.037) significantly affected DM. HPV status was not associated with DM. Perineural invasion (p=0.048), lower neck LN involvement (p=0.008), SUVmax  9.7 (p=0.019),
and tumour size  3 cm (p=0.033) were also significant factors for the DM-free survival
rate.
Conclusion
Lower neck LN involvement, high SUVmax in pretreatment
tumour size were predictive factors for DM in patients of OPC.

Introduction
The incidence of oropharyngeal cancer (OPC) has increased over the past few years in Western countries as well as
in Asia including Korea [1].
Numerous trials have recommended primary resection followed by radiotherapy (RT) with or without concurrent
chemotherapy for locally advanced OPC with high-risk features, including extra-capsular nodal extension (ECE), posi│ http://www.e-crt.org │

F-FDG PET-CT, and large

18

Key words
Oropharyngeal neoplasms, Distant metastasis,
Lower neck involvement, Radiotherapy, SUVmax,
Pretreatment 18F-FDG PET-CT scan

tive resection margins (RM), pT3 or pT4, N2, or N3 nodal disease and perineural invasion (PNI) [2,3]. These studies
demonstrated a significant benefit from adjuvant concurrent
chemoradiotherapy (CRT) on locoregional (LR) control and
overall survival (OS). Most recent studies reported improved
LR control but failed to show a significant reduction in distant metastasis (DM). The RTOG 9501 study reported a DM
rate of 19.3%-21.2% in patients treated for high-risk head and
neck squamous cell carcinoma. Addition of postoperative
concurrent chemotherapy to RT did not significantly reduce
Copyright ⓒ 2016 by the Korean Cancer Association
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the DM rate. The chance of cure is very low when DM occurs,
and OS decreases dramatically [4]. Although several studies
have focused on LR control for head and neck cancers, few
of these studies determined the prognostic factors for DM in
patients with OPC treated with primary resection followed
by RT with or without concurrent chemotherapy [5,6]. We
could identify strategies that would reduce DM risk using
accurate tools to predict the risk. Use of appropriate strategies can lead to decreased rates of distant failure and ultimately help improve OS for patients with high-risk OPC
after adjuvant RT with or without concurrent chemotherapy.
Thus, the aim of this study was to investigate prognostic factors for DM in patients who undergo primary resection with
adjuvant RT with or without concurrent chemotherapy for
locally advanced OPC.

Materials and Methods
1. Patients
We reviewed the medical records of patients with locally
advanced OPC treated with curative resection followed by
RT with or without concurrent chemotherapy between January 1995 and August 2014. The inclusion criteria for this
study were (1) histologically proven squamous cell carcinoma of OPC; (2) Eastern Cooperative Oncology Group
(ECOG) performance status 0-2; (3) pT3 or pT4a and any
nodal stage; (4) any T stage and N2-3; and (5) pT2 and N0 or
N1 with unfavourable pathological findings, including ECE,
positive RM, PNI, or lymphovascular invasion (LVI).
Patients with DM of OPC at diagnosis were excluded.
Finally, 85 patients were eligible. The TNM stages of the
patients were re-classified according to the seventh edition
of the American Joint Committee on Cancer staging system.
All medical records were reviewed, including radiological
images, pathology, including immunohistochemistry of
Ki-67, p53, and human papillomavirus (HPV) status, surgery, chemotherapy, and RT. Institutional review board
approval was obtained prior to the study.
2. Treatment
1) Surgery
The pretreatment evaluation included history and physical
examination; renal, hepatic, and bone marrow function tests;
computed tomography (CT) or magnetic resonance imaging
(MRI) of the head and neck and chest imaging, as clinically
indicated. All patients underwent surgery with curative
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intent by two highly specialised head and neck surgeons.
Neck dissections were performed in 85 patients at the time
of surgery. Bilateral modified radical neck node dissection
(MRND) was performed in 12 patients, ipsilateral MRND
and contralateral selective neck dissection (SND) in 52
patients, ipsilateral MRND in 11 patients, ipsilateral SND in
five patients, and bilateral SND in five patients.
2) Radiation therapy
Patients received two-dimensional RT between 1995 and
2000 and three-dimensional conformal RT or intensity-modulated RT (IMRT) was performed after 2000. A total dose of
54-66 Gy with conventional fractionation (1.8-2.12 Gy daily)
was planned for all patients. The clinical target volumes
(CTV) were classified according to three groups; high-risk
CTV was defined as the primary tumour bed and pathologically positive lymph node (LN) stations, intermediate-risk
CTV was defined as ipsilateral neck LNs and occasionally
the contralateral level II LN area, and low-risk CTV was
defined as the contralateral pathologically negative LN levels. CTV was expanded to consider setup uncertainty, and
the appropriate planning target volume was designed with
an additional 0.3-0.5 cm from CTV. Cases of involved RM
and ECE were boosted up to 66 Gy. All patients who underwent IMRT were treated after daily verification with volumetric image-guided RT.
3) Chemotherapy
Before making a decision of postoperative adjuvant treatment modality, the patient’s age, performance status,
co-morbidity, and pathology were evaluated by our multidisciplinary team. Adjuvant concurrent CRT was recommended to the patients of involved RM or ECE of LN.
However, adjuvant concurrent CRT was considered in
patients with other multiple risk factors including advanced
T stage, multiple LN involvements, PNI, or LVI. Adjuvant
therapy to decide RT or CRT was discussed considering high
risk pathological features, patient’s performance status, and
co-morbidity together. In spite of involved RM or ECE,
chemotherapy could not be given to old or co-morbid
patients.
The chemotherapy regimen consisted of weekly doses of
30 mg cisplatin/m2 body surface area (BSA) and 400 mg
5-fluorouracil/m2 BSA by continuous intravenous infusion
for 1 week in 43 of the 52 patients who received CRT. Besides
these regimens, docetaxel, cisplatin, and 5-fluorouracil were
administered to seven patients, and two patients received
cetuximab and cisplatin. Chemotherapy was withheld in
patients who developed grade 3 or higher neutropenia,
thrombocytopenia, liver, or renal toxicity.
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3. Follow-up
Patients were evaluated weekly by physical examination
and appropriate blood tests during treatment. The patients
were followed by all members of a multidisciplinary team at
1- to 3-month intervals for the first 2 years, and then every
6 months thereafter until 5 years after surgery. Thorough
physical examination and imaging studies (neck CT and/or
neck MRI, 18-fluoro-2-deoxyglucose positron emission
tomography–computed tomography [PET-CT] and chest CT
scans) were performed at each follow-up visit.
4. Statistical analysis
Distant metastasis-free survival (DMFS) was defined as
time from operation date to DM, which ever occurred first.
OS was defined as time from operation date to any cause of
death or end of follow-up. DMFS and OS rates were estimated by using the Kaplan-Meier method. The log-rank test
and Cox proportional hazards model were applied for identification of prognostic factors independently associated with
DM and to estimate the hazard ratio (HR). Factors with
p-values of < 0.25 in a univariate analysis were included in a
multivariate analysis. Two-sided p-values of < 0.05 were considered significant. Correlation with HPV status and Ki-67,
smoking, and p53 mutation was also analyzed using the chisquare test. All analyses were performed using SPSS ver. 12.0
(SPSS Inc., Chicago, IL).

Results
1. Patient characteristics
The patient characteristics are described in Table 1. The
study cohort consisted of 81 men and four women with a
median age of 58 years (range, 31 to 88 years). Of the 85
patients, 46 were current smokers, of whom 38 had a smoking history of  10 pack-years. Eighty-four patients (98.8%)
had an ECOG performance status of 0-1. The primary
tumour sites were the tonsils in 63 patients (74.1%), the base
of the tongue in 19 (22.4%), and the soft palate in three (3.5%).
Tumour stages were pT1-2 in 67 patients (78.8%) and
pT3-4 in 18 (21.2%). Pathological LN stages were N0-2a in
32 patients (37.6%) and N2b-3 in 53 (62.4%). Seventy-five
patients (88.3%) had well and moderately differentiated
tumours.
LVI and ECE were observed in 52 (61.2%) and 38 (44.7%)
patients, respectively. Surgical RM involvement was observed in 37 of the 85 patients (43.5%). The presence of PNI was

observed in six patients (7.1%). HPV positivity was observed
in 37 patients (43.5%). HPV-positive tumours were defined
as specific in situ hybridization staining of tumour cell nuclei
for HPV or positive p16 expression in an immunochemical
analysis before 2013 and detection of HPV DNA by polymerase chain reaction after 2013. Lower neck LN (level IV
and VB) involvement was observed in 17 patients (20.0%).
Ki-67 index > 50% was observed in 32 patients (37.6%),
p53 mutation was observed in 21 patients (24.7%). The
median pretreatment maximum standardized uptake value
(SUVmax) of primary tumours was 9.7, and a SUVmax
 9.7 was observed in 30 patients (35.3%). Tumour size
 3 cm was observed in 48 patients (56.5%).
2. Prognostic factors affecting DM
After a median follow-up period of 48.0 months (range, 5.3
to 189.2 months), recurrence was observed in 20 patients,
including LR recurrence and DM. LR recurrence was
observed in seven patients (8.2%). DM was observed in
13 patients (15.3%; lungs in eight patients, liver and bone in
four, and peritoneal seeding in one). Most DM (76.9% of
patients) occurred within 1 year after treatment, and the
median time of DM was 9.43 months (range, 2.5 to 51.0
months). The result of univariate analysis for factors associated with DM is shown in Table 2. Three factors showed correlation with DM in the univariate analysis, including lower
neck LN involvement, SUVmax  9.7, and tumour size
 3 cm. No significant association was found between any
other factor and DM. The multivariate logistic regression
analysis showed that all the three factors in univariate analysis, lower neck LN involvement (HR, 77.394; 95% confidence
interval [CI], 3.506 to 1,708.536; p=0.006), SUVmax  9.7 (HR,
57.713; 95% CI, 2.24 to 1,484.920; p=0.014), tumour size
 3 cm (HR, 41.604; 95% CI, 1.261 to 1,372.724; p=0.037), and
the presence of LVI (HR, 26.441; 95% CI, 1.339 to 522.179;
p=0.031) were significant adverse factors affecting DM
(Table 3). HPV status was not associated with DM.
3. Survival outcomes
The 5-year DMFS and OS rates are summarized in
Table 4. The presence of PNI (p=0.048), lower neck LN
involvement (p=0.008), SUVmax  9.7 (p=0.019), and tumour
size more than 3 cm (p=0.033) were significant prognostic
factors for DMFS (Fig. 1). The presence of PNI (p=0.001) and
lower neck LN involvement (p=0.028) were significant factors for OS.
4. Salvage therapy
Three of the seven patients with LR recurrence underwent
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Table 1. Patients’ characteristics
Characteristic
Age (yr)
 58
> 58
Sex
Male
Female
Smoking
Non-smoker
Current smoker
Smoking dose (pack-years)
< 10, light
 10, heavy
ECOG PS
0
1
2
Disease site
Tonsil
Base of tongue
Soft palate
Pathologic T stage
T1
T2
T3
T4
Pathologic N stage
N0
N1
N2a
N2b
N2c
N3
Tumor size (cm)
<3
3
Tumor differentiation
Well and moderate
Poor
Lymphovascular invasion
No
Yes
Extracapsular spread
No
Yes
Surgical margin involvement
No
Yes
Perineural involvement
No
Yes
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Table 1. Continued
No. (%) (n=85)
43 (50.6)
42 (49.4)
81 (95.3)
4 (4.7)
39 (45.9)
46 (54.1)
8 (9.4)
38 (44.7)
69 (81.2)
15 (17.6)
1 (1.2)
63 (74.1)
19 (22.4)
3 (3.5)
25 (29.4)
42 (49.4)
14 (16.5)
4 (4.7)
11 (12.9)
13 (15.3)
8 (9.4)
45 (52.9)
6 (7.1)
2 (2.4)
37 (43.5)
48 (56.5)
75 (88.3)
10 (11.8)
33 (38.8)
52 (61.2)
47 (55.3)
38 (44.7)
48 (56.5)
37 (43.5)
79 (92.9)
6 (7.1)

Characteristic
HPV status
Negative
Positive
Lower neck involvement
No
Yes
SUVmax
< 9.7
 9.7
Unknown
Adjuvant therapy
CCRT
RT alone

No. (%) (n=85)
48 (56.5)
37 (43.5)
68 (80.0)
17 (20.0)
37 (43.5)
30 (35.3)
18 (21.2)
52 (61.2)
33 (38.8)

ECOG PS, Eastern Cooperative Oncology Group performance status; HPV, human papillomavirus; SUVmax, maximum standardized uptake value; CCRT, concurrent
chemoradiotherapy.

salvage RT. One patient received chemotherapy, one underwent salvage surgery, and the remaining patient refused
additional therapy. Four of the 13 patients with DM underwent metastasectomy of the lungs or liver. Six patients
underwent systemic chemotherapy, and one patient underwent palliative RT. Two patients did not undergo additional
therapy because of relatively poor tolerance. Correlation
with HPV status and Ki-67, smoking, and p53 mutation,
HPV-positive tumour showed high Ki-67 staining. The
median Ki-67 index was 50 and 23 of 37 HPV-positive
tumours (62.2%) showed a Ki-67 index > 50% compared with
that of HPV-negative tumours (p < 0.001) (Table 5). The
HPV-positive group showed a 27.0% rate of p53 mutations,
and 48.6% of the patients having a heavy smoking history.
No difference was detected between HPV status and p53
mutation and smoking history.
5. Characteristics according to adjuvant therapy
Results of univariate analysis according to adjuvant therapy are shown in Table 6. Age (p=0.015), pathologic N stage
(p=0.042), the presence of ECE (p < 0.001), and number of
positive LN (p=0.023) were significantly different between
the postoperative CRT group and the postoperative RT
group.
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Table 2. Univariate analysis of factors associated with distant metastasis
Characteristic
Pathologic T stage
T1-2
T3-4
Pathologic N stage
N0-2a
N2b-3
Tumor differentiation
Well and moderate
Poor
Lymphovascular invasion
No
Yes
Extracapsular spread
No
Yes
Surgical margin involvement
No
Yes
Perineural involvement
No
Yes
HPV status
Negative
Positive
Lower neck involvement
No
Yes
Tumor size (cm)
<3
3
No. of positive lymph nodes
<4
4
Depth of invasion (cm)
< 1.23
 1.23
SUVmax
< 9.7
 9.7
Age (yr)
 60
> 60
Adjuvant therapy
CCRT
RT
RT duration (wk)
<9
9
Duration between surgery and RT (wk)
<6
6

Unadjusted hazard ratio (95% CI)

p-value

1(
1.852 (0.569-6.027)

0.306

1(
3.929 (0.811-19.031)

0.089

1(
1.455 (0.272-7.776)

0.661

1(
4.291 (0.926-19.891)

0.063

1(
1.860 (0.608-5.691)

0.277

1(
1.013 (0.310-3.313)

0.983

1(
4.219 (0.926-19.891)

0.063

1(
1.134 (0.346-3.712)

0.836

1(
3.739 (1.256-11.130)

0.018

1(
5.500(1.138-26.592)

0.034

1(
2.773 (0.820-9.379)

0.101

1(
1.556 (0.469-5.160)

0.470

1(
8.554 (1.027-71.226)

0.047

1(
0.397 (0.101-1.564)

0.187

1(
0.982 (0.292-3.306)

0.977

1(
0.917 (0.101-8.311)

0.938

1(
0.659 (0.185-2.343)

0.519
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Table 2. Continued
Characteristic
No. of chemotherapy cycles
5-7
<5
Smoking dose (pack-years)
< 10, light
 10, heavy

Unadjusted hazard ratio (95% CI)

p-value

1(
2.250 (0.243-20.837)

0.475

1(
3.724 (0.923-15.029)

0.065

CI, confidence interval; HPV, human papillomavirus; SUVmax, maximum standardized uptake value; CCRT, concurrent
chemoradiotherapy; RT, radiotherapy.

Table 3. Multivariate analysis of factors associated with distant metastasis
Characteristic
Pathologic N stage
N0-2a
N2b-3
Lymphovascular invasion
No
Yes
Perineural involvement
No
Yes
Lower neck involvement
No
Yes
SUVmax
< 9.7
 9.7
Tumor size (cm)
<3
3

Hazard ratio (95% CI)

p-value

1(
1.641 (0.113-23.748)

0.717

1(
26.441 (1.339-522.179)

0.031

1(
1.662 (0.020-140.889)

0.822

1(
77.394 (3.506-1,708.536)

0.006

1(
57.713 (2.243-1,484.920)

0.014

1(
41.604 (1.261-1,372.724)

0.037

CI, confidence interval; SUVmax, maximum standardized uptake value.

Discussion
For high-risk patients with locally advanced OPC, including those with positive RM, the presence of ECE, and multiple LN metastasis, LR recurrence, and DM were common
after primary surgery [2]. Therefore, postoperative CRT is
necessary in these patients, with the expectation that it will
provide improved LR control and a better OS rate. Previous
studies have shown that postoperative CRT for locally
advanced squamous cell carcinoma of the head and neck
change LR control and OS rates. The RTOG 9501 and the
EORTC 22931 trials demonstrated that postoperative CRT is
a more effective treatment in terms of LR control and OS rate
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than that of adjuvant RT alone [2]. However, neither study
showed any effect on distant control. Therefore, postoperative CRT does not reduce the probability of DM, despite use
of high-dose cisplatin.
We analyzed only OPC patients who underwent surgery
and adjuvant therapy in our hospital. And as possible prognostic factors for DM, we found that lower neck involvement, high SUVmax on pretreatment PET-CT, and large
tumour size  3 cm were significant prognostic factors for
DM. These findings suggest that further adjuvant chemotherapy or more effective novel chemotherapy regimens are
needed to reduce DM in patients with high-risk OPC. Judicious use of adjuvant therapy could not only reduce the DM
rate but also improve the OS rate in high-risk patients with

Mi Joo Chung, Predictors of Distant Metastasis for Oropharyngaeal Cancer

Table 4. Five-year Kaplan-Meier DMFS and OS according to the prognostic factors
Characteristic
Pathologic N stage
N0-2a
N2b-3
Lymphovascular invasion
No
Yes
Perineural involvement
No
Yes
Lower neck involvement
No
Yes
SUVmax
< 9.7
 9.7
Tumor size (cm)
<3
3

No. of patients

5-Yr DMFS (%)

p-value

5-Yr OS (%)

p-value

32
53

93.7
74.0

0.078

68.4
68.7

0.796

33
52

93.8
75.5

0.121

68.0
68.9

0.812

79
6

83.0
None

0.048

73.0
00.0

0.001

68
17

88.3
54.1

0.008

70.3
60.3

0.028

37
30

96.4
78.8

0.019

71.6
71.5

0.967

37
48

94.0
72.7

0.033

75.5
63.7

0.562

DMFS, distant metastasis-free survival; OS, overall survival; SUVmax, maximum standardized uptake value.

OPC.
In current T staging for OPC cancer, tumour size more
than 2 cm and less than 4 cm is the same as T2. However,
according to our result, tumour size more than 3 cm should
be considered as a high-risk feature for DM. Likewise, in current N staging for OPC, LN size or ipsilateral/bilateral
involvement is considered to decide N staging. However,
according to our result, the level of involvement should be
considered together to decide more aggressive adjuvant therapy.
Ono et al. [7] reported on the unfavourable effect of lower
neck LN involvement in patients with head and neck carcinoma. In their study of 338 patients who underwent neck
dissection for head and neck carcinoma, an extremely poor
survival rate was clearly demonstrated when LN metastases
were confined to level IV. Our results also demonstrate that
lower neck LN involvement was significantly associated
with a high incidence of DM and a poor OS rate. Kim et al.
[8], who analyzed prognostic factors for DM after induction
chemotherapy followed by CRT for head and neck cancer,
reported that the 5-year DMFS rates according to lower neck
LN involvement (positive vs. negative) were 34.3% versus
55.2%. Despite addition of induction chemotherapy prior to
CRT to overcome DM, patients with lower neck LN involvement still showed a higher incidence of DM. Therefore, lower
neck LN involvement might be regarded as a major factor
when considering aggressive therapy.
Several studies have demonstrated that pretreatment

SUVmax is a good predictor of OS and disease-free survival
(DFS) in patients with head and neck cancer [9-11]. Xie et al.
[10] conducted a meta-analysis of survival data to determine
the prognostic value of pretreatment SUV for OS. In their
study, the risk of death decreased by 76% in patients with a
low SUV. In a univariate analysis, Suzuki et al. [9] found that
patients with hypopharyngeal squamous cell carcinoma and
pretreatment SUVmax  13 showed significantly shorter OS.
We selected a SUVmax cut-off value of 9.7, which was the
median pre-treatment SUVmax value. Although, SUVmax
 9.7 was an independent predictor of DM, SUVmax  9.7
was not correlated with OS in our study. After 2004, 67 of 85
patients underwent PET-CT. We assumed that these small
numbers prevented a statistically significant OS result.
Ang et al. [12] and the authors of several retrospective
studies reported that patients with HPV-positive OPC cancer
showed increased OS [13]. However, our results showed that
HPV positivity was not significantly associated with higher
OS or DFS, and the reason for this difference from previous
studies is unclear.
In our study, 23 of 37 HPV-positive tumours (62.2%)
showed a Ki-67 index > 50% compared with that of HPVnegative tumours (p < 0.001) (Table 5). A higher Ki-67 index
in HPV-positive tumours was considered a confounding factor in our study.
Smoking and HPV are known major risk factors for OPC.
Heavy smoking increases the frequency of p53 mutations,
and the frequency of p53 mutations in smokers is twice as
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0.6
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0.2
p=0.048

0
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5

0
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0
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5

0
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1.0
SUVmax < 9.7

0.8
SUVmax ≥ 9.7

0.6

0.4

0.2

0.8
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0.6

0.4

0.2
p=0.019

0

10
Time (yr)

0

p=0.033

5
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Time (yr)

0

0

5

10
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Time (yr)

Fig. 1. Kaplan-Meier distant metastasis-free survival curve according to the prognostic factors. PNI, perineural invasion;
LN, lymph node; SUVmax, maximum standardized uptake value.

high as that in non-smokers [14]. Previous studies have
shown that patients with HPV-positive OPC are less likely
to harbour p53 mutations compared to those with HPV-negative OPC [15]. Contrary to our expectation, the HPV-posi-
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tive group showed a 27.0% rate of p53 mutations, and 48.6%
of the patients having a heavy smoking history (Table 5). No
difference was detected between HPV status and p53 and
smoking. We tentatively assumed that the combination of
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Table 5. Correlation with HPV status and Ki-67, smoking,
and p53 mutation
Characteristic
Ki-67 (%)
 50
> 50
Smoking
No
Yes
p53 mutation
No
Yes

HPV status

p-value

No

Yes

39 (81.3)
9 (18.8)

14 (37.8)
23 (62.2)

< 0.001

28 (58.3)
20 (41.7)

19 (51.4)
18 (48.6)

0.340

37 (77.1)
11 (22.9)

27 (73.0)
10 (27.0)

0.801

Values are presented as number (%). HPV, human papillomavirus.

Table 6. Characteristics according to adjuvant therapy
Characteristic
Age (yr)
 60
> 60
Pathologic T stage
T1-2
T3-4
Pathologic N stage
N0-2a
N2b-3
Lymphovascular invasion
No
Yes
Extracapsular spread
No
Yes
Surgical margin involvement
No
Yes
Perineural involvement
No
Yes
No. of positive lymph nodes
<4
4

Adjuvant therapy
CCRT

RT alone

HPV positivity and the intensity and duration of smoking
played dual roles in the pathogenesis of OPC in the HPVpositive group. This assumption explains in part the lack of
a significant difference in treatment outcomes between the
HPV-positive and HPV-negative groups.
In the current study, we sought to identify factors to predict DM in patients with OPC. However, the study had some
limitations. Sample size was limited to 85 patients. And the
study was conducted retrospectively. The adjuvant treatment groups were divided into RT alone and CRT. Because
we analyzed only resectable OPC, PNI (no 92.9% vs. yes
7.1%, p=0.063), lower neck LN involvement (no 80% vs. yes
20%, p=0.018) cases were relatively small in number and
patient numbers with or without these risk factors were not
well balanced. Despite these limitations, we identified meaningful prognostic factors regarding DM in OPC patients.

Conclusion

p-value

32 (61.5) 11 (33.3)
20 (38.5) 22 (66.7)

0.015

43 (82.7) 24 (72.7)
9 (17.3) 9 (27.3)

0.290

15 (28.8) 17 (51.5)
37 (71.2) 16 (48.5)

0.042

19 (36.5) 13 (39.4)
33 (63.5) 20 (60.6)

0.821

20 (38.5) 27 (81.8)
32 (61.5) 6 (18.2)

< 0.001

28 (53.8) 20 (60.6)
24 (46.2) 13 (39.4)

0.655

49 (94.2) 30 (90.9)
3 (5.8)
3 (9.1)

0.673

33 (63.5) 29 (87.9)
19 (36.5) 4 (12.1)

0.023

In conclusion, lower neck LN involvement, pretreatment
SUVmax  9.7, and tumour size  3 cm were predictors for
DM in a multivariate analysis of patients with OPC who
underwent radical surgery followed by adjuvant RT with or
without chemotherapy. The 5-year OS rate in patients with
PNI and lower neck LN involvement was low; thus, further
investigation of adjuvant therapies in prospective studies is
needed for patients who are at high risk for DM.
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East Asian Subgroup Analysis of a Randomized, Double-Blind, Phase 3 Study of
Docetaxel and Ramucirumab Versus Docetaxel and Placebo in the Treatment of
Stage IV Non-small Cell Lung Cancer Following Disease Progression after One Prior
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Purpose
REVEL demonstrated improved overall survival (OS), progression-free survival (PFS), and
objective response rate (ORR) with docetaxel+ramucirumab versus docetaxel+placebo in
1,253 intent-to-treat (ITT) stage IV non-small cell lung cancer patients with disease progression following platinum-based chemotherapy. Results from the East Asian subgroup analysis
are reported.
Materials and Methods
Subgroup analyses were performed in the East Asian ITT population (n=89). Kaplan-Meier
analysis and Cox proportional hazards regression were performed for OS and PFS, and the
Cochran-Mantel-Haenszel test was performed for response rate.
Results
In docetaxel+ramucirumab (n=43) versus docetaxel+placebo (n=46), median OS was 15.44
months versus 10.17 months (hazard ratio [HR], 0.762; 95% confidence interval [CI], 0.444
to 1.307), median PFS was 4.88 months versus 2.79 months (HR, 0.658; 95% CI, 0.408
to 1.060), and ORR was 25.6% (95% CI, 13.5 to 41.2) versus 8.7% (95% CI, 2.4 to 20.8).
Due to increased incidence of neutropenia and febrile neutropenia in East Asian patients,
starting dose of docetaxel was reduced for newly enrolled East Asian patients (75 to 60
mg/m2, n=24). In docetaxel+ramucirumab versus docetaxel+placebo, incidence of neutropenia was 84.4% versus 72.7% (75 mg/m2) and 54.5% versus 38.5% (60 mg/m2). Incidence of febrile neutropenia was 43.8% versus 12.1% (75 mg/m2) and 0% versus 7.7%
(60 mg/m2).
Conclusion
Results of this subgroup analysis showed a trend favoring ramucirumab+docetaxel for
median OS, PFS, and improved ORR in East Asian patients, consistent with ITT population
results. Reduction of starting dose of docetaxel in East Asian patients was associated with
improved safety.
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Ramucirumab, Docetaxel, Non-small-cell lung carcinoma, East Asia
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Introduction
Lung cancer is the leading cause of cancer-related death in
both men and women in East Asia [1]. Lung cancer is classified as either small cell or non-small cell lung cancer
(NSCLC) [2], and the latter group is histologically subdivided into squamous-cell carcinomas (25%) and non-squamous cell carcinomas (adenocarcinomas [55%] and large-cell
carcinomas [5%]). The remaining NSCLC tumors are classified as “other” (5%) and “not otherwise specified” (10%) [2].
Initial therapy for NSCLC generally consists of four to six
cycles of platinum-based chemotherapy [3], and some
patients subsequently receive maintenance therapy [4]. Current clinically approved second-line therapies for non-squamous NSCLC include docetaxel, erlotinib, pemetrexed [5-7],
and, very recently in some countries, nintedanib and nivolumab.
Treatment with docetaxel has resulted in improved overall
survival (OS) compared with best supportive care [5]. Treatment with erlotinib has been shown to result in improved OS
[6] over placebo. Pemetrexed provided overall efficacy similar to that of docetaxel [6] but had a greatly improved safety
profile and is only approved and recommended for nonsquamous NSCLC [7].
Vascular endothelial growth factors (VEGFs) have
emerged as key regulators of angiogenesis, and the expression of VEGFs has been correlated with poor prognosis in
several solid tumor types, including NSCLC [8]. Both VEGF
and VEGF receptor-2 (VEGFR-2)–mediated signaling have
an important role in angiogenesis and tumor growth [9].
Blockade of VEGFR-2 signaling inhibits formation, proliferation, and migration of new blood vessels [10].
The addition of bevacizumab, a recombinant humanized
monoclonal antibody against VEGF, to carboplatin-paclitaxel
first-line chemotherapy resulted in a significant improvement in OS in eligible patients with non-squamous NSCLC
[11]. However, the addition of bevacizumab to first-line
cisplatin-gemcitabine did not improve OS, albeit an improvement in progression-free survival (PFS) was observed [12].
Ramucirumab (IMC-1121B, ImClone Systems, Bridgewater, NJ) is a human recombinant IgG1 monoclonal antibody
that specifically binds to the extracellular domain of VEGFR2 with high affinity, preventing binding of VEGF ligands and
receptor activation [13]. Two positive phase 3 studies investigating second-line treatment of advanced gastric cancer
[14,15] showed that ramucirumab significantly improved
survival as a single agent and in combination with paclitaxel.
In addition, a positive phase 3 study investigating secondline treatment of metastatic colorectal carcinoma [16] showed
that ramucirumab significantly improved survival in combination with folinic acid, 5-fluorouracil, and irinotecan
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(FOLFIRI).
It is important to note that studies from East Asia have
reported higher rates of epidermal growth factor receptor
(EGFR) mutations in NSCLC patients [17]. The superior
response of EGFR-mutated NSCLC patients to therapy may
impact the analysis of various treatment types, indicating the
need to include screening for EGFR mutations in routine
diagnostics and to analyze the response of East Asian
NSCLC patients to therapy as a separate subgroup of the
intent-to-treat (ITT) population.
Recognition of differences in OS and toxicity between East
Asian and Caucasian patients with NSCLC, with longer survival [18], higher response rates, and greater toxicity to
chemotherapy and targeted therapy reported in East Asian
patients is increasing [19]. Therefore, subanalyses are now
often conducted in East Asian NSCLC patients to establish
the dosage in this ethnic group of NSCLC patients.
The REVEL study was a global, randomized, placebo-controlled, double-blind, multi-center phase 3 study comparing
docetaxel+ramucirumab combination treatment with docetaxel treatment (docetaxel+placebo) in patients with stage
IV NSCLC who showed disease progression after platinumbased therapy. This study showed that docetaxel+ramucirumab combination treatment improves survival as
second-line treatment of patients with stage IV NSCLC. The
aim of our analysis was to assess the efficacy and safety of
docetaxel+ramucirumab combination treatment versus docetaxel treatment in the East Asian versus the non–East Asian
subgroups from the REVEL study.

Materials and Methods
1. Study design and patients
The study design and patient eligibility for REVEL has
been previously published [20]. Each center’s institutional
review board or independent ethics committee approved this
study. The study followed the guiding principles of the Declaration of Helsinki and the Good Clinical Practice Guidelines of the International Conference on Harmonisation. All
patients provided written informed consent before enrollment. The key endpoints evaluated in the East Asian subgroup included OS, PFS, objective response rate (ORR), and
safety.
2. Randomization
Randomization and procedures have also been published
previously [20]. Patients were randomly assigned on a 1:1
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Table 1. Baseline characteristics

Variable

Age (yr)
Median (range)
< 65
 65
Sex
Male
Female
Racea),b)
White
Asian
Black
Other
Geographic region of origin
ECOG performance statusc),d)
0
1
Missing
Disease
Measurable
Non-measurable
Smoking history
Ever
Never
Unknown
Histological subtype
Non-squamous
Squamous
Unknown
EGFR status
Wild type
Mutant
Unknown
Missing
Best response to platinum based chemotherapy
CR, PR, or SD
PD
Missing
Previous maintenance treatment
No
Yes
Previous taxane
No
Yes
Previous bevacizumab
No
Yes

Docetaxel+ramucirumab
combination treatment

Docetaxel
(docetaxel+placebo)

East Asian
(n=43)

Non–East Asian
(n=585)

East Asian
(n=46)

Non–East Asian
(n=579)

62 (35-81)
27 (62.8)
16 (37.2)

62 (21-85)
364 (62.2)
221 (37.8)

57.5 (25-78)
33 (71.7)
13 (28.3)

61 (26-86)
374 (64.6)
205 (35.4)

36 (83.7)
7 (16.3)

383 (65.5)
202 (34.5)

37 (80.4)
9 (19.6)

378 (65.3)
201 (34.7)

0(
43 (100)
0(
0(
43 (100)

526 (89.9)
31 (5.3)
17 (2.9)
11 (1.9)
585 (100)

0(
46 (100)
0(
0(
46 (100)

503 (86.9)
40 (6.9)
16 (2.8)
20 (3.5)
579 (100)

12 (27.9)
31 (72.1)
0(

195 (33.3)
389 (66.5)
1 (0.2)

11 (23.9)
35 (76.1)
0(

188 (32.5)
390 (67.4)
1 (0.2)

42 (97.7)
1 (2.3)

564 (96.4)
21 (3.6)

45 (97.8)
1 (2.2)

558 (96.4)
21 (3.6)

34 (79.1)
9 (20.9)
0(

484 (82.7)
100 (17.1)
1 (0.2)

32 (69.6)
14 (30.4)
0(

451 (77.9)
127 (21.9)
1 (0.2)

28 (65.1)
15 (34.9)
0(

437 (74.7)
142 (24.3)
6 (1.0)

30 (65.2)
16 (34.8)
0(

417 (72.0)
155 (26.8)
7 (1.2)

18 (41.9)
3 (7.0)
22 (51.2)
0(

189 (32.3)
12 (2.1)
380 (65.0)
4 (0.7)

22 (47.8)
1 (2.2)
23 (50.0)
0(

175 (30.2)
17 (2.9)
383 (66.1)
4 (0.7)

32 (74.4)
8 (18.6)
3 (7.0)

388 (66.3)
170 (29.1)
27 (4.6)

38 (82.6)
5 (10.9)
3 (6.5)

379 (65.5)
177 (30.6)
23 (4.0)

38 (88.4)
5 (11.6)

455 (77.8)
130 (22.2)

34 (73.9)
12 (26.1)

448 (77.4)
131 (22.6)

37 (86.0)
6 (14.0)

438 (74.9)
147 (25.1)

42 (91.3)
4 (8.7)

434 (75.0)
145 (25.0)

41 (95.3)
2 (4.7)

499 (85.3)
86 (14.7)

44 (95.7)
2 (4.3)

489 (84.5)
90 (15.5)
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Table 1. Continued

Variable

Time since previous therapy (mo)
<9
9
Missing

Docetaxel+ramucirumab
combination treatment

Docetaxel
(docetaxel+placebo)

East Asian
(n=43)

Non–East Asian
(n=585)

East Asian
(n=46)

Non–East Asian
(n=579)

28 (65.1)
14 (32.6)
1 (2.3)

372 (63.6)
212 (36.2)
1 (0.2)

31 (67.4)
15 (32.6)
0(

343 (59.2)
236 (40.8)
0(

Values are presented as median interquartile range or number (%). ECOG, Eastern Cooperative Oncology Group; EGFR,
epidermal growth factor receptor; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
a)
As established by self-report, b)Data not available for one patient in the ramucirumab group, c)Assessed according to ECOG
guidelines, with 0 as asymptomatic, 1 as restricted in strenuous activity but ambulatory and able to do light work, or 2 as
ambulatory and capable of all self-care but unable to work, d)Data not available for one patient in each group.

basis to receive either docetaxel (75 mg/m2, 60-minute intravenous infusion)+ramucirumab (10 mg/kg, 60-minute intravenous infusion) combination treatment administered on
day 1 of a 21-day (3-week) cycle or docetaxel (75 mg/m2,
60-minute intravenous infusion)+placebo (60-minute intravenous infusion) administered on day 1 of a 3-week cycle.
Randomization was stratified according to Eastern Cooperative Oncology Group performance status (0 vs. 1), sex
(female vs. male), prior maintenance therapy (yes vs. no),
and geographic region (East Asia vs. non-East Asia). Randomization was performed separately within each of the
16 strata (or cells) defined by all combinations of these four
variables.
In May 2012, based on a higher rate of neutropenia and
febrile neutropenia in East Asian patients compared to nonEast Asian patients, the independent data monitoring committee recommended amending the protocol to reduce the
starting dose of docetaxel for newly enrolled patients in East
Asia from 75 to 60 mg/m2. All East Asian patients enrolled
at an earlier stage of the study and receiving treatment at the
time of this decision remained at the original dose of docetaxel and continued to receive a docetaxel dose of 75 mg/m2
for the remainder of the study.
3. Statistical analysis
Detailed statistical methods have been previously published [20]. The East Asian population (Korea and Taiwan)
used for the subgroup analyses was defined as patients
enrolled at study sites in Korea and Taiwan; patients of
Korean and Taiwanese ethnicity enrolled at sites in countries
other than Korea or Taiwan were not included in the East
Asian subgroup.
The non–East Asian population used in the subgroup
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analyses was defined as patients enrolled at study sites
throughout the world outside of Korea and Taiwan.
The primary and secondary endpoints evaluated were OS,
PFS, ORR, and safety. Kaplan-Meier analysis and Cox proportional hazards regression were performed for OS and PFS
and the Cochran-Mantel-Haenszel test was performed for
ORR. This study is registered with http://www.ClinicalTrials.gov (No. NCT01168973).

Results
1. Patients
Baseline demographics, disease characteristics, NSCLC
histology, and prior therapy were balanced between treatment arms and the two populations of patients (Table 1).
2. Efficacy
In the 89 East Asian patients, median OS was 15.4 months
(95% confidence interval [CI], 10.09 to 21.52) for the docetaxel+ramucirumab combination treatment arm (n=43) and
10.2 months (95% CI, 5.26 to 17.58) for the docetaxel treatment arm (n=46) (stratified hazard ratio [HR], 0.762; 95% CI,
0.444 to 1.307) (Fig. 1A).
In the 1,164 non–East Asian patients, median OS was 10.3
months (95% CI, 9.30 to 11.07) for the docetaxel+ramucirumab combination treatment arm (n=585) and 9.1 months
(95% CI, 8.18 to 9.92) for the docetaxel treatment arm (n=579)
(stratified HR, 0.864; 95% CI, 0.753 to 0.991) (Fig. 1B).
In East Asian patients, median PFS was 4.9 months (95%
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1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Median (95% CI, mo)
Ramucirumab 15.4 (10.09-21.52)
10.2 (5.26-17.58)
Placebo
Stratified HR (95% CI)
0.762 (0.444-1.307)

B
Probability of overall survival

Probability of overall survival

A

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Survival time (mo)

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Median (95% CI, mo)
Ramucirumab 10.3 (9.30-11.07)
9.1 (8.18-9.92)
Placebo
Stratified HR (95% CI)
0.864 (0.753-0.991)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Survival time (mo)

Fig. 1. Kaplan-Meier estimates of overall survival for East Asian patients (A) and non–East Asian patients (B). CI, confidence
interval; HR, hazard ratio.

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Median (95% CI, mo)
Ramucirumab 4.9 (2.86-6.18)
2.8 (1.54-4.11)
Placebo
Stratified HR (95% CI)
0.658 (0.408-1.060)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Survival time (mo)

B
Probability of progression free survival

Probability of progression free survival

A
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Median (95% CI, mo)
Ramucirumab 4.5 (4.21-5.32)
3.0 (2.79-4.01)
Placebo
Stratified HR (95% CI)
0.770 (0.681-0.870)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Survival time (mo)

Fig. 2. Kaplan-Meier estimates of progression-free survival for East Asian patients (A) and non–East Asian patients (B). CI,
confidence interval; HR, hazard ratio.

CI, 2.86 to 6.18) for the docetaxel+ramucirumab combination
treatment arm and 2.8 months (95% CI, 1.54 to 4.11) for the
docetaxel treatment arm (stratified HR, 0.658; 95% CI, 0.408
to 1.060) (Fig. 2A). The ORR was 25.6% (95% CI, 13.5 to 41.2)
in the docetaxel+ramucirumab combination treatment arm
and 8.7% (95% CI, 2.4 to 20.8) in the docetaxel treatment arm
(Table 2).
In non–East Asian patients, median PFS was 4.5 months
(95% CI, 4.21 to 5.32) for the docetaxel+ramucirumab combination treatment arm and 3.0 months (95% CI, 2.79 to 4.01)
for the docetaxel treatment arm (stratified HR, 0.770; 95% CI,
0.681 to 0.870) (Fig. 2B). The ORR was 22.7% (95% CI, 19.4 to

26.3) in the docetaxel+ramucirumab combination treatment
arm and 14% (95% CI, 11.3 to 17.1) in the docetaxel treatment
arm (Table 2).
3. Safety
A summary of the safety evaluation at the 75 mg/m2 dose
of docetaxel in East Asian and non–East Asian patients is
shown in Table 3. A summary of the safety evaluation for
newly enrolled East Asian patients (n=24) who received the
reduced starting dose of docetaxel (60 mg/m2) in both the
docetaxel+ramucirumab combination and the docetaxel
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Table 2. Objective tumor response
Non–East Asian

East Asian
Best overall response

Docetaxel+ramucirumab
combination treatment
(n=43)

Complete response
Partial response
Stable disease
Objective response
95% CI
Disease control ratea)
95% CI

0(
11 (25.6)
19 (44.2)
11 (25.6)
13.5-41.2
30 (69.8)
53.9-82.8

Docetaxel
(docetaxel+placebo)
(n=46)
0(
4 (8.7)
19 (41.3)
4 (8.7)
2.4-20.8
23 (50.0)
34.9-65.1

Docetaxel+ramucirumab
combination treatment
(n=585)
3 (0.5)
130 (22.2)
239 (40.9)
133 (22.7)
19.4-26.3
372 (63.6)
59.5-67.5

Docetaxel
(docetaxel+placebo)
(n=579)
2 (0.3)
79 (13.6)
225 (38.9)
81 (14.0)
11.3-17.1
306 (52.8)
48.7-57.0

Values are presented as number (%) unless otherwise indicated. CI, confidence interval. a)Denotes best response for complete
response, partial response, or stable disease.

treatment arms is shown in Table 4.
At the 75 mg/m2 dose of docetaxel, the number of East
Asian patients with at least 1 grade  3 treatment-emergent
adverse event (TEAE) was 31 (96.9%) for the docetaxel+
ramucirumab combination treatment arm versus 26 (78.8%)
for the docetaxel treatment arm (Table 3). The number of
non–East Asian patients with at least 1 grade  3 TEAE,
regardless of causality, was 458 for the docetaxel+ramucirumab combination treatment arm (78.4%) versus 411 for
the docetaxel treatment arm (71.9%).
At the reduced starting dose of docetaxel (60 mg/m2), the
number of East Asian patients with at least 1 grade  3 TEAE
was six in the docetaxel+ramucirumab combination treatment arm (54.5%) versus seven in the docetaxel treatment
arm (53.8%) (Table 4).
At the 75 mg/m2 dose of docetaxel, the number of East
Asian patients with grade  3 neutropenia was 26 (81.3%) in
the docetaxel+ramucirumab combination treatment arm versus 24 (72.7%) in the docetaxel treatment arm. The number
of non–East Asian patients with grade  3 neutropenia was
274 (46.9%) in the docetaxel+ramucirumab combination
treatment arm versus 217 (37.9%) in the docetaxel treatment
arm (Table 3).
At the reduced starting dose of 60 mg/m2 of docetaxel, the
number of East Asian patients with grade  3 neutropenia
was six in the docetaxel+ramucirumab combination treatment arm (54.5%) and five in the docetaxel treatment arm
(38.5%) (Table 4).
At the 75 mg/m2 dose, the number of East Asian patients
with febrile neutropenia was 14 in the docetaxel+ramucirumab combination treatment arm (43.8%) versus four in
the docetaxel treatment arm (12.1%). The number of non–
East Asian patients with febrile neutropenia was 86 in the
docetaxel+ramucirumab combination treatment arm (14.7%)
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versus 57 in the docetaxel treatment arm (10.0%).
At the reduced starting dose of 60 mg/m2 of docetaxel, the
number of East Asian patients with febrile neutropenia was
0 in the docetaxel+ramucirumab combination treatment arm
and one (7.7%) in the docetaxel+treatment arm.
In East Asian patients, at the 75 mg/m2 dose of docetaxel,
the categories of adverse events of special-interest (AESIs),
regardless of grade, and potentially associated with the
VEGF pathway, that occurred more frequently in the docetaxel+ramucirumab combination treatment arm versus the
docetaxel treatment arm were bleeding/hemorrhage events
(11 patients [34.4%] vs. 4 patients [12.1%]), pulmonary hemorrhage events (5 patients [15.6%] vs. 3 patients [9.1%]),
gastrointestinal hemorrhage events (2 patients [6.3%] vs.
0 patient), gastrointestinal perforation (2 patients [6.3%] vs.
0 patient), and proteinuria (1 patient [3.1%] vs. 0 patient).
In non–East Asian patients, at the 75 mg/m2 dose of docetaxel, any grade AESIs that occurred more frequently in the
docetaxel+ramucirumab combination treatment arm versus
the docetaxel treatment arm were bleeding/hemorrhage
events (167 patients [28.6%] vs. 88 patients [15.4%]), gastrointestinal hemorrhage events (15 patients [2.6%] vs. 10 patients
[1.7%]), gastrointestinal perforation (4 patients [0.7%] versus
2 patients [0.3%]), and proteinuria (18 patients [3.1%] vs. 5
patients [0.9%]) (Table 3).
In East Asian patients, at the reduced starting dose of 60
mg/m2 of docetaxel, any grade AESIs potentially associated
with the VEGF pathway and that occurred more frequently
in the docetaxel+ramucirumab combination treatment arm
vs. the docetaxel treatment arm were bleeding/hemorrhage
events (3 patients [27.3%] vs. 2 patients [15.4%]), pulmonary
hemorrhage events (2 patients [18.2%] vs. 1 patient [7.7%]),
proteinuria (2 patients [18.2%] vs. 0 patient), and hypertension (3 patients [27.3%] vs. 0 patient) (Table 4).
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Table 3. Summary of treatment-emergent adverse events at 75 mg/m2 docetaxel in  20% East Asian and non–East Asian
patients in the docetaxel+ramucirumab combination treatment arm
Docetaxel+ramucirumab combination
treatment (75 mg/m2)
Variable

Non–East Asian
(n=584)

East Asian
(n=32)

Any grade Grade  3 Any grade Grade  3
Adverse event
Decreased appetite
Stomatitis
Dyspnea
Fatiguea)
Diarrhea
Myalgia
Productive cough
Pyrexia
Alopecia
Anemiaa)
Insomnia
Cough
Nausea
Oropharyngeal pain
Peripheral sensory neuropathya)
Hematologic adverse events
Neutropeniaa)
Febrile neutropenia
Anemia
Thrombocytopeniaa)
AESIs (categories)
Bleeding/Hemorrhage
Pulmonary/Hemorrhage
GI hemorrhage
GI perforation
Infusion-related reaction
Proteinuria

21 (65.6)
16 (50.0)
14 (43.8)
15 (46.9)
12 (37.5)
12 (37.5)
12 (37.5)
12 (37.5)
11 (34.4)
10 (31.3)
10 (31.3)
9 (28.1)
9 (28.1)
8 (25.0)
8 (25.0)
27 (84.4)
14 (43.8)
10 (31.3)
3 (9.4)
11 (34.4)
5 (15.6)
2 (6.3)
2 (6.3)
1 (3.1)
1 (3.1)

0(
1 (3.1)
0(
1 (3.1)
1 (3.1)
0(
0(
0(
0(
3 (9.4)
0(
0(
0(
0(
0(

East Asian
(n=33)

12 (36.4)
12 (36.4)
8 (24.2)
13 (9.4)
8 (24.2)
12 (36.4)
4 (12.1)
5 (15.2)
15 (45.5)
9 (27.3)
4 (12.1)
7 (21.2)
4 (12.1)
5 (15.2)
8 (24.2)

26 (81.3) 312 (53.4) 274 (46.9)
14 (43.8) 86 (14.7) 86 (14.7)
3 (9.4) 118 (20.2) 15 (2.6)
2 (6.3)
79 (13.5) 15 (2.6)

24 (72.7)
4 (12.1)
9 (27.3)
0(

167 (28.6)
42 (7.2)
15 (2.6)
4 (0.7)
22 (3.8)
18 (3.1)

15 (2.6)
8 (1.4)
4 (0.7)
3 (0.5)
5 (0.9)
1 (0.2)

Non–East Asian
(n=572)

Any grade Grade  3 Any grade Grade  3

14 (2.4)
26 (4.5)
23 (3.9)
87 (14.9)
28 (4.8)
4 (0.7)
1 (0.2)
3 (0.5)
0(
15 (2.6)
3 (0.5)
3 (0.5)
7 (1.2)
0(
13 (2.2)

0(
0(
0(
2 (6.3)
0(
0(

158 (27.1)
124 (21.2)
122 (20.9)
324 (55.5)
186 (31.8)
64 (11.0)
26 (4.5)
92 (15.8)
146 (25.0)
118 (20.2)
57 (9.8)
121 (20.7)
159 (27.2)
38 (6.5)
63 (10.8)

Docetaxel
(docetaxel+placebo) (75 mg/m2)

4 (12.1)
3 (9.1)
0(
0(
3 (9.1)
0(

0(
0(
1 (3.0)
0(
0(
0(
0(
0(
0(
2 (6.1)
0(
0(
0(
0(
0(

136 (23.8)
66 (11.5)
140 (24.5)
291 (50.9)
160 (28.0)
52 (9.1)
25 (4.4)
72 (12.6)
138 (24.1)
163 (28.5)
42 (7.3)
116 (20.3)
164 (28.7)
26 (4.5)
50 (8.7)

8 (1.4)
10 (1.7)
50 (8.7)
65 (11.4)
19 (3.3)
4 (0.7)
2 (0.3)
2 (0.3)
0(
33 (5.8)
1 (0.2)
5 (0.9)
9 (1.6)
0(
4 (0.7)

24 (72.7) 255 (44.6) 217 (37.9)
4 (12.1) 57 (10.0) 57 (10.0)
2 (6.1) 160 (20.8) 32 (5.6)
0(
32 (5.6)
4 (0.7)
0(
0(
0(
0(
0(
0(

88 (15.4)
42 (7.3)
10 (1.7)
2 (0.3)
22 (3.8)
5 (0.9)

14 (2.4)
8 (1.4)
2 (0.3)
2 (0.3)
3 (0.5)
0(

Values are presented as number (%). AESIs, adverse events of special interest; GI, gastrointestinal. a)Consolidated adverse
event category comprising synonymous MedDRA ver. 16.1 preferred terms.

Discussion
Although this subgroup analysis of the East Asian population vs. the non–East Asian population is not powered to
demonstrate significant improvement, in the East Asian subgroup that received docetaxel+ramucirumab combination
treatment, compared with the East Asian subgroup treated
with docetaxel+placebo, the trend of prolonged OS (15.4
months vs. 10.2 months, respectively) (Fig. 1A), PFS (4.9
months vs. 2.8 months, respectively) (Fig. 2A), and ORR
(25.6% vs. 8.7%, respectively) (Table 2) is consistent with the

treatment effect observed in the overall ITT population in the
REVEL trial.
Pharmacological studies of docetaxel have indicated a
slower plasma clearance of docetaxel in Asian patients compared with Caucasian patients [21]. In addition, according to
several studies, adverse events (AEs), predominantly hematological AEs, are higher in Asians than in Caucasians receiving docetaxel [21,22], with neutropenia being the predominant toxicity [22]. Studies in East Asian patients with
NSCLC have indicated the need to decrease the dose of
docetaxel or use the prophylactic support of growth factors
in this ethnic group [22]. In a Japanese study, a reduction in
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Table 4. Summary of treatment-emergent adverse events at reduced (60 mg/m2) dose of docetaxel in  20% East Asian
patients in the docetaxel+ramucirumab combination treatment arm
Variable
Adverse event
Decreased appetite
Stomatitis
Fatiguea)
Alopecia
Anemiaa)
Cough
Pneumonia
Hypertension
Hematologic adverse events
Neutropeniaa)
Febrile neutropenia
Anemia
Thrombocytopenia
AESIs (categories)b)
Bleeding/Hemorrhage
Pulmonary/Hemorrhage
Proteinuria
Hypertension

Docetaxel+ramucirumab
combination (60 mg/m2) (n=11)

Docetaxel
(docetaxel+placebo) (60 mg/m2) (n=13)

Any grade

Grade  3

Any grade

Grade  3

3 (27.3)
6 (54.5)
4 (36.4)
5 (45.5)
3 (27.3)
3 (27.3)
3 (27.3)
3 (27.3)

0(
0(
0(
0(
0(
0(
3 (27.3)
1 (9.1)

6 (46.2)
2 (15.4)
5 (38.5)
3 (23.1)
2 (15.4)
5 (38.5)
1 (7.7)
0(

0(
0(
0(
0(
0(
0(
1 (7.7)
0(

6 (54.5)
0(
3 (27.3)
2 (18.2)

6 (54.5)
0(
0(
1 (9.1)

5 (38.5)
1 (7.7)
2 (15.4)
0(

5 (38.5)
1 (7.7)
0(
0(

3 (27.3)
2 (18.2)
2 (18.2)
3 (27.3)

0(
0(
0(
1 (9.1)

2 (15.4)
1 (7.7)
0(
0(

0(
0(
0(
0(

Values are presented number (%). AESIs, adverse events of special interest. a)Consolidated adverse event category comprising
synonymous MedDRA ver. 16.1 preferred terms, b)Not subjected to the  20% criterion.

the starting dose of docetaxel from 75 to 60 mg/m2 was
associated with an improved safety profile and a reduction
in the incidence of neutropenia and febrile neutropenia in
Japanese patients [23].
In the current study, a decrease in the dosage of docetaxel
resulted in decreased incidence of neutropenia in East Asian
patients to a rate similar to that observed in non–East Asian
patients (54.5% in East Asian patients in the 60 mg/m2 docetaxel group vs. 53.4% in non–East Asian patients). In addition, the incidence of febrile neutropenia in East Asian
patients showed a similar decrease with the lowering of the
starting docetaxel dose (0 in East Asian patients in the
60 mg/m2 docetaxel group vs. 14.7% in non–East Asian
patients).
This analysis did not show an increased risk of sepsis, and
there was no significant increase in thromboembolic events
in the docetaxel+ramucirumab combination treatment group
in both the East Asia and non–East Asia subgroups. Hypertension was mild and bleeding events in patients who
received docetaxel+ramucirumab combination treatment
were mainly due to grade 1-2 epistaxis in both the East Asia
and non–East Asia subgroups.
Ramucirumab binds specifically to the extracellular
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domain of VEGFR-2, rather than the VEGF ligand; therefore,
the effects of ramucirumab may be localized to abnormal
vasculature [24]. Several studies of small-molecule VEGF
inhibitors have not resulted in improved OS; however, some
have been associated with benefits in PFS, particularly in the
setting of NSCLC [25]. In the current study, ramucirumab
showed an advantage in OS in previously treated NSCLC
patients, while bevacizumab has been shown to prolong survival as first-line therapy for non-squamous NSCLC [12].
The current analysis of the REVEL trial had some limitations. First, the REVEL trial was not powered to show a significant improvement in East Asian patients. Second, as
mentioned earlier, due to the higher incidence of EGFR
mutations in East Asian NSCLC patients [13,14], a post hoc
analysis would have been beneficial in factoring in the number of patients with EGFR mutations; however, EGFR mutation testing was not required for study entry, and the number
of patients with known EGFR-positive mutation status in the
overall REVEL population was very small (33 patients) and
even smaller in the East Asia subgroup (n=3) (Table 1) [20].

Keunchil Park, Docetaxel and Ramucirumab in Stage IV NSCLC

Conclusion
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In the REVEL trial, docetaxel (75 mg/m2)+ramucirumab
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advanced NSCLC after platinum-based chemotherapy.
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Radiation Therapy Alone in cT1-3N0 Non-small Cell Lung Cancer
Patients Who Are Unfit for Surgical Resection or Stereotactic Radiation
Therapy: Comparison of Risk-Adaptive Dose Schedules
Purpose
High dose definitive radiation therapy (RT) alone is recommended to patients with cT1-3N0
non-small cell lung cancer, who are unfit for surgery or stereotactic RT. This study was conducted to evaluate the clinical outcomes and cost-effectiveness following RT alone using
two different modest hypofractionation dose schemes.

Won Kyung Cho, MD
Jae Myoung Noh, MD
Yong Chan Ahn, MD, PhD
Dongryul Oh, MD
Hongryull Pyo, MD, PhD

Materials and Methods
Between 2001 and 2014, 124 patients underwent RT alone. From 2001 till 2010, 60 Gy
in 20 fractions was delivered to 79 patients (group 1). Since 2011, 60 Gy in 20 fractions
(group 2, 20 patients), and 60 Gy in 15 fractions (group 3, 25 patients) were selectively
chosen depending on estimated risk of esophagitis.
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Results
At follow-up of 16.7 months, 2-year rates of local control, progression-free survival, and overall survival were 62.6%, 39.1%, and 59.1%, respectively. Overall survival was significantly
better in group 3 (p=0.002). In multivariate analyses, cT3 was the most powerful adverse
factor affecting clinical outcomes. Incidence and severity of radiation pneumonitis were not
different among groups, while no patients developed grade 2 esophagitis in group 3
(p=0.003). Under current Korean Health Insurance Policy, RT cost per person was 22.5%
less in group 3 compared with others.
Conclusion
The current study demonstrated that 60 Gy in 15 fractions instead of 60 Gy in 20 fractions
resulted in comparable clinical outcomes with excellent safety, direct cost saving, and
improved convenience to the patients with tumors located at  1.5 cm from the esophagus.

Introduction
Surgical resection has been the choice in treatment of
patients with non-small cell lung cancer (NSCLC) with
resectable primary tumor and without lymph node metastasis (cT1-3N0). Surgery alone usually can lead to 5-year survival rates of 60%-70% [1,2]. However, some patients are not
suitable for surgical resection because of several reasons,
including inadequate cardio-pulmonary function, old age,
│ http://www.e-crt.org │

Key words
Non-small cell lung carcinoma, Radiotherapy, Dose fractionation

medical comorbidities, and refusal of surgery by the patients.
Definitive radiation therapy (RT) is considered a reasonable
alternative to surgery in this clinical setting. The clinical outcomes following conventionally fractionated high dose RT
delivering 60-66 Gy with 1.8 Gy or 2.0 Gy per fraction were
generally rather unsatisfactory: 2-year local control (LC) rates
were 55%-70%; and 5-year overall survival (OS) rates were
5%-42%, respectively [3,4].
As a way to intensify the local tumor control probability
without compromising the risk of normal organ damage in
Copyright ⓒ 2016 by the Korean Cancer Association
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high dose RT, a few altered fractionation schemes are considered [5]. Hyperfractionation, defined as more than one
fraction per day at lower dose per fraction, is thought to be
beneficial in suppressing tumor repopulation without
increasing the risk of late morbidity. Accelerated fractionation, defined as more than one fraction per day without lowering the fractional dose, mainly aims to reduce tumor
repopulation and to dramatically reduce the total treatment
duration. Hyperfractionation and accelerated fractionation,
however, are currently infrequently used in the routine clinics because of more frequent and severe acute toxicities in
addition to the laboriousness and inconvenience both to the
patients and the care-givers. Hypofractionation, defined as
lower total fraction number at higher dose per fraction, is
thought to be advantageous in controlling tumors that grow
slowly and/or have a significant hypoxic fraction. Stereotactic body RT (SBRT), an extreme example of hypofractionation, is a reasonable alternative to surgery, but has a few
practical limitations of tumor size and location associated
with severe complication [4,6].
The improvements both in diagnostics and RT techniques
have enabled the delivery of high dose and conformal radiation to the target region only. However, coupled with these
improved dose distribution profiles, the merits of shorter
treatment duration seem to have been underestimated,
mainly because of the traditional myth of late toxicity risk.
The authors have employed a modest hypofractionation
schedule in treatment of patients having NSCLC without
lymph node metastasis, who are not ideal candidates for
either surgery or SBRT for more than 15 years. Our clinical
experiences with 60 patients, who had centrally located cT13N0 NSCLC and were treated with 54-60 Gy in 18-20 fractions by 3 Gy per fraction, were previously reported [7].
Soliman et al. [8] reported their promising clinical outcomes
following 48-60 Gy in 12-15 fractions by 4 Gy per fraction in
treating patients with peripherally located cT1-3N0 NSCLC.
Encouraged and motivated by this, the authors have adopted
a new fractionation schedule delivering 60 Gy in 15 fractions
mainly to selected patients with non-centrally located tumors
since 2011. The authors retrospectively assessed the clinical
outcomes, toxicities, and cost-effectiveness following two
modest hypofractionation schedules, under the consistent
selection criteria in a single institute, and would report our
experiences.
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Materials and Methods
1. Patients
The current study was approved by the Institutional
Review Board of Samsung Medical Center (2015-07-046), and
the authors retrieved the data of the patients treated with
definitive RT alone for NSCLC. Between January 2001 and
June 2014, 131 patients underwent definitive RT alone for
newly diagnosed cT1-3N0 NSCLC. Histopathologic confirmation of non-small cell carcinoma was achieved in all
patients, and the clinical stages according to the seventh
American Joint Committee on Cancer staging manual were
assigned based on chest computed tomography (CT) in all
and fluoro-deoxyglucose positron emission tomography
(PET)–CT in 109 patients (87.9%). In 17 patients (13.7%), who
had equivocal finding on the hilar and/or mediastinal lymph
node involvement on imaging studies, endobronchial ultrasonographic aspiration biopsy was performed to confirm the
absence of lymph node metastasis. After excluding four
patients who did not complete RT and three who were lost
to follow-up immediately following RT, 124 patients were
included in the current analysis.
2. Radiation therapy
All patients underwent CT simulation typically in the
supine position and the gross tumor volumes (GTVs) were
delineated under lung window setting. The clinical target
volumes (CTV) were generated with 5 mm expansion of the
GTVs in all directions, which were then modified considering the adjacent anatomic limits. In principle, elective nodal
irradiation (ENI) to the ipsilateral hilar and/or mediastinal
lymphatics was not routinely added, however, was optionally added mainly to those with centrally located and large
tumors. In 20 patients, who had primary tumors located in
the lower lobes and/or showed significant respiratory
motion, the GTVs were delineated on the internal target volume concept following four-dimensional CT. Three or four
coplanar beams of 4-, 6-, or 10-MV photons from a linear
accelerator were arranged so as to cover the CTVs plus
1.5 cm margins while avoiding the dose-limiting normal
organs such as the spinal cord, lung, heart, and esophagus
as much as possible. In patients who did not undergo
four-dimensional CT, an extra 5 mm margin was added
along the cranio-caudal direction. V20 of the lung was to be
kept  27.5% and the mean lung dose was  16 Gy [9]. Maximum doses to the spinal cord and esophagus were not to
exceed 35 Gy and 45 Gy, respectively. The prescription policy
was to deliver at least 97% of the prescribed dose to 95% of
the CTVs.
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A. 3 Gy/Fx:
Any size
Close to esophagus
B. 4 Gy/Fx:
Any size central
Remote from esophagus

C. SBRT:
Small size
Non-central

Period
2001-2010
2011~

A
B
Any size, close to esophagus Any size, remote from esophagus
Group 1: 60 Gy/20 fractions
Group 2: 60 Gy/20 fractions

Group 3: 60 Gy/15 fractions

C
Small size, non-central
SBRT: 60 Gy/4 fractions

Fig. 1. Illustration of selection criteria of fractionation scheme in the current study. SBRT, stereotactic body radiation
therapy.

From 2001 till 2010, one dose-fractionation schedule was
used for delivery of 60 Gy in 20 fractions over 4 weeks to
79 patients (group 1). Since 2011 and thereafter, however,
two different dose-fractionation schedules were used for
delivery of 60 Gy in either 20 fractions over 4 weeks to
20 patients (group 2) or in 15 fractions over 3 weeks to 25
(group 3), respectively. The biologically equivalent doses at
/ of 10 Gy (BED10) were 78 Gy and 84 Gy to the patients in
groups 1 and 2 and those in group 3, respectively. The
selection of dose schedule in groups 2 and 3 depended on
the location, size, and the geometry of the tumor in relation
to the esophagus. If the shortest distance between the CTV
margin and the esophagus was  1.5 cm, 60 Gy in 15 fractions
was preferred to 60 Gy in 20 fractions (Fig. 1).

3. Follow-up evaluation and statistical analysis
Follow-up visits and imaging were obtained according to
institutional protocol and included a follow-up visit with a
chest CT scan 1 month after treatment and 3-4 months interval follow-up visit with either chest CT scan or PET scans
alternatingly. Toxicity was graded using the Common Terminology Criteria for Adverse Events ver. 4.0.
OS, progression-free survival (PFS), and LC were calculated as the interval from the first date of treatment to the
date of death or last follow-up, any progression detection,
and consequent tumor growth at the primary site, respectively. Locoregional failure was defined as progression of
primary tumor or regional lymphatics. Morbidities following
RT and the cost incurred by RT course following two dose
schemes were compared.
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Table 1. Patients’ characteristics
Variable
Age (yr)
Sex
Male
Female
Histologic type
Adenocarcinoma
Squamous cell carcinoma
Others
FEV1 (L)
Performance status
ECOG 0-1
ECOG 2
ECOG 3
Reasons for no surgery
Poor pulmonary function
Poor performance or old age
Comorbidity
Refusal of surgery
Tumor size (cm)
cT stage
cT1
cT2
cT3
Tumor location
Central
Non-central
Elective nodal irradiation
Yes
No

Total (n=124)

Group 1 (n=79)

Group 2 (n=20)

Group 3 (n=25)

p-value

74 (54-89)

71 (54-87)

76.0 (68-82)

78 (58-89)

0.004

98 (79.0)
26 (21.0)

60 (75.9)
19 (24.1)

18 (90.0)
2 (10.0)

20 (80.0)
5 (20.0)

0.383

36 (29.0)
71 (57.3)
17 (13.7)
1.81 (0.69-3.33)

21 (26.6)
46 (58.2)
12 (15.2)
1.70 (0.69-3.33)

6 (30.0)
11 (55.0)
3 (15.0)
1.86 (1.24-2.69)

9 (36.0)
14 (56.0)
2 (8.0)
1.96 (0.87-2.76)

0.849

0.348

68 (54.8)
51 (41.1)
5 (4.0)

47 (59.5)
28 (35.4)
4 (5.1)

7 (35.0)
12 (60.0)
1 (5.0)

14 (56.0)
11 (44.0)
0(

0.247

62 (50.0)
35 (28.2)
16 (12.9)
11 (8.9)
4.3 (1.2-8.5)

43 (54.4)
19 (24.1)
9 (11.4)
8 (10.1)
4.2 (1.2-8.0)

8 (40.0)
9 (45.0)
1 (5.0)
2 (10.0)
4.8 (1.7-8.5)

11 (48.0)
7 (28.0)
5 (20.0)
1 (4.0)
4.1 (1.6-7.0)

0.537

25 (20.2)
65 (52.4)
34 (27.4)

15 (19.0)
42 (53.2)
22 (27.8)

3 (15.0)
8 (40.0)
9 (45.0)

7 (28.0)
15 (60.0)
3 (12.0)

0.173

81 (65.3)
43 (34.7)

62 (78.5)
17 (21.5)

12 (60.0)
8 (40.0)

7 (28.0)
18 (72.0)

< 0.001

31 (25.0)
93 (75.0)

23 (29.1)
56 (70.9)

8 (40.0)
12 (60.0)

0(
25 (100)

0.003

0.236

Values are presented as median (range) or number (%). FEV1, forced expiratory volume in 1 second; ECOG, Eastern Cooperative Oncology Group.

The distribution of categorical variables was analyzed
using the chi-square test. The survival rates were calculated
using the Kaplan-Meier method and compared using the logrank test for univariate analysis. Multivariate analysis was
described with hazard ratios (HR) and their 95% confidence
interval (CI) was derived from the Cox proportional hazards
model. A p-value of 0.05 or less was considered statistically
significant. SPSS Statistics ver. 20 (IBM Co., Armonk, NY)
was used for the analysis.
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Results
1. Patients’ characteristics
The patients’ characteristics according to the groups are
summarized in Table 1. The median age of all patients was
74 years (range, 54 to 89 years) and over three-quarters
(98 patients, 79.0%) were male. Squamous cell carcinoma was
more common in 71 patients (57.3%) than adenocarcinoma
in 36 (29.0%) and other types in 17 (13.7%). The performance
status was Eastern Cooperative Oncology Group (ECOG)
0-1 in 68 patients (54.8%), ECOG 2 in 51 (41.1%), and ECOG
3 in five (4.0%), respectively. All patients received RT as an
alternative to surgical resection because they either had poor
pulmonary function in 62 patients (50.0%), had poor per-
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Table 2. Failure patterns and clinical outcomes
Variable

Total (n=124)

Group 1 (n=79)

Group 2 (n=20)

Group 3 (n=25)

p-value

Follow-up, median (range, mo)
Progression, n (%)
Locoregional
Distant
Combined
Death, n (%)
Local control at 2 years (%)
Progression-free survival at 2 years (%)
Overall survival at 2 years (%)

16.7 (1.2-119.5)
72 (58.1)
35 (
29 (
8(
66 (53.2)
62.6 (
39.1 (
59.1 (

23.1 (1.2-119.5)
51 (64.6)
26 (
20 (
5(
59 (74.7)
59.3 (
36.1 (
51.3 (

12.6 (3.1-45.6)
10 (50.0)
5(
4(
1(
4 (20.0)
56.9 (
34.6 (
74.4 (

14.2 (4.1-45.6)
11 (44.0)
4(
5(
2(
3 (12.0)
75.2 (
51.6 (
86.2 (

0.063
0.140
0.570

formance status or old age in 35 (28.2%), had medical comorbidity in 16 (12.9%), or refused to undergo surgery in 10
(8.9%), respectively. No significant differences in the distributions of sex, histologic type, median forced expiratory volume in 1 second (FEV1), and ECOG performance status were
observed among the groups. The median tumor size of all
patients was 4.3 cm (range, 1.2 to 8.5 cm), and group
2 patients tended to have larger tumors than those in groups
1 and 3, but the difference was not statistically significant
(4.2 cm vs. 4.8 cm vs. 4.1 cm, p=0.236). cT stages in all
patients were cT1 in 25 patients (20.2%), cT2 in 65 (52.4%),
and cT3 in 34 (27.4%), respectively, and group 3 patients
tended to have cT1-2 tumors more frequently than other
groups, which, however, was not statistically significant. The
proportion of patients having a “central tumor,” defined as
a tumor located within 2 cm of the proximal bronchial tree,
was 65.3% of all patients, which was significantly lower in
group 3 (78.5% vs. 60.0% vs. 28.0%, p < 0.001). The proportion of patients receiving ENI (median, 30 Gy in 10 fractions)
was 25.0% of all patients, which also was significantly different among groups (29.1% vs. 40.0% vs. 0%, p=0.003). The
mean and median shortest distances between the CTV margin and the esophagus were 3.0 cm and 2.0 cm (range, 0.6 to
9.0 cm) in group 2 and 4.6 cm and 4.2 cm (range, 1.5 to
9.6 cm) in group 3 (p=0.021 and p=0.012), respectively.

< 0.001
0.174
0.280
0.002

p=0.280, respectively). The OS rate at 2 years was significantly better in group 3 compared with others (51.3% vs.
74.4% vs. 86.2%, p=0.002).
Prognostic significance of several factors was analyzed by
univariate analyses, which included treatment group, age,
sex, histologic type, performance status, tumor size, cT stage,
and tumor location (Table 3). Age, sex, and tumor location
were not significant factors affecting any of the clinical outcomes (LC, PFS, and OS). The significantly favorable factors
on LC were cT1-2 (p=0.002) and ECOG performance status
of 0-1 (p=0.042), those on PFS were cT1-2 (p < 0.001), tumor
size of 3 cm or smaller (p=0.002), ECOG performance status
0-1 (p=0.033), and non-adenocarcinoma histology (p=0.038), and
those on OS were cT1-2 (p=0.009) and treatment group 2 or
3 (p=0.002), respectively. Tumor size of 3 cm or smaller was
a favorable factor with borderline significance on OS
(p=0.060).
In multivariate analyses, the significantly favorable factors
on LC were cT1-2 (p=0.014), those on PFS were cT1-2
(p=0.002), non-adenocarcinoma histology (p=0.003), and
ECOG performance status of 0-1 (p=0.009), and those on OS
were treatment group III (p=0.026) and cT1-2 (p=0.035),
respectively. cT1-2, as in univariate analyses, was the most
powerful favorable factor affecting all three clinical outcomes
of LC, PFS, and OS (HR, 0.363, 0.437, and 0.565; 95% CI, 0.165
to 0.798, 0.254 to 0.752, and 0.320 to 0.998, respectively).

2. Clinical outcomes
3. Morbidity
During the median follow-up period of 16.7 months
(range, 1.2 to 119.5 months), 72 patients (58.1%) experienced
disease progression and 66 (53.2%) died. The first progression presented as locoregional failure in 35 patients (48.6%),
distant metastasis in 29 (40.3%), and synchronous combined
failure in eight (11.1%), respectively (Table 2). The rates of
LC, PFS, and OS of all patients at 2 years were 62.6%, 39.1%,
and 59.1%, respectively. The LC and PFS rates at 2 years were
not significantly different among groups (59.3% and 36.1%
vs. 56.9% and 34.6% vs. 75.2% and 51.6%, p=0.174 and

Eighty patients (64.5%) developed radiation pneumonitis:
most had grade 1 and 2 (42.7% and 17.7%, respectively); four
(3.2%) had grade 3; and one (0.8%) had grade 5, respectively
(Table 4). An 80-year-old female in group 1, who had a
2.6 cm tumor involving the left upper lobe and FEV1 value
of 1.44 L, developed symptomatic pneumonitis after 5 months
of RT and died 7 months thereafter without evidence of cancer progression. No significant difference in the incidence of
radiation pneumonitis was observed among the treatment
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Table 3. Prognostic factors by uni- and multi-variate analysis
Variable
Treatment group
Group 1+2
Group 3
Age (yr)
> 75
 75
Sex
Male
Female
Histologic type
Adenocarcinoma
Others
Performance status
ECOG 0-1
ECOG 2-3
Tumor size (cm)
3
>3
cT stage
cT1-2
cT3
Tumor location
Central
Non-central

No.

LC (%)

99
25

p-value
Uni

Multi

59.6
75.2

0.206

0.541

52
72

58.6
65.3

0.380

98
26

59.9
72.8

36
88

PFS (%)

p-value
Uni

Multi

36.2
51.6

0.279

0.615

0.905

41.2
38.0

0.930

0.980

0.912

37.7
44.6

68.6
61.4

0.527

0.253

68
56

70.4
54.2

0.420

38
86

69.6
58.7

90
34
81
43

OS (%)

p-value
Uni

Multi

54.3
86.2

0.009

0.026

0.766

59.7
59.6

0.292

0.087

0.943

0.894

55.1
74.2

0.326

0.221

32.6
42.2

0.038

0.003

47.0
63.6

0.289

0.035

0.013

46.9
30.7

0.033

0.009

63.7
51.7

0.166

0.201

0.101

-

57.6
30.4

0.002

-

72.6
52.3

0.060

-

69.4
40.9

0.002

0.014

47.1
18.6

< 0.001

0.002

65.9
38.5

0.009

0.040

58.5
71.2

0.644

0.626

35.6
45.1

0.720

0.771

54.4
70.4

0.105

0.293

LC, local control; PFS, progression-free survival; OS, overall survival; ECOG, Eastern Cooperative Oncology Group.

Table 4. Radiation therapy related morbidities
Variable
Pneumonitis
Grade 0
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Esophagitis
Grade 0
Grade 1
Grade 2

Total (n=124)

Group I (n=79)

Group II (n=20)

Group III (n=25)

p-value

44 (35.5)
53 (42.7)
22 (17.7)
4 (3.2)
0(
1 (0.8)

26 (32.9)
38 (48.1)
11 (13.9)
3 (3.8)
0(
1 (1.3)

9 (45.0)
5 (25.0)
6 (30.0)
0(
0(
0(

9 (36.0)
10 (40.0)
5 (20.0)
1 (4.0)
0(
0(

0.596

78 (62.9)
24 (19.4)
22 (17.7)

41 (51.9)
20 (25.3)
18 (22.8)

13 (65.0)
3 (15.0)
4 (20.0)

24 (96.0)
1 (4.0)
0(

0.003

Values are presented as number (%).

groups (p=0.596). Forty-six patients (37.1%) developed radiation esophagitis: 24 (19.4%) and 22 (17.7%) had grade 1 and
2, while no patients had grade 3 or higher. No patient in
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group 3 developed grade 2 esophagitis and this difference
was statistically significant (p=0.003).
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4. Treatment cost
Under the Korean Health Insurance Policy as of August of
2015, the direct treatment costs incurred solely by RT course
(including simulation and planning) per person were calculated as 3,380,000 Korean Won (KRW), approximately 2,860
USD, in groups 1 and 2 and 2,620,000 KRW, approximately
2,220 USD, in group 3, respectively.

Discussion
Hypofractionation is attractive in that dose escalation is
possible while maintaining or shortening the treatment
duration, and has recently been increasingly applied to a few
solid tumor types including breast cancer, prostate cancer,
and glioblastoma [10]. SBRT is an example of an extreme
method of hypofractionation, which has emerged as a reasonable alternative to surgical resection in several clinical settings. SBRT has resulted in very promising LC rates
approaching the 90% level when applied to NSCLC patients
with early stage and operable lesions but are, at the same
time, not physically fit for surgery [11]. Severe complications,
however, have been reported in patients with centrally
located tumors, typically within 2 cm from the central
bronchial tree (2-year freedom from severe toxicity, 54%)
[4,6]. Thus centrally located tumors or large-sized tumors
have usually been considered ineligible for SBRT due to fear
of excessive toxicity risk. The optimal dose scheme for treatment of patients who are unfit for both surgical resection and
SBRT has not yet been established.
Two recent prospective studies reported favorable clinical
outcomes following high dose RT by modest hypofractionation schedules in patients who were unfit for both surgical
resection and SBRT in cT1-2N0 NSCLC. The Cancer and
Leukemia Group B (CALGB) trial 39904 prospectively evaluated accelerated three-dimensional conformal radiation
therapy for delivery of 70 Gy in 17-29 fractions for early stage
NSCLC and reported a median survival of 38.5 months and
disease relapse rate of 25.6% [12]. A Canadian multi-institutional prospective phase II trial reported very promising
2-year LC rates of 87.4% following 60 Gy in 15 fractions [13].
The largest retrospective Canadian study reported a 2-year
LC rate of 76.2% in 118 patients following a total dose of
48-60 Gy in 12-15 fractions, in which most patients received
48 Gy (59.7%) or 52 Gy (37.1%) [8]. Lee et al. [14] reported a
2-year LC rate of 74.6% in 26 patients following median
70 Gy (range, 60 to 72 Gy) in 15-18 fractions. In the current
study, the authors achieved a 2-year LC rate of 75.2% in
group 3 following 60 Gy in 15 fractions, which was quite

comparable with other studies mentioned above [8,13,14].
Actually, the 2-year LC rate following 60 Gy in 15 fractions
as in the current study was numerically superior to those
achieved by the authors following 60 Gy in 20 fractions:
56.9% in the current study (as in group 2); and 57.9% in a previous study [7]. Delivery of higher BED10 by 60 Gy in
15 fractions (BED10, 84 Gy), compared with delivery of 60 Gy
in 20 fractions (BED10, 78 Gy), as in the current study,
appeared to have been translated into numerically improved
LC (p=0.174) and PFS (p=0.280), though without statistical
significance, and significantly improved OS (p=0.002), even
though the patients’ profiles were not the same (Table 2).
Improved LC following 60 Gy in 15 fractions was also
observed in patients with tumors larger than 3 cm (77.2% vs.
54.3%, data not shown above). Two Canadian studies were
consistent in that tumor size larger than 3 cm was a significantly adverse factor with respect to distant metastasis [8,13],
which was also affirmed in univariate analyses in the current
study (Table 3).
In multivariate analyses, however, less advanced cT stage
was proved as a significantly favorable factor with respect to
LC, disease-free survival (DFS), and OS in the current study
(Table 3). In the current study, although group 3 was a significantly favorable factor for OS in multivariate analysis, the
actual significance should be further validated because of the
retrospective nature, small sample size, and possibility of
case selection bias. Severe toxicities including radiation
pneumonitis and esophagitis were uncommon following
high dose RT by 4 Gy per fraction, mainly because elective
mediastinal irradiation in patients with cN0 stage was omitted in all studies [8,14]. The authors have positively affirmed
the safety of this regimen through the current study, particularly with respect to radiation esophagitis (Table 4).
Although 4 Gy per fraction demonstrated improved LC
compared with 3 Gy per fraction even in tumors larger than
3 cm, BED10 was still lower than the recommendations by
others, who proposed minimum BED10 over 100 Gy mainly
in the SBRT setting [14,15]. In this context, determination of
an optimal dose schedule at limited toxicity level in patients
who are not good candidates for surgical resection or SBRT
by virtue of large tumor size and/or tumors located close to
the esophagus is still a challenging issue. The results of two
ongoing clinical trials, in treating centrally located NSCLC,
are awaited: Radiation Therapy Oncology Group 0813
(NCT00750269) is a dose-escalation study starting from 50
Gy in five fractions to determine the optimal dose; and the
LungTech trial NSCLC (NCT01795521) is to evaluate efficiency and toxicity by 60 Gy in eight fractions.
The issue of cost-effectiveness does not seem to have been
well addressed. One study on postoperative breast irradiation showed that a cost-minimization strategy could result
in a 43% cost reduction in RT [16]. One should be cautious;
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however, in the instances when the benefit of cost-saving following hypofractionated RT is offset by greater cost in managing the subsequent toxicity, and this type of negative
trade-off should not be justified. Though the fraction number
was reduced from 20 to 15 in the current study, the authors
achieved even better clinical outcome profiles which
included the toxicity profiles at a reduced direct cost of 22.5%
(3,380,000 KRW vs. 2,620,000 KRW). Assuming that roughly
half of the RT alone candidates are to receive 60 Gy in 15 fractions, instead of 60 Gy in 20 fractions, the direct cost saving
would reach approximately 12.2%. Most Korean candidates
for curative RT alone, instead of surgical resection or SBRT,
usually require assistance in their daily lives either from family members or other care-givers, including escort to and
from the RT facility on an out-patient basis. Though not
measured herein, the overall cost saving, not to mention the
patients’ convenience, could become even greater, when considering the opportunity cost that could be incurred to
patients and their helpers. In addition, more efficient use of
RT resources may be realized, which is often critical and
important in a busy clinic.
Compared to two previous prospective studies, the current
study, though retrospective in nature, has a few strong
points: the CALGB 39904 trial included tumors smaller than
4 cm and did not report clinical outcomes in detail based on
the fractionation schemes; and Canadian phase II trial
reported the outcomes following high dose RT by 4 Gy per
fraction only without comparison with other fractionation
schemes. The current study, under the consistent selection
criteria and fractionation scheme, included patients with
small to large sized tumors, and reported clinical outcomes,
including the issue of cost-effectiveness, in detail based on
two different fractionation schedules. As in other reports,
patients with tumors larger than 3 cm had poor LC (2 year
LC of 69.6% vs. 58.7%), and among them, those treated with
60 Gy in 15 fractions had better LC and survival outcomes.
This implies that larger tumors might require a higher dose
for LC as previously suggested in many other reports. Effort
to escalate radiation dose safely using a proton beam would
be highly rewarding, even in the situation when tumors are
closely located to critical normal structures, like the esophagus [17,18].
Proper use of intensity-modulated radiotherapy (IMRT) or
proton beam therapy could be advantageous in safely deliv-

ering higher radiation dose to the target. Videtic et al. [19]
reported excellent LC and favorable survival (3-year LC and
OS were 94% and 52%) with tolerable toxicity profiles in
treatment of medically inoperable stage I NSCLC patients
with 50 Gy in 10 fractions using the IMRT technique alone.
Yamashita et al. [20] reported 92% LC at 2 years following
48-56 Gy in 4-7 fractions in treatment of cT1-3 NSCLC
patients using volumetric modulated arc therapy. Bush et al.
[21] reported the clinical outcomes following hypofractionated proton beam therapy in treatment of patients with cT12N0 NSCLC: by escalating the dose from 60 Gy in 10
fractions to 70 Gy in 10 fractions, improved 4-year LC rates
from 45% to 74% in cT2 tumors were achieved. Based on the
excellent safety profiles, even in patients with large and centrally located tumors, hypofractionated proton beam therapy
should be regarded as a promising alternative instead of
photon beam therapy in treatment of early stage NSCLC
patients who are not amenable to surgical resection or SBRT.

Conclusion
In summary, the current study demonstrated that 60 Gy in
15 fractions by 4 Gy per fraction resulted in comparable, even
improved, clinical outcomes with excellent safety, particularly in patients with peripherally located cT1-3N0 NSCLC
who are poor candidates for surgical resection or SBRT. By
reducing the fraction number from 20 to 15, in addition to
the saving in direct and opportunity cost, improved patients’
convenience, more efficient use of resources would be anticipated. To further improve the clinical outcomes, particularly
in larger tumors, risk adaptive dose escalation using
advanced RT techniques, such as IMRT or proton beam therapy, might be warranted.
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Overexpression of Endoplasmic Reticulum Oxidoreductin 1- (ERO1L)
Is Associated with Poor Prognosis of Gastric Cancer
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Purpose
Gastric cancer is the second leading cause of cancer-related death worldwide. Although
surgery is the standard curative treatment for gastric cancer, relapse occurs in a large number of patients, except in the case of early diagnosed gastric cancer. Following previous
studies that identified endoplasmic reticulum oxidoreductin 1- (ERO1L) as a potential
marker for gastric cancer, we investigated the functional role of ERO1L in gastric cancer.
Materials and Methods
For validation of microarray data, the mRNA expression level of ERO1L was measured by
quantitative real-time reverse transcription polymerase chain reaction in 56 independent
stage III gastric cancer patients. Immunohistochemical staining was performed to examine
the protein expression level of ERO1L in 231 gastric cancer patients. Correlation between
gene expression and cancer prognosis was evaluated.
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Results
Patients with high ERO1L expression had poorer survival than those with low expression
(p < 0.01). Functional assays demonstrated that ERO1L knockdown inhibited cell proliferation, migration, invasion, and chemoresistance. In addition, involvement of inactivation of
Akt and JNK signaling in molecular mechanisms of ERO1L inhibition was demonstrated.
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Conclusion
High expression of ERO1L is associated with poor prognosis of patients with gastric cancer.
These results indicate that ERO1L expression may be a clinically promising therapeutic target for prevention of gastric cancer.

Introduction
Gastric cancer is the second leading cause of cancer-related
death worldwide [1]. Despite a decrease in the incidence of
gastric cancer in some developed countries over the past
decade, it is estimated that one million new cases are diagnosed each year. The clinical diversity of gastric cancer arises
from its diverse molecular biology [2,3], caused by changes
in the expression of various genes. Current chemotherapy-
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based treatments for advanced gastric cancer do not demonstrate a substantial effect on overall survival (OS) [4,5]. Thus,
identification of new, effective therapeutic approaches is of
great urgency [6-12].
Hypoxia, a state of reduced oxygen availability, is an
important factor making tumors less responsive to radiation
and chemotherapy. Numerous studies have shown that
hypoxic tumors have a more aggressive phenotype [13], thus,
tumor hypoxia correlates with a more aggressive disease
course and limits the effectiveness of anti-cancer therapies.
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Endoplasmic reticulum oxidoreductin 1- (ERO1L) is a
hypoxia-inducible endoplasmic reticulum–resident oxidase
that regulates the post-translational branch of oxidized protein folding [14,15]. Human ERO1L is expressed at a very low
level in normoxic cells. However, it has been shown that
ERO1L is induced in hypoxic cells in response to low oxygen
availability [15]. Interestingly, co-induction of ERO1L and
vascular endothelial growth factor (VEGF) in hypoxic tumor
cells suggests that ERO1L might be harnessed for reducing
levels of this key pro-angiogenic factor. Considering that
hypoxia-induced secretion of VEGF plays a key role in tumor
angiogenesis, findings reported here suggest ERO1L as a
potential anti-angiogenic target [16].
In this study, we further investigated the clinical significance and functional role of ERO1L expression in gastric cancer. First, analysis of ERO1L expression in gastric cancer was
performed using quantitative real-time reverse transcription
polymerase chain reaction (qRT-PCR) and immunohistochemical staining in gastric cancer patients. We also identified the relationship between ERO1L expression and
clinicopathological features and evaluated its prognostic
value in post-resection survival of gastric cancer patients. In
addition, we evaluated the functional role of ERO1L in gastric cancer by examining the proliferation, migration, and
invasion of gastric cell lines.

Materials and Methods
1. Patients and samples
Tumor specimens and clinical data were obtained from
patients with primary gastric adenocarcinoma who underwent curative gastrectomy as the primary treatment between
1999 and 2007 at Yonsei University, Severance Hospital
(Seoul, Korea), and Yonsei University, Gangnam Severance
Hospital (Seoul, Korea). Three patient groups were used for
each experiment: group 1 (65 gastric cancer patients underwent curative surgery as a primary treatment) for microarray; group 2 (56 formalin-fixed, paraffin-embedded tissue
from a separate gastric adenocarcinoma patient group) for
validation tests using qRT-PCR; and group 3 (paraffinembedded samples from 231 patients with gastric cancer) for
tissue microarray immunohistochemistry. All samples were
collected after obtaining written informed consent from
patients, and the study was approved by the Institutional
Review Board of Yonsei University, Gangnam Severance
Hospital (Seoul, Korea).

2. Gene expression microarray data analysis
The previously generated gene expression data from gastric cancer patients are available in NCBI’s GEO public database (microarray data accession number, GSE13861) [12].
Sixty-five gastric cancer patients underwent curative surgery
as a primary treatment, with clinical data obtained from Yonsei University, Severance Hospital (Table 1). Sixty-five surgically removed frozen gastric adenocarcinoma tissues and
19 normal surrounding tissue samples were used for the
microarray experiments. Total RNA was extracted using a
mirVana RNA Isolation Labeling Kit (Ambion, Austin, TX).
For labeling and hybridization, 500 ng of total RNA was
used, according to the manufacturer’s protocols (HumanHT12 v.3 Expression BeadChip, Illumina, San Diego, CA).
The microarray data were normalized using the quantile normalization method in the Linear Models for Microarray Data
(LIMMA) package in the R language environment [17]. The
expression level of each gene was transformed into a log2
base before additional analysis was performed. The random
variance t test was applied for identification of differentially
expressed genes between the two tissue types. The differences in gene expression were considered significant if the
p-value was less than 0.001. Cluster analysis was performed
using Cluster 3.0 and TreeView24 [18]. Univariate analysis
was performed by dividing the patients into two groups
based on the median value of each gene expression level to
search for prognostic genes.
3. qRT-PCR and analysis
Stage III samples were chosen from 56 different gastric cancer patients for validation of the microarray data. Total RNA
was extracted according to the manufacturer’s instruction
manual (RecoverAll Total Nucleic Acid Isolation, Ambion).
ERO1L gene expression was assayed using qRT-PCR with
specific Taqman primers (Applied Biosystems, Foster City,
CA). Real-time reverse transcription polymerase chain reaction (PCR) amplification was performed using the 7900HT
Fast Real-Time PCR System with a 384-well block module
(Applied Biosystems). Cycling conditions were 48°C for 30
minutes and 95°C for 10 minutes, followed by 40 cycles at
95°C for 15 seconds and 60°C for 60 seconds. Total RNA was
isolated from cultures of gastric cancer cells grown in 6-well
plates using TRIzol (Invitrogen, Carlsbad, CA) according to
the manufacturer’s protocol. cDNA was synthesized from
1 µg of total RNA using a Maxima First Strand cDNA Synthesis Kit (Thermo Scientific, Rockford, IL). Real-time quantitative PCR amplifications were performed by SYBR Green
assay on a 7500 Real-Time PCR System with 96-well block
module (Applied Biosystems). SYBR Green PCR conditions
were 50°C for 2 minutes and 95°C for 10 minutes, followed
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Table 1. Clinicopathological factors of gastric cancer patients
Characteristic
Age
Mean (range, yr)
Sex
Male
Female
Follow-up duration
Median (95% CI, mo)
Histological type
Intestinal
Diffuse
TNM stage
I
II
III
IV
Location
Cardia
Non-cardia
Adjuvant chemotherapy
Yes
No

Microarray (n=65)

qRT-PCR (n=56)

TMA (n=231)

63 (32-83)

60 (28-76)

58 (25-77)

46 (71)
19 (29)

31 (55)
25 (45)

41.7 (41-42)

83.8 (78.6-91.4)

144 (62)
87 (38)
95.9 (91.3-97.1)

23 (35)
42 (65)

15 (27)
41 (73)

80 (35)
151 (65)

12 (18)
11 (17)
26 (40)
16 (25)

0(
0(
56 (100)
0(

92 (40)
58 (25)
64 (28)
17 (7)

5 (8)
60 (92)

10 (18)
46 (82)

20 (9)
211 (91)

49 (75)
16 (25)

55 (98)
1 (2)

143 (62)
88 (38)

Values are presented as number (%) unless otherwise indicated. qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction; TMA, tissue microarray; CI, confidence interval.

by 95°C for 50 seconds, 60°C for 50 seconds, and 72°C for 1
minute for 40 cycles. SYBR Green Master Mix contains an
internal passive dye, ROX, in addition to SYBR Green dye.
Relative amounts of mRNA were calculated from the threshold cycle (CT) number based on expression of -2 microglobulin or -actin as an endogenous control. All experiments
were triplicated and the values averaged.

staining intensity was recorded as score 0, negative; score 1,
weaker than normal; score 2, equally intense as normal; and
score 3, strong than normal. High-expression was defined as
a staining score  3 and low-expression as a staining score
< 3. For slides heterogeneously stained within a tumor, we
graded the highest intensity within the tumor.
5. Cell culture and chemotherapeutic agents

4. Tissue microarray construction and immunohistochemical staining
Paraffin-embedded tissue microarray blocks of gastric cancer tissue specimens were created from 231 patients. Each
block contained 3-mm cores of gastric cancer tissue. The
4-µm-thick sections were deparaffinized and processed to
block endogenous peroxidase activity. Next, an antigen
retrieval step was performed, and primary anti-ERO1L antibody (1:100, monoclonal, Abnova, Taipei, Taiwan) was subsequently applied to the sections. The sections were then
incubated with a secondary antibody (HRP-mouse), and the
stains were developed using a Nova-RED Substrate Kit (Vector Laboratory, Burlingame, CA). The samples were then
counterstained with Harris hematoxylin. ERO1L protein
expression levels were evaluated by two pathologists. The
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Gastric cancer cell lines (AGS, SNU1, MKN1, MKN28,
MKN45, and NCI-N87) and human embryonic kidney cell
lines 293T (HEK 293T) were obtained from low-passage seed
stocks at the Korean Cell Line Bank (KCLB). Cells were
exposed to hypoxia by placement in a mixed-gas incubator
infused with an atmosphere consisting of 94% N2, 5% CO2,
and 1% O2. Paclitaxel and 5-fluorouracil (5-FU) were dissolved in dimethylsulfoxide and sterile water, respectively.
All chemotherapeutic agents were obtained from SigmaAldrich (St. Louis, MO).
6. Establishment of stable cell line
pGIPZ-shERO1L and pGIPZ-shNonTarget vectors were
purchased from Dharmacon (Dharmacon, Chicago, IL).

ERO1L
TXN
TXN
TXNL5
PDIA5
PDIA6
TXNL1
TXNDC13
TXN
TXNDC5
TXNDC11
PDIA2
NXN
TXNIP
TXNDC12
TXNL6

AGS.N1
AGS.N2
AGS.N3
AGS.H1
AGS.H2
AGS.H3
NCI.N87.N1
NCI.N87.N2
NCI.N87.N3
NCI.N87.H1
NCI.N87.H2
NCI.N87.H3
SNU1.N1
SNU1.N2
SNU1.N3
SNU1.H1
SNU1.H2
SNU1.H3
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ERO1L
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TXN
TXNL5
PDIA5
PDIA6
TXNL1
TXNDC13
TXN
TXNDC5
TXNDC11
PDIA2
NXN
TXNIP
TXNDC12
TXNL6

Fig. 1. ERO1L and TXN family in-trans correlation in
human gastric cancer. Data are given in NCBI’s GEO public database (microarray data accession number,
GSE13861). The color red or green reflects relative high or
low expression level, respectively. ERO1L, endoplasmic
reticulum oxidoreduction 1-; TXN, thioredoxin.

pGIPZ-shERO1L and pGIPZ-shNonTarget lentiviral vectors
were transfected into HEK 293T cells in 60-mm dishes using
Fugene 6 (Promega, Madison, WI) according to the manufacturer’s protocol. Culture medium containing virus particles
was collected 48 hours later and added to gastric cancer cell
lines. Twenty-four hours later, transduced cells were selected
for 10 days with puromycin (Invitrogen).

N Normoxia
H Hypoxia
TXN
TXN
TXNDC17
P4HB
GLRX5
ERO1L
TXNDC1
TXNDC12
TXNDC5
TXNL2
TXNDC14
TXNIP
PDIA6
PDIA3P
TXNRD1
TXNDC9
TXNL1
GLRX2
TXNRD2
PDIA3P
TXNDC5
TXNDC13
PDIA5
TXNDC10
PDIA4
PDIK1L
TXNRD1
GLRX2
GLRX
NXN
TXNDC13
TXNDC11
TXNL4A
TXNDC5
TXNL4B
ERO1LB
ERO1LB
TXNDC4
NXNL1
GLRX2
TXNL2
TXNDC4
TXNRD2
TXNRD2
TXNDC6
TXNDC2
TXN2
PDIA2
PDIA3
TXNDC8
TXNDC3
MUTED
PDILT
TXNDC5

7. Boyden chamber assay
After trypsinization, invasiveness of cells was tested in
vitro by Boyden chamber invasion assay (Neuro Probe
48-well Micro Chemotaxis Chamber, Neuro Probe Inc.,
Gaithersburg, MD). Matrigel (BD Transduction Lab, San Jose,
CA) was diluted to 25 mg/50 µL with cold distilled water
and then applied to 8-µm pore size polycarbonate membrane
filters. Cells were seeded in the upper part of the Boyden
chamber at a density of 1105 cells/well in 50 µL of serum
free medium and then incubated for 24 hours at 37°C.
The lower chamber also contained standard medium with

Fig. 2. Two different conditions of gastric cancer cell lines,
normoxia and hypoxia, show mRNA expression patterns.
mRNA expression patterns of gastric cancer cells (AGS,
NCI-N87, and SNU1) in normoxia and hypoxia are
depicted in a heat map. The color red or green reflects relative high or low expression level, respectively.
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Table 2. Protein expression of ERO1L protein in gastric cancers
Characteristic

ERO1L high-expression

Total (n=231)
Histological type
Intestinal type (n=80)
Diffuse type (n=151)
Stage
Stage I/II (n=150)
Stage III/IV (n=81)

ERO1L low-expression

p-value

107 (46)

124 (54)

42 (53)
65 (43)

38 (47)
86 (57)

0.170

63 (42)
44 (54)

87 (58)
37 (46)

0.073

Values are presented as number (%). ERO1L, endoplasmic reticulum oxidoreduction 1-.

0.1% fetal bovine serum. Cells that invaded the lower surface
of the membranes were stained using a Diff-Quik Stain Kit
(Triangle Biochemical Sciences Inc., Durham, NC). Invading
cells in five randomly selected fields were counted using
Microscope Axio Imager M2 (Carl Zeiss, Thornwood, NY).
To determine the effect of ERO1L on cell migration, cells
were seeded in a Boyden chamber on membrane filters not
coated with Matrigel. Migration of cells was measured as
described in the invasion assay.

followed by incubation with primary antibodies that recognize anti-Ero1l (Santa Cruz Biotechnology, Dallas, TX), antiAkt, anti–phospho-Akt (Ser473), anti-JNK, anti–phospho-JNK
(Thr183/Tyr185), anti–glyceraldehyde 3-phosphate dehydrogenase, and actin (Cell Signaling, Danvers, MD). Secondary antibody conjugated to horseradish peroxidase (Vector
Laboratories Inc.) was used for detection of primary antibodies, and enzymatic signals were visualized using a chemiluminescence kit (Thermo Scientific). Western blots were
quantitated using ImageJ software.

8. Cell viability assay and clonogenicity
10. Statistical analysis for survival data
Cell viability was determined using an EZ-Cytox Cell
Viability Assay Kit (Daeil Lab Service Co., Seoul, Korea)
according to the manufacturer's instructions. Briefly, 20 µL
of EZ-Cytox kit reagent was added to each well of a 96-well
microplate, followed by incubation at 37°C in a humidified
CO2 incubator for 2 hours. Optical density was then measured at a wavelength of 450 nm using a 96-well microplate
reader (Bio-Rad Laboratories Inc., Hercules, CA). The experiment was performed in triplicate.
Cells were harvested and resuspended in complete growth
media. Cells were seeded onto 6-well plates (1103 cells/
well) and allowed to grow until visible colonies formed (21
days). Cell colonies were fixed with 10% methanol and 10%
acetic acid, stained with 0.25% crystal violet in 25%
methanol, washed, and air-dried.

The BRB-Array Tools system was used for analysis of the
microarray data. Statistical analyses were primarily performed using PASW ver. 17.0 (SSPS Inc., Chicago, IL), and
graphical interpretations were generated with GraphPad
Prism5 (GraphPad Software, San Diego, CA). Differences
between groups were analyzed using t test and chi-square
test, and Kaplan-Meier plots and log-rank test were used for
estimation of patient survival. A p-value of less than 0.05 was
considered statistically significant, and all tests were twotailed.

Results

9. Immunoblotting
Whole cell extraction was performed using RIPA buffer
supplemented with protease inhibitors.
Samples were denatured in sodium dodecyl sulfate (SDS)
sample buffer. Total proteins were separated by loading 20
µg of total cell lysate onto a denaturing SDS-polyacrylamide
gel and transferred onto a polyvinylidene difluoride membrane. Membranes were blocked with 3% non-fat dry milk
in phosphate-buffered saline containing 0.1% Triton X-100,
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1. Prognostic significance of ERO1L expression in gastric
cancer patients
In a previous study, we reported on the important role of
thioredoxin (TXN) in gastric cancer. Approximately 7,000
genes were significantly correlated with TXN according to
the bioinformatics in-trans correlation analysis of TXN
expression using whole mRNA-expressing genes (p < 0.001).
In-trans correlation analysis between TXN family genes
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Fig. 3. Kaplan-Meier plot of recurrence-free survival (RFS) and overall survival (OS) according to gene expression. (A) Gene
expression was measured using quantitative reverse transcription polymerase chain reaction in 56 stage III gastric cancer patients.
(B) Gene expression was measured using immunohistochemical staining analysis in 231 gastric cancer patients divided into two
groups according to their gene expression levels. ERO1L, endoplasmic reticulum oxidoreduction 1-.
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Relative ERO1L mRNA level

Fig. 4. Representative images of endoplasmic reticulum oxidoreduction 1- (ERO1L) protein expression in gastric cancer. High immunohistochemical staining of ERO1L in cytoplasm of gastric cancer (left, 40; middle, 100; right, 200).
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Fig. 5. Endoplasmic reticulum oxidoreduction 1-
(ERO1L) expression in gastric cancer cell lines. (A) ERO1L
mRNA levels were assessed using quantitative real-time
reverse transcription polymerase chain reaction. Expression of -actin was included as an internal loading control.
(B) ERO1L protein levels were analyzed using immunoblotting. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was included as an internal loading control.

PCR analysis (Table 1). The median follow-up duration after
curative resection was 83.8 months. By the last follow-up
visit, 31 patients had experienced recurrence, and 22 patients
had died of gastric cancer. The patients were divided into
high or low expression groups according to ERO1L expression level. Recurrence-free survival (RFS) and OS were analyzed between the two groups. Expression of ERO1L in stage
III gastric cancer patients showed a significant association
with RFS (p=0.001) and OS (p=0.010) (Fig. 3A).
To examine the relationship between ERO1L expression
and clinicopathological features, immunohistochemical
assay analysis of ERO1L was performed in 231 gastric cancer
specimens. ERO1L was overexpressed in approximately 46%
of cancer tissues regardless of histological type and TNM
stage (Table 2). There was no association between histological cell type or tumor stage and ERO1L expression level
(p=0.170 or p=0.073, respectively). Representative immunohistochemical staining results are shown in Fig. 4. RFS and
OS were analyzed between the two groups (ERO1L-high and
ERO1L-low), as shown in the immunohistochemical staining
results (Fig. 3B). ERO1L protein expression influenced OS
(p=0.006), whereas ERO1L protein expression did not show
a significant association with RFS (p=0.070). Taken together,
these data indicate that high ERO1L expression was predictive of a poor prognosis for gastric cancer patients.
2. ERO1L expressed in human gastric cancer cell lines

showed positive correlation of ERO1L with TXN (r=0.586,
p < 0.001) (Fig. 1), suggesting that tumors were in a relatively
high hypoxic state. ERO1L and TXN family member genes
were highly expressed under hypoxic conditions in gastric
cancer cell lines (AGS, SNU1, and NCI-N87) (Fig. 2).
To determine the association between ERO1L gene expression and prognosis among patients with the same stage of
cancer, 56 stage III patients were randomly selected for qRT-
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We next evaluated whether or not human gastric cancer
cell lines express ERO1L and thus their utility in assessing
the potential function of ERO1L protein. The mRNA expression level of ERO1L was measured by qRT-PCR analysis
(Fig. 5A), and Western blots analysis confirmed EOR1L protein expression in gastric cancer cell lines (Fig. 5B). Strong
EOR1L expression was observed in primary and metastatic
gastric carcinoma cells (AGS, established from a primary
tumor; MKN45, metastatic). These results suggest that at
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Fig. 6. Endoplasmic reticulum oxidoreduction 1- (ERO1L) knockdown expression in lentivirus-mediated stable cells. Total RNA
and whole cell lysates were collected from AGS and NCI-N87 cells transfected with shNonTarget and shERO1L vector (AGS,
shNon.C03 and C06/shERO1L.C02 and C06; NCI-N87, shNon.C01 and C02/shERO1L.C04 and C06). (A) Expression of ERO1L
protein was analyzed by immunoblotting, and mRNA level was measured by quantitative real-time reverse transcription polymerase chain reaction. -Tubulin and -actin were included as an internal loading control. ***p < 0.001.

least a subset of well-credentialed gastric cancer cell lines
retains ERO1L expression, thereby allowing for further functional characterization. As a functional study, we selected
two gastric cancer cell lines (AGS and NCI-N87) that demonstrated ERO1L expression by qRT-PCR and microarray
analyses.
3. ERO1L knockdown reduces cell proliferation in gastric
cancer cells
The biological function of ERO1L in gastric cancer is still
unknown. To examine the potential role of ERO1L in gastric
cancer cells, we first knocked down ERO1L in gastric cancer
cell lines (AGS and NCI-N87) using ERO1L-specific shRNAs.
The two most efficiently knocked down cells for each cell
type were selected to further examine phenotypic changes
arising from ERO1L expression. Knockdown yielded > 60%
reduction of EOR1L mRNA and protein expression (Fig. 6).
We analyzed the effects of ERO1L-deficient gastric cancer

cells (AGS, shERO1L.C02 and C06; NCI-N87, shERO1L.C04
and C06) compared with shNonTarget vector-infected control cells (AGS, shNon.C03 and C06; NCI-N87, shNon.C01
and C02). Proliferation was tested in short-term proliferative
impact (WST-1 assay) and long-term proliferative ability
(colony formation assay). ERO1L shRNA-mediated knockdown resulted in significantly reduced growth of gastric cancer cell lines (p < 0.001) (Fig. 7A). Similar results were also
observed for colony formation, which was also significantly
inhibited (p < 0.001) in shERO1L cells compared with shNonTarget cells (Fig. 7B).
4. ERO1L expression is associated with gastric cancer cell
invasiveness and migration
Next, we tested whether or not ERO1L expression is
involved in progression of gastric cancer to metastatic disease, especially in late tumorigenesis, including migration
and invasion.
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Fig. 7. Endoplasmic reticulum oxidoreduction 1- (ERO1L)–deficient gastric cancer cells decrease cell proliferation. (A) Cell proliferation was determined by WST-1 assay. Cell proliferation curves for AGS and NCI-N87 cells at indicated times. Error bars represent
mean±standard deviation (SD) of triplicate experiments. (B) A clonogenic assay was performed on AGS and NCI-N87 cells for 21
days. Left panel shows representative images, and right panel shows quantification of colonies. Error bars represent mean±standard
deviation of triplicate experiments. ***p < 0.001.
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Fig. 8. Silencing of endoplasmic reticulum oxidoreduction 1- (ERO1L) expression inhibits migration and invasion abilities of AGS
and NCI-N87 cells. (A) Cell migration was determined using Boyden chambers. (Continued to the next page)

For this, because directional migration is an important prerequisite of cancer cell invasion, we evaluated the ability of
ERO1L expression cells to migrate. Using Boyden chambers,
we measured migration of ERO1L-deficient gastric cancer
cells (AGS, shERO1L.C02 and C06; NCI-N87, shERO1L.C04
and C06). ERO1L shRNA-mediated knockdown significantly
reduced numbers of migratory cells (p < 0.01) (Fig. 8A). To
examine whether or not reduction of cell migration could
potentially inhibit invasiveness of these cells, invasion of
ERO1L-deficient gastric cancer cells (AGS, shERO1L.C02 and
C06; NCI-N87, shERO1L.C04 and C06) into the matrigel
membrane was measured by Boyden chamber assay. ERO1L
shRNA-mediated knockdown significantly reduced the
numbers of invasive cells (p < 0.001) (Fig. 8B). Intriguingly,
these data indicate that ERO1L shRNA-mediated knockdown reduced migration and invasion of AGS and NCI-N87

cells (AGS, shERO1L.C02 and C06; NCI-N87, shERO1L.C04
and C06) compared with the control (AGS, shNon.C03 and
C06; NCI-N87, shNon.C01 and C02).
5. ERO1L is related to chemoresistance in gastric cancer
We further examined whether or not ERO1L plays a role
in chemoresistance in gastric cancer cells. After silencing
ERO1L expression with specific shRNA, cell viability assays
were performed in gastric cancer cells using a panel of
chemotherapy agents, which were commonly used in treatment of gastric cancer, including an anti-metabolite (5-FU)
and a microtubule stabilizer (paclitaxel). Interestingly, when
ERO1L expression was silenced, AGS and NCI-N87 cells
(AGS, shERO1L.C02 and C06; NCI-N87, shERO1L.C04 and
C06) became more sensitive to 5-FU and paclitaxel, suggestVOLUME 48 NUMBER 4 OCTOBER 2016
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Fig. 8. (Continued from the previous page) (B) Cell invasion was assayed using a membrane coated with Matrigel. Five random
microscopic fields were counted for each group. The results presented are an average of five random microscopic fields from three
independent experiments. **p < 0.01, ***p < 0.001.

ing that ERO1L might account for the resistance of gastric
cancer cells to 5-FU and paclitaxel (Fig. 9).

deficient gastric cancer cells (AGS, shERO1L.C02 and C06;
NCI-N87, shERO1L.C04 and C06) (Fig. 10).

6. Down-regulation of AKT and JNK signaling by ERO1L
knockdown
Several pathways were investigated in order to elucidate
the molecular mechanism of ERO1L knockdown-mediated
inhibition of gastric cancer proliferation, migration, invasion,
and chemoresistance. Several important proteins were differentially expressed between ERO1L-deficient gastric cancer
cells (AGS, shERO1L.C02 and C06; NCI-N87, shERO1L.C04
and C06) and shNonTarget vector–infected control cells
(AGS, shNon.C03 and C06; NCI-N87, shNon.C01 and C02).
Akt phosphorylation at Ser473 and JNK phosphorylation
at Thr183/Tyr185 were surprisingly reduced in ERO1L-
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Discussion
We first obtained ERO1L expression data from tumor tissue samples using qRT-PCR and immunohistochemical
assay. Stage III patients who underwent curative gastrectomy were significantly different from patients showing different ERO1L expression levels, as determined by qRT-PCR
(Fig. 3A). Similar results were obtained from immunohistochemical assay analysis of gastric cancer specimens (Fig. 3B).
Gastric cancer patients showing high ERO1L expression
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Fig. 9. Endoplasmic reticulum oxidoreduction 1- (ERO1L)–deficient gastric cancer cells reduce chemoresistance. Viability of ERO1Ldeficient gastric cancer cells treated for 48 hours with chemotherapeutic agents (paclitaxel and 5-fluorouracil [5-FU]) measured by
WST-1 assay. Cells treated with dimethylsulfoxide (DMSO) as a control. Data are shown as relative viability (fold change) to the
control groups. Data are mean±standard deviation of triplicate experiments. **p < 0.01, ***p < 0.001; ns, not significant.
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Fig. 10. Inhibitory effects of endoplasmic reticulum oxidoreduction 1- (ERO1L)–deficient gastric cancer cells on Akt and JNK signaling pathway. Expression levels of total Akt, phosphorylated Akt at Ser473, total JNK, phosphorylated JNK at Thr183/Tyr185,
and -tubulin (internal control) were measured in the cell lysates. Akt phosphorylation at Ser473 and JNK phosphorylation at
Thr183/Tyr185 surprisingly decreased in ERO1L-deficient gastric cancer cells (AGS, shERO1L.C02 and C06; NCI-N87, shERO1L.C04
and C06).
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received a definitively poor prognosis. Thus, intensive treatment and planning of post-adjuvant treatment is required for
these patients.
ERO1L plays a pivotal role in VEGF production through
disulfide bond formation by protein disulfide isomerase
within VEGF protein, suggesting that ERO1L affects tumor
growth through angiogenic signaling pathways. Expression
of ERO1L is significantly associated with an aggressive
breast cancer phenotype, suggesting the potential of ERO1L
as a new prognostic marker for breast cancer after surgery.
However, how ERO1L expression is regulated under
hypoxia and within tumor cells should be determined. More
importantly, the precise mechanism of tumor cell growth
should be elucidated.
In this study, we demonstrated that ERO1L-deficient gastric cancer cells (AGS, shERO1L.C02 and C06; NCI-N87,
shERO1L.C04 and C06) could effectively suppress cell proliferation and inhibit colony formation, migration, invasiveness, and chemoresistance (Figs. 7-9). According to our
results, ERO1L is an attractive therapeutic target for the treatment of gastric cancer. The current results demonstrate that
inhibition of the phosphoinositide 3-kinase (PI3K) and JNK
mitogen-activated protein kinase (MAPK) signaling pathways plays an important role in cell cycle transition, proliferation, and metastasis. Furthermore, dual inhibition of the
PI3K and MAPK pathways has synergy in lung cancers that
are unresponsive to single PI3K inhibition. Akt (also called
PKB) is an important downstream effector of PI3K, and activated Akt translocates to the cytoplasm and nucleus to activate downstream targets involved in survival, proliferation,
cell cycle progression, migration, and angiogenesis [19].
Phosphorylation of Akt at Ser473 is increased in poorly differentiated prostate cancer cells [20] and is a good predictor
of poor clinical outcome in cancer patients [21]. The stressactivated protein kinase pathway, JNK, alternatively referred
to as SAPK/JNK, also plays an important role in control of
cell proliferation in a wide variety of cell types. Reduced
activation of JNK could be beneficial in controlling growth
in tumors expressing over-activated JNK [22]. Activated JNK
may act as an oncoprotein due to its ability to activate the
transcription factor component c-JUN or inactivate the proapoptotic protein BAD [23]. Thus, reduced activation of JNK
could be beneficial for controlling growth of tumors expressing over-activated JNK. Together, these results indicate that

ERO1L expression could potentially modulate activity of the
Akt and JNK pathway in gastric cancer cells.
The results of our study show that ERO1L-deficient gastric
cancer cells (AGS, shERO1L.C02 and C06; NCI-N87,
shERO1L.C04 and C06) led to reduction of Akt phosphorylation at Ser473, as expected, due to reduction of Akt activation. Likewise, shRNA-mediated ERO1L knockdown led to
decreased phosphorylation of JNK at Thr183/Tyr185. Taken
together, inhibition of the Akt and JNK pathways by shRNAmediated ERO1L knockdown in gastric cancer cells points to
a potential oncogenic role for ERO1L in gastric cancer.

Conclusion
High expression of ERO1L is implicated in gastric cancer,
particularly in tumors with poor-prognostic features. ERO1L
is a promising prognostic marker of gastric cancer, and personalized adjuvant treatment based on ERO1L expression
levels would be an effective practice for treatment of gastric
cancer. Administration of the appropriate drug improves
clinical outcomes and decreases toxicity.
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Dynamic Contrast-Enhanced Magnetic Resonance Imaging as a
Surrogate Biomarker for Bevacizumab in Colorectal Cancer Liver
Metastasis: A Single-Arm, Exploratory Trial
Purpose
The purpose of this study is to investigate dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI) and plasma cytokines and angiogenic factors (CAFs) as pharmacodynamic and prognostic biomarkers of bevacizumab monotherapy in colorectal cancer with
liver metastasis (CRCLM).
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Materials and Methods
From July 2011 to March 2012, 28 patients with histologically confirmed CRCLM received
bevacizumab monotherapy followed by combined FOLFOX therapy. The mean age of the
patients was 57 years (range, 30 to 77 years). DCE-MRI (Ktrans and IAUC60) was performed
at baseline, first follow-up (3 days after bevacizumab monotherapy), and second follow-up
(3 days after combined therapy). CAF levels (vascular endothelial growth factor [VEGF], placental growth factor [PlGF], and interleukin-8) were assessed on the same days. Progression-free survival (PFS) time distributions were summarized using the Kaplan-Meier method
and compared using log-rank tests.
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Results
The median PFS period was 11.2 months. Ktrans, IAUC60, VEGF, and PlGF values on the first
follow-up day were significantly different compared with baseline values. No differences
were observed on the second follow-up day. A > 40% decrease in Ktrans from baseline to first
follow-up was associated with a longer PFS (hazard ratio, 0.349; 95% confidence interval,
0.133 to 0.912; p=0.032). Changes in CAFs did not show correlation with PFS time.
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Conclusion
DCE-MRI parameters and CAFs are pharmacodynamic biomarkers of bevacizumab for
CRCLM. In our study, change in Ktrans at 3 days after bevacizumab monotherapy was a
favorable prognostic factor; however, the value of CAFs as a prognostic biomarker was not
found.
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Introduction
The combination of bevacizumab with cytotoxic chemotherapy has been proved to have survival benefits in
patients with metastatic colorectal cancer [1-3]. This combination has been approved by the US Food and Drug Administration (Washington, DC) as a first-line treatment [2].
Bevacizumab is an inhibitor of vascular endothelial growth
factor (VEGF). It normalizes the abnormal vascular structures in tumor stroma, decreases the elevated interstitial
pressure in tumors, and alleviates the hypoxic tumor
microenvironment [4]. In addition to the direct antiangiogenic effects, these changes also increase chemotherapeutic
efficacy. The standard protocol uses combination therapy
with cytotoxic agents but does not include bevacizumab
mono-therapy [2]. One major issue for the combination therapy is that clinicians cannot distinguish the effects of bevacizumab alone from the effects of the cytotoxic agents used
in the protocol. Despite the benefit of bevacizumab on clinical outcome, a substantial number of patients do not respond
to the therapy targeting VEGF, or they develop resistance to
the drug over time. There is also an increased chance of serious side effects (e.g., stroke and gastrointestinal perforation)
in patients treated with VEGF-targeted therapy [2,5]. In
addition, the target agents are expensive. There is a critical
need for identification of reliable biomarkers for prediction
of tumor response to treatment and to predict which patients
are likely to benefit from bevacizumab.
Plasma cytokines and angiogenic factors (CAFs) are potential biomarkers that reflect the systemic condition of patients
with colorectal cancer treated with bevacizumab combined
with cytotoxic chemotherapy [6]. Elevated baseline interleukin 8 (IL-8) is associated with a shorter progression-free
survival (PFS) time. Levels of some plasma CAFs associated
with angiogenesis and myeloid recruitment increase compared to baseline, before radiographic progression [7].
Plasma CAFs could be potential biomarkers of response and
resistance to bevacizumab, but they cannot reflect the local
response of the tumor microenvironment and cannot differentiate the response of the tumor from that of the host tissue
[7].
Unlike plasma CAFs used as systemic biomarkers, an
imaging biomarker can reflect local tumor condition. However, tumor size may not be a reliable marker for assessment
of the early effects of antiangiogenic agents because many of
these new drugs act directly on endothelial cells, not on the
tumor cells. Therefore, the effects of the agents are expected
to be primarily cytostatic rather than cytotoxic [8]. As an
alternative functional modality, dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) is a noninvasive
and appropriate method for evaluating the efficacy of these

antiangiogenic therapies using changes in tumor vascular
perfusion, vascular permeability, and interstitial and intravascular volumes, without exposure to ionizing radiation [8].
The volume transfer constant (Ktrans) and the initial area
under the gadolinium concentration-time curve (IAUC) have
been proposed as useful parameters that reflect the vascular
response [8]. These parameters can be used with DCE-MRI
to quantify the effects of antiangiogenic therapy during the
early response period.
Several studies have reported reduction in Ktrans within a
few days of bevacizumab treatment [8,9]. Some studies of
bevacizumab in colorectal cancer suggest that DCE-MRI may
be related to clinical outcome [10,11]. In addition, several
studies of anti-VEGF tyrosine kinase inhibitors have shown
that reduction in Ktrans and/or IAUC may distinguish responders from non-responders [12-14]. Based on those studies,
patients with a smaller change in Ktrans are predicted to have
a shorter PFS time and to receive less clinical benefit from the
treatment. However, when applying the results in the clinical
practice setting, the clinician must determine whether the
patients should stop receiving only bevacizumab, only the
cytotoxic agent, or both bevacizumab and the cytotoxic
agent. This is because the clinician cannot determine whether
the change in Ktrans results from the effect of the bevacizumab
alone, the cytotoxic agent, or both.
To gain insight into the mechanisms of action and the pure
effects of bevacizumab, we designed an exploratory trial
with a single-arm of bevacizumab monotherapy followed by
combined therapy. The effects of bevacizumab alone on both
tumor physiology and systemic response were evaluated by
measuring DCE-MRI parameters and plasma CAF levels.
The primary objective of this phase II clinical trial was to
determine prognostic biomarkers of bevacizumab alone that
might show correlation with clinical outcomes. Our study
also revealed the antiangiogenic effect of bevacizumab
monotherapy on local tumor response using changes in
DCE-MRI, and on systemic response using changes in
plasma CAFs.

Materials and Methods
This study was registered at http://www.clnicaltrials.gov
(NCT01318239). The study was conducted in accordance
with the Declaration of Helsinki and Good Clinical Practice
Guidelines. Protocol approval was obtained from the Institutional Review Board of Severance Hospital, Yonsei University College of Medicine (Seoul, Korea). Written informed
consent was obtained from each patient.
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1. Patient population
Patients aged  20 years with histologically confirmed colorectal cancer and one or more measurable hepatic metastases  2 cm diameter were enrolled in the study.
Patients with standard contraindications for MRI and/or
gadolinium-based contrast agents, pregnant or breast-feeding women, and patients with decreased renal function
(creatinine > 1.5 mg/dL, blood urea nitrogen > 30 mg/dL),
who had prior chemotherapy, concurrent malignancies or
significant medical comorbidities, and who had received any
treatment as part of a clinical trial were excluded from the
study.
2. Study design
In this single group, exploratory trial, patients were treated
with bevacizumab (5 mg/kg intravenous) alone on day 1,
followed by a concurrent FOLFOX-6+B regimen (bevacizumab/oxaliplatin/5-fluorouracil/leucovorin) on day 7.
Reduction in dose of the cytotoxic chemotherapy was
required for grade 3 or 4 toxicities that were adverse events
of however, the dose of bevacizumab, was not reduced.
Adverse events were graded using the National Cancer
Institute Common Terminology Criteria for Adverse Events
ver. 3.0. Treatment was continued until documentation of
unacceptable toxicities, disease progression, or withdrawal
of consent.
DCE-MRI and blood sampling for plasma CAFs were performed on the day before treatment was initiated (baseline),
on day 3 after the patients received bevacizumab monotherapy (first follow-up), and on day 3 after receiving the combined chemotherapy (second follow-up) (Fig. 1).
The primary endpoint was the correlation between the
changes in DCE-MRI parameters (from baseline to 3 days
after administration of bevacizumab monotherapy) with PFS
time. The standard DCE-MRI parameters (Ktrans and IAUC60)
were measured during each imaging and the changes from
baseline to first follow-up and from first follow-up to second
follow-up were calculated. The baseline values were dichotomized according to the low and high group based on the
median value. The changes in the DCE-MRI parameters were
dichotomized according to larger and smaller change
groups, using a 40% change as the cut-off value. This cut-off
value of 40% was chosen because a 40% reduction in Ktrans is
necessary before a favorable clinical response can be detected
[11-13,15,16]. Dichotomized values of the baseline and the
changes were correlated with PFS. The changes in tumor size
were also measured at baseline, first follow-up, and second
follow-up.
The secondary endpoints included the correlation between
changes in plasma CAFs from baseline to 3 days after beva-
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cizumab monotherapy, with PFS and toxicity. For correlation
with clinical outcomes, plasma CAF values were dichotomized by calculating optimal cut-off values, obtained from
receiver operating characteristic curve analysis.
PFS was defined as the period from the enrollment date
until the documented tumor progression date. Data were
censored for the patients who were alive without disease
progression at the last follow-up date. Computed tomography (CT) examination with contrast enhancement was performed before and every 3 months after treatment. Tumor
response evaluated at 3 months after the treatment was
dichotomized according to a partial response group and a
stable disease or disease progression group. Assessment of
tumor response was performed in accordance with the
Response Evaluation Criteria in Solid Tumors (RECIST) ver.
1.1 guidelines [17].
3. DCE-MRI study
For reproducibility, consistent DCE-MRI methods were
followed using a 3-T MR scanner (MAGNETOM Tim Trio,
Siemens Healthcare, Erlangen, Germany) equipped with
8-channel body phased-array coils (Siemens Healthcare).
Each patient fasted for at least 4 hours before the scan was
performed.
T1 mapping was obtained before acquisition of perfusion
images to convert signal intensities of perfusion images into
gadolinium concentration values. T1 maps were calculated
from two flip angle scans using 2° and 14°:

S(, T1, TR)= S0

Sin(1–exp(–TR/T1))

, T1(t)=T10+r1*c(t),

1–cos() exp(–TR/T1)
where T1(t): T1 dynamic; T10: T1 before contrast; r1: T1 relaxivity of the contrast agent; and c(t): contrast agent concentration.
Axial images for the T1 maps were obtained using threedimensional (3D) spoiled gradient echo sequences with two
different flip angles (2° and 14°) and a fixed repetition
time/echo time (TR/TE; 4.91 msec /1.71 msec). A total of
20 slices per sequence using a different flip angle were
acquired. The slice thickness was 3.6 mm and the in-plane
resolution was 1.671.67 mm2 for each in one breath-hold
and scan time of 18 seconds.
Perfusion images were obtained using 3D T1-weighted
time resolved angiography with stochastic trajectories
(TWIST) sequence (TR/TE, 4.51 msec/1.76 msec; slice thickness, 3.6 mm; flip angle, 12°; matrix size, 192138; field of
view, 300 mm; band width, 250 Hz/Px). Serial images (temporal resolution, 0.295 seconds) were acquired during shallow, free-breathing respiration. Twenty axial image slices
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Day 0: Baseline
DCE-MRI
Plasma CAFs

Day 4: 1st follow-up
DCE-MRI
Plasma CAFs

Day 1
Bevacizumab monotherapy start

Day 10: 2nd follow-up
DCE-MRI
Plasma CAFs
Day 7
FOLFOX-6+B start

Fig. 1. Study design. Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) studies and blood sampling for
plasma cytokine and angiogenic factors (CAFs) were performed 1 day before treatment (day 0). Patients were treated with
bevacizumab (5 mg/kg intravenously) alone on day 1 and the first follow-up DCE-MRI and blood sampling for plasma
CAFs were performed 3 days after the monotherapy treatment (day 4). A concurrent FOLFOX-6+B regimen
(bevacizumab/oxaliplatin/5-fluorouracil/leucovorin) was administered on day 7 and the second follow-up DCE-MRI and
blood sampling for plasma CAFs were performed 3 days after combined chemotherapy (day 10).

(range, 10 cm) per cycle were obtained while centered on the
center of the tumor (5.9 seconds for one cycle). Perfusion
images were acquired repetitively over 75 cycles for 7-8 minutes. A total volume of 15 mL Omniscan (gadodiamide, GE
Healthcare, Oslo, Norway) was used as a contrast material,
and was injected intravenously using an automatic injector
at a rate of 5 mL/sec, followed by a 30-mL saline injection.
An algorithm with a diffeomorphism flow was introduced
for registration between the T1 mapping sequence and the
perfusion imaging sequence. The algorithm was based on
maximization of statistical similarity criteria (local and
global) in a variational framework. This flow was adjusted
using a template propagation method by composition of
small displacements. Regularization was achieved using fast
filtering techniques. This approach combined the robustness
of statistical similarity measures with the flexibility of diffeomorphic matching techniques [18].
A commercial post-processing software based on a modified Tofts model (Tissue 4D, Siemens Medical Solutions) and
installed at an image processing workstation (Leonardo,
Siemens Medical Solutions), was used for calculation of the
quantitative perfusion parameters. Motion correction was
performed using the non-rigid body algorithm on the postprocessing software. For analysis of the perfusion data, the
arterial input function was set as the average bi-exponential
function using fast mode. Color-coded maps of the Ktrans values were acquired through data processing. IAUC60 values
for the first 60s from the contrast injection were also acquired.
Two dimensional regions of interest (ROIs) were handdrawn on post-processed images by an abdominal radiologist with 7 years experience, according to the tumor margin
through the midline of the z-axis of the tumor in the section
where the largest transverse diameter of liver metastasis was
detected. ROIs were drawn for all tumors > 2 cm in diameter
and a mean value for Ktrans was estimated for all patients with

multiple lesions. Unlike RECIST, the commonly used criterion for measurable lesions on DCE-MRI is > 2 cm in diameter, in consideration both of size reduction and measurement
error [10].
The baseline Ktrans and IAUC60 values were acquired from
the baseline study results. The values for these same parameters were assessed from the first follow-up and second follow-up images. The changes were calculated as absolute and
percentage values.
4. Plasma sample collection and analysis
Blood samples were collected for circulating pharmacodynamics marker studies prior to the initial bevacizumab infusion, on the third day after bevacizumab monotherapy, and
on the third day after combined therapy. Serum samples
were assayed for circulating VEGF-A, placental growth factor (PlGF), soluble vascular endothelial growth factor receptor 2 (sVEGFR2), and IL-8 using enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis, MN). The
changes were calculated as absolute and percentage values.
5. Statistical analysis
DCE-MRI parameter and plasma CAF values were correlated with PFS. Baseline values and the changes in the DCEMRI parameters and CAF values were analyzed to determine
correlations among the parameters.
Kaplan-Meier estimates and log-rank tests were computed
to evaluate the associations between changes in DCE-MRI
parameter or plasma CAF values with the length of PFS or
overall survival (OS). Analyses of associations between baseline values of DCE-MRI parameters or plasma CAFs with
PFS or OS were also performed.
The PFS and OS times were estimated using the KaplanVOLUME 48 NUMBER 4 OCTOBER 2016

1213

Cancer Res Treat. 2016;48(4):1210-1221

Meier method. The differences among the patient groups for
PFS, OS, and treatment response were compared using multivariate Cox regression analysis. Six parameters were considered as possible covariates in the regression analysis. The
associations among the categorical variables and the continuous variables were analyzed using chi-square tests and linear mixed models, respectively.
For all analyses, a p-value < 0.05 was considered statistically significant. SPSS ver. 18.0 (SPSS Inc., Chicago, IL) and
SAS ver. 9.2 (SAS Institute Inc., Cary, NC) were used for all
analyses.

Results
1. Patient characteristics and clinical outcomes
Thirty-two patients were enrolled in the study between
July 2011 and March 2012. Four patients were excluded from
the analysis due to follow-up loss (n=3) or imaging error
(n=1). The mean age of the patients was 57 years (range, 30
to 77 years), and a total of 60 hepatic metastatic lesions in
patients with rectal cancer (n=8) and colon cancer (n=20)
were analyzed. The Eastern Cooperative Oncology Group
performance status score was 0 for 22 patients and 1 for
six patients. The mean baseline carcinoembryonic antigen
value was 340.78 ng/mL.
The median PFS time was 11.2 months (95% confidence
interval [CI], 6.9 to 15.5), and the median OS time was 22.7
months (95% CI, 18.8 to 26.7).
In assessment of tumor response on 3-month follow-up CT
images according to RECIST ver. 1.1, 13 patients showed partial response and 14 patients showed stable disease. Only one
patient showed disease progression on the 3-month followup. Dose reduction was required for five of 28 patients due
to toxicity during the course of the scheduled treatment.
Fatigue and neuropathy were the most common adverse
events. Neutropenia was the most frequent of the grade 3 or
4 adverse events (Table 1).
2. DCE-MRI parameters and plasma CAFs as pharmacodynamic biomarkers
The results for the changes in DCE-MRI parameters,
plasma CAF values, and tumor size at 3 days after bevacizumab monotherapy (first follow-up) and at 3 days after
combined chemotherapy (second follow-up) are shown in
Fig. 2. Compared with the baseline values, the Ktrans, IAUC60,
and serum VEGF values at the first follow-up evaluation had
decreased (p < 0.05). No significant changes were detected
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Table 1. Adverse events after treatment
Event

No. of patients (n=28)
Grade 3 or 4

All grades

8
4
1
3
2
1
1
2
3
1
1
1
1

10
13
2
4
17
1
1
2
6
1
1
1
1
1
1
3
2
22
4
2
3
4
15
6
4
1
3
8
1
7
1
7
155

Neutropenia
Nausea
Vomiting
Ileus
Neuropathy
Infection
Hyponatremia
Intestinal obstruction
Fever
Perianal infection
Abdominal infection
Operation site wound infection
AST elevation
Lumbar pain
Thrombus
Mental change
Proteinuria
Fatigue
Weight loss
Weight gain
Cough
Hypersensitivity
Anorexia
Diarrhea
Constipation
Hematochezia
Rash
Mucositis
Alopecia
Epistaxis
Anemia
Thrombocytopenia
Total

1
3
1
34

AST, aspartate aminotransferase.

at the second follow-up evaluation compared to the first follow-up. Serum PlGF was elevated at the first follow-up evaluation and was still elevated at the second follow-up
evaluation. There were no significant changes in sVEGFR2,
IL-8, and size, and no significant correlations were observed
between the changes in DCE-MRI parameters and plasma
CAF values.
The mean tumor size measured at baseline, first follow-up,
and second follow-up was 47.0±22.0 mm, 47.0±21.3 mm, and
47.0±22.1 mm, respectively.
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gression (Table 2).
The combined effects of changes in Ktrans and baseline
IAUC60 were also analyzed. The results using the KaplanMeier method indicated that the patients with both a greater
change in Ktrans and a higher baseline IAUC60 experienced the
longest median PFS time (23.8 months, n=7); the patients
with both the smaller change in Ktrans and the lower baseline
IAUC60 values had the shortest median PFS times (8.1 months, n=10, p=0.019). In multivariate analysis, compared with
the patients with the greater change in Ktrans and higher baseline IAUC60 values, the patients with the smaller change in
Ktrans and the lower baseline IAUC60 values had a six times
greater odds of disease progression (hazard ratio [HR], 6.061;
95% CI, 1.591 to 23.09; p=0.008). The differences in OS times
were not significantly different (HR, 2.497; 95% CI, 0.643 to
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9.698; p=0.186).
In multivariate analysis for treatment response at a 3-month follow-up CT, a  40% reduction in Ktrans from the baseline
to 3 days after bevacizumab monotherapy (p=0.013) and a
higher baseline IAUC60 (p=0.033) were statistically significant
independent predictors for a better response to the therapy
(Fig. 4).
No significant correlation was observed between change
in Ktrans with PFS (Pearson correlation coefficiency [r], –0.298;
p=0.124) and baseline IAUC60 with PFS (Pearson correlation
coefficiency [r], –0.270; p=0.165).
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and a Ktrans reduction at the first follow-up (B).

Discussion
The OS time of 22.7 months and the PFS time of 11.2
months obtained in our study compared favorably with the
OS time of 21.3 months and the PFS time of 10.4 months
obtained in a previous randomized controlled phase III trial
using concurrent FOLFOX-6+B regimen [1]. Although our
study was limited by the exploratory single-arm trial study
design, this result suggested that bevacizumab monotherapy
followed by concurrent FOLFOX-6+B regimen is comparable
to a concurrent FOLFOX-6+B regimen for treatment of
colorectal cancer liver metastasis (CRCLM).
The results from this exploratory trial suggested that the
patients with  40% reduction in Ktrans by 3 days after bevacizumab monotherapy had a significantly longer PFS time,
suggesting that they received a clinical benefit from bevacizumab that those with a < 40% change in Ktrans did not
receive. The results might imply that the prognosis for combined chemotherapy using bevacizumab can be predicted by
the microvascular changes induced by bevacizumab alone.
The change was detected as early as 3 days after bevacizumab monotherapy, which is much earlier than the size
reductions induced by the combined therapy. Therefore, the
decision to continue with bevacizumab, or not, can be made
as early as 3 days after administration of bevacizumab
monotherapy, with minimal cost or side effects. This result
was consistent with the results of previous studies reporting
that Ktrans can be used as a prognostic biomarker that reflects

microvascular change after antiangiogenic therapy, even
when the target tumors, the drugs used, or the day that DCEMRI results are obtained (usually 14 days after treatment)
are different [9,11,12,19-21]. Our study results support the
hypothesis that DCE-MRI can be used as a prognostic biomarker for the bevacizumab therapy used for CRCLM treatment.
Based on the results of our study, baseline IAUC60 values
can be used as a prognostic biomarker for the outcome of
therapy using bevacizumab. This study found that patients
with a higher than median value baseline IAUC60 had a significantly longer PFS time, suggesting that they could receive
clinical benefit from combined therapy using bevacizumab.
The power as a prognostic biomarker is greater when considering the change in Ktrans combined with the baseline
IAUC60 value, compared with the values considered separately. A patient with a  40% change in Ktrans by 3 days after
bevacizumab therapy and a relatively high baseline IAUC60
should benefit from combined therapy with bevacizumab.
This study found that all of the DCE-MRI parameters (Ktrans
and IAUC60) decreased significantly by 3 days after bevacizumab monotherapy, but not after combined chemotherapy (maintaining the lower level as similar to that at 3 days
after bevacizumab monotherapy).
These results reflected the fact that perfusion changes in
the patients with CRCLM were induced by bevacizumab
alone, but not by combined chemotherapy. When used for
the treatment of human rectal cancer, the direct effects of
bevacizumab on tumor physiology include decreases in
VOLUME 48 NUMBER 4 OCTOBER 2016
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Table 2. Results of multivariate analyses of the predictors of progression-free survival
Variable
trans

K _baseline
Ktrans 1st follow-up_baseline
IAUC60_baseline
IAUC60 1st follow-up_baseline
VEGF_baseline
VEGF 1st follow-up_baseline
VEGFR-2_baseline
VEGFR-2 1st follow-up_baseline
IL-8_baseline
IL-8 1st follow-up_baseline
PlGF_baseline
PlGF 1st follow-up_baseline

HR (95% CI)

p-value

0.716 (0.301-1.705)
0.349 (0.133-0.912)
0.39 (0.159-0.957)
1.014 (0.425-2.42)
1.217 (0.508-2.915)
1.68 (0.224-12.589)
0.523 (0.216-1.268)
4.328 (0.912-20.532)
0.613 (0.205-1.833)
1.034 (0.303-3.53)

0.451
0.032
0.040
0.975
0.660
0.614
0.151
0.065
0.381
0.957

The median baseline values for IL-8 and PlGF were zero, thus the baseline covariates of those parameters were excluded
from the multivariate analyses. The group with the lower baseline value, compared with the median value, was the baseline
reference group. The group with a < 40% change was the reference group for the analysis of the change in values over time.
If the change between the first follow-up and the second follow-up was not significant for a parameter, it was excluded from
the multivariate analysis. HR, hazard ratio; CI, confidence interval; VEGF, vascular endothelial growth factor; IL, interleukin;
PlGF, placental growth factor.

tumor blood perfusion, blood volume, interstitial fluid pressure, and microvessel density [22,23]. These effects are
induced by a direct antipermeability effect, vasoconstriction,
a direct antiangiogenic effect inhibiting the formation of
immature vessels, and/or apoptosis of proliferating endothelial cells [8]. Since the development of antiangiogenic therapy, perfusion imaging has been extensively investigated as
a method for use in validation of the biologic efficacy of the
molecular target agents on tumor tissue. DCE-MRI, one of
the imaging modalities for perfusion imaging, is advantageous for the quantitative measurement of tumor microcirculation in vivo. This approach is noninvasive, repeatable,
without radiation hazards, and includes anatomic details of
the tumor. Because angiogenesis is a direct or indirect target
of many new anticancer drugs, DCE-MRI is an appealing
biomarker candidate for assessment of tumor angiogenic
activity and for monitoring the effects of antiangiogenic
agents [8]. Our study results indicated that DCE-MRI can be
used a pharmacodynamic biomarker of bevacizumab therapy of CRCLM.
We also assessed the effects of bevacizumab on plasma
CAFs (IL-8, VEGF-A, vascular endothelial growth factor
receptor 2 [VEGFR-2], and PlGF) to examine the systemic
response. VEGF (also referred to as VEGF-A) has a crucial
role in physiological and pathological angiogenesis, and
VEGF-targeted agents have been validated as providing clinical benefits in the treatment of malignant disease [22,24]. To
better understand the systemic effect of bevacizumab, which
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is a VEGF-targeted agent, more information about the biology of the VEGF ligand/receptor system is needed [24]. The
mammalian VEGF family of ligands consists of five glycoproteins (i.e., VEGF-A [commonly referred to as VEGF],
VEGF-B, VEGF-, VEGF-D, and PlGF). The VEGF ligands
bind to and activate three different type III receptor tyrosine
kinases (known as VEGFR-1, VEGFR-2, and VEGFR-3),
which have similar structures. Each ligand of the VEGF family has a distinctive binding specificity for one of the three
receptors, therefore a diversity of functions can be mediated.
VEGFR-2 is the key mediator of VEGF-induced angiogenesis
[24]. Our results showed a significant decrease in circulating
VEGF-A by 3 days after bevacizumab monotherapy, but not
after combined chemotherapy. Most of the circulating VEGFA was likely bound to bevacizumab as early as 3 days after
bevacizumab monotherapy. This result was consistent with
our predictions and with other data from blood marker studies of bevacizumab used for the treatment of colorectal cancer and other cancers [7,25].
An increase in plasma PlGF levels was observed by 3 days
after bevacizumab monotherapy and a more significant
increase by 3 days after combined chemotherapy. Inhibition
of VEGF signaling leads to a presumed compensatory
increase in expression of other angiogenic factors, resulting
in resistance to VEGF-targeted therapy; PlGF levels increase
in plasma following blockade of VEGF signaling [24]. The
delayed response of PlGF in our study can be explained by
the consequential effect of the blockade of VEGF-A with
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A

B

C

D

E
Fig. 4. A 39-year-old male patient had rectal cancer with one hepatic metastatic lesion. (A) On the baseline image the IAUC60
value was 22.29, which was a higher baseline group value. The baseline Ktrans value was 0.187. (B) On the first follow-up
image after bevacizumab monotherapy, the patient had a 66% reduction in Ktrans (0.037). The dynamic contrast enhancedmagnetic resonance imaging results indicated that there were no significant changes in the perfusion parameters between
the first and second follow-up (C) (0.031). Based on the large reduction in Ktrans, and the high baseline IAUC60 level, this
patient was expected to have a good response to the treatment and to have a good prognosis. Compared with the baseline
computed tomography (CT) image (D), the metastatic lesion had decreased in size by the 3-month CT follow-up (E).

bevacizumab.
Kopetz et al. [7] reported that an elevated IL-8 level at baseline is associated with a shorter PFS time, but our study
found no association between baseline IL-8 values and PFS
time. This result could be due to the different time points
used for plasma sampling, which were 3 days after treatment
in our study and before progression in their study (median
PFS time, 12.8 months). Circulating cytokine levels may

reflect the responses of non-neoplastic host tissue and of neoplastic tumor tissue to treatment [7]. The associations
between plasma angiogenic factors and clinical outcomes
remain unclear, probably due to the complexities of tumor
angiogenesis, angiogenic factors, and resistance mechanisms
to the anti-angiogenic therapy [6,7,24].
This study had the limitation of small sample size. Therefore, the results of our study, usefulness of Ktrans change as a
VOLUME 48 NUMBER 4 OCTOBER 2016
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prognostic biomarker, cannot be directly applied to the daily
practice. Further study with a larger sample size is needed.
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Purpose
Venous invasion (VI) is widely accepted as a poor prognostic factor in colorectal cancer
(CRC), and is indicated as a high-risk factor determining the use of adjuvant chemotherapy
in CRC. However, there is marked interobserver and intraobserver variability in VI identification and marked variability in the real prevalence of VI in CRC.
Materials and Methods
We investigated the detection rate of VI in 93 consecutive cases of T3 or T4 CRC based on
the following: original pathology report, review of hematoxylin and eosin (H&E) slides with
attention to the “protruding tongue” and “orphan arteriole” signs, and elastic stain as the
gold standard.
Results
Overall, the detection rate of VI was significantly increased as follows: 14/93 (15.1%) in the
original pathology report, 38/93 (40.9%) in review of H&E slides with attention to the “protruding tongue” and “orphan arteriole” signs, and 45/93 (48.4%) using elastic stain. VI
detection based on morphologic features showed 77.8% sensitivity and 91.1% specificity
and showed a linear correlation (Spearman correlation coefficient, 0.727; p < 0.001) with
VI detected by elastic stain. In addition, improved agreement between detection methods
(detection on the basis of morphologic features, =0.719 vs. original pathology report,
=0.318) was observed using kappa statistics.
Conclusion
Slide review with special attention to the “protruding tongue” and “orphan arteriole” signs
could be used for better identification of VI in CRC in routine surgical practice.

Introduction
Colorectal cancers (CRCs) are one of the most important
causes of cancer-related death worldwide and have recently
shown an increased incidence in Korea. Meticulous handling
of resected specimens with accurate pathologic assessment
is of particular importance in CRC patients [1,2]. Venous
invasion (VI), or “large vessel” invasion, is a well-known
independent prognostic factor of CRCs [3-5]. The VI status
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should be included in the surgical pathology report for CRC
patients, according to the protocols of the College of American Pathologists (CAP) [1] and the Korean standardized
pathology report for CRCs [2]. Furthermore, detection of VI
in stage II CRC suggests the need for prompt adjuvant
chemotherapy by oncologists [6]. Nevertheless, there is
marked variability in the detection rate of VI, and there are
no consensus guidelines regarding detection methods for VI
in CRC. The prevalence of VI is widely distributed and
influenced by various factors, including the experience or
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subspecialty of the pathologists, diagnostic criteria, numbers
of blocks, and use of special stains [7-10]. In a cross-sectional
study of 198 pathologists in Ontario, Canada, the majority of
pathologists (70.2%) reported a VI detection rate of less than
10% [11]. Population-based data from two cancer registries
showed a VI detection rate in CRC of only 10%-18% [12,13].
Regarding the detection rate of VI in CRC, the experience of
pathologists as a subspecialty and the use of specific morphologic findings and elastic stain for detection of VI are
important factors. Kirsch et al. [14] reported that gastrointestinal (GI) specialist pathologists detected more VI than
non-GI pathologists (30.0% vs. 9.2%), and that the use of elastic stain increased the VI detection rate compared to routine
hematoxylin and eosin (H&E) stain (46.4% vs. 19.6%). Collectively, these previous reports reinforce that VI is an independent prognostic factor for CRCs and that pathologists
should pay attention to its detection during the routine surgical handling of resected CRC specimens.
However, the use of elastic stain entails additional efforts
and costs, including selection of tissue blocks for elastic stain
after routine grossing of the specimen with delay of the turnaround time for final diagnosis, as well as additional costs.
Recently, characteristic morphologic features (protruding
tongue and orphan arteriole signs) implying VI were suggested as a method for detection of VI [14,15]. With this background information, we aimed to evaluate whether any
morphologic findings providing clues to VI could correspond to VI detected by elastic stain, through the retrospective review of a series of 93 cases of T3 or T4 CRC.

We analyzed extramural VI (VI beyond muscularis propria) with prognostic significance [1,6]. VI was assessed in
the 93 included cases of CRC in three steps: (1) evaluation of
the original surgical pathology report, (2) re-evaluation of all
H&E-stained slides by two pathologists with close attention
to morphologic features implying VI as described by Kirsch
et al. [14], and (3) re-evaluation of equivocal features based
on H&E slides using elastic stains. Regarding morphologic
features implying VI, we evaluated the protruding tongue
sign (smooth oval-shaped protrusion of tumor cells into
periserosal fat tissue near an artery) and the orphan arteriole
sign (round tumor nodule near an artery without an accompanying vein) (Fig. 1). For elastic stain, elastic staining was
performed using a Roche Elastic Staining Kit (860-005, Ventana Medical Systems Inc., Tucson, AZ) according to the
manufacturer’s instructions in all 93 cases of CRCs. One
tissue block with equivocal features of VI on H&E stained
slides was selected.
The data were analyzed using the Student's t test, Fisher
exact test, or the chi-square test for differences between
groups. The relationships between different detection methods were assessed using a Spearman rank correlation coefficient. Agreement between different detection methods was
assessed with a kappa () value statistics. A value of p < 0.05
was considered statistically significant. Statistical calculations were performed using SSPS ver. 21.0 (IBM Co.,
Armonk, NY).

Results
Materials and Methods
Ninety-three patients with T3 or T4 CRCs were selected
among 132 patients who consecutively underwent resection
of primary CRC at Pusan National University Hospital
(PNUH) between January 2015 and May 2015. The group
consisted of 52 men and 41 women with a mean age of
67.5 years (range, 31 to 87 years). This study was approved
by the institutional review board (PNUH IRB 2011-16-2,
revised at 2014-08-14). The following clinicopathological
factors were assessed according to the Korean Standardized
Pathology Report for Colorectal Cancer as well as the American Joint Committee on Cancer Staging Manual, seventh
edition: age, tumor size, sex, location, histologic type, perineural invasion, lymphovascular emboli, lymph node
metastasis, depth of invasion, and growth pattern. Numbers
of tissue blocks and number of tissue blocks per tumor
diameter (cm) for the primary tumor mass were also evaluated.

Overall, the detection rate of VI was significantly increased
as follows: 14/93 in the original pathology report (15.1%),
38/93 in review of H&E slides (40.9%) with attention to the
protruding tongue and orphan arteriole signs, and 45/93
(48.4%) using elastic stain, respectively (Table 1). The tumor
nodule with a protruding tongue or orphan arteriole sign
was identified. When searching under H&E stain, endothelial cells or the smooth muscular layer of a vessel around the
tumor nodule were not identified. However, elastic staining
showed the elastic layer of a vein around the tumor nodule
with the protruding tongue or orphan arteriole signs
(Figs. 2 and 3).
Detection of VI on the basis of morphologic features (protruding tongue and orphan arteriole) showed 77.8% sensitivity, 91.1% specificity, 92.1% positive predictive value,
81.8% negative predictive value, a positive likelihood ratio
of 12.44 (95% confidence interval [CI], 4.11 to 37.64), and a
negative likelihood ratio of 0.24 (95% CI, 0.14 to 0.41). In
addition, detection of VI with special attention to morphoVOLUME 48 NUMBER 4 OCTOBER 2016
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A

B

Fig. 1. (A) Protruding tongue sign. The oval tumor mass protruded beyond the tumor border into pericolic fat tissue (H&E
staining, 40). (B) Orphan arteriole sign. Rounded tumor nodules adjacent to an artery without an accompanying vein were
seen in the pericolic fat tissue (H&E staining, 40).

Table 1. Relationship between venous invasion detected by morphologic findings, original pathology report, and elastic
stain in 93 cases of T3 or T4 colorectal cancer
Venous invasion
Original report
Negative
Positive
Morphologic finding
Negative
Positive

No.

Elastic stain-negative (n=48)

Elastic stain-positive (n=45)

79
14

48
0

31
14

55
38

45
3

10
35

logic features showed a linear correlation (Spearman correlation coefficient, 0.727; p < 0.001) and with VI detected by
elastic stain as the gold standard (Table 1). In comparison,
detection of VI on the original pathology report showed only
33.1% sensitivity, 100.0% specificity, 100.0% positive predictive value, 60.8% negative predictive value, and a negative
likelihood ratio of 0.69 (95% CI, 0.57 to 0.84). Also, detection
of VI with the original pathology report showed a linear correlation (Spearman correlation coefficient, 0.435; p < 0.001)
with VI detected by elastic stain as the gold standard
(Table 1). In addition, improved agreement was observed
between detection methods (detection on the basis of morphologic features, =0.719 vs. original pathology report,
=0.318) using kappa statistics. These data indirectly suggest
that morphologic findings (protruding tongue and orphan
arteriole signs) are a better method of detection and could
enhance the rate of detection of VI in CRC patients. The presence of VI identified by elastic stain was associated with
lymph node metastasis, lymphatic emboli, and perineural
invasion of tumor cells in T3 or T4 CRCs (Table 2).
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In evaluation of the numbers of tissue blocks and number
of tissue blocks/tumor diameter (cm) for the primary tumor
mass between VI-negative and VI-positive CRCs by elastic
stain, there were no differences in the numbers of tissue
blocks or number of tissue blocks/tumor diameter (cm)
(6.64±0.41 vs. 6.62±0.32, p=0.964; 1.20±0.09 vs. 1.31±0.07,
p=0.341).

Discussion
In this study, we demonstrate that the detection rate of VI
was significantly increased in review of H&E slides with
attention to the “protruding tongue” and “orphan arteriole”
signs as well as the use of elastic stain, and we recommend
evaluation of these morphological findings for better identification of VI in CRCs in routine surgical practice. According
to many reports, VI, or “large vessel” invasion, is an inde-
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A

B

C

D

Fig. 2. (A) The tumor nodule with orphan arteriole sign was identified (H&E staining, 100). (B) At high power, endothelial
cells of a vessel around the tumor nodule were not identified with some spindle cells (H&E staining, 400). (C, D) Elastic
staining showed the thick fragmented elastic layer of a vessel around the tumor nodule with the orphan arteriole sign (C,
elastic stain, 100; D, elastic stain, 400).

pendent poor prognostic factor for CRCs [3-5], and detection
of VI in stage II CRC suggests the need for prompt adjuvant
chemotherapy by oncologists [6]. Therefore, the VI status
should be included in the surgical pathology report of CRC
patients by the various CRC reporting protocols, including
those of the Royal College of Pathologists (RC Path, London,
UK), the Royal College of Pathologists of Australia (RCPA),
the CAP, the Japanese Society of Cancer of the Colon and
Rectum, and the Korean Standardized Pathology Report for
Colorectal Cancer [1,2,16-18].
There are two problems related to VI detection in routine
surgical practice. The first is the marked variability in the
detection rate of VI, and the other is the lack of consensus
guidelines regarding detection methods for VI in CRC. In
relation to the variability in the detection rate of VI, there are
many contributing factors, including the experience or subspecialty of pathologists, diagnostic criteria, numbers of
blocks, and usage of special stains [7-10]. Studies from

Ontario, Canada reported these problems and suggested
ways to overcome these complicated issues [11,14,15]. Messenger et al. [11] reported that pathologists with a universityaffiliated center, a GI pathology subspecialist interest, and
acceptance of the “orphan arteriole” sign were associated
with a VI detection rate above 10% [11]. In accordance with
the above reports, our data showed an improved detection
rate of VI with review of H&E slides with specific attention
to the “protruding tongue” and “orphan arteriole.”
Kirsch et al. [14] reported that intraobserver agreement
between GI and non-GI pathologists was improved with the
use of elastic stain in VI detection in CRCs. Messenger et al.
[19] and Dawson et al. [20] recommend routine elastic staining on all tumor blocks or on blocks that show the full thickness of the tumor. However, if elastic staining is ordered after
slide review, additional costs and efforts are entailed, and
turnaround times are delayed. If possible, it is recommended
that elastic staining be requested at the time of grossing. Our
VOLUME 48 NUMBER 4 OCTOBER 2016
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B
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Fig. 3. (A) The tumor nodule with protruding tongue sign was identified (H&E staining, 100). (B) At high power, endothelial
cells or the smooth muscular layer of a vessel around the tumor nodule were not identified (H&E staining, 400). (C, D)
Elastic staining showed the thin elastic layer of a vessel around the tumor nodule with the protruding tongue sign (arrows)
(C, elastic stain, 100, D, elastic stain, 400).

data showed that detection of VI with morphologic features
(protruding tongue and orphan arteriole signs) showed
77.8% sensitivity and 91.1% specificity with elastic stain as
the gold standard and improved agreement between detection methods. These data indirectly suggest that use of morphologic findings (protruding tongue and orphan arteriole
signs) is a comparable method and could enhance the detection rate of VI in CRC patients. However, 22.2% of cases
(10/45 cases) showed false negative results (negative morphologic findings which showed positive on elastic stain),
whereas 6.3% of cases (3/48 cases) showed false-positive
results (positive morphologic findings which showed negative on elastic stain). It is suggested that more studies regarding morphologic clues are needed to clarify these issues in
daily surgical pathology practice of CRC resection specimens.
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Conclusion
Taken together, the published body of work and our data
recommend that pathologists should perform a careful
review of H&E slides in CRC cases with special attention to
the protruding tongue and orphan arteriole signs in routine
surgical practice and that elastic staining should be considered for equivocal cases. In addition, studies from Ontario,
Canada suggest the benefits of national or multi-institutional
educational programs (as knowledge transfer on VI detection
at a national level) to improve VI detection rates and reduce
interobserver variability in Korea.

Chungsu Hwang, Venous Invasion in Colorectal Cancer

Table 2. Relationship between venous invasion identified by elastic stain and clinicopathological characteristics in 93 patients
with T3 or T4 colorectal cancer
Variable

No.

Age (yr)
Size (cm)
Sex
Male
Female
Location
Right colon
Left colon
Histological type
Well
Moderately
Poorly
Mucinous
Perineural invasion
Negative
Positive
Lymphovascular emboli
Negative
Positive
Lymph node metastasis
N0
N1
N2
Depth of invasion
T3
T4
Growth pattern
Expanding+mixed
Infiltrative

Venous invasion

p-value

Absent

Present

93
93

68.4±1.54
6.13±0.39

66.6±1.69
5.40±0.26

0.422
0.130

52
41

29 (55.8)
19 (46.3)

23 (44.2)
22 (53.7)

0.366

26
67

16 (61.5)
32 (47.8)

10 (38.5)
35 (52.2)

0.233

2
74
10
7

2 (100)
37 (50.0)
3 (30.0)
6 (76.9)

0(
37 (50.0)
7 (70.0)
1 (14.3)

0.189

45
48

29 (64.4)
19 (39.6)

16 (35.6)
29 (60.4)

0.017

75
18

47 (62.7)
1 (5.6)

28 (37.3)
17 (94.4)

< 0.001

43
26
24

32 (74.4)
11 (42.3)
5 (20.8)

11 (25.6)
15 (57.7)
19 (79.2)

< 0.001

71
22

38 (53.5)
10 (45.5)

33 (46.5)
12 (54.5)

0.508

80
13

42 (52.5)
6 (46.2)

38 (47.5)
7 (53.8)

0.671

Values are presented as mean±standard deviation or number (%).
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A New Cell Block Method for Multiple Immunohistochemical Analysis
of Circulating Tumor Cells in Patients with Liver Cancer

Purpose
We developed a new method of detecting circulating tumor cells (CTCs) in liver cancer
patients by constructing cell blocks from peripheral blood cells, including CTCs, followed by
multiple immunohistochemical analysis.
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Materials and Methods
Cell blocks were constructed from the nucleated cell pellets of peripheral blood after removal
of red blood cells. The blood cell blocks were obtained from 29 patients with liver cancer,
and from healthy donor blood spiked with seven cell lines. The cell blocks and corresponding
tumor tissues were immunostained with antibodies to seven markers: cytokeratin (CK),
epithelial cell adhesion molecule (EpCAM), epithelial membrane antigen (EMA), CK18,
-fetoprotein (AFP), Glypican 3, and HepPar1.
Results
The average recovery rate of spiked SW620 cells from blood cell blocks was 91%. CTCs
were detected in 14 out of 29 patients (48.3%); 11/23 hepatocellular carcinomas (HCC),
1/2 cholangiocarcinomas (CC), 1/1 combined HCC-CC, and 1/3 metastatic cancers. CTCs
from 14 patients were positive for EpCAM (57.1%), EMA (42.9%), AFP (21.4%), CK18
(14.3%), Gypican3 and CK (7.1%, each), and HepPar1 (0%). Patients with HCC expressed
EpCAM, EMA, CK18, and AFP in tissue and/or CTCs, whereas CK, HepPar1, and Glypican3
were expressed only in tissue. Only EMA was significantly associated with the expressions
in CTC and tissue. CTC detection was associated with higher T stage and portal vein invasion
in HCC patients.
Conclusion
This cell block method allows cytologic detection and multiple immunohistochemical analysis of CTCs. Our results show that tissue biomarkers of HCC may not be useful for the
detection of CTC. EpCAM could be a candidate marker for CTCs in patients with HCC.

Introduction
Hepatocellular carcinoma (HCC) is a leading cause of cancer-related deaths worldwide. The highest liver cancer rates
are found in East and South-East Asia. HCC is the major histological subtype among primary liver cancers, accounting
for 70% to 85% of the liver cancer burden worldwide [1].
│ http://www.e-crt.org │
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Most HCC patients present with intermediate or advancedstage disease, for which both curative and palliative treatments are unsatisfactory [2]. Poor outcomes are generally
associated with underlying cirrhosis, a high recurrence rate
and late diagnosis. The high recurrence rate and aggressiveness are related to tumor characteristics, including early vascular invasion. Vascular invasion is an important prognostic
factor in patients with HCC, along with patient age, size and
Copyright ⓒ 2016 by the Korean Cancer Association
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number of tumors, presence of a tumor capsule, histological
grade, and pathological TNM stage [3]. Vascular invasion
affects postoperative survival and recurrence [3,4].
Circulating tumor cells (CTCs), defined as tumor cells
circulating in the peripheral blood of cancer patients, are
shed by either the primary tumor or a metastatic site into the
circulation via vascular invasion or intravasation [5]. CTCs
are a potential source of biological information that can be
used to predict clinical outcome. The isolation and characterization of CTCs is difficult because these cells are
extremely rare [5,6]. Over the past decade, many methods
have been developed for the detection of CTCs in the peripheral blood. Despite the variety of these methods, final confirmation of CTCs depends on their expression of epithelial cell
adhesion molecule (EpCAM). EpCAM is expressed ubiquitously, albeit at variable levels, in epithelial cells and their
corresponding cancers, but is not expressed in blood cells
[7,8]. However, because EpCAM expression on cell surfaces
is down-regulated in some types of tumor cells, methods that
use the anti-EpCAM affinity molecule to detect CTCs will
not identify CTCs negative for EpCAM expression. This can
be a crucial limitation in CTC analysis, as the cancer cells are
heterogeneous [6]. EpCAM-based detection of CTCs has
been approved to predict prognosis in patients with breast,
colorectal, and prostate cancers. However, identification and
predictive value of CTCs in HCC is still under investigation
[9,10]. EpCAM is expressed by embryonic liver and hepatic
stem cells, but only by a subset of HCCs, making EpCAMbased CTC studies in patients with HCC problematic. Park
et al. [11] reported that EpCAM (clone VU-1D9) expressed
in 48.7% of the surgically resected HCC specimens.
We recently developed a new method of detecting CTCs
by constructing cell blocks from peripheral blood cells
including CTCs, followed by multiple immunohistochemical
analysis. This study was designed (1) to compare immunohistochemical expression of multiple tumor markers in
peripheral blood-derived CTCs and liver cancer tissue; (2) to
comprehensively investigate the CTCs in these patients; (3)
to evaluate the relationship between clinicopathological features and the expression of markers by CTCs; and (4) to
investigate the clinicopathological utility of cell block method
in the detection of CTCs from liver cancer patients.

cancer cell lines (SW480 and SW620) as controls for epithelial-mesenchymal transition (EMT) phenotype. SW480 and
SW620 cells are isogenic and derived from primary carcinoma and lymph node metastasis respectively of one patient
[12].
The human HCC cell lines HepG2, PLC/PRF5, and Huh7 were maintained as monolayer cultures in Dulbecco’s modified Eagle medium, supplemented with 10% fetal bovine
serum (FBS), 100 units/mL penicillin, and 100 g/mL streptomycin (Gibco, Grand Island, NY) in a humidified 5%
CO2/95% air atmosphere at 37°C. The human HCC cell lines
SNU-182, SNU-387, and SNU-449 were cultured in RPMI1640 supplemented with 10% FBS, 100 units/mL penicillin,
and 100 g/mL streptomycin. The colon cancer cell lines
SW480 and SW620 were grown in Leibovitz's L-15 Medium
containing 10% FBS, 100 units/mL penicillin, and 100 g/mL
streptomycin.
2. Patients
Peripheral blood samples were collected from 23 patients
with HCC, two with cholangiocarcinoma (CC), one with
combined HCC-CC, and three with metastatic carcinomas
(two colorectal adenocarcinomas and one nasopharyngeal
carcinoma) who were diagnosed between August 2013 and
April 2014 at the National Cancer Center (NCC), Korea. Each
tumor was classified according to World Health Organization classification criteria [13] and the American Joint Committee on Cancer (AJCC) staging system [14]. Blood samples
were collected at initial diagnosis before the initiation of therapy in all patients, except one whose HCC recurred after surgical resection. From the latter patient, a blood sample was
drawn during chemotherapy due to tumor progression.
Tumor tissues were taken by needle biopsy in 27 patients,
and by surgical resection in two patients. Transarterial
chemoembolization was performed in seven patients, and
chemotherapy was given in 16 patients. The study protocol
(NCCNCS 12660) was approved by the Institutional Review
Board of the NCC, and this study was conducted in accordance with the Helsinki Declaration. All study participants
provided their written informed consent for the study.
3. Western blotting

Materials and Methods
1. Cell lines and culture
To identify candidate CTC markers for HCC cells, six
human HCC cell lines were selected, along with two colon
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Cells were lysed with lysis buffer (5 mM/L ethylenediaminetetraacetic acid [EDTA]; 300 mM/L NaCl; 0.1% NP-40;
0.5 mM/L NaF; 0.5 mM/L Na3VO4; 0.5 mM/L phenylmethylsulfonyl fluoride; and 10 g/mL each of aprotinin,
pepstatin, and leupeptin; Sigma, St. Louis, MO) and centrifuged at 15,000 g for 30 minutes. The concentrations of
supernatant proteins were analyzed by Bradford reagent
(Bio-Rad, Hercules, CA). Samples containing 50 g total pro-
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tein were electrophoresed in 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis gels and transferred to
polyvinylidene difluoride membranes (Millipore, Bedford,
MA), which were blocked by incubation for 2 hours at 4°C
in 1% Tween 20-TBS buffer containing 1.5% non-fat dry milk
(Bio-Rad) and 1 mM MgCl2. The membranes were incubated
for 2 hours at room temperature with antibodies against
E-cadherin (R&D Systems, Minneapolis, MN), vimentin
(Santa Cruz Biotechnology, Dallas, TX), SLUG (Santa Cruz
Biotechnology), SNAIL (Santa Cruz Biotechnology), and
-actin (Santa Cruz Biotechnology), washed three times for
15 minutes each with blocking solution and incubated with
diluted horseradish peroxidase–conjugated secondary antibodies (Southern Biotech, Birmingham, AL) for 1 hour room
temperature. The membranes were again washed three times
for 15 minutes each with blocking solution, incubated with
WEST-ZOL plus chemiluminescence reagent (iNtRON
Biotechnology, Seoul, Korea) for 1 minute, and exposed to
film (Kodak Blue XB-1).
4. Cell block construction
Blood samples (5 mL) were collected in buffered EDTA,
diluted with an equal volume of phosphate buffered saline
(PBS) solution (Welgene, Daegu, Korea), and layered onto
Ficoll-Hypaque (Ficoll-Paque, GE Healthcare Bio-Sciences,
Pittsburgh, PA). The samples were centrifuged in 15 mL disposable centrifuge tubes at 2,000 rpm for 20 minutes. After
drawing off the upper layer, the lymphocyte layer was transferred to a 50 mL centrifuge tube, to which was added 3 volumes of PBS followed by centrifugation at 1,500 rpm for 10
minutes. After removing the supernatant, the cell pellet was
mixed with an equal volume of 30 mg/mL gelatin (SigmaAldrich, Seoul, Korea) and the mixture (gel block) was refrigerated for 20 minutes at 4ºC and fixed with neutralized
buffered formalin overnight. The fixed cell pellet mixture
was wrapped in crayon paper, placed in a cassette, and
stored in 80% ethanol. The pellets were next processed in the
automatic tissue processor using a 13-hour schedule, consisting of 80% ethanol with 1 change (2.5 hours), 95% ethanol
(1 hour), 100% ethanol, with four changes (1 hour each), 1:1
ethanol/xylene (1 hour); xylene with three changes (1 hour
each), paraffin wax at 60°C (1 hour); and paraffin wax at 60°C
with vacuum impregnation at 20 lb (30 minutes).
5. Cell spiking test
The detection sensitivity of the cell block method was evaluated by a cell spiking test. SW620 cells were mixed with
5 mL aliquots of peripheral blood obtained from a healthy
volunteer at ratios of 1:104, 1:105, and 1:106 white blood cells
(equivalent to 4,000, 400, 40 spiked SW620 cells). Cell blocks

were constructed as described and cut serially. The sections
were incubated with antibody to cytokeratin (CK) and the
numbers of CK-positive cells in sections were counted. To
avoid overlapped counting of CTCs, cell blocks were serially
cut at a thickness of 4 µm, and alternate sections were used
for immunohistochemistry, with intervention sections discarded based on the assumption that the mean diameter of
CTCs was greater than 8 m [15]. The CK-positive cells were
counted in the entire blocks. The tests were repeated at least
three times, and the mean recovery rate was calculated by
the ratio of CK-positive cell number to spiked cell number in
the tests of each dilution concentration.
6. Immunohistochemistry
Using the BenchMark XT Slide Preparation System (Ventana Medical Systems Inc., Tucson, AZ), 4 m sections from
peripheral blood cell blocks and corresponding tumor paraffin blocks (liver biopsy or resected specimens) were
immunostained with antibodies to CK (clone AE1/AE3,
1:100, Dako Cytomation, Glostrup, Denmark), EpCAM
(clone VU-1D9, 1:2,000, Calbiochem, San Diego, CA), epithelial membrane antigen (EMA; clone GP1.4, 1:200, Novocastra,
Leica Biosystems, Heidelberg, Germany), CK18 (clone DC10,
1:200, Dako Cytomation), HepPar1 (clone OCH1E5, 1:800,
Dako Cytomation), Glypican3 (clone 1G12, 1:200, BioMosaics, Burlington, VT) and -fetoprotein (AFP; polyclonal,
1:800, Dako Cytomation). At least two sections were stained
with each antibody, with positivity defined as the unequivocal expression of any marker in the cytoplasm and/or membrane. All slides were reviewed by two pathologists (H.J.C.
and S.J.N.). Criteria for CTCs included cell size (1.5 times
larger than white blood cells), large nuclei with high
nuclear/cytoplasmic ratio, irregularity of the nuclear membrane, presence of cytoplasm (not bare nuclei), and microemboli formation. Cells that were non-neoplastic, including bare
nuclei of megakaryocytes, EMA (+)-hematopoietic cells
including immature precursors and plasma cells, and CK (+)
contaminated keratinocytes, were excluded. The presence of
atypical cells expressing any marker was regarded as positive for CTC.
7. Statistical analysis
All statistical analyses were performed with SPSS ver. 21
(IBM Co., Armonk, NY). Student’s t test and Spearman’s
rank correlation analysis were performed to assess differences in the numbers of CTCs by the clinicopathological variables.

VOLUME 48 NUMBER 4 OCTOBER 2016

1231

Cancer Res Treat. 2016;48(4):1229-1242

97

SW480

SW620

Huh7

PLC/PRF5
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SNU-387

SNU-182
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HepG2

Liver

E-Cadherin (80 kDa)
Vimentin (57 kDa)

51

SLUG (30 kDa)

28

SNAIL (29 kDa)

28

β-Actin (39 kDa)
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Fig. 1. Western blot analysis of expression of E-cadherin, vimentin, SLUG, and SNAIL proteins in human liver cancer cell
lines. -Actin was used as a loading control. HepG2, Huh7, and SNU-182 showed epithelial characteristics. SNAIL, SNU387, and SNU-449 showed mesenchymal characteristics. PLC/RPF5 showed semi-epithelial characteristics.

H&E

CK

EpCAM

HepPar1

Glypican3

AFP

Fig. 2. Histologic and immunohistochemical images (400) of peripheral blood cell block containing spiked hepatocellular
carcinoma cell line HepG2. The HepG2 cells show strong expression of cytokeratin (CK), Glypican3, and -fetoprotein (AFP),
and weak expression of epithelial cell adhesion molecule (EpCAM), but the cells are negative for HepPar1.

1232

CANCER RESEARCH AND TREATMENT

Soo Jeong Nam, Immunohistochemical Analysis of CTC in HCC

Table 1. Immunohistochemical assays of HCC markers in cell blocks of human liver cancer cell lines spiked to normal
peripheral blood
Cell line
SNU-182
Huh7
HepG2
PLC/PRF5
SNU-387
SNU-449

CK

EpCAM

EMA

CK18

HepPar1

Glypican3

AFP

+
+
+
–
–
–

+
+
+
–
+
–

–
–
–
–
+
–

+
+
+
+
+
+

–
–
–
+
–
–

+
+
+
+
–
–

+
+
+
+
–
–

HCC, hepatocellular carcinoma; CK, cytokeratin; EpCAM, epithelial cell adhesion molecule; EMA, epithelial membrane antigen; AFP, -fetoprotein.

Table 2. Clinicopathologic features of study subjects
Variable
Age (yr)
Sex
Male
Female
Histologic type
HCC
CC
Combined HCC-CC
Metastatic cancer
Size (cm)
T stageb)
T1
T2
T3
T4
Stageb)
I
II
III
IVA
IVB
Multiplicityb)
Absent
Present
Portal vein invasionb)
Absent
Present
AFP
Normal
Elevated

CTC (liver cancer)
Absent (n=15)

Present (n=14)

59.80±13.5800

55.93±11.63

p-valuea)

CTC (HCC)

p-valuea)

Absent (n=12)

Present (n=11)

> 0.418

56.25±12.740

55.09±10.000

> 0.812

13 (50.0)0
2 (66.7)

13 (50.0)
1 (33.3)

> 0.584

11 (52.4)
1 (50.0)

10 (47.6)
1 (50.0)

> 0.999

12 (52.2)0
1 (50.0)
0 (0.00)
2 (50.0)
11.40±5.33000

11 (47.8)
1 (50.0)
.1 (100)
.1 (100)
9.20±3.25

> 0.719

12 (52.2)
-

11 (47.8)
-

-

10.92±5.8000

9.33±3.230

2 (100).
0 (0.00)
11 (47.8)0
0 (0.00)

0 (5.0)
0 (5.0)
12 (52.2)
.1 (100)

> 0.002

2 (100)
0 (0.0)
10 (47.6)
0 (0.0)

0 (0.0)
0 (0.0)
11 (52.3)
0 (0.0)

> 0.010

2 (100))
0 (0.00)
8 (47.1)
0 (0.00)
3 (50.0)

0 (5.0)
0 (5.0)
9 (52.9)
.1 (100)
3 (50.0)

> 0.405

2 (100)
0 (0.0)
7 (46.7)
0 (0.0)
3 (50.0)

0 (0.0)
0 (0.0)
8 (53.3)
0 (0.0)
3 (50.0)

> 0.370

5 (45.5)
8 (53.3)

6 (54.5)
7 (46.7)

> 0.691

5 (55.6)
7 (50.0)

4 (44.4)
7 (50.0)

> 0.999

8 (72.7)
5 (33.3)

3 (27.3)
10 (66.7)

> 0.055

8 (80.0)
4 (30.8)

2 (20.0)
9 (69.2)

> 0.036

5 (50.0)
8 (50.0)

5 (50.0)
8 (50.0)

> 0.999

4 (57.0)
8 (50.0)

3 (43.0)
8 (50.0)

> 0.066

> 0.195

> 0.432

Values are presented as mean±standard deviation or number (%). CTC, circulating tumor cell; HCC, hepatocellular carcinoma; CC, cholangiocarcinomas; AFP, -fetoprotein. a)Spearman’s rank correlation analysis, b)These data were not available
for three patients with metastatic carcinoma.
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Results
1. Protein expression of human cancer cell lines
To detect CTC markers in liver cancer, the expression of
epithelial and mesenchymal markers (E-cadherin, vimentin,
SLUG, and SNAIL) was analyzed in human cancer cell lines
(Fig. 1). HepG2, Huh7, and SNU-182 were positive for E-cadherin by western blot analysis but negative for vimentin and
SNAIL, indicating that they were epithelial cell lineages.
SNU-387 and SNU-449 cells were positive for vimentin and
SNAIL but negative for E-cadherin, indicating a mesenchymal character. PLC/RPF5 cells expressed both epithelial and
mesenchymal markers.
2. Cell spiking test
Cell spiking tests were performed to determine the detection efficiency of the cell block method. Each 5 mL blood
sample yielded cell blocks containing an average of 33
sections, of 4 m thickness each (excluding the discarded
sections). The mean recovery rate of spiked SW620 cells from
blood cell blocks was 91.2±22.8%. In spiking of SW620 cells
in normal blood samples at a ratio of 1:104 white blood cells,
the mean number of CTCs per section was 113.4±53.0; at
1:105, 11.1±18.1; and at 1:106, 1.1±1.5.
3. Immunohistochemical expression of candidate markers
in peripheral blood cell blocks containing HCC cell lines
To identify useful markers, healthy donor blood was
spiked with the human HCC cell lines HepG2, PLC/PRF5,
SNU-182, SNU-387, SNU-449, and Huh7 at a ratio of 1:104.
Cell blocks were constructed and sections were immunostained with antibodies to CK, EpCAM, EMA, CK18, AFP,
Glypican3, and HepPar1 (Fig. 2). All six HCC cell lines
expressed CK18. Glypican3 and AFP were expressed by the
three epithelial HCC cell lines, SNU-182, Huh7, and HepG2,
and by the semi-epithelial cell line PLC/RPF5. The three
epithelial cell lines also expressed CK and EpCAM, but they
did not express EMA or HepPar1. The SNU-387 cell line,
which showed mesenchymal features in western blot analysis, expressed both EpCAM and EMA. The semi-mesenchymal cell line, PLC/RPF5, expressed only HepPar1 (Table 1).
4. Detection of CTCs from liver cancer patients and association with clinicopathologic features
Table 2 summarizes the clinical characteristics of the 29
liver cancer patients. Their median age was 59 years (range,
38 to 80 years) and 89.7% were male. Of the 29 patients, 23
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had HCC, two had CC, one had combined HCC-CC and
three had metastatic carcinomas. Most patients were stage
T3b (55.2%) and stage IIIB (41.4%) based on the AJCC/Union
for International Cancer Control TNM staging system. CTCs
were positive in 14 patients (48.3%) including 11 patients
with HCC, one CC, one HCC-CC, and one metastatic
nasopharyngeal carcinoma.
CTC positivity was associated with higher T stage in liver
cancer patients (p=0.002), and in patients with HCC
(p=0.010). CTCs were more frequently found in HCC
patients with than without portal vein invasion (p=0.036).
There were no significant associations between the presence
of CTC and histologic type, size, stage, multiplicity, or serum
AFP concentration. Of the 14 patients positive for CTCs,
eight (57.1%) were positive for EpCAM, six (42.9%) for EMA,
three (21.4%) for AFP, two (14.3%) for CK18, one each (7.1%)
for Glypican3 and CK, and none (0%) for HepPar1 (Table 3).
5. Comparison of immunohistochemical expression profiles of CTCs and their primary liver cancers
Formalin-fixed paraffin-embedded tissue blocks of liver
cancer biopsy specimens were retrieved for 28 liver cancer
patients. To compare marker expression in CTCs and tumor
tissue, representative sections of resected liver cancer tissues
were immunohistochemically stained with antibodies to CK,
EpCAM, EMA, CK18, AFP, Glypican3, and HepPar1 (Figs. 3
and 4). A comparison of marker expression profiles in CTC
and tissue samples found that EMA was the only marker
associated with HCC (p=0.039) (Table 4). HCC patients positive for CTC were positive for the expression of EpCAM,
EMA, CK18, and AFP in tissue and/or CTC, whereas CK,
HepPar1, and Glypican3 were mostly expressed in tissue
only. In particular, CTCs were positive for EpCAM in three
of 13 patients (23.1%) with tumor tissues negative for
EpCAM, and CTCs were positive for EMA in one of 14
patients (7.1%) with tumor tissues negative for EMA.
6. Prognostic analysis by CTC
Overall survival (OS) tended to be poorer in liver cancer
or HCC patients with than without CTCs, although the
associations were not statistically significant (Fig. 5A and E).
OS tended to be also poorer in patients of liver cancer
(p=0.056) or HCC (p=0.058) with CTCs positive than negative for AFP (Fig. 5D and H). OS tended to be poorer in
patients with CTCs positive than negative for EpCAM, but
the differences were not statistically significant (Fig. 5B and
F). EMA expression by CTCs had no prognostic significance
(Fig. 5C and G).

M/51
M/70
M/47
M/47
M/64
M/75

M/49

10
11
13
14
19
22

23

HCC
HCC
HCC
HCC
CC
HCC
Combined
HCC/CC
HCC
HCC
HCC
HCC
HCC
Metastatic
nasopharyngeal
carcinoma
HCC

Diagnosis

T3b

T3b
T3a
T3b
T3b
T3a
T3b

T3b
T3b
T3b
T3b
T3b
T3b
T3b

T stage

IIIB

IIIB
IIIB
IIIB
IIIB
IIIA
IIIB

IIIB
IIIB
IVB
IVB
IVA
IVB
IIIB

Stage

+

+
–
+
+
–
+

+
+
+
+
–
+
+

Portal vein
invasion

+

+
+
+
+
+
+

+
+
+
+
+
+
+

CTC

-

0.5
-

-

CK

-

0.5
0.25

0.3
1.0
2.5
1.0
1.0
0.5

EpCAM

2.5

0.5
2.0
-

0.5
2.0
0.5
-

EMA

-

1.5
1.0
-

2.5
-

AFP

-

0.5
-

0.5
-

CK18

Average No. of CTCa)

-

-

0.5
-

-

-

-

Glypican3 HepPar1

CTC, circulating tumor cell; CK, cytokeratin; EpCAM, epithelial cell adhesion molecule; EMA, epithelial membrane antigen; AFP, -fetoprotein; M, male; HCC,
hepatocellular carcinoma; F, female; CC, cholangiocarcinomas. a)Average number of positive cells in 1 section of 4 µm thickness. At least two sections were stained
with each antibody, with positivity defined as the unequivocal expression of any marker in the cytoplasm and/or membrane.

M/59
M/51
F/69
M/49
M/67
M/43
M/38

Sex/Age (yr)

2
3
4
6
7
8
9

Case No.

Table 3. Expression pattern of CTC markers in CTC-positive patients
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Case 2

H&E

EpCAM

CK18

AFP

H&E

EpCAM

EMA

Glypican3

H&E

EpCAM

EMA

AFP

CTC

Tissue

Case 4

CTC

Tissue

Case 6

CTC

Tissue

Fig. 3. Representative images (400) of marker expression in circulating tumor cell (CTC) and hepatocellular carcinoma
(HCC) tissue samples from three patients. All three CTCs showed strong cytoplasmic expression of epithelial cell adhesion
molecule (EpCAM), but their corresponding HCC tissues were negative for EpCAM. The pairs of samples showed identical
expression patterns for cytokeratin 18 (CK18), -fetoprotein (AFP), epithelial membrane antigen (EMA), and Glypican3.
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Case No.

EpCAM

EMA

AFP

Glypican3

HepPar1

CK

CK18
CTC– / Tissue –
CTC+ / Tissue –
CTC– / Tissue +
CTC+ / Tissue +

2
3
4
6
7
8
9
10
11
13
14
19
22
23

Fig. 4. Association of tumor marker expression in circulating tumor cells (CTCs) and tumor tissue of the 14 hepatocellular
carcinoma (HCC) patients positive for CTCs. Three patients with HCC showed aberrant epithelial cell adhesion molecule
(EpCAM) expression in CTC. Two patients with HCC showed aberrant epithelial membrane antigen (EMA) expression in
CTC. AFP, -fetoprotein; CK, cytokeratin.

Table 4. Comparative analysis of marker expression profiles in CTC and tissue samples from patients with HCC
Tissue IHC expression
EpCAM
–
+
EMA
–
+
CK
–
+
CK18
–
+
AFP
–
+
Glypican3
–
+
HepPar1
–
+

CTC IHC expression

Total
(n=22)

Negative

Positive

13 (59.1)
9 (40.9)

10 (76.9)
6 (66.7)

3 (23.1)
3 (33.3)

0.595

14 (63.6)
8 (36.4)

13 (92.9)
4 (50.0)

1 (7.1)0
4 (50.0)

0.039

4 (18.2)
18 (81.8)

4 (100)
17 (94.4)

0 (0.00)
1 (5.6)0

0.629

0 (0.0)
22 (100).

0 (0.0)
20 (90.9)

0 (0.00)
2 (9.1)0

-

10 (45.5)
12 (54.5)

10 (100).
9 (75.0)

0 (0.00)
3 (25.0)

0.221

4 (18.2)
18 (81.8)

4 (100)
17 (94.4)

0 (0.00)
1 (5.6)0

0.629

9 (40.9)
13 (59.1)

9 (100)
13 (100).

0 (0.00)
0 (0.00)

-

p-value

Values are presented as number (%). CTC, circulating tumor cell; HCC, hepatocellular carcinoma; IHC, immunohistochemistry; EpCAM, epithelial cell adhesion molecule; EMA, epithelial membrane antigen; CK, cytokeratin; AFP, -fetoprotein.
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Fig. 5. Survival analysis according to presence of circulating tumor cell (CTC). Kaplan-Meier analyses of survival of patients
with liver cancer (A-D) and patients with hepatocellular carcinoma (HCC) (E-H). p-values were determined using log-rank
tests. The presence of CTCs and CTCs positive for epithelial cell adhesion molecule (EpCAM) and -fetoprotein (AFP)
resulted in poorer prognosis, but the differences were not statistically significant. EMA, epithelial membrane antigen. (Continued to the next page)

Discussion
CTCs may have potential as liquid biopsy biomarkers.
However, CTCs are rare, comprising as few as one per
106-109 hematologic cells in the blood of patients with
metastatic cancer, making their purification technically challenging [9,16,17]. Methods of CTC enrichment include
immune-affinity, physical properties, direct analysis, and
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mutation detection/genomic analysis [5], but none has
adequate sensitivity and specificity. Nonspecific enrichment
techniques include those based on physicochemical properties (e.g., size and density), including density gradient centrifugation, lysis buffers, cytocentrifugation, and isolation by
size of epithelial tumor cells (ISET method) [18]. Specific
enrichment techniques use methods based on markers
expressed by CTCs, including magnetic separation and
epithelial immunoSPOT.

Soo Jeong Nam, Immunohistochemical Analysis of CTC in HCC

E

HCC only

1.0

1.0
0.8

Overall survival

Overall survival

0.8
0.6
0.4

CTC
Negative
Positive

0.2

0.6
0.4

EpCAM
Negative
Positive

0.2

p=0.720

0

0

p=0.139

2

4
Time (mo)

6

0

8

2

4
Time (mo)

6

8

H

HCC only

1.0
0.8

Overall survival

0.8

Overall survival

0

G

HCC only

1.0

0.6
0.4

EMA
Negative
Positive

0.2

0.6
0.4

AFP
Negative
Positive

0.2

p=0.988

0

F

HCC only

0

p=0.058

2

4
Time (mo)

6

8

0

0

2

4
Time (mo)

6

8

Fig. 5. (Continued from the previous page)

Several techniques are used to detect CTCs in HCC
patients. For example, a magnetic bead method isolated HCC
cells based on the expression of a specific hepatocyte marker,
biotinylated asialofetuin (a ligand of asialoglycoprotein
receptor), with subsequent identification by immunofluorescence staining with antibody to HepPar 1 [19]. The average
recovery rate at each spiking level was 61% or higher, and
CTCs were identified in 69 of the 85 HCC patients (81%).
However, the hepatocyte marker was also expressed on the
circulating non-neoplastic hepatocytes, and the marker
might be unsuitable for undifferentiated cancer cells. Circulating CD45– CD90+ CD44+ cancer stem cells (CSCs)
detected by multicolor flow cytometry predict post-hepate-

ctomy HCC recurrence with high accuracy [20]. In that study,
92% of HCC patients with very limited disease were positive
for circulating CSC, suggesting systemic disease in almost all
patients, perhaps limiting the specificity of the method.
This study validated the utility of the cell block method for
detecting CTCs, demonstrating the specificity of this technique compared with other methods. Although techniques
for enrichment and detection of CTC have been developed,
final confirmation of CTC depends on immunofluorescence
[5,21]. Immunofluorescent stain is limited in the cytologic
evaluation of cellular details, and yields false-positive (nontumor cell) or false-negative (non-reactive tumor cell) results.
Our cell block method could overcome this limitation by
VOLUME 48 NUMBER 4 OCTOBER 2016

1239

Cancer Res Treat. 2016;48(4):1229-1242

immunohistochemical stain with cytomorphologic evaluation. Immunohistochemical analysis of cell block is a traditional cytologic diagnostic method, widely used in pathologic laboratories. However, it had not been applied to
examine CTC, since blood cells without extracellular matrix
cannot be aggregated to construct cell blocks. We developed
a new method to construct cell blocks from nucleated blood
cells, and we applied multiple immunohistochemical analysis using cell blocks. To identify useful immunohistochemical
markers for CTC in liver cancer patients, cell blocks from
HCC cell lines and blood samples from liver cancer patients
were immunostained with antibodies to CK, EpCAM, EMA,
CK18, AFP, Glypican3, and HepPar1. Our results showed
that EpCAM and EMA were the most practical of the seven
tumor markers. CTCs tended to be associated with higher
T stage and portal vein invasion. Moreover, patients positive
for CTCs tended to have poorer survival, although the differences were not statistically significant. OS (p=0.056)
tended to be poorer in liver cancer patients with CTCs positive than negative for AFP.
The CellSearch system (Veridex, Raritan, NJ) is a semiautomated device that detects and counts EpCAM-positive/
cytokeratin-positive CTCs, defined as oval or round cells,
containing a morphologically intact nucleus (DAPI staining),
with positive expression of cytokeratin and negative expression of CD45 [22]. Using these criteria, 18 of 59 HCC patients
and one of 19 patients with cirrhosis or benign hepatic tumor
were positive for CTC. A combination of the CellSearch system and quantitative real-time reverse-transcriptase polymerase chain reaction assays showed presence of CTCs in
66.67% of patients and that stem cell-like markers (CD133
and ABCG2) are co-expressed in EpCAM-positive CTCs [23].
Although EpCAM is highly expressed in many human
cancers of epithelial cell origin, it is expressed in only 35% of
patients with HCC [24,25]. In the adult liver, hepatocytes are
negative and bile duct epithelium is positive for EpCAM.
Therefore, comparisons between CTC and primary HCC
tissue are necessary for evaluating EpCAM expression on
CTC, but results of the comparison between CTC and primary tumor tissue are lacking. EpCAM-positive tumor cells
in HCC have been associated with enhanced tumor growth
and invasiveness and shorter survival. HCC cells expressing
EpCAM appear to be stem cell-like and associated with a
more aggressive phenotype [26,27], suggesting that they may
have the potential to initiate metastases [8,22]. However,
EpCAM expression is down-regulated during the EMT, a
transition associated with stem cell features. EMT is a key
developmental program that is often activated during cancer
invasion and metastasis, with several studies showing a
direct link between EMT and a gain of epithelial stem cell
properties [28,29].
We found that 23.1% of EpCAM-negative patients had

1240

CANCER RESEARCH AND TREATMENT

CTCs positive for the expression of EpCAM, and 7.1% of
those with EMA-negative HCCs had CTCs positive for EMA.
When marker expression profiles were compared in CTC
and tissue samples, EMA was the only marker associated
with HCC. We also observed that HCC patients positive for
CTCs had tumors and/or CTCs positive for the expression
of EpCAM, EMA, CK18, and AFP, whereas tumors, but not
CTCs, were positive for pan-CK, HepPar1, and Glypican3.
Although CTCs showed various EpCAM expression patterns, with EpCAM restricted to detecting CTCs, the near
completion of CTC detection requires the use of multiple
markers, including EpCAM, EMA, and AFP. The discrepancy in tissue marker and CTC marker in HCC patients may
be due to loss of tissue-specific differentiation in CTC, resulting from EMT and gain of stem cell properties [26-29].
The major limitation of this study was the limited number
of patients. In addition, non-neoplastic control tissue was not
included. Nevertheless, our results suggest that the cell block
method is a clinically valid and specific technique for detecting CTCs compared with other methods, in terms of
immunohistochemical comparison of primary tumor tissue
and peripheral blood cell block. Although this method may
be limited in detection of very rare CTCs and quantification
of CTC numbers in blood, it has several merits: it does not
need any special apparatus, is economic, and allows multiple
examinations. Our results could provide a framework for
further stussdies and a basis for future application of routine
cytologic diagnosis for CTCs.

Conclusion
In conclusion, this study describes a new method for
detecting CTCs in patients with HCC. Use of the cell block
method may result in the cytologic detection of CTCs, with
EMA and EpCAM possible candidate markers of CTC.
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Real-Life Experience of Sorafenib Treatment for Hepatocellular
Carcinoma in Korea: From GIDEON Data

Purpose
The purpose of this study is to report real life experiences of sorafenib therapy for hepatocellular carcinoma (HCC) in Korea, using a subset of data from GIDEON (Global Investigation
of Therapeutic Decisions in HCC and of Its Treatment with Sorafenib; a large, prospective,
observational study).
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Materials and Methods
Between January 2009 and April 2012, a total of 497 patients were enrolled from 11 sites
in Korea. Of these, 482 patients were evaluable for safety analyses. Case report forms of
paper or electronic version were used to record safety and efficacy data from all patients.
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Results
More patients of Child-Pugh A received sorafenib for > 8 weeks than did patients of ChildPugh B (55.5% vs. 34.3%). Child-Pugh score did not appear to influence the starting dose
of sorafenib, and approximately 70% of patients both in Child-Pugh A and B groups received
the recommended initial daily dose of 800 mg (69.0% and 69.5%, respectively). The median
overall survival (OS) and time to progression (TTP) were 8.5 months and 2.5 months. In
Child-Pugh A patients, the median OS and TTP were 10.2 months and 2.5 months. The most
frequent treatment-emergent drug-related adverse event was hand-foot skin reaction
(31.7%), followed by diarrhea (18.0%). The incidence of treatment-emergent adverse events
was similar in both Child-Pugh A (85.4%) and Child-Pugh B (84.8%) patients.
Conclusion
Sorafenib was well tolerated by Korean HCC patients in clinical settings, and the safety profile did not appear to differ by Child-Pugh status. Survival benefit in Korean patients was in
line with that of a previous pivotal phase III trial (SHARP).

Introduction
Hepatocellular carcinoma (HCC) represents the fifth most
common cancer worldwide and is known to cause significant
public health problems, particularly in association with
chronic hepatitis B (CHB) or chronic hepatitis C [1]. Based on
available data, more than half of HCC cases and deaths are
estimated to occur in North Eastern Asian areas including
│ http://www.e-crt.org │
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Korea, China, Taiwan, and Japan where viral hepatitis B or
C is highly prevalent [2]. Unlike other solid tumors, HCC
presents several unique characteristics, including multifocal
tumorigenesis, frequent vascular invasion, recurrence, and
most importantly associated cirrhotic background, altogether
making a HCC hard to cure malignancy. In addition, HCC
is characterized by heterogeneity in terms of genetic diversity, tumor behavior, and patient population [3,4].
In spite of an effort to detect early stage of HCC in patients
Copyright ⓒ 2016 by the Korean Cancer Association
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at risk through a surveillance program, a substantial proportion of patients with HCC are still diagnosed at an advanced
stage of the disease when the survival rate is poor [5]. Potentially curative treatments including resection, ablation, and
liver transplantation can be applied only to HCC detected at
an early stage (single nodule  5 cm or 2-3 nodules  3 cm)
[6]. Transarterial chemoembolization (TACE) is regarded as
standard-of-care for multinodular HCC without vascular
invasion and extrahepatic metastasis [7].
Sorafenib is the first developed molecular targeted agent
in HCC which blocks the Raf/MEK/ERK pathway by
inhibiting Raf serine/threonine kinase and also inhibiting the
upstream receptor tyrosine kinases that are important in
angiogenesis, such as vascular endothelial growth factor
receptor (VEGFR)-2, VEGFR-3, platelet derived growth factor receptor  and kit [8]. In a global phase III, randomized
trial of 602 patients with advanced HCC, the median overall
survival (OS) was 10.7 months in the sorafenib group compared with 7.9 months in the placebo group (hazard ratio,
0.69; 95% confidence interval, 0.55 to 0.87; p < 0.001). The survival benefit was preceded by a delay in time to progression
(TTP): 5.5 months for sorafenib versus 2.8 months for control
(p < 0.001) [9]. Another phase III trial conducted in the AsiaPacific (AP) area confirmed the survival benefit of sorafenib
in unresectable HCC [10]. Based on these results, sorafenib
was approved as the first systemic drug for patients with
advanced HCC not amenable to resection, transplantation,
or locoregional treatments [7,8].
Data obtained from well-controlled clinical trials might not
be translated into a real-clinical setting, particularly in HCC
treatment. The efficacy and safety of sorafenib in HCC
patients with liver dysfunction remain largely unknown, as
only patients of Child-Pugh A were included in the trials.
GIDEON (Global Investigation of Therapeutic Decisions in
HCC and of Its Treatment with Sorafenib) is a prospective,
non-interventional study conducted to fulfil post-approval
commitments to licensing agencies [11]. GIDEON is one of
the largest studies conducted in patients with unresectable
HCC, and the data facilitate broad evaluation of patient subgroups. Many subanalyses were therefore planned and performed, with a focus on potentially predictive or prognostic
factors, including Child-Pugh score, Barcelona Clinic Liver
Cancer (BCLC) stage, and etiology.
Herein, we report on real-life experience of sorafenib therapy for HCC in Korea, using a subset of the GIDEON data.
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Materials and Methods
1. The design and objectives of GIDEON
GIDEON recruited patients who were candidates for systemic therapy, for whom the decision to treat with sorafenib
was made in real-life practice conditions including patients
with Child-Pugh B liver function. The details of the study
design have been previously published [12]. The primary
objective of GIDEON is to evaluate the safety of sorafenib in
patients with unresectable HCC in real-life. The secondary
objectives are to explore drug efficacy in terms of OS, progression-free survival, TTP, response rate (RR), and disease
control rate (DCR); to determine the duration of therapy
according to various patient characteristics; to assess methods of patient evaluation, diagnosis, and follow-up; to assess
comorbidities and their influence on treatment and outcome
in real-life practice rather than a controlled clinical trial setting; and to evaluate the practice pattern of the physicians
involved in the care of these patients.
2. Patients
Eligible patients were those diagnosed histologically or
radiographically with HCC, who have a life expectancy of
> 8 weeks and in whom the decision to treat with sorafenib
was made by their physician. Detailed inclusion criteria are
outlined in the previously published study design report
[11]. Exclusion criteria were those dictated by the manufacturer of the drug. Written informed consents were given by
all patients and the study was approved by the individual
institutional review board. More than 3,000 patients were
recruited from 39 countries of five geographic regions
between January 2009 and April 2012. A total of 497 patients
were enrolled from 11 sites in Korea during the same period.
Of these, 482 patients were evaluable for safety analyses after
exclusion of 15 patients who did not receive at least one dose
of sorafenib during the study period (n=5) or did not
undergo at least one assessment for follow-up after initiating
study medication, regardless of previous systemic treatment
(n=10).
3. Data collection and analyses
Paper or electronic case report forms were used to record
data from all enrolled patients at study entry and start of
sorafenib, then at intervals chosen by the prescribing physician until death, withdrawal from the study, or loss to follow-up. All adverse events (AEs) were graded according to
the National Cancer Institute Common Terminology Criteria
ver. 3.0 (National Cancer Institute, Bethesda, MD), and their
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likely relationship to sorafenib therapy was documented.
HCC assessment was made by computed tomography or
other equivalent radiographical method and was evaluated
using the Response Evaluation Criteria in Solid Tumors
(RECIST). All efficacy and safety data were summarized
using descriptive statistics.

Results
1. Baseline patient characteristics
The baseline demographic and tumor characteristics of 482
patients evaluable in terms of safety analysis are shown in
Table 1. Male patients predominated (85.5%), and 76.8% of
patients were under 65 years of age (median age, 55.0 years).
The most common underlying etiology was hepatitis B virus
(HBV) infection (81.1%), followed by alcohol use (26.3%).
Most patients were Child-Pugh A class (56.8%), with fewer
Child-Pugh B patients (21.8%). Eastern Cooperative Oncology Group (ECOG) performance status was 1 (44.8%) and
0 (33.8%) in most patients.
All BCLC stages were represented but most patients
(60.8%) were BCLC stage C, while 4.8% of patients were
BCLC stage B, 4.6% stage D, and 0.8% stage A. In terms of
TNM staging, stage III and IV patients accounted for 25.9%
and 52.5% of all patients, respectively, and only a few were
TNM stage I (0.2%) or II (1.9%). Portal vein thrombosis was
observed in 50.4% of patients and extrahepatic spread in
66.0%. Prior locoregional treatment (LRT) was administered
in 68.3% of all patients, with TACE being the most common.
Thus, 60.6% of all patients had undergone prior TACE compared with 14.5%, 8.3%, and 2.1% of patients treated with
prior radiofrequency ablation, hepatic arterial infusional
chemotherapy, or percutaneous ethanol injection, respectively.
2. Sorafenib administration
Data on sorafenib administration are shown in Table 2.
The mean duration of treatment was 15 weeks (median,
8.7 weeks). Approximately 67% of patients received the
approved initial daily dose of 800 mg, while 31.5% received
a half dose (400 mg). Only a few patients received 200 mg or
600 mg as an initial daily dose (0.6% and 0.8%, respectively).
Patients were most frequently treated for 4-8 weeks (22.0%),
followed by  4 weeks (21.4%) and > 28 weeks (12.7%).
Analysis of sorafenib dosing was based on Child-Pugh
class (A or B) (Table 2). The duration of sorafenib administration was generally longer in Child-Pugh A than B patients.

Table 1. Baseline patient characteristics
Variable
Age (yr)
Mean±SD
Median
< 65
65 to < 75
 75
Sex
Male
Female
Etiology of HCCa)
HBV
HCV
Alcohol
Unknown
Cirrhosis
Yes
No
Unknown
Child-Pugh class
A
B
C
Unknown
BCLC stage
A
B
C
D
Unknown
TNM stage
I
II
IIIa
IIIb
IIIc
IV
Unknown
Portal vein thrombosis
Extrahepatic spread
ECOG at start of therapy
0
1
2
Unknown
Prior anti-cancer therapy
LRT
TACE
RFA
HAIC
PEI

No. (%) (n=482)
55.9±10.5
55.0 (
370 (76.8)
95 (19.7)
17 (3.5)
412 (85.5)
70 (14.5)
391 (81.1)
26 (5.4)
127 (26.3)
22 (4.6)
307 (63.7)
101 (21.0)
74 (15.4)
274 (56.8)
105 (21.8)
6 (1.2)
97 (20.1)
4 (0.8)
23 (4.8)
293 (60.8)
22 (4.6)
140 (29.0)
1 (0.2)
9 (1.9)
72 (14.9)
19 (3.9)
34 (7.1)
253 (52.5)
94 (19.5)
243 (50.4)
318 (66.0)
163 (33.8)
216 (44.8)
36 (7.5)
37 (13.9)
329 (68.3)
292 (60.6)
70 (14.5)
40 (8.3)
10 (2.1)

SD, standard deviation; HCC, hepatocellular carcinoma;
HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC,
Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; LRT, locoregional therapy; TACE,
transarterial chemoembolization; RFA, radiofrequency
ablation; HAIC, hepatic arterial infusion chemotherapy;
PEI, percutaneous ethanol injection. a)Multiple responses
were possible for etiology of underlying disease and LRT.
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Table 2. Sorafenib administration according to Child-Pugh class
Variable
Duration of treatment (wk)
Mean±SD
Median
4
4-8
8-12
12-16
16-20
20-24
24-28
> 28
Unknown
Average daily dose (mg)
Mean±SD
Median
Unknown (n)
Initial dose (mg)
200
400
600
800
Permanent discontinuation
of sorafenib due to AE

Total (n=482)

Child-Pugh A (n=274)

Child-Pugh B (n=105)

14.93±17.36
8.70 (
103 (21.4)
106 (22.0)
67 (13.9)
42 (8.7)
36 (7.5)
22 (4.6)
19 (3.9)
61 (12.7)
26 (5.4)

17.01±19.73
10.05 (
47 (17.2)
65 (23.7)
37 (13.5)
27 (9.9)
20 (7.3)
16 (5.8)
10 (3.6)
42 (15.3)
10 (3.6)

8.55±8.66
6.00 (
35 (33.3)
24 (22.9)
14 (13.3)
8 (7.6)
6 (5.7)
1 (1.0)
3 (2.9)
4 (3.8)
10 (9.5)

626.0±177.0
669.5 (
52 (

626.8±173.0
661.5 (
26 (

640.3±178.2
715.0 (
13 (

3 (0.6)
152 (31.5)
4 (0.8)
323 (67.0)
127 (26.3)

1 (0.4)
83 (30.3)
1 (0.4)
189 (69.0)
81 (29.6)

1 (1.0)
29 (27.6)
2 (1.9)
73 (69.5)
34 (32.4)

Values are presented as number (%) unless otherwise indicated. Data for patients with not evaluable Child-Pugh status
(n=97) and Child-Pugh C (n=6) is not included in this table. SD, standard deviation; AE, adverse event.

More Child-Pugh A patients received sorafenib for > 8 weeks
compared with Child-Pugh B patients (55.5% vs. 34.3%).
However, some Child-Pugh B patients were treated for
longer periods, and 3.8% of Child-Pugh B patients received
> 28 weeks of sorafenib therapy. Child-Pugh score did not
appear to influence the starting dose of sorafenib; approximately 70% of patients in both Child-Pugh A and B class
received the recommended initial daily dose of 800 mg
(69.0% and 69.5%, respectively) and the median daily dose
was slightly lower in Child-Pugh A patients than B patients
(661.5 mg vs. 715.0 mg). The frequency of permanent discontinuation of sorafenib due to AEs was similar between ChildPugh A and B patients (29.6% and 32.4%, respectively).
3. Response to sorafenib and treatment outcomes
Response to sorafenib was assessed using intent-to-treat
analysis (ITT) of all patients who received at least one dose
of sorafenib. A total of 490 patients were valid for the ITT set.
According to RECIST criteria, three patients (0.61%) achieved
complete response (CR), while partial response (PR) and stable disease (SD) were observed in 10 (2.04%) and 131
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(26.73%) patients. There were 247 (50.41%) patients who
showed progressive disease (Table 3). The objective RR
(CR+PR) was 2.65% and the DCR, defined as proportion of
patients with the best response rating of documented CR, PR,
or SD maintained for at least 28 days from the first demonstration of that rating, was 79 (16.12%). Of 13 patients who
achieved an objective response, the median time to response
was 65 days and the median duration of response was 556
days. The median duration of SD was 68 days.
The median OS and TTP were 8.5 months and 2.5 months,
respectively (Fig. 1). In particular, the median OS and TTP
in Child-Pugh A patients was 10.2 months and 2.5 months.
Of note, the OS and TTP appeared to be longer in patients
whose starting dose was 800 mg rather than 400 mg. The OS
and TTP were 9.3 and 2.8 months in patients with a starting
dose of 800 mg, compared to 7.8 and 2.4 months in those with
400 mg, respectively (Table 4).
4. Safety assessments
At least one treatment-emergent adverse event (TEAE)
was reported for 82.2% of patients (Table 5), and 293 patients
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Table 3. Response to sorafenib by intent-to-treat analysis
Response

No. (n=490)

Rate (%)

90% CI (%)

3
10
131
247
99
13
79

0.61
2.04
26.73
50.41
20.20
2.65
16.12

0.17-1.57
1.11-3.44
23.45-30.22
46.60-54.22
17.26-23.42
1.58-4.19
13.45-19.11

Complete response
Partial response
Stable diseasea)
Progressive disease
Not assessable
Objective response
Disease control rateb)

Tumor response was assessed by Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.0. Denominator for rates
(%) and 90% confidence interval (CI) were based on patient population for analysis. a)Stable disease: patients with best overall
response of stable disease at least 6 weeks after first dose of sorafenib, b)Disease control rate: patients with best response
rating of documented complete response, partial response, or stable disease maintained for at least 28 days from the first
demonstration of that rating.

A
1.0

1.0

Median OS, 8.5 mo

0.9

0.8

0.8
0.7
0.6
0.5
0.4

0.7
0.6
0.5
0.4
0.3

0.3

0.2

0.2

0.1

0.1

Median TTP, 2.5 mo

0.9
Cumulative probability

Cumulative probability

B

0

200
400
600
800
1,000
Time since start of treatment (day)

1,200

0

0

200
400
600
800
Time since start of treatment (day)

1,000

Fig. 1. The median overall survival (OS) (A) and time to progression (TTP) (B) in the entire study population was 8.5 months
and 2.5 months, respectively. The response was estimated based on Response Evaluation Criteria in Solid Tumors ver. 1.0.

(60.8%) experienced drug-related TEAEs. Of these, 16.2%
patients had grade 3 events and 0.8% of patients had grade
4 events. Overall, 36.9% of patients (n=178) experienced
treatment-emergent serious adverse events (SAEs) and 4.4%
experienced treatment-emergent drug-related SAEs. Sorafenib was permanently discontinued as a result of TEAEs in
26.3% of patients.
The incidence of TEAEs was similar between Child-Pugh
A (85.4%) and Child-Pugh B (84.8%) patients (Table 5). However, the incidence of drug-related TEAEs and that of grade
3 TEAEs was higher in Child-Pugh A than B patients (treat-

ment-emergent drug-related AEs, 66.4% vs. 56.2%; grade 3
TEAEs, 28.5% vs. 18.1%). Treatment-emergent SAEs
occurred more often in Child-Pugh B than A patients (52.4%
vs. 34.3%). Treatment-emergent drug-related SAEs occurred
in 4.4% of Child-Pugh A and 7.6% of Child-Pugh B patients.
The rates of sorafenib discontinuation due to AEs, regardless
of any causal relationship with sorafenib, was similar in
Child-Pugh A (29.6%) and B patients (32.4%). Treatment
emergent deaths were higher in Child-Pugh B than A
patients (28.6% vs. 10.9%).
The most commonly reported TEAEs in the overall popuVOLUME 48 NUMBER 4 OCTOBER 2016
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Table 4. Overall survival and time to progression according to the starting dose of sorafenib
Sorafenib

No.

Median OS (mo)

95% CI (mo)

Median TTP (mo)

95% CI (mo)

400 mg
800 mg

154
329

7.8
9.3

5.7-10.9
7.3-12.5

2.4
2.8

2.0-3.0
2.2-3.2

OS, overall survival; CI, confidence interval; TTP, time to progression.

Table 5. Overview of safety data by Child-Pugh score
Adverse event summary
TEAE (all grades)
Treatment-emergent
drug-related AE (all grades)
Treatment-emergent
SAE (all grades)
Treatment-emergent
drug-related SAE (all grades)
TEAE resulting in permanent
discontinuation of sorafenib
All TEAE with CTCAE grade 3
All treatment-emergent drug-related
AE with CTCAE grade 3
All TEAE with CTCAE grade 4
All treatment-emergent drug-related
AE with CTCAE grade 4

Total
(n=482)

Child-Pugh A
(n=274)

Child-Pugh B
(n=105)

Child-Pugh C
(n=6)

Not evaluable
(n=97)

396 (82.2)
293 (60.8)

234 (85.4)
182 (66.4)

89 (84.8)
59 (56.2)

4 (66.7)
1 (16.7)

69 (71.1)
51 (52.6)

178 (36.9)

94 (34.3)

55 (52.4)

4 (66.7)

25 (25.8)

21 (4.4)

12 (4.4)

8 (7.6)

127 (26.3)

81 (29.6)

34 (32.4)

1 (16.7)

11 (11.3)

120 (24.9)
78 (16.2)

78 (28.5)
49 (17.9)

19 (18.1)
14 (13.3)

0(
0(

23 (23.7)
15 (15.5)

24 (5.0)
4 (0.8)

10 (3.6)
3 (1.1)

8 (7.6)
0(

0(
0(

6 (6.2)
1 (1.0)

0(

1 (1.0)

Values are presented as number (%). Adverse event (AE) was assessed by National Cancer Institute Common Toxicity Criteria
(NCI CTC) ver. 3.0 and worst grade. A serious adverse event (SAE) is defined as any AE occurring at any dose that results
in any of the following outcomes: death; life-threatening; hospitalization or prolongation of existing hospitalization; persistent
or significant disability/incapacity; congenital anomaly/birth defect; medically important event. TEAE, treatment-emergent
adverse event; CTCAE, Common Terminology Criteria for Adverse Events.

lation included hand-foot skin reaction (32.2%), diarrhea
(22.8%), and abdominal pain (20.1%) (Table 6). Hand-foot
skin reaction (6.0%), bilirubin elevation (5.2%), and thrombocytopenia (4.5%) were the most commonly reported grade
3 or 4 AEs in Korea, while the most common grade 4 AEs
were liver dysfunction (1.2%) and bilirubin elevation (0.8%).
The most frequent treatment-emergent drug-related AE was
hand-foot skin reaction (31.7%), followed by diarrhea
(18.0%), rash/desquamation (9.3%), and anorexia (8.1%). The
safety profile of Child-Pugh B patients was generally consistent with the overall safety profile.
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Discussion
GIDEON is the largest, prospective, non-interventional
global study to investigate the treatment of patients with
unresectable HCC in the real world, and reflects the current
practice of participating physicians [12].
Looking at the final global data, a total of 3,371 patients
were enrolled from 39 countries across five different regions
and data on 3,202 patients were available for safety analysis
[13]. In terms of etiology, the frequency of HBV infection was
similar to that of hepatitis C virus infection globally (36.5%
vs. 32.9%). Of all patients, 52% were BCLC stage C, while
20% of patients had BCLC-B. Regarding Child-Pugh class,
sorafenib was prescribed in 20.8% of Child-Pugh B patients,
indicating the real-life pattern of sorafenib use in treatment

Do Young Kim, Sorafenib Treatment of HCC

Table 6. Incidences of treatment-emergent and treatment-emergent drug-related adverse events (AE)
AEa)
Any AE
Blood/bone marrow
Thrombocytopenia
Constitutional symptoms
Fatigue
Fever
Dermatology/Skin
Alopecia
Hand-foot skin reaction
Rash/Desquamation
Gastrointestinal
Anorexia
Ascites
Constipation
Diarrhea
Distension
Heartburn
Mucositis in oral cavity
Nausea
Vomiting
Hemorrhage/Bleeding
Hepatobiliary/Pancreas
Liver dysfunction
Infection
Lymphatics (edema)
Metabolic/Laboratory
Bilirubin elevation
Neurology
Encephalopathy
Pain
Abdominal pain
Pulmonary/Upper respiratory
Cough
Dyspnea

Treatment-emergent AEs
Total (n=482)

Grade 3 or 4 (n=482)

396 (82.2)
56 (11.6)
34 (7.1)
110 (22.8)
50 (10.4)
41 (8.5)
202 (41.9)
32 (6.6)
155 (32.2)
53 (11.0)
236 (49.0)
69 (14.3)
40 (8.3)
24 (5.0)
110 (22.8)
25 (5.2)
29 (6.0)
25 (5.2)
56 (11.6)
29 (6.0)
63 (13.1)
53 (11.0)
40 (8.3)
32 (6.6)
26 (5.4)
68 (14.1)
36 (7.5)
60 (12.4)
26 (5.4)
161 (33.4)
97 (20.1)
80 (16.6)
26 (5.4)
31 (6.4)

144 (29.9)
36 (7.4)
22 (4.5)
9 (1.9)
4 (0.8)
1 (0.2)
36 (7.5)
29 (6.0)
5 (1.0)
46 (9.5)
8 (1.7)
18 (3.7)
10 (2.1)
3 (0.6)
1 (0.2)
2 (0.4)
1 (0.2)
21 (4.3)
16 (3.4)
9 (1.8)
11 (2.3)
1 (0.2)
49 (10.2)
25 (5.2)
18 (3.7)
13 (2.7)
31 (6.4)
18 (3.7)
9 (1.9)
8 (1.7)

Treatment-emergent drug-related AEs
Total (n=482)
293 (60.8)
40 (8.3)
27 (5.6)
37 (7.7)
28 (5.8)
7 (1.5)
190 (39.4)
31 (6.4)
153 (31.7)
45 (9.3)
153 (31.7)
39 (8.1)
6 (1.2)
87 (18.0)
1 (0.2)
15 (3.1)
19 (3.9)
30 (6.2)
15 (3.1)
19 (3.9)
4 (0.8)
4 (0.8)
3 (0.6)
2 (0.4)
10 (2.1)
2 (0.4)
14 (2.9)
3 (0.6)
-

Grade 3 or 4 (n=482)
82 (17.0)
22 (4.6)
15 (3.1)
2 (0.4)
2 (0.4)
34 (7.1)
29 (6.0)
5 (1.0)
16 (3.3)
3 (0.6)
9 (1.9)
1 (0.2)
1 (0.2)
1 (0.2)
2 (0.4)
2 (0.4)
2 (0.4)
1 (0.2)
7 (1.4)
2 (0.4)
1 (0.2)
1 (0.2)
37 (7.7)
17 (3.5)
12 (2.5)
1 (0.2)

Values are presented as number (%). a)Assessed by National Cancer Institute Common Terminology Criteria for Adverse
Events (NCI CTCAE) ver. 3.0.

of HCC. One-third of all patients had portal vein thrombosis.
The proportion of patients having undergone previous LRT
was 57.5%. In Korean data (total, 482 patients), the most common cause of HCC was HBV infection (81.1%). The
frequency of advanced stage (BCLC-C) (60.8%) tended to be
higher than the global figure, but the proportion of patients
with decreased liver function (Child-Pugh B) (21.8%) was
similar to the global proportion, although unknown was
20.1%. Portal vein thrombosis was more common in Korea
(50.4%), and more patients had been previously treated with

locoregional therapy (68.3%), and 66% of patients had extrahepatic spread.
Overall, Korean patients treated with sorafenib had more
advanced diseases and more unfavorable prognosis than
patients from other countries.
The drug safety profile was consistent with both those of
previously published phase III trials and the final GIDEON
data (Table 5) [9,10,13]; the most common drug-related AEs
were hand foot skin reaction (31.7%) and diarrhea (18%).
Collectively, the incidence of AEs including SAEs and treatVOLUME 48 NUMBER 4 OCTOBER 2016
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Table 7. Survival benefit of sorafenib in studies
Variable

GIDEON global data (n=3,202)

Child-Pugh A
Survival (overall, mo)
Child-Pugh A
Time to progression (overall, mo)
Child-Pugh A

1,968 (61.5)
10.8 (
13.6 (
4.8a) (
4.7a) (

GIDEON Korean data (n=482)
279 (56.8)
8.5 (
10.2 (
2.5a) (
2.5a) (

SHARP (n=299) AP (n=150)
284 (95)
10.7 (
5.5b) (
-

146 (97.3)
6.5 (
2.8b) (
-

Values are presented as number (%). GIDEON, Global Investigation of Therapeutic Decisions in hepatocellular carcinoma
and of Its Treatment with Sorafenib; AP, Asian-Pacific. a)Assessed by Response Evaluation Criteria in Solid Tumors (RECIST)
ver. 1.0, b)Assessed by RECIST.

ment-emergent AEs was similar in Child-Pugh A and B
patients, and in particular, Child-Pugh B did not appear to
increase drug-related AEs or the rate of permanent sorafenib
discontinuation, compared to Child-Pugh A (Table 4). A possible explanation for this is the consistent pharmacokinetics
(PK) of sorafenib in Child-Pugh A and B patients. The PK
data indicate that the maximal concentration and the geometric means of area under curve at steady state were not
significantly different between Child-Pugh A and B patients.
This characteristic of PK might make Child-Pugh score less
influential on the safety of sorafenib treatment [14].
Although a non-interventional study cannot thoroughly
evaluate drug efficacy, and data interpretation must be done
with caution, we sought to determine the efficacy of sorafenib in Korean HCC patients in a real life practice setting.
The median OS was 8.5 months, and thus seems superior to
that observed in the AP phase III study, even though more
BCLC-B patients were included in GIDEON (11.2% vs. 4.7%)
[10]. However, we also have to consider that the majority of
patients in the AP study were of Child-Pugh A. If only ChildPugh A patients are considered, the median OS is 13.6 and
10.2 months in global and Korean data, respectively, and
these are superior to the AP study and seem comparable
even to SHARP (10.7 months). In addition, the median TTP
was 2.5 months in Korean patients with Child-Pugh A, also
comparable to that of the AP trial (Table 7). Consequently,
our result has confirmed the benefit of sorafenib in Korean
patients with HCC, showing longer OS compared to the AP
sorafenib study. Another finding from this study was the
comparison of efficacy between different starting dose of
sorafenib (reduced vs. full). Due to various reasons including
concern of AE and old patient’s age, starting dose of
sorafenib is occasionally reduced to half (400 mg) or to threefourths (600 mg). Despite several selection biases regarding
comparison of efficacy between different starting doses and
no analytical statistics were performed, OS in patients who
received 800 mg appeared to be longer (median survival, 9.3
months) than that of patients on 400 mg (7.8 months). Such
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a result is in agreement with that from the global GIDEON
trial [15]. However, further studies are necessary to clarify
whether a full dose of sorafenib can result in longer survival
or better baseline patient characteristics, leading physicians
to start and maintain full dose of sorafenib.
Overall, the survival benefit in the Korean GIDEON study
was less than that observed globally (median OS, 10.8
months globally vs. 8.5 months in Korea), probably because
Korean patients presented with more advanced disease
represented by high frequency of BCLC-C, Child-Pugh B,
and involvement of portal vein as well as predominant
etiology of CHB.
Several international guidelines suggest the use of
sorafenib in treatment of Child-Pugh B patients with
advanced HCC, although most enrolled patients in randomized trials were Child-Pugh A; such patients have no other
treatment option because of poor liver function [8,16].
Sorafenib has been used in treatment of Child-Pugh B
patients in Korea, and was prescribed for 21.8% of all
patients. The initial dose and average daily dose in ChildPugh B patients were similar to those administered to ChildPugh A patients, and the extent of permanent treatment
discontinuation triggered by development of AEs was similar in both groups. Although treatment duration tended to
be shorter in Child-Pugh B patients, the most common reason for treatment discontinuation except disease progression
was patient’s own decision including financial reason. AE
was the second most common reason; however, the incidence is not different between Child-Pugh A and B. In addition, neither the safety profile nor the incidence of AEs
differed between Child-Pugh A and B patients. Accordingly,
Child-Pugh score did not influence sorafenib dosing strategy
and we found no evidence that AEs associated with
sorafenib were more prevalent in patients with decreased
liver function. Nevertheless, more prospective evidence is
needed in terms of effectiveness and safety of sorafenib treatment in advanced HCC with Child-Pugh B. The interpretation of finding that the safety profile of sorafenib by the

Do Young Kim, Sorafenib Treatment of HCC

starting dose (800 mg vs. 400 mg) was not significantly different between the two groups in our study also requires caution because baseline patients’ characteristics might not be
similar (data not shown).
The GIDEON study is an observational study and this
result is limited in data analysis due to several reasons
including no control arm, selection bias, and limited data
input from investigators. In particular, the economic issue of
sorafenib due to non-reimbursement may affect the results
regarding the cause of its discontinuation, but also the duration of therapy within this study. However, a non-interventional study can provide an opportunity to observe real
clinical practice enabling the assessment of a wider patient
population and this result also clearly showed the treatment
pattern as well as the safety and efficacy of sorafenib in
Korean HCC patients.

HCC patients was consistent with that observed in earlier
randomized trials (SHARP or AP) despite inclusion of more
patients with Child-Pugh B.
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Purpose
This study focused on implementation of a prognostic scoring index based on clinico-laboratory parameters measured routinely on admission in metastatic pancreatic cancer
patients.
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Results
Performance status, hemoglobin, leucocyte count, neutrophil-lymphocyte ratio, and carcinoembryonic antigen were independent factors for OS. When patients were divided into
three risk groups according to these factors, median survival was 11.7, 6.2, and 1.3 months
for the low, intermediate, and high-risk groups, respectively (p < 0.001). Palliative
chemotherapy has a significant survival benefit for low and intermediate-risk patients
(median OS; 12.5 months vs. 5.9 months, p < 0.001 and 8.0 months vs. 2.0 months,
p < 0.001, respectively).

Materials and Methods
Records from 403 patients of metastatic disease were analyzed retrospectively. Continuous
variables were dichotomized according to the normal range or the best cut-off values statistically determined by Contal and O’Quigley method, and then analyzed in association with
prognosis—overall survival (OS), using Cox’s proportional hazard model. Scores were calculated by summing the rounded chi-square scores for the factors that emerged in the multivariate analysis.
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Conclusion
We advocate the use of a multivariable approach with continuous variables for prognostic
modeling. Our index is helpful in accurate patient risk stratification and may aid in treatment
selection.

Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the fourth
most common cause of cancer-related mortality in the Western world. Only 5%-20% of patients are candidates for curative pancreatectomy and most cases of PDAC are diagnosed

│ http://www.e-crt.org │
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at advanced stages, leading to dismal prognosis [1]. Numerous chemotherapy drugs have been investigated alone and
in combination for the treatment of advanced PDAC but
have shown little or no impact on disease progression or survival. In the two recent clinical trials, FOLFIRINOX (5-fluorouracil, leucovorin, irinotecan, and oxaliplatin) and gemcitabine plus nanoparticle albumin-bound paclitaxel showed
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superior outcomes compared with gemcitabine alone [1].
However, these new regimens are associated with considerable toxicities and the long-term survival remains unsatisfactory.
Identification of prognostic factors is crucial in guiding
personalized medicine. Such factors help patients to avoid
unnecessary toxicity and complications from aggressive
treatment and can further facilitate stratification for clinical
trials. Many studies have examined various preoperative/
postoperative factors predictive of treatment outcomes [2].
However, their significance is still questionable, as most have
been identified based on small sample sizes with inadequate
statistical power. Widely suggested parameters are derived
from functional and nutritional status, distant metastasis,
and laboratory findings including C-reactive protein (CRP),
carcinoembryonic antigen (CEA), and carbohydrate antigen
19-9 (CA 19-9) [3]. However, the role of these parameters is
not affirmed, and the risk of bias subsists when the choice of
cutoff for the continuous variables is random, leading to the
use of different cutoff points across multiple studies, which
impedes direct comparison. In addition, regarding advanced
disease which is unresectable or metastatic, few risk scoring
indices were available, and the majority focused on prediction after chemotherapy—particularly gemcitabine [4]. However, it is more important in the clinical field to discriminate
patients who might benefit from chemotherapy from those
who cannot. Therefore, the aim of this study is to determine
prognostic values of clinic-laboratory parameters routinely
evaluated at the time of diagnosis, leading to implementation
of a scoring index for use in effective identification of different risk patient groups.

Materials and Methods
1. Patients
From July 2006 to April 2014, 482 patients were diagnosed
with pancreatic cancer at Gangnam Severance Hospital,
Seoul, Korea. Diagnosis was made from surgical excision, tissue biopsy, or cytology. Inclusion criteria for further analysis
were as follows: (1) age > 18 years, (2) histologically confirmed diagnosis of PDAC, (3) metastatic disease at the time
of diagnosis or systemic recurrence after curative resection,
and (4) available electronic medical records (including treatment information).
Exclusion criteria were as follows: (1) brain or leptomeningeal metastasis; (2) locally advanced disease who received definitive chemoradiotherapy; and (3) other histology
types such as cystic neoplasms, neuroendocrine tumors, or
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lymphomas; or (4) synchronous advanced malignancies. A
total of 403 patients fulfilled the inclusion criteria and were
analyzed retrospectively. The institutional review board
approved this retrospective study and the requirement to
obtain informed consent was waived.
2. Data collection
The following baseline data were recorded at the time of
diagnosis: age, sex, previous pancreatectomy, tumor location, Eastern Cooperative Oncology Group (ECOG) performance status (PS), metastatic site(s), presence of diabetes
mellitus, presence of thromboembolism, and body mass
index (BMI). Hematological and blood chemistry values
included hemoglobin, white blood cell (WBC) count, serum
protein, albumin, total bilirubin, cholesterol, blood urea
nitrogen (BUN), alkaline phosphatase (ALP), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
CRP, CEA, and CA 19-9. Neutrophil-to-lymphocyte ratio
(NLR) was calculated by dividing absolute neutrophil count
by absolute lymphocyte count.
Computed tomography (CT) of chest and abdominopelvis, radionuclide bone scan, and 18F-fluorodeoxyglucose
positron emission tomography were performed for evaluation of distant metastasis. Radiological detection of peritoneal carcinomatosis relied on the following findings
evaluated by independent radiologist(s): thickening and
nodular enhancement of peritoneal reflections, multiple soft
tissue nodules, stranding and thickening of the omentum
(omental cake), stranding and distortion of the small bowel
mesentery, and ascites, especially if loculated. The presence
of ascites was inferred from evidence of paracentesis and
malignant cell detection in cytology examination, or from
suspicious fluid collection on CT or ultrasonogram.
3. Statistical analysis
Hematological and blood chemistry values were initially
recorded as continuous variables and later transformed into
categorical variables according to the upper normal values
(hemoglobin, WBC, serum protein, albumin, bilirubin, BUN,
ALP, AST, and ALT) [5] or the best cutoff point (NLR, CRP,
CEA, and CA 19-9) determined using the Contal and
O’Quigley method, which calculates the maximizing hazard
ratio (HR) based on log rank statistics and estimates the best
cut-off value [6].
Overall survival (OS) was defined as the time from the
date of diagnosis until death from any cause. Survival curves
were generated using the Kaplan-Meier method and compared using the log-rank test. Univariate analysis was performed to determine the association of the following
prognostic factors with OS: age, sex, previous pancreatec-
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tomy, tumor location, PS, diabetes mellitus, liver metastasis,
peritoneal carcinomatosis, thromboembolism, BMI, hemoglobin, WBC count, NLR, serum protein, albumin, bilirubin,
BUN, ALP, AST, ALT, CRP, CEA, and CA 19-9. A stepwise
multivariate analysis with Cox’s proportional hazard model
was performed using significant factors in the univariate
analysis. HRs, 95% confidence intervals (CIs), and chi-sqaure
scores were obtained for all regressions.
A risk scoring system was devised by summing the
rounded chi-sqaure scores of the independent prognostic factors identified in the multivariate analysis. Finally, patients
were grouped according to the best cutoff value as calculated
by K-adaptive partitioning, which calculates the best cutoff
value by selection of maximizing the sum of pairwise logrank statistics [7]. Discriminatory power of the scoring system was assessed using Harrell’s c-index [8]. A p-value of
< 0.05 was considered statistically significant.
Statistical analyses were performed using PASW Statistics
ver. 18.0 (SPSS Inc., Chicago, IL), SAS ver. 9.2 (SAS Institute
Inc., Cary, NC), and R ver. 3.1.3 (kaps Add-on Package;
Institute for Statistics and Mathematics, Vienna, Austria;
http://www.R-project.org).

Results
The median follow-up period was 7.9 months (range, 0.1
to 70.5 months) from diagnosis. Baseline patient characteristics are shown in Table 1. The median age was 66 years, and
198 patients (49.1%) were men. Sixty-two patients (15.4%)
underwent curative resection, 217 patients (53.8%) had an
ECOG PS of 0-1, and 178 (44.2%) and 79 (19.6%) patients had
liver metastasis and peritoneal carcinomatosis at the time of
diagnosis, respectively. The median value of NLR was 2.92,
and the median value of CEA and CA 19-9 was 4.4 ng/mL
and 224.5 U/mL, respectively.
1. Survival analysis
Median OS for total patients was 8.2 months (95% CI,
7.3 to 9.1). The statistically determined best cutoff points
were as follows: 3.0 for NLR, 6.0 mg/L for CRP, 7.0 ng/mL
for CEA, and 453.0 U/mL for CA 19-9. Significantly extended
survival was observed in patients with low NLR levels compared with high NLR (median OS, 11.3 months vs. 4.7 months; p < 0.001) (Fig. 1A). Patients with low levels of CRP, CEA,
or CA 19-9, respectively, also showed superior survival
(median OS; CRP: 11.3 months vs. 5.0 months, p < 0.001; CEA:
10.9 months vs. 5.7 months, p < 0.001; CA 19-9: 10.3 months vs.
6.5 months, p < 0.001) (Fig. 1B-D).

Table 1. Patient characteristics
Characteristic

No. (%)

Age, median (range, yr)
66 (29-96)
Sex
Male
198 (49.1)
Female
205 (50.9)
Previous pancreatectomy
Yes
62 (15.4)
No
341 (84.6)
Tumor location
Head
226 (56.1)
Body/Tail
177 (43.9)
ECOG performance status
0-1
217 (53.8)
2
127 (31.5)
3-4
59 (14.6)
Diabetes mellitus
No
260 (64.5)
Yes
143 (35.5)
Liver metastasis
No
225 (55.8)
Yes
178 (44.2)
Peritoneal carcinomatosis
No
324 (80.4)
Yes
79 (19.6)
Thromboembolism
No
370 (91.8)
Yes
33 (8.2)
22.05 (13.1-35.6)
BMI, median (range, kg/m2)
Hematologic values, median (range)
Hemoglobin (g/dL)
12.3 (4.6-18.3)
WBC count (/µL)
6,560 (2,280-23,430)
NLR
2.92 (0.52-34.52)
Blood chemistry values, median (range)
Protein (g/dL)
6.75 (4.4-8.8)
Albumin (g/dL)
4.2 (2.1-5.7)
Bilirubin (mg/dL)
0.7 (0.1-30)
BUN (mg/dL)
13.5 (4.2-116.2)
ALP (IU/L)
101 (30-1,478)
AST (IU/L)
27 (10-666)
ALT (IU/L)
25 (5-552)
CRP (mg/L)
6.3 (0.1-314.4)
CEA (ng/mL)
4.4 (0.3-8,168.6)
CA 19-9 (U/mL)
224.55 (0.5-20,850)
Palliative treatment
Gemcitabine monotherapy
87 (21.6)
Gemcitabine doublet therapy
163 (40.4)
Fluoropyrimidine-based therapy
36 (8.9)
RTx with chemotherapy
29 (7.2)
No treatment
88 (21.8)

ECOG, Eastern Cooperative Oncology Group; BMI, body
mass index; WBC, white blood cell; NLR, neutrophil-lymphocyte ratio; BUN, blood urea nitrogen; ALP, alkaline
phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CRP, C-reactive protein; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen
19-9; RTx, radiotherapy.
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Fig. 1. Kaplan-Meier curves of overall survival for all patients (n=403) according to neutrophil-to-lymphocyte ratio (NLR)
(A), C-reactive protein (CRP) (B), carcinoembryonic antigen (CEA) (C), and carbohydrate antigen 19-9 (CA 19-9) (D).

In univariate analysis, age, previous pancreatectomy,
tumor location, PS, liver metastasis, peritoneal carcinomatosis, BMI, hemoglobin, WBC count, NLR, serum albumin,
BUN, ALP, AST, CRP, CEA, and CA 19-9 showed significant
association with OS (Table 2). In multivariate analysis, ECOG
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PS, hemoglobin, WBC count, NLR, and CEA were significant
in both forward and backward stepwise analyses (Table 3).
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Table 2. Univariate analysis for overall survival
Factor
Age (yr)
< 66
 66
Sex
Male
Female
Previous pancreatectomy
Yes
No
Tumor location
Head
Body/Tail
ECOG performance status
0-1
2
3-4
Diabetes mellitus
No
Yes
Liver metastasis
No
Yes
Peritoneal carcinomatosis
No
Yes
Thromboembolism
No
Yes
BMI (kg/m2)
 18.5
< 18.5
Hemoglobin (g/dL)
Normal ( 12)
Abnormal (< 12)
WBC count (103/µL)
Normal (< 10.8)
Abnormal ( 10.8)
NLR
<3
3
Protein (g/dL)
Normal ( 6.9)
Abnormal (< 6.9)
Albumin (g/dL)
Normal ( 3.4)
Abnormal (< 3.4)
Bilirubin (mg/dL)
Normal (< 1.2)
Abnormal ( 1.2)

No.

HR (95% CI)

p-value

198
205

1(
1.334 (1.081-1.646)

0.007

198
205

1(
1.228 (0.996-1.514)

0.054

62
341

1(
1.454 (1.073-1.972)

0.016

226
177

1(
1.369 (1.108-1.691)

0.004

217
127
59

1(
1.728 (1.366-2.185)
4.991 (3.673-6.782)

< 0.001

260
143

1(
1.008 (0.811-1.254)

0.941

225
178

1(
1.46 (1.182-1.805)

< 0.001

324
79

1(
2.09 (1.618-2.7)

< 0.001

370
33

1(
1.36 (0.944-1.959)

0.099

342
54

1(
1.52 (1.125-2.054)

0.006

237
166

1(
1.601 (1.292-1.983)

< 0.001

356
47

1(
2.936 (2.15-4.009)

< 0.001

209
194

1(
2.254 (1.823-2.788)

< 0.001

172
230

1(
1.016 (0.822-1.256)

0.884

353
50

1(
2.1 (1.542-2.86)

285
118

1
0.978 (0.778-1.231)

< 0.001

0.852
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Table 2. Continued
Factor
BUN (mg/dL)
Normal (< 23.0)
Abnormal ( 23.0)
ALP (IU/L)
Normal (< 123)
Abnormal ( 123)
AST (IU/L)
Normal (< 30)
Abnormal ( 30)
ALT (IU/L)
Normal (< 33)
Abnormal ( 33)
CRP (mg/L)
<6
6
CEA (ng/mL)
<7
7
CA 19-9 (U/mL)
< 453
 453

No.

HR (95% CI)

p-value

363
39

1(
1.638 (1.153-2.327)

0.006

226
172

1(
1.579 (1.276-1.952)

< 0.001

219
183

1(
1.34 (1.086-1.653)

0.006

237
165

1(
0.986 (0.796-1.219)

0.893

180
193

1(
1.88 (1.512-2.336)

< 0.001

242
161

1(
2.332 (1.866-2.915)

< 0.001

229
169

1(
1.927 (1.545-2.405)

< 0.001

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; WBC, white
blood cell; NLR, neutrophil-lymphocyte ratio; BUN, blood urea nitrogen; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CRP, C-reactive protein; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate
antigen 19-9.

Table 3. Multivariate analysis for overall survival
Factor
ECOG performance status
0-1
2
3-4
Hemoglobin (g/dL)
 12
< 12
WBC count (103/µL)
< 10.8
 10.8
NLR
<3
3
CEA (ng/mL)
<7
7

 score

HR (95% CI)
1(
1.53 (1.19-1.96)
3.60 (2.56-5.06)

< 0.001

11.2
54.2

1(
1.36 (1.08-1.70)

0.008

7.0

1(
1.77 (1.23-2.55)

0.002

9.6

1(
1.78 (1.39-2.28)

< 0.001

21.0

1(
2.43 (1.90-3.10)

< 0.001

50.9

p-value

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; WBC, white blood cell; NLR, neutrophil-lymphocyte ratio; CEA, carcinoembryonic antigen.
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2. Prognosis scoring system

Table 4. Components of the prognostic prediction score
for pancreatic ductal adenocarcinoma

A prognostic system was devised using these five independent prognostic factors. Scores were calculated by summing the rounded chi-squre scores of these factors (Table 4):
2 (ECOG PS=2) or 11 (ECOG PS  3)+1 (hemoglobin < 12 g/
dL)+2 (WBC count  10,800/µL)+4 (NLR  3.0)+10 (CEA 
7 ng/mL). The scores ranged from 0 to 28, and the maximally
discriminative cut-off values were 6 and 25, respectively.
Patients were then categorized according to three subgroups based on their scores: low (198 [49.1%]), intermediate
(182 [45.2%]), and high-risk groups (23 [5.7%]). The median
OS was 11.7 months (95% CI, 10.2 to 13.2), 6.2 months (95%
CI, 5.0 to 7.4), and 1.3 months (95% CI, 0.9 to 1.7), respectively
(p < 0.001) (Fig. 2). One-year survival rate was 49.0%, 18.9%,
and 0%, respectively. The internally validated Harrell’s
c-index of the scoring system was 0.731 (95% CI, 0.696 to
0.766).

Factor

3. Association with treatment outcome

ECOG, Eastern Cooperative Oncology Group; WBC,
white blood cell; NLR, neutrophil-lymphocyte ratio; CEA,
carcinoembryonic antigen.

Discussion
Pancreatic cancer is the only human malignancy for which
patients' survival has rarely improved during the past 30
years. Chemotherapy remains the mainstay of treatment in
metastatic pancreatic cancer. However, current systemic

ECOG performance status
0-1
2
3-4
Hemoglobin (g/dL)
 12
< 12
WBC count (103/µL)
< 10.8
 10.8
NLR
<3
3
CEA (ng/mL)
<7
7

0
+2
+11
0
+1
0
+2
0
+4
0
+10

1.0
Low risk (n=198)
Intermediate risk (n=182)
High risk (n=23)

0.8
Overall survival

Of the 403 patients, 315 (78.2%) underwent palliative
chemotherapy and 88 (21.8%) refused chemotherapy, receiving supportive care only. Palliative chemotherapy included
gemcitabine monotherapy (21.6%), gemcitabine doublet
(40.4%), and fluoropyrimidine-based chemotherapy (8.9%).
Radiotherapy was performed with palliative aim in 7.2% of
patients. With these different kinds of chemotherapy regimens, there were no significant differences in OS.
Patients receiving chemotherapy had significantly longer
survival than patients who received best supportive care
only (median OS, 10.3 vs. 2.5 months; p < 0.001). One hundred seventy-five (88.4%), 138 (75.8%), and only two patients
(8.7%) in the low, intermediate, and high-risk groups
received chemotherapy, respectively. Palliative chemotherapy provided patients with a survival benefit in the low-risk
group (median OS, 12.5 months vs. 5.9 months; p < 0.001)
(Fig. 3A), and patients in the intermediate-risk group also
benefitted from chemotherapy (median OS, 8.0 vs. 2.0
months; p < 0.001) (Fig. 3B). However, no survival difference
was observed with chemotherapy in the high-risk group
(median OS, 3.7 vs. 1.2 months; p=0.163) (Fig. 3C).

Score

p < 0.001
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0.4

0.2
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12

18
24
Time (mo)

30

36

Fig. 2. Kaplan-Meier overall survival curves according to
risk group. Patients were classified according to three risk
groups based on prognostic prediction score: low risk,
0-6; intermediate risk, 7-25; and high risk, 26-28.
VOLUME 48 NUMBER 4 OCTOBER 2016

1259

Cancer Res Treat. 2016;48(4):1253-1263

A

B

1.0

1.0
Low risk
Chemotherapy (n=175)
Supportive care (n=23)

p < 0.001

p < 0.001

0.8
Overall survival

Overall survival

0.8

0.6

0.4

0.2

0

Intermediated risk
Chemotherapy (n=138)
Supportive care (n=44)

0.6

0.4

0.2

0

6

12

18
24
Time (mo)

30

0

36

0

6

12

18
24
Time (mo)

30

36

C
1.0
High risk
Chemotherapy (n=2)
Supportive care (n=21)

p=0.163

Overall survival

0.8

0.6

0.4

0.2

0

0

1

2

3
4
Time (mo)

5

6

Fig. 3. Kaplan-Meier overall survival survival curves according to palliative treatment in the low-risk (A), intermediate-risk
(B), and high-risk (C) groups.

treatments offer only a modest benefit in tumor-related
symptoms and survival and these benefits, if any, are usually
limited to patients—even with a novel regimen of FOLFIRINOX—with good PS and adequate nutritional status, and
abrupt changes in clinical status may occur in debilitated
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patients with advanced disease despite systemic treatment.
Therefore, primary point was (1) how to predict survival of
patients at the time of initial diagnosis and (2) how to differentiate patients who might benefit from chemotherapy from
those cannot.
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In general, pancreatic cancer patients are not clinically separated into prognostic groups, with the exception of surgical
status, before treatment. Therefore, limited studies have
focused on metastatic disease [3,4]. A previous Korean study
reported liver metastasis, peritoneal seeding, high CRP, and
low serum albumin as poor indicators of OS. A western
study reported age, weight loss, and metastasis as poor prognostic factors. Both studies focused on gemcitabine-treated
patients, and are small retrospective analyses with questionable statistical powers. However, pancreatic cancer is a heterogeneous disease and recent introduction of the three-drug
combination regimen or the new taxane represent key
advances for better control of the disease over gemcitabine,
which requires a new prognostic model.
Another debate was cutoff points of routinely measured
tumor markers—CRP, CEA, and CA 19-9 [9]. Using a chemiluminescence immunoassay, the standard diagnostic cutoff
points for CA 19-9 and CEA were 37 IU/mL and 5 ng/mL,
respectively [10]. However, the cut-off points for these variables have not been established in metastatic disease. Some
researchers advocate that CA 19-9 serum level of < 100
U/mL implies likely resectable disease, while levels > 100
U/mL may suggest unresectablity or metastatic disease [11].
However, most studies used median values or normal ranges
for dichotomization. For dichotomizing continuous variables, splits of some percentile or average are arbitrary and
may not be useful in assessing the true prognostic value of
variables [12]. In our study, instead, cutoff point was derived
using the Contal and O’Quigley method, which selects the
cut-off point that maximizes the model likelihood only after
all possible cut-offs have been evaluated [6]. In addition,
K-adaptive partitioning for the survival model was used to
determine minimum p-value.
The purpose of implementing a scoring system is for clinical decision-making and patient risk stratification, using
routinely measurable clinical parameters on admission. In
this study PS, hemoglobin, WBC, NLR, and CEA were identified as independent prognostic markers. For patients with
a score of  6, we may hypothesize that their survival can be
extended up to 12.5 months by chemotherapy, which provides us with a rationale for recommendation of relatively
aggressive treatment such as FOLFIRINOX. Conversely,
high-risk group (score > 25) patients had an extremely poor
prognosis, with a median survival duration of only 1.3
months and the 1-year survival rate was less than 1%.
Chemotherapy has no statistical benefit in these patients, but
it is impetuous for now to declare that chemotherapy is contraindicated for the high risk group, in which only two
patients who received chemotherapy were included for
analysis. Intermediate-risk patients showed comparable outcomes with gemcitabine-based treatment. Thus, we can recommend conventional gemcitabine-based therapy to these

patients. Ultimately, these findings suggest that this scoring
system can be helpful in selection of the "right" patients for
the "right" treatment.
Several previous studies reported reduced survival in
patients with elevated CA 19-9 levels [13]. However, CA
19-9 was not included in our system. We believe increased
false positive results in the presence of obstructive jaundice
and inflammation—20% of our patients accompanied
obstructive jaundice and 12% with systemic leucocytosis—
could severely limit the universal applicability of serum CA
19-9 levels in pancreatic cancer management. Instead, our
study showed that NLR, leukocytosis, and CEA were independent. Hypothesis of the role of inflammation in development and prognosis of cancer has been examined and several
studies have suggested that NLR and WBC count are indicative of survival [3,14]. Whether the systemic inflammation is
malignancy-associated or is the result of any co-morbid conditions that cancer patients may suffer is still unclear, but
here we assumed that systemic inflammation might also
occur in commonly prevalent conditions. One plausible
explanation is that cellular response of blood components
might be mediated through endothelial dysfunction, leading
to depletion of vasodilator, antithrombotic, and anti-atherogenic properties of the endothelium and may result in capillary leukocytosis and subsequent increased vascular
resistance [15]. In addition, high neutrophil counts reflect
inflammation, whereas low lymphocyte counts reflect malnutrition [16]. Cytokine-mediated systemic inflammation has
been shown to promote angiogenesis, DNA damage response, and tumor invasion [17]. NLR has recently been reported as a prognostic marker in colorectal and lung cancers
[14,15], and its prognostic value in pancreatic cancer has also
been reported [18]. Although an NLR cut-off value of 4.0 or
5.0 has been shown to have significant prognostic value in
resectable cancers, a cutoff point of 3.0 may be reasonable for
survival predication, which is consistent with a previous
report [18-20].
The significance of CEA in pancreatic cancer has been
rarely investigated [3]. CEA functions as an adhesion molecule during metastasis, and Hostetter et al. [21] reported that
CEA increases the percentage of colorectal liver metastases
from 2% to 48% in vivo. In a small study, CEA was identified
as prognostic in advanced pancreatic cancer; superior survival outcome has been reported in patients with low CEA
levels (< 2.5 ng/mL) compared to those with high CEA levels
[22]. Although the cut-off value for CEA in our study was 7
ng/mL, further evaluation is warranted to elucidate the role
of CEA in pancreatic cancer. Another factor, hemoglobin
level, has been reported as a poor prognostic factor and is
reflective of nutrition or general condition [23].
However, a prognostic model using clinical parameters
only had a limitation in that tumor biology could not be
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reflected. In pancreatic cancer, K-ras mutations occur in 90%
of cases, and overexpression of growth factors such as epidermal growth factor, transforming growth factor  is common [24]. In addition, expression of these growth factors and
their receptor has been found to show association with
decreased survival, thus, a combined approach using both
clinical parameters and biologic markers is warranted for
implementation of a more robust prognostic model. However, our system showed a Harrell’s c-index of 0.731, indicating sufficient discrimination power for patients according
to the risk, and it warrants prospective clinical utility [25].
Another limitation of this study is the retrospective and nonrandomized design. Patients underwent heterogeneous
treatments including gemicitabine monotherapy or doublet,
fluoropyrimidines, oral chemotherapy or even concurrent
chemoradiotherapy which might have affected differential
influence on survival.

Conclusion
In conclusion, we found that NLR and CEA were independent prognostic factors and suggest 3.0 for NLR and
7 ng/mL for CEA as statistically determinant cut-off values
for prognostic dichotomization. In addition, our prognostic
scoring system provides rationale for risk stratification of
advanced PDAC patients, leading to individualized treatment. Further studies are needed to evaluate the accuracy of
this scoring system.
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Purpose
The aim of this study was to verify prognostic factors including sarcopenia in patients with
recurrent or metastatic pancreatic cancer receiving gemcitabine-based chemotherapy.
Materials and Methods
Medical records and computed tomography scan of consecutive patients treated with palliative gemcitabine-based chemotherapy from 2008 to 2014 were reviewed. The lumbar
skeletal muscle index at third lumbar spine level was computed, and together with clinicolaboratory factors, univariate and multivariable analyses for overall survival (OS) were performed.
Results
A total of 88 patients were found. Median age was 65 years, and male patients were predominant (67.0%). Most patients had initially metastatic disease (72.7%), and gemcitabine
monotherapy was administered in 29 patients (33.0%) while gemcitabine plus erlotinib was
administered in 59 patients (67.0%). Seventy-six patients (86.3%) had sarcopenia. With a
median follow-up period of 44.3 months (range, 0.6 to 44.3 months), median OS was 5.35
months (95% confidence interval [CI], 4.11 to 6.59). In univariate and multivariable analysis,
high carcinoembryonic antigen level (hazard ratio [HR], 4.18; 95% CI, 1.95 to 8.97;
p < 0.001), initially metastatic disease (HR, 3.37; 95% CI, 1.55 to 7.32; p=0.002), sarcopenia (HR, 2.97; 95% CI, 1.20 to 7.36; p=0.019), neutrophilia (HR, 2.94; 95% CI, 1.27
to 6.79; p=0.012), and high lactate dehydrogenase level (HR, 1.96; 95% CI, 1.07 to 3.58;
p=0.029) were identified as independent prognostic factors for OS.
Conclusion
Five independent prognostic factors in patients with recurrent or metastatic pancreatic cancer who received gemcitabine-based chemotherapy were identified. These findings may be
helpful in prediction of prognosis in clinical practice and can be used as a stratification
factor for clinical trials.

Introduction
Pancreatic adenocarcinoma is a leading cause of cancerrelated death worldwide, with approximately 330,400 deaths
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in 2012 [1]. The majority of patients with pancreatic cancer
present with locally advanced or metastatic disease, and less
than 20% of patients can proceed with curative intent surgery
[2]. The prognosis of unresectable or metastatic disease is
extremely poor, as the median overall survival (OS) of
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patients is only 6 to 12 months even in the clinical trial setting
[3-6], and 5-year OS rate of all-stage pancreatic cancer is
under 10%, which did not change from 1993 until 2012 in
Korea [7].
Gemcitabine became standard first line chemotherapy for
metastatic or recurrent pancreatic cancer after survival benefit was confirmed compared to 5-fluorouracil in a randomized phase III trial [3]. As of 2015, the efficacy of several
agents in pancreatic cancer, including gemcitabine and
erlotinib combination, gemcitabine and nanoalbumin paclitaxel combination, and a combination chemotherapy regimen consisting of oxaliplatin, irinotecan, fluorouracil, and
leucovorin (FOLFIRINOX), has been demonstrated [4-6].
FOLFIRINOX prolonged median OS from 6.8 months with
gemcitabine to 11.1 months [5]; however, considerable toxicities preclude their dissemination in real world practice.
Because most patients present with systemic manifestations
of the disease including asthenia, anorexia, and weight loss
[2], gemcitabine-based chemotherapy is still the most widely
used first-line chemotherapy regimen [8].
Cachexia, which is prevalent in pancreatic cancer even in
the resectable stage [9], has been shown to cause worsened
prognosis and has also been associated with impairment of
physical function, increased psychological distress, and low
quality of life [9,10]. Sarcopenia, involuntary loss of skeletal
muscle mass and/or strength, has recently been acknowledged as the major component of cancer cachexia [11]. Association of sarcopenia and survival in advanced pancreatic
cancer has been reported in several studies [12-14]; however,
these studies are heterogeneous in definition of cachexia and
sarcopenia, patient population, and treatment. In addition,
in survival analyses, clinically relevant factors including
metastatic organ, laboratory values, and performance status
were missed in these articles.
Therefore, the aim of this study was to evaluate prognostic
factors including sarcopenia in patients with recurrent or
metastatic pancreatic adenocarcinoma treated with gemcitabine-based chemotherapy.

Materials and Methods
The medical records of consecutive patients diagnosed
with pancreatic cancer at Gachon University Gil Medical
Center, Incheon, Republic of Korea from March 2008 to
March 2014 were screened for the study using a prospectively maintained pancreas-biliary cancer database. Among
this population, the selection criteria for analysis were as follows: patients who had histologically or cytologically proven
metastatic or recurrent pancreatic adenocarcinoma, adequate

quality of abdominal computed tomography (CT) scan
within 4 weeks of initiation of chemotherapy, and underwent
systemic treatment consisting of gemcitabine or gemcitabine
plus erlotinib. Patients with ampulla of Vater cancer, distal
common bile duct cancer, or neuroendocrine carcinoma of
the pancreas were excluded.
Clinicopathological data included age, sex, height, weight,
recent weight loss (involuntary weight loss of more than 5%
over past 6 months), Eastern Cooperative Oncology Group
performance status (ECOG PS), tumor histology, differentiation, baseline laboratory values (complete blood count with
differential count and serum chemistry), serum tumor markers (carcinoembryonic antigen [CEA] and carbohydrate antigen 19-9 [CA19-9]), disease status (recurrent of metastatic),
metastatic site, previous treatment history, chemotherapy
regimen, chemotherapy response, survival status and date
of administration of chemotherapy and the last follow-up.
Response evaluation was performed retrospectively according to Response Evaluation Criteria in Solid Tumors ver. 1.1
using follow-up radiographic images obtained every 6-8
weeks during treatment. The study was approved by the
Institutional Review Board of Gachon University Gil Medical
Center.
1. Measurement and definition of sarcopenia
A radiologist (S.J.C) with extensive experience in abdominal imaging study identified a single axial image at the level
of the third lumbar vertebrae (L3) on which both transverse
processes were fully observed. The skeletal muscle at L3 level
includes the rectus abdominus; internal, external, and lateral
obliques; psoas; quadratus lumborum; and erector spinae
muscles. The muscle boundaries were drawn manually using
the area-measuring tool on the Picture Archiving Communication System (Infinitt PACS, Seoul, Korea). Cross-sectional
areas (cm2) were computed automatically by summing tissue
pixels and multiplying by pixel surface area. Image analysis
was performed by one investigator (S.J.C.) who was blinded
to patient outcomes. The lumbar skeletal muscle index (SMI)
was calculated by normalizing skeletal muscle area by height
(m2) and reported as cm2/m2. For classification of patients as
sarcopenic versus non-sarcopenic, a cutoff value was
adopted, which was calculated based on a Korean population study consisting of healthy men and women aged 20-39
from the Fourth Korean National Health and Nutritional
Examination Surveys (KNHANES IV) conducted in 20082009 [15]. As the KNHANES IV survey used appendicular
skeletal muscle mass (ASM), which is measured using dualenergy X-ray absorptiometry to define a cutoff value of sarcopenia, the calculated lumbar SMI (cm2/m2) value was
converted into ASM/height2 (kg/m2) using the following
formula.
VOLUME 48 NUMBER 4 OCTOBER 2016
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Appendicular skeletal muscle/height2 (kg/m2)=0.11
[skeletal muscle area at L3 using CT/height2 (cm2/m2)]+1.17
[16]
Class I sarcopenia was indicated by definition in participants whose height- or weight-adjusted ASM was from 1 to
2 standard deviations (SD) below the mean for young adults,
and class II sarcopenia was indicated by definition in participants whose height- or weight-adjusted ASM was below 2
SD [17]. By KNHANES IV survey data, mean ASM/
height2±SD (kg/m2) was 8.42±0.92 for men and 6.18±0.79 for
women. Cutoff value for class I and class II sarcopenia was
7.50 kg/m2 for men and 5.38 kg/m2 for women, and 6.58
kg/m2 for men and 4.59 kg/m2 for women, respectively [15].
2. Statistical analyses
The primary outcomes of interest were OS, defined as the
time from the date of initiation of the first-line chemotherapy
to the date of death from any cause. Patients who were alive
at last follow-up or lost to follow-up were censored at the
date of the last follow-up. Patient characteristics were summarized using descriptive methods, and survival analyses
were performed by Kaplan-Meier estimate. Continuous clinical and laboratory variables were dichotomized for analytical convenience. The cutoff point for dichotomizing laboratory data was reference values for each variable in our
institution. For analysis of associations between sarcopenia
and clinicolaboratory factors, Student’s t test was used for
continuous variables and Fisher exact test was used for categorical variables. Univariate analyses for OS were performed using log-rank test, and subsequent multivariable
analysis with Cox proportional hazard model was performed
for factors that were significant in univariate analysis. Forward stepwise selection method was used for the prognostic
model for OS. If there were missing data, statistical analyses
were performed with complete case analyses, in which
patients without complete data on the required variables
were excluded from particular analyses. The assumption of
proportional hazards and linearity for the Cox proportional
hazard model was evaluated by log minus log survival plot
and by scattered plot between martingale residual and linear
predictor score, respectively. Goodness of fit for the final
model was assessed by calculating the likelihood ratio test.
The reliability of the predictors for prognosis was finally
assessed using a bootstrap resampling technique with 1,000
samples [18,19]. For each sample, analysis was performed
using a stepwise Cox proportional hazard model. If the final
stepwise model variables occur in a majority (> 50%) of the
bootstrap models, the original final stepwise regression
model can be judged as stable. Statistical analyses were performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL) and SAS
ver. 9.3 (SAS Institute Inc., Cary, NC), and p < 0.05 (two-
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Table 1. Baseline patient characteristics
Characteristic
Age, median (range)
Sex
Male
Female
Primary pancreatic tumor site
Head
Body
Tail
Differentiation
Well differentiated
Moderately differentiated
Poorly differentiated
Cytology
ECOG PS
0
1
2
Disease status
Recurrent
Initially metastatic
Diabetes mellitus
Weight loss
Biliary drainage
Previous therapy
Pancreatectomy
Adjuvant therapy
Sites of metastases
Lymph node
Liver
Peritoneum
Lung
Bone
No. of metastasized organs
1
2
3
4
CA19-9, median (range, U/mL)
CEA, median (range, ng/mL)
First-line chemotherapy
Gemcitabine monotherapy
Gemcitabine+erlotinib

No. (%) (n=88)
65 (34-83)
59 (67.0)
29 (33.0)
45 (51.1)
25 (28.4)
18 (20.5)
2 (2.3)
35 (39.8)
17 (19.3)
34 (38.6)
6 (6.8)
55 (62.5)
27 (30.7)
24 (27.3)
64 (72.7)
26 (29.5)
20 (22.7)
11 (12.5)
35 (39.8)
17 (19.3)
57 (64.8)
53 (60.2)
24 (27.3)
11 (12.5)
10 (11.4)
28 (31.8)
38 (43.2)
15 (17.0)
7 (8.0)
215.00 (1.26-62,803.00)
3.31 (0.11-298.30)
29 (33.0)
59 (67.0)

ECOG PS, Eastern Cooperative Oncology Group performance status; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen.
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Table 2. SMI, ASM, and sarcopenia of patients
Variable

Overall (n=88)
2

BMI (kg/m )
SMI (cm2/m2)
ASM (kg/m2)
Sarcopenia
Class 1 sarcopenia
Class 2 sarcopenia

21.3±3.0
39.5±7.6
5.5±0.8
76 (86.3)
20 (22.7)
56 (63.6)

Male (n=59)
21.0±2.7
40.8±7.5
5.7±0.8
57 (96.6)
7 (11.9)
50 (84.7)

Female (n=29)
21.9±3.3
36.8±6.9
5.2±0.8
19 (65.5)
13 (44.8)
6 (20.7)

Values are presented as mean±standard deviation or number (%). SMI, skeletal muscle index; ASM, appendicular skeletal
muscle mass; BMI, body mass index.

sided) was considered statistically significant in both univariate and multivariable analysis.

(42 out of 49) with BMI between 20 and 25 kg/m2, and 37.5%
(3 out of 8) with BMI 25 kg/m2 or higher (p < 0.001). However, sarcopenia was not associated with recent weight loss
(p=0.283).

Results

3. OS and univariate analysis for OS

1. Patient characteristics
Eighty-eight patients were included in analysis. Baseline
characteristics of the patients are summarized in Table 1.
Median age was 65 years (range, 34 to 83 years), and male
patients were predominant (59 patients, 67.0%). Twenty-four
patients (27.3%) had recurrent disease, while 64 (72.7%) had
initially metastatic disease. Lymph node (64.8%), liver
(60.2%), and peritoneum (27.3%) were the most common site
of metastasis, in order. Gemcitabine alone and gemcitabine
plus erlotinib were used for first-line treatment in 29 patients
(33.0%) and 59 patients (67.0%), respectively. Response to
treatment in 82 evaluable patients was partial response, stable disease, or progressive disease in four patients (4.9%), 45
patients (54.9%), or 33 patients (40.2%).
2. Sarcopenia and related anthropometric measures
Data on sarcopenia and related factors are shown in Tables
2 and 3. Seventy-six patients (86.3%) had any degree of sarcopenia consisting of class 1 sarcopenia (20 patients, 22.7%)
and class 2 sarcopenia (56 patients, 63.6%). Age was not
associated with sarcopenia, as mean age was 65.5 in sarcopenic patients and 63.3 in non-sarcopenic patients
(p=0.452). However, sarcopenia was more prevalent in men
(96.6 % in male vs. 65.5% in female), particularly class 2 sarcopenia (84.7% vs. 20.7%, p < 0.001). As expected, sarcopenia
was prevalent in underweight patients. Proportions of sarcopenia patients were 100% (31 patients out of 31) in patients
with body mass index (BMI) less than 20 kg/m2, 85.7%

With a median follow-up period of 44.3 months (range, 0.6
to 44.3 months), median OS for all patients was 5.35 months
(95% confidence interval [CI], 4.11 to 6.59) (Fig. 1). Results of
univariate analyses for OS are shown in Table 4. Initially
metastatic disease (p < 0.001), poor ECOG PS (p=0.044), sarcopenia (p=0.026), liver metastasis (p=0.015), peritoneal
metastasis (p=0.028), bone metastasis (p=0.007), anemia
(p=0.024), neutrophilia (p < 0.001), elevated lactate dehydrogenase (LDH) (p=0.011), hypoalbuminemia (p < 0.001), C-reactive protein elevation (p=0.029), elevated CEA (p  0.001), and
elevated CA19-9 (p=0.010) were statistically significant.
4. Multivariable analysis for OS and prognostic model
Variables with p < 0.05 in univariate analysis were selected
for entry into the multivariable analysis. In the multivariable
analysis (Table 5), elevated CEA (p < 0.001), initially metastatic disease (p=0.02), sarcopenia (p=0.019), neutrophilia
(p=0.012), and elevated LDH (p=0.029) showed statistical significance and thus were considered independent poor prognostic factors for OS. In internal validation using a bootstrap
resampling technique, elevated CEA (bootstrap frequency,
90.6%), initially metastatic disease (96.6%), sarcopenia
(62.7%), neutrophilia (78.2%), and elevated LDH (78.7%)
were all reliable prognostic factors. For the clinical application, a prognostic score was calculated based on the hazard
function derived from the five factors identified in the Cox
proportional hazard model. The score was calculated as follows: 0.43(0, CEA within normal limitation; 1, CEA elevation)+0.67(0, LDH within normal limitation; 1, LDH
elevation)+1.08(0, absence of neutrophilia; 1, presence of
VOLUME 48 NUMBER 4 OCTOBER 2016
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Table 3. Association of clinicolaboratory factors with sarcopenia
Variable
Age (yr)
Sex
Male
Female
Disease status
Recurrent
Initially metastatic
Weight loss
Present
Absent
BMI (kg/m2)
< 20
20-25
> 25
ECOG PS
0-1
2
Neutrophilia
Present
Absent
Hypoalbuminemia
Present
Absent
LDH elevation
Present
Absent
CA19-9 elevation
Present
Absent
CEA elevation
Present
Absent

Sarcopenia (n=76)

No sarcopenia (n=12)

p-value

63.3±9.6

65.5±9.1

0.452

57 (75.0)
19 (25.0)

2 (16.7)
10 (83.3)

< 0.001

22 (28.9)
54 (71.1)

2 (16.7)
10 (83.3)

0.5

19 (25.0)
57 (75.0)

1 (8.3)
11 (91.7)

0.283

31 (40.8)
42 (55.3)
3 (3.9)

0(
7 (58.3)
5 (41.7)

< 0.001

54 (71.1)
22 (28.9)

7 (58.3)
5 (41.7)

0.501

10 (13.3)
65 (86.7)

1 (8.3)
11 (91.7)

0.704

10 (13.3)
65 (86.7)

0(
12 (100)

0.345

20 (28.2)
51 (71.8)

4 (36.4)
7 (63.6)

0.723

52 (70.3)
22 (29.7)

7 (58.3)
5 (41.7)

0.505

31 (44.3)
39 (55.7)

0(
12 (100)

0.003

Values are presented as mean±standard deviation or number (%). BMI, body mass index; ECOG PS, Eastern Cooperative
Oncology Group performance status; LDH, lactate dehydrogenase; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen.

neutrophilia)+1.09(0, absence of sarcopenia; 1, presence of
sarcopenia)+1.21(0, recurrent disease; 1, initially metastatic
disease). The individual prognostic score values for the
patients ranged from 0 to 5.48, with a median value of 2.30.
The patients were then categorized according to three groups
based on prognostic scores (33 percentile and 66 percentile):
the favorable risk group had a prognostic score  2.18 (n=25),
the intermediate risk group had a prognostic score of > 2.18
but  3.07 (n=26), and the poor risk group had a prognostic
score > 3.07 (n=26). The resulting Kaplan-Meier curves for
the three groups indicated marked differences in survival
(p < 0.001) (Fig. 2). Median OS for the favorable, intermedi-
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ate, and poor risk groups was 11.04 months (95% CI, 8.14 to
13.93), 5.36 months (95% CI, 3.02 to 7.70), and 2.17 months
(95% CI, 0.40 to 3.93), respectively. Six-month OS rates were
88%, 50%, and 12%, and 1-year OS rate was 32%, 8%, and 0%,
respectively.

Discussion
In this study, we found five independent prognostic fac-
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Fig. 1. Kaplan-Meier curve for overall survival. With a
median follow-up period of 44.32 months, median overall
survival was 5.35 months (95% confidence interval, 4.11 to
6.59).

tors in patients with recurrent or metastatic pancreatic cancer
who received gemcitabine-based chemotherapy: elevated
CEA, initially metastatic disease, sarcopenia, neutrophilia,
and elevated LDH. In internal validation using a bootstrap
resampling technique, all of those factors were reliable prognostic factors. In addition, we proposed a prognostic stratification model using these five factors, which showed a
markedly different survival rate for each risk group categorized by prognostic score.
In management of patients with cancer, a well validated
prognostic model has an important role in predicting life
expectancy, guiding treatment selection, stratifying clinical
trial enrollment, analyzing results of clinical studies, and
educating patients and their families. Unfortunately, there is
no well validated and widely accepted prognostic model for
routine application in everyday practice or clinical trial for
pancreatic cancer. As published data on prognostic factors
for pancreatic cancer consist of heterogeneous status of disease, i.e., curatively resected, recurrent after curative resection, initially metastatic, locally advanced unresectable, or
locally advanced borderline resectable, it is difficult to draw
a firm conclusion from previous reports. For example, the
authors of a literature review found 36 prognostic factor
studies reporting a total of 34 possible prognostic factors for
advanced pancreatic cancer patients [20].
In the current study, elevated CEA, initially metastatic disease, sarcopenia, neutrophilia, and elevated LDH were statistically significant adverse prognostic factors. These
prognostic factors are readily available to treating physicians
before chemotherapy, and we expect that their use will aid
in clinical decision making and risk stratification.

While CA19-9 is the most widely known tumor marker in
pancreatic cancer, a role of CEA in pancreatic cancer is controversial. In the current study, both CA19-9 and CEA were
statistically significant prognostic factors in univariate analysis, but only CEA remained significant after multivariable
analysis with a Cox proportional hazard model. Some
authors reported a prognostic role of CA19-9 for metastatic
pancreatic cancer [21,22], but others reported that CEA was
more important than CA19-9 [23,24], like our study. Serum
level of LDH has been thought to correlate with tumor burden and reflect rapid tumor growth. LDH is a well-established prognostic factor for some cancers including lymphoma and renal cell carcinoma. However, in pancreatic cancer, the role of serum LDH level is poorly defined. To our
knowledge, three studies reported serum LDH as an independent prognostic factor for metastatic pancreatic cancer
[20,25,26].
Sarcopenia is a syndrome characterized by progressive
and generalized loss of skeletal muscle mass and strength
with a risk of adverse outcomes including physical disability,
poor quality of life, and death [27]. The European Working
Group on Sarcopenia in Older People recommends use of
normative (healthy young adults) rather than other predictive reference populations, with cutoff points at two SDs
below the mean reference value [27]. Because the “normative
healthy young adult population” is heterogeneous according
to ethnicity, geographic region, or nation, we used a cutoff
point deduced from KNHANES IV data [15] instead of the
cutoff point for a Western population [11].
Routine measurement of muscle area and calculation of
SMI or ASM is inconvenient in a clinical practice setting, and
a domestic normative cutoff value might not be available for
some regions. However, weight itself is not precise enough
for detection of cancer cachexia, as overweight or obese populations often harbor occult, severe pre-existing muscle
depletion and prognosis of sarcopenic obesity patients is
poorer than that of non-sarcopenic obesity patients [28].
Indeed, in the current study, BMI showed no prognostic significance in univariate analysis (p=0.952). In addition, recent
weight loss, defined as weight loss > 5% over the past 6
months in the absence of simple starvation [11], is subjective
as it is dependent on patients’ memory. In our study, sarcopenia did not show a statistically significant association
with weight loss (p=0.283). Therefore, development of a simple and objective tool for measurement of cachexia and sarcopenia is required to assist physicians in adoption of
sarcopenia in clinical practice.
The current study has some limitations. First, this analysis
is based on retrospective data from small patient population,
thus biases inherent to retrospective studies could not be
completely avoided. Second, only patients with metastatic or
recurrent disease treated with gemcitabine-based chemotherVOLUME 48 NUMBER 4 OCTOBER 2016
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Table 4. Log-rank test for overall survival
Variable
Age
Under median
Over median
Sex
Male
Female
Primary site
Head
Body
Tail
Disease status
Recurrent
Metastatic
First-line regimen
Gemcitabine
Gemcitabine+erlotinib
ECOG PS
0-1
2
Sarcopenia
No
Yes
BMI (kg/m2)
< 20
20-24.9
 25
LN metastasis
No
Yes
Liver metastasis
No
Yes
Lung metastasis
No
Yes
Peritoneal metastasis
No
Yes
Bone metastasis
No
Yes
Anemia
No
Yes
Neutrophilia
No
Yes
Thrombocytosis
No
Yes
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No. of patients

Median OS (95% CI)

p-value

47
40

4.90 (4.06-5.73)
6.54 (3.48-9.59)

0.327

56
26

59
28

5.26 (4.44-6.07)
5.98 (3.42-8.54)

0.104

42
24
16

44
25
18

5.98 (3.72-8.24)
4.90 (4.31-5.49)
5.16 (3.59-6.73)

0.191

21
61

24
63

10.12 (7.44-12.80)
4.73 (3.52-5.95)

29
53

29
58

5.98 (3.38-8.58)
5.26 (4.36-6.16)

0.323

57
25

61
26

7.13 (4.08-10.18)
3.42 (1.20-5.63)

0.044

10
72

11
76

9.27 (4.87-13.66)
5.16 (4.46-5.86)

0.026

29
46
8

31
49
8

5.36 (3.96-6.75)
4.63 (3.28-5.98)
7.13 (3.35-10.91)

0.952

28
54

31
56

6.24 (3.99-8.50)
4.73 (3.69-5.78)

0.113

31
51

34
53

8.21 (5.63-10.80)
4.73 (3.53-5.93)

0.015

72
10

76
11

5.36 (3.81-6.90)
5.36 (0.00-11.03)

0.697

59
23

63
24

6.24 (4.20-8.29)
4.67 (2.65-6.68)

0.028

73
9

78
9

5.98 (4.65-7.31)
4.50 (1.91-7.10)

0.007

33
49

37
49

7.33 (4.94-9.72)
4.73 (4.01-5.45)

0.024

71
11

75
11

6.24 (4.80-7.69)
1.18 (0.00-2.67)

< 0.001

70
12

74
12

5.39 (3.93-6.84)
3.52 (0.00-7.48)

0.391

Death

Total

44
38

< 0.001
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Table 4. Continued
Variable
LDH elevation
No
Yes
ALT elevation
No
Yes
ALP elevation
No
Yes
Hypoalbuminemia
No
Yes
CRP elevation
No
Yes
CEA elevation
No
Yes
CA19-9 elevation
No
Yes

No. of patients

Median OS (95% CI)

p-value

57
24

6.24 (4.70-7.78)
3.25 (0.57-5.93)

0.011

61
22

64
23

5.98 (4.35-7.61)
2.73 (1.08-4.37)

0.107

53
30

56
31

6.54 (4.41-8.67)
4.50 (2.24-6.76)

0.172

72
10

76
10

6.18 (4.58-7.78)
2.14 (0.86-3.41)

< 0.001

25
45

27
45

8.18 (6.34-10.02)
3.91 (2.27-5.55)

0.029

48
30

50
31

8.51 (6.12-10.90)
3.42 (1.98-4.85)

< 0.001

23
58

26
59

7.13 (2.70-11.56)
4.90 (3.69-6.10)

0.010

Death

Total

53
24

OS, overall survival; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body
mass index; LN, lymph node; LDH, lactate dehydrogenase; ALT, alanine transferase; ALP, alkaline phosphatase; CRP,
C-reactive protein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.

Table 5. Cox-proportional hazard modeling for overall survival
Variable
CEA
Disease status
Sarcopenia
Neutrophilia
LDH elevation

Cox model coefficient ()

HR

95% CI for HR

1.430
1.214
1.088
1.077
0.673

4.18
3.37
2.97
2.94
1.96

1.95-8.97
1.55-7.32
1.20-7.36
1.27-6.79
1.07-3.58

p-value
< 0.001
0.002
0.019
0.012
0.029

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; LDH, lactate dehydrogenase.

apy were included. Although uniform inclusion criteria
might make this analysis more homogeneous, we could not
confirm the prognostic role of the current prognostic model
in patients with locally advanced pancreatic cancer or
patients who underwent other therapies such as fluorouracil,
leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX) or
nanoalbumin paclitaxel. A methodologically robust, wellpowered prognostic model for advanced pancreatic cancer
should be developed in the future.

Conclusion
In summary, five independent prognostic factors in
patients with recurrent or metastatic pancreatic cancer who
received gemcitabine-based chemotherapy were identified,
and a prognostic model consisting of these factors was proposed. This prognostic model can be helpful in prediction of
prognosis in clinical practice and can be used as a stratificaVOLUME 48 NUMBER 4 OCTOBER 2016
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Fig. 2. Kaplan-Meier curve for overall survival according
to prognostic grouping. Median overall survival for the
favorable (blue line), intermediate (red line), and poor risk
groups (green line) was 11.04 months (95% confidence
interval [CI], 8.14 to 13.93), 5.36 months (95% CI, 3.02 to
7.70), and 2.17 months (95% CI, 0.40 to 3.93), respectively
(p < 0.001).
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Purpose
The purpose of this study is to assess the role of adjuvant therapy in stage I-III gallbladder
cancer (GBC) patients who have undergone R0 resection.
Materials and Methods
Clinical data were collected on 441 consecutive patients who underwent R0 resection for
stage I-III GBC. Eligible patients were classified into adjuvant therapy and surveillance only
groups. Propensity score matching (PSM) between the two groups was performed, adjusting
clinical factors.
Results
In total, 84 and 279 patients treated with adjuvant therapy and followed up with surveillance
only, respectively, were included in the analysis. Before PSM, the 5-year relapse-free survival
(RFS) rate was lower in the adjuvant therapy group than in the surveillance only group
(50.8% vs. 74.8%, p < 0.001), although there was no statistically significant difference in
the 5-year overall survival (OS) rate (66.2% vs. 79.5%, p=0.089). After the PSM, baseline
characteristics became comparable and there were no differences in the 5-year RFS (50.8%
vs. 64.8%, p=0.319) and OS (66.2% vs. 70.4%, p=0.703) rates between the two groups.
Conclusion
The results suggest that fluoropyrimidine-based adjuvant therapy is not indicated in stage
I-III GBC patients who have undergone R0 resection.

Key words
Gallbladder neoplasms, Adjuvant chemotherapy,
Adjuvant chemoradiotherapy, Survival, Propensity score
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Introduction
Gallbladder cancer (GBC) is an uncommon disease in
Western countries [1]. However, the incidence of GBC is relatively high in Korea, where it accounts for 6.3 per 100,000
individuals and is the sixth leading cause of cancer-related
death [2]. The prognosis of GBC is poor, with a 5-year overall
survival (OS) rate of 17% to 45%, even in patients treated
with curative intent surgery [3-5]. Advanced stage, highgrade histological differentiation, and a positive resection
margin are known to be poor prognostic factors in GBC
patients who have undergone surgical resection [3,6].
Given the high relapse rate and poor prognosis, adjuvant
therapy would appear to be a rational therapeutic strategy
in GBC patients following surgical resection. Nevertheless,
there is controversy surrounding the role of adjuvant therapy
in GBC. Current National Comprehensive Cancer Network
guidelines include consideration of fluoropyrimidine
chemoradiotherapy, fluoropyrimidine or gemcitabine chemotherapy, and observation as postoperative options, with no
preference given to any particular option [7]. In addition,
unlike cholangiocarcinoma, due to the limited clinical data
available, the guidelines for GBC do not provide information
on treatment strategy according to known prognostic factors,
such as resection margin status [7].
Previous studies have suggested that adjuvant therapy
may benefit select GBC patients. Several retrospective studies
reported that patients with node-positive disease had a survival benefit from adjuvant chemoradiotherapy or radiotherapy [5,8,9]. A recent study showed that gemcitabine-based
adjuvant chemotherapy improved the survival of GBC
patients after R1 or R2 resections [10]. Prospective trials for
adjuvant therapy in GBC are extremely rare. Takada et al.
[11] reported that GBC patients who have undergone noncurative resections may derive a slight benefit from systemic
chemotherapy, but this was not observed in patients who
underwent curative surgery in a subgroup analysis of the
study, which combined patients with pancreatic, bile duct,
and gallbladder cancers.
However, the question of whether patients who have
undergone R0 resection benefit from adjuvant therapy is controversial. A few studies reported that, compared with surgery alone, adjuvant chemoradiotherapy resulted in
improved survival in GBC patients following R0 resection
[4,8]. In contrast, other studies did not show any survival
benefit of adjuvant therapy in GBC patients who underwent
R0 resection [3,11,12]. Importantly, many previous studies
included a small number of patients; heterogeneous populations with respect to tumor location, TNM stage, nodal status, and resection margin; or unbalanced comparative
groups. These limitations make it difficult for physicians to

identify patients who will truly benefit from adjuvant therapy. A meta-analysis of 20 studies involving 6,712 patients
reported that GBC patients who had undergone R1 resection,
but not R0 resection, benefited from adjuvant therapy [13].
Another recent meta-analysis also reported similar results
showing that GBC patients who underwent R0 resection did
not benefit from adjuvant therapy compared with surgery
alone [14]. However, due to the potential selection bias
caused by unbalanced clinical characteristics, which is an
inherent drawback of a retrospective study, these two metaanalyses cannot confirm the ineffectiveness of adjuvant therapy in GBC patients who have undergone R0 resection.
Therefore, we attempted to determine whether adjuvant
therapy is necessary for non-metastatic GBC patients who
have undergone R0 resection through a multicenter, casecontrol study with propensity score matching (PSM) to
reduce the selection bias.

Materials and Methods
1. Study population
Information on patients who consecutively underwent curative R0 resection for GBC from March 1999 to February 2014
at 6 tertiary medical centers was collected retrospectively. Of
the 441 patients who were initially screened, those in the following categories were excluded (Fig. 1): (1) stage IV disease;
(2) unknown histological subtype; (3) minor histological subtype such as adenosquamous, mucinous, mucosal, or neuroendocrine carcinoma; (4) follow-up duration less than 3
months; (5) relapse within 1 month of surgical resection; (6)
adjuvant therapy with radiotherapy alone; or (7) unknown
preoperative serum carbohydrate antigen 19-9 (CA 19-9)
level. Ultimately, a total of 363 patients were enrolled in the
study. This study was approved by the institutional review
board of each participating center.
2. Treatment
Curative R0 resection was performed in all patients and
confirmed by the operation record and the pathology report.
Then, postoperative management was planned according to
each center’s protocol. In patients treated with adjuvant
chemotherapy alone, fluoropyrimidine-based chemotherapy,
including 5-fluorouracil/leucovorin, doxifluridine, tegafur/uracil, or S-1, was performed. Adjuvant concurrent
chemoradiotherapy (CCRT) was also performed using fluoropyrimidine-based agents including 5-fluorouracil and
capecitabine. Adjuvant chemotherapy and CCRT were initiVOLUME 48 NUMBER 4 OCTOBER 2016
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GBC patients who underwent R0
resection from 1999-2014 (n=441)
Excluded (n=78)
AJCC 7th TNM stage IV (n=4)
Unknown histologic subtype (n=13)
Minor histologic subtype
Adenosquamous carcinoma (n=5)
Mucinous carcinoma (n=3)
Mucosal carcinoma (n=1)
Neuroendocrine carcinoma (n=3)
Follow-up duration < 3 months (n=11)
Relapse within 1 month after surgery (n=1)
Adjuvant therapy with radiotherapy only (n=9)
Unknown preoperative serum CA 19-9 level (n=28)
Eligible for analysis (n=363)

Adjuvant therapy (n=84)
Chemotherapy (n=39)
Concurrent chemotherapy (n=45)

Surveillance only, unmatched (n=279)
Surveillance only, propensity-score matched (n=84)

Fig. 1. Study schema. GBC, gallbladder cancer; AJCC, American Joint Committee on Cancer; CA 19-9, carbohydrate antigen
19-9.

ated within 6 to 8 weeks of surgical resection. Patients managed with surveillance only received follow-up care after
surgical resection without adjuvant chemotherapy or CCRT.
Regular monitoring was performed in all patients via comprehensive physical examinations, serum tumor markers,
and computed tomography for detection of relapse according to each center’s protocol.
3. Data collection
Clinical data, including demographics, histological type,
TNM stage based on the seventh edition of the American
Joint Committee on Cancer, preoperative serum level of CA
19-9, treatment modality, and clinical outcomes (e.g., relapse
and survival), were collected by medical chart review. The
cut-off level of preoperative serum CA 19-9 was defined as
37 U/mL (the upper limit of the normal range). Relapse-free
survival (RFS) was defined as the time from the date of surgery to the date of either the first relapse at any site or death.
OS was defined as the time from the date of surgery to the
date of death.

4. Propensity score matching
We hypothesized that patients with advanced disease may
be more likely to be treated with adjuvant therapy at the discretion of the clinician. We therefore performed PSM to
reduce the selection bias between patients treated with
adjuvant therapy and those managed with surveillance only
using the MatchIt package in R statistical software ver. 3.1.3
(The R Foundation for Statistical Computing, Vienna, Austria). The propensity score was calculated from a logistic
regression model that included age (years), sex, histological
type, TNM stage, and preoperative serum CA 19-9 level (normal or elevated). With the propensity score estimated, 84
pairs of patients in the adjuvant therapy group and the surveillance-only group were matched using a 1:1 nearest neighbor matching algorithm. The standardized mean difference
(SMD) in each covariate was calculated to determine whether
the PSM was adequately conducted. An SMD less than 0.1
was considered a negligible difference in the mean or prevalence of a covariate between two treatment groups [15].
5. Statistical analysis
Statistical comparisons were made using the chi-square
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Table 1. Patient characteristics (total)
Factor

Adjuvant therapy (n=84)

Age (yr)
< 65
 65
Sex
Male
Female
Histological type
W/D and papillary
M/D
P/D and U/D
TNM stage
I
II
III
Nodal status
N0
N1
CA 19-9 (U/mL)
< 37
 37

Surveillance only
Before PSM (n=279)

p-value

SMD

After PSM (n=84)

p-value

SMD

46 (54.8)
38 (45.2)

129 (46.2)
150 (53.8)

0.170

0.0324

34 (40.5)
50 (59.5)

0.064

0.0673

42 (50.0)
42 (50.0)

115 (41.2)
164 (58.8)

0.154

0.0439

42 (50.0)
42 (50.0)

> 0.999

0.0000

31 (36.9)
36 (42.9)
17 (20.2)

132 (47.3)
96 (34.4)
51 (18.3)

0.228

0.0412

32 (38.1)
32 (38.1)
20 (23.8)

0.781

0.0159

7 (8.3)
34 (40.5)
43 (51.2)

87 (31.2)
151 (54.1)
41 (14.7)

< 0.001

0.1978

7 (8.3)
36 (42.9)
41 (48.8)

0.949

0.0079

45 (53.6)
39 (46.4)

245 (87.8)
34 (12.2)

< 0.001

0.1712

50 (59.5)
34 (40.5)

0.436

0.0298

59 (70.2)
25 (29.8)

227 (81.4)
52 (18.6)

0.029

0.0556

61 (72.6)
23 (27.4)

0.733

0.0119

Values are presented as number (%). PSM, propensity score matching; SMD, standardized mean difference; W/D, well-differentiated; M/D, moderately differentiated; P/D, poorly differentiated; U/D, undifferentiated; CA 19-9, carbohydrate antigen 19-9.

test or Fisher exact test for categorical variables. RFS and OS
were estimated using the Kaplan-Meier method, and comparisons between groups were performed using the log-rank
test. Multivariate Cox regression analysis using the Enter
selection method was performed to identify independent
predictors of mortality. All variables with a p-value less than
0.1 in the univariate analysis were entered into the multivariate analysis. The results were reported as hazard ratios (HRs)
and 95% confidence intervals (CIs). A two-tailed p-value less
than 0.05 was considered statistically significant. SPSS ver.
21.0 (IBM Co., Armonk, NY) was used for statistical analyses.

surgical resection. The baseline characteristics before and
after PSM are shown in Table 1. In the unmatched cohort, the
distributions of age, sex, and histological type were not significantly different between the two groups. However, the
proportions of patients with stage III disease (51.2% vs.
14.7%, p < 0.001), node-positive disease (46.4% vs. 12.2%,
p < 0.001), and elevated CA 19-9 levels (29.8% vs. 18.6%,
p=0.029) were higher in the adjuvant therapy group than in
the surveillance-only group. The SMDs in the TNM stage
and nodal status were more than 0.1. After PSM, the SMDs
were reduced in all variables except age, and none of the
variables showed an SMD of more than 0.1. There were no
significant differences in the baseline characteristics between
the two treatment groups in the matched cohort (Table 1).

Results

2. Survival analysis in the unmatched cohort

1. Patient characteristics
Of the 363 patients included in the study, 84 patients were
treated with adjuvant therapy (chemotherapy, n=39; CCRT,
n=45) and 279 were managed with surveillance only after

In the unmatched cohort, the median follow-up durations
were 60.4 and 53.4 months in all patients and in surviving
patients at the time of analysis, respectively (range, 5.3 to
177.6 months in both groups). Thirty-seven (44.0%) and 143
(51.3%) patients were followed up for less than 5 years in the
adjuvant therapy and surveillance only groups, respectively.
VOLUME 48 NUMBER 4 OCTOBER 2016

1277

Cancer Res Treat. 2016;48(4):1274-1285

1.0

1.0

A

0.8

Overall survival

Relapse-free survival

0.8

0.6

0.4
p < 0.001

0.2

0

0

24

48

72

96 120
Time (mo)

144

0.4

0

168

p=0.089
Surveillance only (n=279)
Adjuvant therapy (n=84)

0

24

48

72

96 120
Time (mo)

144

168

1.0

C

D

0.8

Overall survival

0.8

Relapse-free survival

0.6

0.2

Surveillance only (n=279)
Adjuvant therapy (n=84)

1.0

0.6

0.4
p=0.319

0.2

0

B

24

48

72

96 120
Time (mo)

0.4
p=0.703

0.2

Surveillance only (n=84)
Adjuvant therapy (n=84)

0

0.6

144

168

0

Surveillance only (n=84)
Adjuvant therapy (n=84)

0

24

48

72

96 120
Time (mo)

144

168

Fig. 2. Kaplan-Meier survival curves according to the type of postoperative treatment. (A) Relapse-free survival before
propensity score matching (PSM). (B) Overall survival before PSM. (C) Relapse-free survival after PSM. (D) Overall survival
after PSM.

Follow-up was lost in 17 patients (20.2%) in the adjuvant
therapy group and in 46 patients (16.5%) in the surveillance
only group. Of the 363 total patients, 85 patients relapsed and
64 patients died. Among the entire cohort, the 5-year RFS and
OS rates were 68.9% and 76.3%, respectively. In comparison
of treatment outcomes between the two treatment groups,
the adjuvant therapy group showed a shorter RFS compared
with the surveillance-only group (3- and 5-year RFS rates,
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adjuvant therapy 58.0% and 50.8% vs. surveillance only
78.0% and 74.8%; p < 0.001) (Fig. 2A). OS also tended to be
worse in the adjuvant therapy group than in the surveillanceonly group (3- and 5-year OS rates, adjuvant therapy 79.9%
and 66.2% vs. surveillance only 85.5% and 79.5%; p=0.089)
(Fig. 2B).
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No. of patients

HR (95% CI)

p-value

< 65

80

1.553 (0.660-3.652)

0.313

≥ 65

88

0.402 (0.143-1.132)

0.085

Male

84

0.826 (0.345-1.977)

0.667

Female

84

0.864 (0.357-2.090)

0.746

W/D and papillary

63

1.360 (0.429-4.305)

0.601

M/D

68

0.629 (0.260-1.521)

0.304

P/D and U/D

37

1.310 (0.377-4.559)

0.671

I/II

84

1.516 (0.438-5.240)

0.511

III

84

0.699 (0.344-1.421)

0.322

N0

95

1.108 (0.397-3.089)

0.844

N1

73

0.708 (0.332-1.508)

0.370

< 37

120

0.903 (0.409-1.990)

0.799

≥ 37

48

0.893 (0.341-2.339)

0.817

168

0.888 (0.483-1.633)

0.703

Subgroup
Age (yr)

Sex

Histologic type

TNM stage

Nodal status

CA 19-9 (U/mL)

Total

0.25

0.35 0.50 0.71

1.0

Favors adjuvant therapy

1.41

2.0

6.0

Favors surveillance only

Fig. 3. Forest plot of subgroup analysis of overall survival. HR, hazard ratio; CI, confidence interval; W/D, well-differentiated; M/D, moderately differentiated; P/D, poorly differentiated; U/D, undifferentiated; CA 19-9, carbohydrate antigen
19-9.

3. Survival analysis in the matched cohort
Further analyses were performed in the matched cohort.
The median follow-up durations were 62.1 and 53.4 months
in all patients and in surviving patients at the time of analysis, respectively (range, 4.9 to 177.1 months in both groups).
Thirty-seven (44.0%) and 44 (52.4%) patients were followed
up for less than 5 years in the adjuvant therapy and surveillance only groups, respectively. Follow-up was lost in 17
patients (20.2%) in the adjuvant therapy group and 15
patients (17.9%) in the surveillance only group. Among a
total of 168 patients, 55 patients relapsed and 42 patients
died. In this cohort, RFS was not significantly different
between the two treatment groups (3- and 5-year RFS rates,

adjuvant therapy 58.0% and 50.8% vs. surveillance only
67.1% and 64.8%; p=0.319) (Fig. 2C). There was also no significant difference in OS between the two treatment groups
(3- and 5-year OS rates, adjuvant therapy 79.9% and 66.2%
vs. surveillance only 74.8% and 70.4%; p=0.703) (Fig. 2D).
None of the variables, including age, sex, histological type,
TNM stage, nodal status, and preoperative serum CA 19-9
level, were associated with the efficacy of adjuvant therapy
(Fig. 3). Although there was a tendency in favor of adjuvant
therapy in elderly patients, this result was biased by a higher
proportion of stage III disease in the surveillance-only group
compared with the adjuvant therapy group (54.0% vs. 36.8%,
p=0.110) among elderly patients.
In the matched cohort, advanced TNM stage, higher preVOLUME 48 NUMBER 4 OCTOBER 2016
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Table 2. Univariate and multivariate analysis of overall survival (total)
Factor
Age ( 65 yr vs. < 65 yr)
Sex (male vs. female)
Histological type (M/D, P/D, and U/D vs. W/D and papillary)
Stage (III vs. I and II)
CA 19-9 ( 37 U/mL vs. < 37 U/mL)
Tretment (adjuvant therapy vs. surveillance only)

Univariate

Multivariate

HR

95% CI

p-value

HR

95% CI

p-value

0.912
0.928
1.825
4.361
2.188
0.888

0.493-1.686
0.503-1.711
0.927-3.594
2.167-8.775
1.173-4.084
0.483-1.633

0.769
0.810
0.082
< 0.001
0.014
0.703

1.050
3.930
1.585
0.837

0.513-2.145
1.859-8.309
0.838-2.995
0.454-1.543

0.895
< 0.001
0.156
0.568

HR, hazard ratio; CI, confidence interval; M/D, moderately differentiated; P/D, poorly differentiated; U/D, undifferentiated;
W/D, well-differentiated; CA 19-9, carbohydrate antigen 19-9.

operative serum CA 19-9 level, and histological type other
than well-differentiated grade disease were potential poor
prognostic factors for OS in the univariate analysis. In the
multivariate analysis, advanced TNM stage was the only
poor prognostic factor for OS. Adjuvant therapy did not
affect the prognosis of this cohort in the multivariate analysis
(Table 2).
4. Survival according to treatment modality in the adjuvant
therapy group
Next, we evaluated the prognosis according to treatment
modality among 84 patients treated with adjuvant therapy.
Patients treated with chemotherapy had better RFS than
those treated with CCRT (3- and 5-year RFS rates,
chemotherapy 70.3% and 57.0% vs. CCRT 47.3% and 47.3%;
p=0.027) (Fig. 4A). However, OS was not significantly different between patients treated with chemotherapy and those
treated with CCRT (3- and 5-year OS rates, chemotherapy
87.7% and 71.0% vs. CCRT 72.4% and 62.0%; p=0.203)
(Fig. 4B). In addition, patients treated with CCRT were more
likely to have poor prognostic characteristics compared to
those treated with chemotherapy, as follows: histological
type other than well-differentiated grade (82.2% vs. 41.0%,
p < 0.001), stage III disease (80.0% vs. 17.9%, p < 0.001), and
a higher preoperative serum CA 19-9 level (40.0% vs. 17.9%,
p=0.027) (Table 3). In a multivariate analysis adjusted for
these poor prognostic markers, CCRT was not associated
with worse RFS (HR, 1.501; 95% CI, 0.685 to 3.286; p=0.310)
as well as OS (HR, 1.062; 95% CI, 0.367 to 3.075; p=0.912)
compared with chemotherapy (Table 4).
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Discussion
Our data suggests that there is no role for adjuvant therapy
after R0 resection in GBC patients. Upon initiating this study,
we assessed which patients were likely to be treated with
adjuvant therapy after R0 resection for GBC in clinical practice. Patients with characteristics indicating high tumor burden, such as more advanced TNM stage, node-positive
disease, and a higher preoperative serum CA 19-9 level, were
more frequently treated with adjuvant therapy compared to
those with a low tumor burden. However, adjuvant therapy
failed to improve the prognosis of patients with a high tumor
burden, resulting in shorter RFS and OS rates compared with
the prognosis of patients managed with surveillance only.
This paradoxical trend is similar to the results of a large, nonrandomized Japanese study in which, after surgical resection
with or without a negative surgical margin, the prognosis of
patients who received adjuvant chemotherapy was worse
than that of patients who did not receive adjuvant chemotherapy [16]. To minimize the selection bias, PSM was performed in this study. However, even after the characteristics
of patients were balanced via PSM, there was no difference
in survival, regardless of the postoperative treatment strategy.
Previous studies on adjuvant therapy in GBC patients who
have undergone R0 resection are summarized in Table 5.
In accordance with the results of our study, a few studies
have suggested that adjuvant therapy is ineffective in GBC
patients following R0 resection. A study of 279 GBC patients
who had undergone surgery (R0 resection in 164 patients)
found that neither adjuvant chemotherapy nor radiotherapy
improved the OS of patients following R0 resection [3].
A subgroup analysis of 51 GBC patients who underwent curative resections in a phase III trial showed that they did not
benefit from adjuvant chemotherapy [11]. Another recent
study of 61 patients with stage III GBC also did not support
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Fig. 4. Kaplan-Meier survival curves according to the type of postoperative treatment (adjuvant therapy group only). (A)
Relapse-free survival. (B) Overall survival. CCRT, concurrent chemoradiotherapy.

Table 3. Patient characteristics (adjuvant therapy group only)
Factor
Age (yr)
< 65
 65
Sex
Male
Female
Histological type
W/D and papillary
M/D
P/D and U/D
TNM stage
I
II
III
Nodal status
N0
N1
Preoperative CA 19-9 (U/mL)
< 37
 37

Chemotherapy (n=39)

CCRT (n=45)

p-value

17 (43.6)
22 (56.4)

29 (64.4)
16 (35.6)

0.055

23 (59.0)
16 (41.0)

19 (42.2)
26 (57.8)

0.126

23 (59.0)
11 (28.2)
5 (12.8)

8 (17.8)
25 (55.6)
12 (26.7)

< 0.001

6 (15.4)
26 (66.7)
7 (17.9)

1 (2.2)
8 (17.8)
36 (80.0)

< 0.001

34 (87.2)
5 (12.8)

11 (24.4)
34 (75.6)

< 0.001

32 (82.1)
7 (17.9)

27 (60.0)
18 (40.0)

0.027

CCRT, concurrent chemoradiotherapy; W/D, well-differentiated; M/D, moderately differentiated; P/D, poorly differentiated; U/D, undifferentiated; CA 19-9, carbohydrate antigen 19-9.
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0.023
0.078
0.209
1.161-7.434
0.913-5.498
0.724-4.396
2.938
2.241
1.784
0.713-3.574 0.256
1.613-6.644 < 0.001
0.685-3.286 0.310
1.596
3.274
1.501

0.075
0.897
0.508
0.147-1.096
0.388-2.291
0.545-3.405
0.401
0.943
1.362
0.954
0.427-2.231
0.976

1.316-5.178 0.006
2.029-7.645 < 0.001
1.074-4.233 0.031
2.611
3.939
2.132

0.429
0.956
0.098
0.392-1.489
0.506-1.902
0.893-3.841
0.764
0.981
1.852

Age ( 65 yr vs. < 65 yr)
Sex (male vs. female)
Histological type (M/D, P/D,
and U/D vs. W/D and papillary)
Stage (III vs. I and II)
CA 19-9 ( 37 U/mL vs. < 37 U/mL)
Treatment (CCRT vs. chemotherapy)

p-value
95% CI
HR

Univariate
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RFS, relapse-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; M/D, moderately differentiated; P/D, poorly differentiated; U/D, undifferentiated; W/D, well-differentiated; CA 19-9, carbohydrate antigen 19-9; CCRT, concurrent chemoradiotherapy.

0.129
0.380
0.993
0.776-7.340
0.591-3.974
0.356-2.840
2.386
1.533
1.005

0.159
0.172-1.332
0.479
-

95% CI
p-value
95% CI
HR

95% CI

p-value

HR

Univariate
Multivariate
RFS
Factor

Table 4. Univariate and multivariate analysis of relapse-free survival and overall survival (adjuvant therapy group only)

OS

HR

Multivariate

p-value
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the benefit of adjuvant therapy [12]. However, these previous
studies included a small number of patients or enrolled
patients who had undergone R1 resection or had stage IV
disease, therefore, the results are difficult to interpret. The
strengths of our study compared with previous studies are
that the role of adjuvant therapy was assessed in selected
patients (R0 resection, no stage IV disease) and the inevitable
selection bias caused by the retrospective design was minimized by PSM. In addition, to the best of our knowledge, our
study included the largest number of cases among case-control studies of adjuvant therapy in GBC patients following
R0 resection.
Two previous retrospective studies in GBC patients who
had undergone R0 resection yielded opposite results from
those obtained in our study. Gold et al. [4] reported that
adjuvant chemoradiotherapy reduced the risk of death by
70% compared with surgery alone in stage I-II GBC patients
who had undergone R0 resection. However, the study had a
small sample size (n=73), and the prognosis of the surgeryonly group was relatively worse compared with those
reported in other studies. For example, in a large Japanese
study of 4,770 GBC patients, the 5-year survival rates among
the patients in the surgery-only group with stage I and II
disease were 78% and 65%, respectively [16]. Similarly, in our
study, the 5-year survival rate was 79.5% among the patients
in the surgery-only group, 85.3% of whom had stage I or II
disease before PSM. In contrast, in the study by Gold et al.
[4], the 5-year survival rate in the surgery-only group was
approximately 40%, even though 80% of the patients had
stage I disease. This result indicates that the survival difference between patients who underwent surgery alone and
those who received adjuvant therapy observed in the study
by Gold et al. [4] may be attributed to the poorer prognosis
of the surgery-only group compared with those in both the
Japanese study as well as our own study. Furthermore, in a
previous Western study of over 10,000 cases of GBC based
on data from the National Cancer Database (NCDB), the
5-year survival rates were only 50% and 29% among patients
with stage I and II disease, respectively, and these trends
were identical in the subset of 7,462 patients who underwent
potentially curative surgical resection [17]. These findings
suggest the possibility of ethnic differences in GBC biology.
Cho et al. [8] also reported that adjuvant chemoradiotherapy
after surgical resection (R0 and R1 resection in 38 and 2
patients, respectively) is beneficial for node-positive T2/T3
GBC patients. However, the data are difficult to interpret
because the sample size was too small and there were few
end-point events. Based on both the lack of strong evidence
supporting adjuvant therapy and on our findings, we recommend against the routine use of adjuvant therapy in stage
I-III GBC patients who have undergone R0 resection, particularly in Asian patients.
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Table 5. Case-control studies assessing adjuvant therapy in GBC patients following R0 resection
Reference

Year Design TNM stage Treatment arma)

Gold et al. [4]
Cho et al. [8]c)
Takada et al. [11]
Park et al. [12]

2009
2010
2002
2010

R
R
P
R

I-II
II-III
II-IV
III

CRT
CRT
CTx
CTx, RTx, or CRT

Lim et al. [3]

2013

R

I-IV

CTx or RTx

164

R

I-III

CTx or CRT

363

This study

No.b)

Outcome

73
68
51
61

HR for OS: 0.30 (p=0.004)
HR for DSS: 0.25 (p=0.032) in T2/T3N1 disease
5-Yr survival rate: 46.4% (CTx) vs. 30.9% (S) (p=0.1517)
3-Yr survival rate: 78% (CTx), 36% (RTx),
36% (CRT), vs. 64% (S) (p=0.180)
Adjuvant therapy did not improve survival
(data not shown)
5-Yr survival rate in matched sample:
66.2% (CTx or CRT) vs. 70.4% (S) (p=0.703)
71.0% (CTx) vs. 62.0% (CRT) (p=0.203)

GBC, gallbladder cancer; R, retrospective; CRT, chemoradiotherapy; HR, hazard ratio; OS, overall survival; DSS, diseasespecific survival; P, prospective; CTx, chemotherapy; S, surgery alone; RTx, radiotherapy. a)Patients treated with surgery
alone are the control arm, b)Cases of R1/R2 resection were not included in the analysis except in the study by Cho et al. [8],
c)
R1 resection was performed in 6 of 68 patients.

Our study has some limitations in terms of result generalization. First, the study is retrospective in nature. Therefore,
the clinical data may not be as accurate as those collected
prospectively, and there may be potential selection bias. We
tried to control selection bias by using PSM, and patient characteristics were balanced between the groups after PSM. Second, because the data were collected from six institutions,
there was heterogeneity in treatment strategies. In this study,
however, there was no difference in survival between
patients treated with chemotherapy and those treated with
CCRT. In addition, all patients enrolled in the study were
treated with a fluoropyrimidine-based regimen, mainly due
to the national insurance coverage policy in Korea, although
the specific dosage and the schedule of chemotherapy and
radiotherapy varied. Nevertheless, studies utilizing a uniform treatment strategy are warranted in this setting. Third,
the efficacy of adjuvant radiotherapy alone was not assessed
in this study due to the small sample size. However, based
on the two previous meta-analyses showing that patients
receiving adjuvant chemotherapy or chemoradiotherapy
derived greater benefit than those receiving radiotherapy
alone [13,14], radiotherapy alone may not be recommended
as the best option for adjuvant therapy in GBC patients.
Fourth, patients with different tumor burden were included
together in this study. Despite performance of subgroup
analyses by tumor stage and nodal status (Fig. 3), those
might be biased because PSM was not done separately for
the two variables. Therefore, the association between the
tumor burden and the efficacy of adjuvant therapy after R0
resection may not be confirmed in this study. Given the
results of previous reports [13,14] and the subgroup analyses

of our study (without statistical significance) (Fig. 3) favoring
adjuvant therapy in patients with higher tumor stage and
node-positive disease, further studies are warranted in these
groups with R0 resection.

Conclusion
This study suggests that fluoropyrimidine-based adjuvant
chemotherapy and CCRT are not indicated in stage I-III GBC
patients who have undergone R0 resection. We suggest that
this population be observed or enrolled in clinical trials.
Gemcitabine plus cisplatin is the current standard regimen
in patients with locally advanced or metastatic biliary tract
cancer [18]. Gemcitabine-based adjuvant therapy after curative resection recently showed promising results in patients
with biliary tract cancer [10,19-22]. Therefore, prospective,
randomized studies of therapeutic strategies other than a fluoropyrimidine-based regimen are warranted to improve the
prognosis of GBC patients following R0 resection.
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Materials and Methods
Korean patients with mRCC and chronic renal insufficiency not requiring dialysis treated
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(OS) and progression-free survival (PFS) durations were evaluated according to the degree
of renal impairment.
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Results
Eighteen patients were considered eligible for the study (median age, 59 years). The median
glomerular filtration rate was 51.5 mL/min/1.73 m2. The best response was partial
response in six patients and stable disease in 11 patients. The median PFS and OS durations were 8 months (95% confidence interval [CI], 0 to 20.4) and 32 months (95% CI, 27.5
to 36.5), respectively. The most common non-hematologic and grade 3/4 adverse events
included stomatitis, fatigue, flu-like symptoms, and anorexia as well as elevated creatinine
level.
Conclusion
Mammalian target rapamycin inhibitors were efficacious and did not increase toxicity in
Korean patients with mRCC and chronic renal insufficiency not requiring dialysis.
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Introduction
With advances in the understanding of biology and genetics of metastatic renal cell carcinoma (mRCC), various tar-
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geted agents were developed for its treatment. These drugs
targeted elements that inhibit the vascular endothelial
growth factor (VEGF) and mammalian target rapamycin
(mTOR) pathway [1-7].
Temsirolimus and everolimus are mTOR inhibitors used
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in treatment of mRCC. The mTOR pathway is an intracellular signaling pathway that regulates cellular metabolism,
growth, proliferation, and angiogenesis [3,8]. mTOR inhibitors bind to an intracellular protein, FKBP-12, forming a
complex that inhibits the mTOR serine-threonine kinase
[2,3,9]. Temsirolimus is the standard first-line treatment for
patients with poor prognosis, and everolimus is the standard
second-line treatment for patients who progressed after
VEGF-targeted therapy [2-4].
End-stage renal disease (ESRD) patients are at increased
risk for developing cancer and at four-to-five fold increased
risk of developing renal cancer in their naïve kidney [10,11].
Diabetes and hypertension are independent risk factors for
development of renal cell carcinoma (RCC), and development of chronic kidney disease is possible in patients receiving postsurgical therapy for RCC [12,13]. Several studies in
RCC patients with ESRD have been reported, however
patients with chronic renal insufficiency not requiring dialysis have not yet been studied [12,14,15]. Therefore, we studied mRCC patients with chronic renal insufficiency not
requiring dialysis.
The purpose of this retrospective study was to evaluate the
efficacy and toxicity of mTOR inhibitors in Korean patients
with mRCC with chronic renal insufficiency not requiring
dialysis.

centrations. The following data regarding mTOR inhibitors
were obtained: initial dose and schedule of mTOR inhibitors,
serum creatinine concentration during and after use of
mTOR inhibitors, dose reductions, and adverse events (AEs)
and abnormal laboratory findings graded according to the
National Cancer Institute Common Terminology Criteria for
AEs ver. 3.0. The best response defined according the
Response Evaluation Criteria In Solid Tumors (RECIST), progression-free survival (PFS), and overall survival (OS) data
were also collected. PFS was defined as time from date of
first dose of mTOR inhibitors to the first documentation of
disease progression or death from any cause; OS was defined
as time from date of first dose of mTOR inhibitors to the final
documentation of death from any cause or to last follow-up.
The study was approved by the Protocol Review Committee
of the Korean Cancer Study Group (KCSG GU) 14-08.
2. Statistical analysis
Categorical data are presented as frequency counts and
percentages, and continuous variables, as medians and
ranges. PFS and OS durations were evaluated using the
Kaplan-Meier method. Log-rank tests were used for comparison of PFS and OS data between the two patient groups and
by mTOR inhibitor regimen (everolimus or temsirolimus).
All analyses were performed using SPSS ver. 22.0 (IBM Co.,
Armonk, NY).

Materials and Methods
1. Patients and methods
We conducted a retrospective search for patients with
mRCC with chronic renal insufficiency not requiring dialysis
who had received the mTOR inhibitors everolimus or temsirolimus between January 2008 and December 2014 at Yonsei Cancer Center and Busan Paik Hospital, in South Korea.
The Cockcroft-Gault formula was used for calculation of the
glomerular filtration rate (GFR). Patients with a GFR of  15
mL/min/1.73 m2 but < 60 mL/min/1.73 m2 were considered
eligible for analysis. The patients were divided into two
groups according to the degree of renal insufficiency, as
defined by the National Kidney Foundation [24]: moderate
renal impairment (30 mL/min/1.73 m2  GFR < 60 mL/min/
1.73 m2) and severe renal impairment (15 mL/min/1.73 m2
 GFR < 30 mL/min/1.73 m2). The following clinical data
were obtained retrospectively: demographics (age and sex),
Eastern Cooperative Oncology Group (ECOG) performance
status, stage at diagnosis, prognostic risk group based on the
Memorial Sloane Kettering Cancer Center Criteria (MSKCC),
results after prior nephrectomy, and serum creatinine con-

Results
1. Patient characteristics
From both centers, 18 patients were eligible. Patient characteristics are listed in Table 1. The median age at diagnosis
was 59 years. Fifteen patients had clear cell histology and
three patients had non-clear cell histology. All patients had
renal insufficiency at diagnosis of RCC. Eight of these
patients had renal insufficiency due to hypertension and
diabetes, but others had renal insufficiency due to unknown
causes. Sixteen patients had undergone prior nephrectomy.
The median GFR was 51.2 mL/min/1.73 m2. Sixteen patients
were classified as having moderate renal insufficiency and
two as having severe renal insufficiency. In the moderate
renal insufficiency group, five patients were treated with
mTOR inhibitors as a first-line treatment. Two patients in this
group were treated with bevacizumab plus temsirolimus due
to enrollment in a clinical trial, and two were treated with
temsirolimus due to non-clear cell histology. One patient in
this group was treated with everolimus due to enrollment in
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Table 1. Characteristics of mRCC patients with renal insufficiency
Characteristic
Sex
Male
Female
Age at diagnosis, median (range, yr)
ECOG
0
1
Histology
Clear-cell
Non-clear cell
Stage at diagnosis
I
II
III
IV
Unknown
Prior nephrectomy
Underlying disease
Hypertension and diabetes
Diabetes
Hypertension
Ccr level at start date of mTOR inhibitors,
median (range, mL/min/1.73m2)
MSKCC risk groups
Favorable
Intermediate
Poor
No. of prior regimens
0
1

Moderate renal impairment
14 (
2(
56 (44-81)

Severe renal impairment
1(
1(
73.5 (73-74)

Total
15 (
3(
59 (

9(
7(

0(
2(

9(
9(

13 (
3(

2(
0(

15 (
3(

1(
3(
0(
10 (
2(
14 (

0(
0(
0(
2(
0(
2(

1(
3(
0(
12 (
2(
16 (

3(
3(
1(
51.9 (35-59.7)

1(
0(
0(
22 (18-26)

51.2 (18-59.7)

6(
9(
1(

1(
1(
0(

7(
10 (
1(

5(
11 (

0(
2(

5(
13 (

mRCC, metastatic renal cell carcinoma; ECOG, Eastern Cooperative Oncology Group; Ccr, creatinine clearance; mTOR,
mammalian target rapamycin; MSKCC, Memorial Sloane Kettering Cancer Center Criteria.

a clinical trial. Eleven patients were treated with mTOR
inhibitors as a second-line treatment, including four who
were treated with temsirolimus and the others with
everolimus. All patients with severe renal impairment had
an ECOG performance status of 1 and had undergone prior
nephrectomy, although all patients presented with stage IV
disease at diagnosis.
All patients with severe renal impairment were treated
with everolimus as a second-line treatment. One patient was
treated with sunitnib as a first-line treatment, and another
with sorafenib. In the severe renal impairment group, the
median GFR of patients was 22 mL/min/1.73 m2. According
to MSKCC risk grouping, one patient with severe renal
impairment had a favorable prognosis and one patient had
an intermediate prognosis.
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2. Safety assessment of mTOR inhibitor treatment
The starting oral dose of everolimus was 10 mg daily for
10 patients and the starting intravenous dose for temsirolimus was 25 mg weekly for eight patients in the overall
series. All patients were started on the original dose of mTOR
inhibitors regardless of GFR. In the moderate renal impairment group, six patients treated with everolimus were dose
delayed due to non-renal toxicity, including one patient
treated with everolimus as a first-line treatment and the others treated with everolimus as a second-line treatment. Three
patients treated with temsirolimus were dose delayed due to
non-renal toxicity, including one patient treated with temsirolimus as a first-line treatment and two patients treated
with temsirolimus as a second-line treatment.

Ki Hyang Kim, mTOR Inhibitors in RCC with Renal Insufficiency

Table 2. Adverse events of all patients included in the study
Adverse event

Grade 1-2

Fatigue
General pain
Skin color change
Flu-like symptoms
Taste alteration
Pruritus
General edema
Stomatitis
Anorexia/Nausea
Dyspepsia
Cough
Laboratory abnormality
Anemia
Creatinine level elevation
Hypertriglyceridemia
Hyperglycemia

Grade 3-4

3 (16)
1 (5)
1 (5)
3 (16)
1 (5)
1 (5)
1 (5)
9 (50)
3 (16)
2 (11)
2 (11)

All grades

0(
0(
0(
0(
0(
0(
0(
0(
0(
0(
0(

1 (5)
13 (72)
1 (5)
2 (11)

3 (16)
1 (5)
1 (5)
3 (16)
1 (5)
1 (5)
1 (5)
9 (50)
3 (16)
2 (11)
2 (11)

0(
1 (5)
0(
0(

1 (5)
14 (77)
1 (5)
2 (11)

Values are presented as number (%).

Table 3. Changes of median GFR of patients according to the degree of renal insufficiency
Variable
Moderate renal impairment
Severe renal impairment

Before mTOR
inhibitors treatment

During mTOR
inhibitors treatment

After mTOR
inhibitors treatment

51.9 (35-59.7)
22 (18-26)

36.3 (11-58.1)
17 (15-19)

49 (8.9-74)
25 (25)

Values are presented as median (range). GFR, glomerular filtration rate; mTOR, mammalian target rapamycin.

In the moderate renal insufficiency group, six patients had
dose reduction because of non-renal toxicity. Four of them
received everolimus as a second-line treatment, and two received temsirolimus as a second-line treatment. The median
duration of delay was 2 weeks for everolimus and 2 weeks
for temsirolimus. In the moderate renal insufficiency group,
one patient had dose delay and dose reduction because of
grade 3 creatinine level elevation; this patient was receiving
bevacizumab plus temsirolimus as a first-line treatment.
None of the patients with severe renal insufficiency experienced delays or required dose reductions. The median relative dose intensity during mTOR inhibitor treatment was
97% for the everolimus group and 98% for the temsirolimus group. The treatment-related AEs are summarized in
Table 2. The most common non-hematologic and grade 3/4
AEs included stomatitis, fatigue, flu-like symptoms, and
anorexia as well as creatinine level elevation. The changes of
median GFR of patients according to the degree of renal
insufficiency are summarized in Table 3.

3. Treatment outcomes
Of the 18 patients, three achieved partial response, the best
tumor response observed, of whom two received bevacizumab plus temsirolimus as a first-line treatment and one
received temsirolimus as a second-line treatment; 14 patients
showed stable disease. Overall response rate (ORR) was 16%
and disease-control rate was 94%. The median PFS duration
was 8 months (95% confidence interval [CI], 0 to 20.5) and
the median OS duration was 25 months (95% CI, 12.9 to 37.1).
In patients treated with mTOR inhibitors as a first-line treatment, median PFS duration was 32 months (95% CI, not
estimated) and the median OS duration was 32 months (95%
CI, 8.7 to 55.2). In patients treated with mTOR inhibitors as a
second-line treatment, median PFS duration was 4 months
(95% CI, 1.1 to 6.9) and the median OS duration was 18
months (95% CI, 6.9 to 29.1) (Fig. 1). We evaluated PFS and
OS rates in patients stratified according to the severity of
renal impairment. In the group with moderate/stage 3 renal
VOLUME 48 NUMBER 4 OCTOBER 2016
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Fig. 1. Kaplan-Meier estimates of progression-free survival (A) and overall survival (B) durations in patients treated with
mammalian target rapamycin inhibitors as a second-line treatment (n=18). (A) Median progression-free survival: 4 months
(95% confidence interval [CI], 1.1 to 6.9). (B) Median overall survival: 18 months (95% CI, 6.9 to 29.1).

impairment, the median PFS duration was 5.0 months (95%
CI, 0 to 12.8) and the median OS duration was 25 months
(95% CI, 13.9 to 36.1).
We also evaluated PFS and OS rates in patients stratified
according to the mTOR inhibitor regimens. Patients treated
with temsirolimus and those treated with temsirolimus plus
bevacizumab were included in the analysis. In patients
treated with temsirolimus, the median PFS duration was 13
months (95% CI, 0 to 33.8) and the median OS duration was
18 months (95% CI, 0 to 38.8). In patients treated with
everolimus, the median PFS duration was 5 months (95% CI,
0 to 11.2) and the median OS was 24 months (95% CI, 9.2 to
38.8).

Discussion
In this retrospective study, patients with mRCC and renal
insufficiency treated with mTOR inhibitors showed median
PFS and OS durations of 8 and 25 months, respectively. The
ORR was 16% and the disease-control rate was 94%. Our
study thus yielded mixed data for mTOR inhibitor regimens.
Of 18 patients, five patients received mTOR inhibitors as a
first-line treatment and 13 as a second-line treatment. Eight
patients received temsirolimus, including bevacizumab plus
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temsirolimus, and 10 patients received everolimus. Therefore, it is difficult to compare the current phase III data with
those of other studies. However, we compared data with
those of three studies: a phase III study on everolimus in
advanced renal cell carcinoma with normal renal function
that had progressed on other target therapies; one on temsirolimus used as a first-line treatment; and one on temsirolimus used as a second-line therapy after sunitinib [2-4].
In the results of previous phase III studies on mRCC patients
with normal renal function, median PFS was 4 months for
everolimus, 5.5 months for temsirolimus, and 4.3 months for
temsirolimus. The median OS with everolimus was not
determined, 10.9 months for temsirolimus and 12.3 months
for temsirolimus [2-4]. In our study, both median PFS and
OS durations of mRCC patients with impaired renal function
were longer than those in mRCC patients with normal renal
function. The ORR in previous phase III studies with
everolimus and temsirolimus were 1% and 8%-8.6%, respectively, lower than those in our study. The AEs of mTOR
inhibitors in patients with renal insufficiency were similar to
those in mRCC patients with normal renal function treated
with mTOR inhibitors in previous phase III studies [2-4].
Therefore, mTOR inhibitors had the same efficacy in patients
with renal insufficiency, although this study was a retrospective study.
Because both everolimus and temsirolimus are cleared by
the liver and are mainly excreted in feces, all patients in our

Ki Hyang Kim, mTOR Inhibitors in RCC with Renal Insufficiency

study were started on the original dose regimen of everolimus and temsirolimus [16-18]. Only one patient experienced a delay in dose and dose reduction due to grade 3 creatinine level elevation during treatment. Dose intensity of
patients in our study was 97%-98%. Therefore, mTOR inhibitors did not increase renal toxicity or non-renal toxicity in
mRCC patients with renal insufficiency.
Everolimus and temsirolimus are derivatives of sirolimus,
which is used in treatment of renal transplants; both drugs
are cleared by the liver and are mainly excreted in feces,
therefore we can overlook that mTOR inhibitors are safe for
patients with renal insufficiency. However, according to previous phase III studies and our study, the incidence of creatinine level elevation in patients with normal renal function
or renal insufficiency treated with mTOR inhibitors was
approximately 50% [4,8]. Also, renal function of mRCC
patients may have deteriorated because of aging, chronic
co-morbidities, and previous partial or radical nephrectomy
[12,13,19]. Therefore, careful monitoring of kidney function
is required in mRCC patients taking mTOR inhibitors.
However, although our study was a small retrospective
study that used heterogeneous treatments of mTOR inhibitors, our results showed that the use of mTOR inhibitors
in patients with mRCC with renal insufficiency not requiring
dialysis was efficacious and did not increase toxicities.

Conclusion
mTOR inhibitors were found to be efficacious and safe for
the treatment of mRCC patients with renal insufficiency not
requiring dialysis, however the renal function of these
patients should be monitored during treatment.
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Poor Preoperative Glycemic Control Is Associated with
Dismal Prognosis after Radical Nephroureterectomy for
Upper Tract Urothelial Carcinoma: A Korean Multicenter Study
Purpose
The purpose of this study is to evaluate the effect of diabetes mellitus (DM) and preoperative
glycemic control on prognosis in Korean patients with upper tract urothelial carcinoma
(UTUC) who underwent radical nephroureterectomy (RNU).
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Materials and Methods
A total of 566 patients who underwent RNU at six institutions between 2004 and 2014
were reviewed retrospectively. Kaplan-Meier and Cox regression analyses were performed
to assess the association between DM, preoperative glycemic control, and recurrence-free,
cancer-specific, and overall survival.
Results
The median follow-up period was 33.8 months (interquartile range, 41.4 months). A total
of 135 patients (23.8%) had DM and 67 patients (11.8%) had poor preoperative glycemic
control. Patients with poor preoperative glycemic control had significantly shorter median
recurrence-free, cancer-specific, and overall survival than patients with good preoperative
glycemic control and non-diabetics (all, p=0.001). In multivariable Cox regression analysis,
DM with poor preoperative glycemic control showed association with worse recurrence-free
survival (hazard ratio [HR], 2.26; 95% confidence interval [CI], 1.31 to 3.90; p=0.003),
cancer-specific survival (HR, 2.96; 95% CI, 1.80 to 4.87; p=0.001), and overall survival (HR,
2.13; 95% CI, 1.40 to 3.22; p=0.001).
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Conclusion
Diabetic UTUC patients with poor preoperative glycemic control had significantly worse
oncologic outcomes than diabetic UTUC patients with good preoperative glycemic control
and non-diabetics. Further investigation is needed to elucidate the exact mechanism
underlying the impact of glycemic control on UTUC treatment outcome.
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Introduction
The association between diabetes mellitus (DM) and
cancer has recently received significant attention due to
increases in the prevalence of both diseases. DM is not a
single disease, but a group of metabolic disorders characterized by a series of potential confounding factors (obesity,
varying levels of metabolic control, profiles of antidiabetic
treatment and possible chronic complications or comorbidities) that may influence the association between diabetes and
cancer [1]. Therefore, the characteristics of cancer and the
metabolic abnormalities of their host may influence cancer
cell survival, proliferation, and spread.
Upper tract urothelial carcinoma (UTUC), histologically
similar to bladder tumor, is less common than bladder cancer
[2]. From this perspective, there is little clinical evidence of
oncological outcomes and prognostic factors in UTUC after
radical nephroureterectomy (RNU), and most well-known
prognostic factors are related to tumor factors such as stage,
grade, and tumor multifocality. Therefore, the preoperative
prognostic factors related to UTUC patients should be identified.
Several studies have demonstrated that patients with DM
have greater cancer mortality compared with non DM
patients [3,4], and published studies reporting evidence linking DM and bladder cancer showed that DM has a negative
effect on bladder cancer prognosis [5,6]. However, to the best
of our knowledge, there is a lack of data regarding the prognostic significance of preoperative glycemic control in surgically treated patients with UTUC who have DM.
Therefore, in the current study, we examined the impact
of DM and glycemic control on the prognosis of UTUC after
RNU.

Materials and Methods
1. Data collection
This study was approved by the Institutional Review
Boards of all participating centers. Data from 597 UTUC
patients who underwent RNU between 2004 and 2014 were
collected from six tertiary medical centers in Korea. Patients
with a previous history of bladder cancer, regional lymph
node metastasis or distant metastasis (the lymph node status
was only purely based on preoperative radiologic findings),
or received preoperative chemotherapy were excluded.
Patients who had DM (all type2 DM), but in whom the preoperative hemoglobin A1c (HbA1c) level was not checked,

1294

CANCER RESEARCH AND TREATMENT

were also excluded. Finally, 566 patients were reviewed
retrospectively. The patient demographics, perioperative
data, pathologic findings, and clinical outcomes, including
survival data, were collected retrospectively using a prespecified template for consistent data collection for an electronic
medical record review. HbA1c was measured within 6
months preoperatively. Preoperative radiological evaluations included abdominal computed tomography and chest
X-ray or computed tomography and (when clinically indicated) positron emission tomography or bone scan. There
were no limitations to the surgical approaches or modalities
used. For the analysis, the patients were divided into three
groups: patients without a history of DM, patients with well
controlled DM (HbA1c < 7), and patients with poorly
controlled DM (HbA1c  7). No information regarding the
age at diagnosis of DM was collected.
2. Follow-up and pathologic evaluation
All patients were followed similarly every 3-4 months in
the first year after RNU, every 6 months from the second
through the fifth year, and annually thereafter. At each
follow-up, the patient’s symptoms, history, performance
status, and physical examination were evaluated by the
physicians, and blood samples for serum chemistry and
hematological testing were obtained. Local recurrence and
distant metastasis were examined by a chest radiograph,
computed tomography, positron emission tomography, or
bone scans when clinically indicated. The survival data,
including recurrence-free survival (RFS), cancer-specific
survival (CSS), and overall survival (OS), were defined from
the date of surgery to the date of recurrence, death from
UTUC and death from any cause, or were censored at the
date of the last follow-up. Recurrence was defined as a new
soft-tissue mass > 10 mm that was previously undetected on
a computed tomography scan in the operative field, regional
lymph nodes, and/or distant organs. Recurrence of bladder
cancer was not considered as disease recurrence [7]. A biopsy
for tissue confirmation was not routinely performed.
All surgical specimens were processed according to the
standard pathological procedures and were reviewed by
uro-pathologists. Tumors were staged according to the
American Joint Committee on Cancer seventh edition TNM
staging system. The tumor grade was assessed according to
the 1998 World Health Organization/International Society
of Urologic Pathology consensus classification.
3. Statistical analysis
Demographic, clinical and pathological data were
compared using the Kruskal-Wallis test for continuous variables and the chi-square test for categorical variables among
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Table 1. Baseline clinicopathological characteristics of the enrolled patients
Variable
Age, median (IQR, yr)
Sex
Female
Male
Body mass index (kg/m2)
ECOG PS
0
1
2
3
Operation method
Open
Laparoscopic
Tumor location
Renal pelvis
Upper ureter
Mid ureter
Lower ureter
Hydronephrosis
None
Mild
Moderate
Severe
Synchronous bladder tumor
No
Yes
Tumor size (cm)
Multifocality
No
Yes
Pathologic stage
Tis, Ta
T1
T2
T3
T4
Pathologic grade
Low
High
Lymphovascular invasion
No
Yes
Concomitant CIS
No
Yes
Adjuvant chemotherapy
No
Yes
Recurrence

Total
(n=566)

No DM
(n=431)

DM, HbA1c < 7
(n=68)

DM, HbA1c  7
(n=67)

p-value

(70 (62-75)

(70.5 (62-75)

69.5 (63-69)

68.8 (61-75)

0.870a)

165 (29.2)
401 (70.8)
23.8±3.100

135 (31.3)
296 (68.7)
23.6±3.000

17 (25)0
51 (75)0
24.9±3.6000

13 (19.4)
54 (80.6)
23.8±2.8000

0.098b)

399 (70.5)
146 (25.8)
20 (3.5)
1 (0.2)

314 (72.9)
102 (23.7)
15 (3.5)
0 (0.)

44 (64.7)
21 (30.9)
2 (2.9)
1 (1.5)

41 (61.2)
23 (34.3)
3 (4.5)
0(0.0)

0.054b)

142 (25.1)
424 (74.9)

101 (23.4)
330 (76.6)

17 (25.0)
51 (75.0)

24 (35.8)
43 (64.2)

0.094b)

258 (45.6)
71 (12.5)
80 (14.1)
157 (27.7)

195 (45.2)
51 (11.8)
60 (13.9)
125 (29.0)

30 (44.1)
10 (14.7)
12 (17.6)
16 (23.5)

33 (49.3)
10 (14.9)
8 (11.9)
16 (23.9)

0.827b)

166 (29.3)
151 (26.7)
146 (25.8)
103 (18.2)

119 (27.6)
110 (25.5)
119 (27.6)
83 (19.3)

24 (35.3)
22 (32.4)
14 (20.6)
8 (11.8)

23 (34.3)
19 (28.4)
13 (19.4)
12 (17.9)

0.313b)

445 (80.4)
111 (19.6)
3.6±2.50

340 (78.9)
91 (21.1)
3.6±2.50

58 (85.3)
10 (14.7)
3.2±2.200

57 (85.1)
10 (14.9)
3.6±2.300

0.274b)

517 (91.3)
49 (8.7)

391 (90.7)
40 (9.3)

63 (92.6)
5 (7.4)

63 (94.0)
4 (6.0)

0.615b)

84 (14.8)
128 (22.6)
134 (23.7)
200 (35.3)
20 (3.5)

66 (15.3)
89 (20.6)
104 (24.1)
154 (35.7)
18 (4.2)

10 (14.7)
21 (30.9)
17 (25.0)
19 (27.9)
1 (1.5)

8 (11.9)
18 (26.9)
13 (19.4)
27 (40.3)
1 (1.5)

0.431b)

178 (31.4)
388 (68.6)

138 (32.0)
293 (68.0)

23 (33.8)
45 (66.2)

17 (25.4)
50 (74.6)

0.499b)

447 (79.0)
119 (21.0)

339 (78.7)
92 (21.3)

58 (85.3)
10 (14.7)

50 (74.6)
17 (25.4)

0.297b)

512 (90.5)
54 (9.5)

384 (89.1)
47 (10.9)

67 (98.5)
1 (1.5)

61 (91.0)
6 (9.0)

0.048b)

361 (63.8)
205 (36.2)
92 (16.3)

269 (62.4)
162 (37.6)
70 (16.2)

49 (72.1)
19 (27.9)
5 (7.4)

43 (64.2)
24 (35.8)
17 (25.4)

0.306b)

0.049a)

0.297a)

0.018b)
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Table 1. Continued
Variable
Cancer death
Death from any cause

Total
(n=566)

No DM
(n=431)

DM, HbA1c < 7
(n=68)

DM, HbA1c  7
(n=67)

p-value

82 (14.5)
148 (26.1)

52 (12.1)
103 (23.9)

7 (10.3)
13 (19.1)

23 (34.3)
32 (47.8)

0.001b)
0.001b)

Values are presented as number (%) or mean±standard deviation unless otherwise indicated. DM, diabetes mellitus; HbA1c,
hemoglobin A1c; IQR, interquartile range; ECOG PS, Eastern Cooperative Oncology Group performance status; CIS, carcinoma in situ. a)Kruskal-Wallis test, b)Pearson chi-square test.

the three groups. Survival analyses were performed using
the Kaplan-Meier method with the log rank test. Cox proportional hazard regression analysis was used for identification
of independent prognostic factors for each dependent variable. All p-values were two-sided and p < 0.05 was considered statistically significant. Statistical analyses were
performed using SPSS ver. 21.0 (IBM Inc., Armonk, NY) and
MedCalc for Windows ver. 12.5 (MedCalc Software, Ostend,
Belgium).

p=0.001) (Fig. 1A). However, no difference was observed
between non-DM patients and well controlled DM patients
(p=0.05) (Fig. 1A). In univariable and multivariable Cox
regression analyses, poorly controlled DM was associated
with increased risk of disease recurrence (univariable: hazard
ratio [HR], 1.96; 95% confidence interval [CI], 1.15 to 3.34;
p=0.013; multivariable: HR, 2.26; 95% CI, 1.31 to 3.90;
p=0.003) (Tables 2 and 3).
3. Association of DM and preoperative glycemic control
with CSS and OS

Results
1. Baseline demographics of the enrolled patients
The median age of enrolled patients was 70.0 years
(interquartile range [IQR], 13 years), with a median followup period of 33.8 months (IQR, 41.4 months). The clinicopathological characteristics were similar among the no-DM
group (n=431), well controlled DM group (n=68), and poorly
controlled DM group (n=67) except for recurrence rate,
cancer death rate, and rate of death from any cause. The
recurrence rate, cancer death rate, and rate of death from any
cause were high in the poorly controlled DM group
compared to the non-DM and well controlled DM groups
(p < 0.05) (Table 1).
2. Association of DM and preoperative glycemic control
with recurrence
The median time to recurrence was 17.7 months (IQR, 28.5
months); 92 patients (16.3%) had disease recurrence after
RNU. Of these, 21 patients (3.7%) had local recurrence and
71 patients (12.5%) experienced distant metastasis. The RFS
at 3 and 5 years was 77.5% and 72%, respectively. Compared
to the non-DM and well controlled DM patients, poorly
controlled DM patients showed significantly shorter RFS
(no DM vs. HbA1c  7, p=0.011; HbA1c < 7 vs. HbA1c  7,
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During follow-up, 82 patients (14.4%) died from UTUC.
The median time to cancer-specific death was 30.4 months
(IQR, 39.3 months). The CSS at 3 and 5 years was 85.5% and
76%, respectively. Compared to the non-DM and well
controlled DM patients, poorly controlled DM patients
showed significantly shorter CSS (no DM vs. HbA1c  7,
p=0.001; HbA1c < 7 vs. HbA1c  7, p=0.001) (Fig. 1B), and no
significant difference was observed between non-DM and
well controlled DM patients (p=0.418) (Fig. 1B). In univariable and multivariable Cox regression analyses, poorly
controlled DM was associated with increased risk of cancerspecific mortality (univariable: HR, 2.93; 95% CI, 1.79 to 4.78;
p=0.001; multivariable: HR, 2.96; 95% CI, 1.80 to 4.87;
p=0.001) (Tables 2 and 3).
With respect to overall mortality, the median time to death
from any cause was 30.0 months (IQR, 39.0 months). The OS
at 3 and 5 years was 85.5% and 76.7%, respectively. Similar
to RFS and CSS, poorly controlled DM patients had significantly shorter OS compared to non-DM and well controlled
DM patients (no DM vs. HbA1c < 7, p=0.075; no DM vs.
HbA1c  7, p=0.001; HbA1c < 7 vs. HbA1c  7, p=0.001)
(Fig. 1C). In univariable and multivariable Cox regression
analyses, poorly controlled DM was associated with
increased risk of overall mortality (univariable: HR, 2.10; 95%
CI, 1.41 to 3.12; p=0.002; multivariable: HR, 2.13; 95% CI, 1.40
to 3.22; p=0.001) (Tables 2 and 3). Of note, well controlled
DM showed borderline significance in univariable analysis
for OS, but lost its significance in multivariable analysis.
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Fig. 1. Kaplan-Meier plot for recurrence-free survival (A), cancer-specific survival (B), and overall survival (C) in upper tract
urothelial carcinoma patients with no diabetes, good preoperative glycemic control, and poor preoperative glycemic control.
(A) Recurrence-free survival (overall, p=0.002; no diabetes mellitus [DM] vs. hemoglobin A1c [HbA1c] < 7, p=0.05; no DM
vs. HbA1c  7, p=0.011; HbA1c < 7 vs. HbA1c  7, p=0.001). (B) Cancer-specific survival (overall, p=0.001; no DM vs. HbA1c
< 7, p=0.418; no DM vs. HbA1c < 7, p=0.418; HbA1c < 7 vs. HbA1c  7, p=0.001). (C) Overall survival (overall, p=0.001; no
DM vs. HbA1c < 7, p=0.075; no DM vs. HbA1c  7, p=0.001; HbA1c < 7 vs. HbA1c  7, p=0.001).
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Table 2. Univariable Cox regression analyses predicting recurrence-free survival, cancer-specific survival, and overall
survival
Variable
Age (continuous)
Male vs. female
BMI (continuous)
ECOG PS (2-3 vs. 0-1)
Operation method
Laparoscopic vs. open
Tumor location
Ureter vs. renal pelvis
Hydronephrosis vs. none
Synchronous bladder tumor
Tumor size (continuous)
Multifocality
Pathologic stage
T2 vs. Tis, Ta, T1
 T3 vs. Tis, Ta, T1
Pathologic grade
High grade vs. low grade
Lymphovascular invasion
Concomitant CIS
Adjuvant chemotherapy
Preoperative glycemic control
No DM
DM, HbA1c < 7
DM, HbA1c  7

Recurrence-free survival

Cancer-specific survival

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

1.02 (0.99-1.04)
1.25 (0.78-2.02)
0.91 (0.86-0.98)
1.52 (0.55-4.15)

0.120
0.341
0.013
0.412

1.02 (1.01-1.05)
1.22 (0.73-2.01)
0.93 (0.87-1.01)
1.93 (0.71-5.26)

0.024
0.435
0.074
0.199

1.05 (1.03-1.07)
1.11 (0.77-1.62)
0.90 (0.85-0.95)
2.52 (1.28-4.95)

0.001
0.553
0.002
0.007

1.08 (0.67-1.74)

0.739

0.73 (0.46-1.14)

0.174

1.13 (0.79-1.62)

0.492

1.04 (0.68-1.57)
1.31 (0.82-2.08)
1.13 (0.67-1.90)
1.11 (1.03-1.19)
1.41 (0.71-2.81)

0.851
0.257
0.635
0.005
0.326
0.001
0.005
0.001

0.89 (0.58-1.38)
1.27 (0.78-2.07)
1.14 (0.67-1.94)
1.06 (0.97-1.16)
1.29 (0.62-2.68)

0.633
0.327
0.630
0.152
0.483
0.001
0.091
0.001

0.97 (0.70-1.35)
1.22 (0.85-1.75)
1.12 (0.75-1.68)
1.08 (1.01-1.15)
1.35 (0.78-2.35)

0.890
0.266
0.562
0.024
0.275
0.001
0.268
0.001

3.02 (1.39-6.54)
7.18 (3.68-14.0)
3.45 (1.88-6.33)
4.83 (3.20-7.28)
1.37 (0.73-2.58)
3.67 (2.38-5.67)
Reference
0.41 (0.16-1.02)
1.96 (1.15-3.34)

0.001
0.001
0.321
0.001
0.004
0.056
0.013

1.94 (0.89-4.20)
6.15 (3.28-11.5)
3.25 (1.76-5.99)
3.69 (2.39-5.69)
1.26 (0.63-2.52)
4.09 (2.56-6.54)
Reference
0.71 (0.32-1.56)
2.93 (1.79-4.78)

0.002
0.001
0.502
0.001
0.001
0.400
0.001

Overall survival

1.34 (0.79-2.26)
3.99 (2.65-6.02)
2.10 (1.42-3.11)
2.69 (1.92-3.77)
1.27 (0.74-2.16)
2.76 (1.99-3.85)
Reference
0.53 (0.28-0.99)
2.10 (1.41-3.12)

0.002
0.001
0.378
0.001
0.001
0.078
0.002

HR, hazard ratio; CI, confidence interval; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance
status; CIS, carcinoma in situ; DM, diabetes mellitus.

Discussion
A previous study reported that preexisting DM increases
the risk of several cancers, including cancer of the breast,
colorectum, endometrium, liver, and pancreas [8]. In American Cancer Society Cancer Prevention Study II, adults with
DM were at increased risk for cancer related mortality [9].
Other studies have reported a possible association of DM
with mortality from cancer of the liver, pancreas, colorectum,
lung, and breast [10]. Similarly, diabetes was associated with
a statistically significant 1.3- to 2.5-fold increased risk of bladder cancer in previous cohort studies [9,11,12], and studies
on cancer mortality have found that bladder cancer patients
with diabetes have greater cancer mortality compared with
their nondiabetic counterparts [4,9].
UTUC is relatively rare and shares many characteristics
with urothelial cancer of the bladder, therefore most decision
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making regarding UTUC is extrapolated from evidence in
bladder cancer [2]. However, there are anatomical, biological,
and practical differences between bladder cancer and UTUC.
Compared with other malignancies, fewer studies on the
potential impact of DM on CSS in patients with UTUC have
been reported in the literature. Rieken et al. [7] reported that
diabetic patients with UTUC who did not use metformin
were at significantly higher risk of disease recurrence and
cancer-specific death compared to nondiabetic patients and
diabetic patients with UTUC who used metformin. However,
there was no information on the state of glucose control and
UTUC. Hwang et al. [13] reported that DM was an independent risk factor for RFS in UTUC, but they did not report on
the relationship between glycemic control status and longterm prognosis such as CSS and OS. In the current study, we
found that diabetic UTUC patients with poor glycemic control showed shorter median RFS, CSS, and OS compared
with diabetic UTUC patients with good glycemic control and
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Table 3. Multivariable Cox regression analyses predicting recurrence-free survival, cancer-specific survival, and overall
survival
Variable
Age (continuous)
BMI (continuous)
ECOG PS (2-3 vs. 0-1)
Tumor size (continuous)
Pathologic stage
T2 vs. Tis, Ta, T1
 T3 vs. Tis, Ta, T1
Pathologic grade
High grade vs. low grade
Lymphovascular invasion
Adjuvant chemotherapy
Preoperative glycemic control
No DM
DM, HbA1c < 7
DM, HbA1c  7

Recurrence-free survival

Cancer-specific survival

HR (95% CI)

p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

0.93 (0.87-0.99)
1.12 (1.03-1.12)
1.78 (0.79-4.05)
2.69 (1.20-6.05)

0.023
0.005
0.046
0.167
0.017

1.03 (1.01-1.06)
1.14 (0.50-2.58)
2.24 (1.10-4.97)0

0.012
0.048
0.756
0.046

1.05 (1.03-1.07)
0.94 (0.89-0.99)
1.56 (0.74-3.30)
1.07 (0.99-1.21)
0.94 (0.54-1.63)
1.84 (1.07-3.21)

0.001
0.035
0.244
0.051
0.013
0.823
0.029

1.78 (0.94-3.36)
2.91 (1.85-4.59)
1.37 (0.81-2.33)

0.077
0.001
0.236
0.003

1.66 (0.87-3.18)
1.97 (1.23-3.13)
2.10 (1.15-3.83)

0.122
0.004
0.015
0.001

1.29 (0.85-1.96)
1.64 (1.13-2.38)
1.61 (1.04-2.51)

0.222
0.009
0.030
0.001

Reference
0.54 (0.22-1.34)
2.26 (1.31-3.90)

0.181
0.003

Reference
0.96 (0.43-2.14)
2.96 (1.80-4.87)

0.932
0.001

Overall survival

Reference
0.75 (0.41-1.39)
2.13 (1.40-3.22)

0.373
0.001

HR, hazard ratio; CI, confidence interval; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance
status; DM, diabetes mellitus.

non-diabetic patients. There was no significant difference
between non-DM and well controlled DM patients. In our
study, we used the HbA1c level, which is a more informative
measure compared with a simple DM history or a single
serum glucose test. The HbA1c level reflects the patient’s
recent glycemic control status. Our results showed that glucose regulation status using HbA1c was a clinically significant prognostic factor for predicting the survival of patients
with UTUC.
Previous studies reported association of poor glycemic
control according to the HbA1c level with worse outcomes
in other cancers [14,15]. Lee et al. [15] reported that poor
glycemic control was related to disease progression in renal
cell carcinoma and proposed that stricter glycemic control
would contribute to improved outcomes. Siddiqui et al. [14]
also reported an association of elevated HbA1c with aggressive clinical behavior in patients with colorectal cancer.
An informative measure such as HbA1c which can reflect the
glycemic control status rather than a simple DM history or a
single glucose test is warranted in patients with UTUC.
In addition, our study suggests that even diabetic patients
could have long-term survival comparable with non DM
patients through strict glucose control.
The mechanism by which DM contributes to cancer
mortality has not been fully elucidated, however plausible
explanations have been suggested to explain the relationship
between DM and cancer [16,17]. Hyperglycemia can provide

more glucose to tumor cells, and hyperinsulinemia elicited
by hyperglycemia could lead to activation of insulin/insulinlike growth factor 1, which can influence cancer progression
[18]. In addition, hyperglycemia activates various signaling
pathways that cooperate to control cancer cell behavior,
including proliferation, migration, invasion, and recurrence
[19]. The biological mechanism underlying the relationship
between DM and its potential promoting effect on urothelial
cells is under investigation. In an in vitro experiment, urothelial proliferation was promoted by high-dose insulin [20].
Expression of IGF-receptor I, which can promote cell growth
and antiapoptosis, has been reported in invasive urothelial
carcinoma of the bladder [21]. In addition, increased
advanced glycosylated end products due to poor glycemic
control may lead to structural changes such as reduced
expression of the subtype E-cadherin, which has been associated with poor oncologic outcome in patients with bladder
cancer [5,22], and chronic inflammation and often accompanying obesity may lead to the release of cytokines which can
enhance cancer growth [23]. Further research is warranted
for a better understanding of the effect of DM on the development and progression of cancer.
This study also included other prognostic factors in UTUC
in addition to glucose control status. The most well-established prognostic factors, including tumor stage, grade, and
lymphovascular invasion, were also independent prognostic
factors in our study [24]. In addition, adjuvant chemotherapy
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was found to be an adverse prognostic factor for CSS and OS
but not with RFS in our multivariate analysis. The reason for
this finding may be that because the adjuvant chemotherapy
was administered in advanced disease (pathologic stage T3
or T4), it might affect the poor CSS and OS. Indeed, adjuvant
chemotherapy in UTUC is still a controversial issue. A recent
meta-analysis demonstrated that OS and disease-free survival benefit is only obtained with cisplatin-based combination chemotherapy (CBCC) but not with non-cisplatin–based
regimens [25]. Another study reported that only 22% of the
patients were eligible to receive CBCC after RNU and/or
approximately 40% of patients did not receive a CBCC regimen at all [2]. Unfortunately, information about the chemotherapeutic regimen was not considered in our study, but we
may speculate that CBCC regimen could not be administered
to a considerable number of patients after RNU. We suggest
that because patients will lose their kidney after RNU, prudent preoperative evaluation is necessary to predict which
patients will benefit from neoadjuvant or adjuvant chemotherapy.
Our study has several limitations. First, the study was
conducted with a retrospective design which warrants
further prospective study. Second, data from multiple institutions could have several limitations, including variations
among several surgeons and pathologists. Third, we did not
examine the effect of lymph node status (pN0/pN+) which
could have affected the oncologic outcomes. Fourth, we did
not evaluate the HbA1c level in patients without a history of
DM. In this perspective, our results might have been affected
by selection bias because of the possibility of undiagnosed
DM among patients classified as not having DM. In addition,
we did not investigate the dose, type, duration of anti-diabetic medication, and the glycemic control status from RNU
to recurrence and/or death which would affect the oncological outcomes, and there were no available data on the type
of chemotherapeutic regimen. Further investigations with a
prospective design, including the type and dose of anti-diabetic drug and type of chemotherapeutic regimen are needed

to confirm our result. Despite these limitations, this is the first
study to evaluate the impact of glucose control status using
HbA1c on oncologic outcomes of patients with UTUC.
Further study is necessary to elucidate the mechanism for the
adverse effect of poor glycemic control status on UTUC
patients.

Conclusion
In our study diabetic UTUC patients with poor preoperative glycemic control had significantly adverse oncologic outcomes compared with diabetic UTUC patients with good
preoperative glycemic control and non-diabetics. CSS and
OS of non-diabetic patients did not differ significantly from
that of patients with good preoperative glycemic control.
Rigorous diabetes control and monitoring using HbA1c is
necessary to improve the prognosis of patients with DM and
UTUC. Further well-designed prospective studies are
needed to establish our findings.
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TRIM29 Overexpression Promotes Proliferation and Survival of
Bladder Cancer Cells through NF-B Signaling

Shu-Tao Tan, MD
Sheng-Ye Liu, PhD
Bin Wu, MD

Purpose
TRIM29 overexpression has been reported in several human malignancies and showed
correlation with cancer cell malignancy. The aim of the current study is to examine its clinical
significance and biological roles in human bladder cancer tissues and cell lines.
Materials and Methods
A total of 102 cases of bladder cancer tissues were examined for TRIM29 expression by
immunohistochemistry. siRNA and plasmid transfection were performed in 5637 and BIU87 cell lines. Cell Counting Kit-8, flow cytometry, western blot, and real-time polymerase
chain reaction were performed to examine its biological roles and mechanism in bladder
cancer cells.
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Results
We found that TRIM29 overexpression showed correlation with invading depth (p=0.0087).
Knockdown of TRIM29 expression in bladder cancer cell line 5637 inhibited cell growth
rate and cell cycle transition while its overexpression in BIU-87 cells accelerated cell proliferation and cell cycle progression. TRIM29 overexpression also inhibited cell apoptosis
induced by cisplatin. In addition, we demonstrated that TRIM29 depletion decreased while
its overexpression led to upregulated expression of cyclin D1, cyclin E, and Bcl-2. We also
showed that TRIM29 knockdown inhibited protein kinase C (PKC) and nuclear factor B
(NF-B) signaling while its overexpression stimulated the PKC and NF-B pathways. BAY
11-7082 (NF-B inhibitor) partly attenuated the effect of TRIM29 on expression of cyclin
and Bcl-2. Treatment with PKC inhibitor staurosporine resulted in ameliorated TRIM29
induced activation of NF-B.
Conclusion
The current study demonstrated that TRIM29 upregulates cyclin and Bcl family proteins
level to facilitate malignant cell growth and inhibit drug-induced apoptosis in bladder cancer,
possibly through PKC–NF-B signaling pathways.

Introduction
Bladder cancer is a common human malignancy [1].
Despite development of conventional therapies in recent
decades, finding new molecular targets and development of
new targeted therapy for achievement of long-term patient
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survival is still important.
TRIM29 (ATDC), a member of TRIM family proteins, has
been shown to regulate cell growth and play important roles
in human diseases [2]. Several TRIM family proteins, including TRIM8 and TRIM40, regulated nuclear factor B (NF-B)
signaling activation [3,4]. TRIM29 was first found to be
responsible for ataxia-telangiectasia, a genetic disorder, and
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recent studies reported involvement of TRIM29 in human
cancers including gastric cancer, pancreatic cancer, and nonsmall cell lung cancer [2,5]. In non-small cell lung cancer,
overexpression of TRIM29 promoted cancer cell proliferation
and invasion through NF-B and ERK signaling [5]. TRIM29
promotes pancreatic cancer cell proliferation in vitro and
tumor growth and metastasis in vivo by upregulation of
-catenin signaling. Downregulation of TRIM29 was also
reported in breast cancer and prostate cancer [6,7]. However,
the clinical significance and biological functions of TRIM29
in bladder cancers remain unexplored.
In the current study, we examined clinical significance of
TRIM29 in bladder cancer using immunohistochemistry. We
also examined the effect of overexpression and downregulation of TRIM29 expression in bladder cancer cell lines on cell
proliferation, invasion, cell cycle progression, and apoptosis,
as well as the molecular signaling pathways underlying the
biological effect of TRIM29.

biotin. A DAB kit (MaiXin) was used for staining. Counterstaining with hematoxylin was performed and the sections
were dehydrated in ethanol before mounting.
All slides were examined randomly by two independent
pathologists. Five views were examined per slide. Immunostaining of TRIM29 was scored on a semiquantitative scale by
evaluating the intensity and percentage of cells showing positive staining. Cytoplasmic and membrane staining was considered as positive immunostaining. The intensity of TRIM29
cytoplasmic staining was also scored as 0 (none), 1 (weak),
and 2 (marked). Percentage scores were assigned as follows:
1, 1%-25%; 2, 26%-50%; 3, 51%-75%; and 4, 76%-100%.
The scores were multiplied to give a final score of 0 to 8 and
the total expression of TRIM29 was determined as either
negative/weak expression (score < 4) or overexpression
(score  4).
3. Cell culture and transfection

The protocol of the current study was approved by the
Review Board of Shengjing Hospital. Clinical tissues were
collected from 102 patients diagnosed with bladder cancer
in the Affiliated First Hospital and Shengjing Hospital of
China Medical University since 2010 to 2013. The histological
diagnosis and tumor grade were evaluated by a pathologist
according to the World Health Organization (WHO) classification guidelines. Tumors were classified according to Ta,
T1, T2, T3, and T4 based on WHO guidelines.

SV-HUC-1, BIU-87, 5637, and T24 cell lines were purchased from American Type Culture Collection (ATCC;
Manassas, VA), which were cultured in 1640 medium (Invitrogen, Carlsbad, CA) with 10% fetal bovine serum (Invitrogen). Cells were passaged every 2 days with trypsin.
DharmaFECT1 (Dharmacon, Lafayette, CO) was used for
siRNA knockdown. ONTARGETplus siRNA for TRIM29
was also obtained from Dharmacon. Non-targeting siRNAa
were used as negative control.
pCMV6-TRIM29 plasmid was obtained from Origene
(Rockville, MD). Attractene Transfection was used for transfection of plasmid (Qiagen, Hilden, Germany). pCMV6 was
used as control.
BAY 11-7082 (Sigma, St. Louis, MO) was used as NF-B
inhibitor. Protein kinase C (PKC) inhibitor staurosporine was
purchased from Beyotime Biotechnology (Shanghai, China).

2. Immunohistochemistry

4. Western blot analysis

Tumor specimens were fixed with 10% neutral formalin,
and 4-µm-thick paraffin sections were made. Immunostaining was performed using the S-P staining kit from MaiXin
(Ultrasensitive, MaiXin, Fuzhou, China). After antigen
retrieval in citrate buffer (pH 6.0) for 2 minutes in an autoclave, 0.3% hydrogen peroxide was applied for 15 minutes,
followed by incubation of the sections with goat serum. The
sections were then incubated with TRIM29 rabbit polyclonal
antibody at 4°C overnight (1:300, Proteintech, Rosemond, IL).
Incubation with primary antibody was performed at room
temperature for 2 hours, followed by incubation with
biotinylated goat anti-rabbit serum IgG after washing in
phosphate buffered saline (PBS), and then incubation with
horseradish peroxidase (HRP) conjugated streptavidin-

Total protein was extracted using Pierce lysis buffer
(Pierce, Rockford, IL). Protein quantification was performed
using the Bradford method. A 50 µg sample of protein was
added to sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to polyvinylidene fluoride membranes (Millipore, Bradford, MA). Incubation of primary
antibodies was performed overnight at 4°C. Antibody dilution was as follows: TRIM29 (1:800, Proteintech), p-PKC,
p-IB, cyclin D1, cyclin E, Bcl-2 (1:1,000, Cell Signaling,
Boston, MA), and mouse monoclonal antibody against
-actin (1:2,000, Santa Cruz Biotechnology, Santa Cruz, CA).
This was followed by incubation with HRP-coupled antimouse or rabbit IgG antibody (1:1,000, Cell Signaling Technology, Danvers, MA) at 37°C for 2 hours. Target proteins

Materials and Methods
1. Clinical specimens
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on polyvinylidene difluoride membrane were visualized
using a Pierce ECL kit and captured using a DNR BioImaging System (DNR, Jerusalem, Israel).

performed using a BD FACS Calibur flow cytometer system
(Becton Dickinson, Franklin Lakes, NJ).
9. Cell apoptosis detection

5. Quantitative real-time polymerase chain reaction
Quantitative real-time polymerase chain reaction (PCR)
was performed using a SYBR Green master mix kit (Applied
Biosystems, Foster City, CA). PCR was performed using a
7500 Real-Time PCR System (Applied Biosystems). -Actin
was used as the endogenous control. The relative levels of
gene expression were represented as Ct=Ct gene–Ct reference, and the fold change of gene expression was calculated
using the 2–Ct method. Experiments were performed in triplicate. The primer sequences are as follows: TRIM29 forward,
5'-GCACCGGACACCATGAAGA-3'; TRIM29 reverse, 5'GGAGACGAGGGCTGGTATGA-3'; cyclin D forward, 5'TGGAGGTCTGCGAGGAACA-3'; cyclin D reverse, 5'-TTCATCTTAGAGGCCACGAACAT-3'; cyclin E forward, 5'AGC-CAGCCTTGGGACAATAAT-3'; cyclin E reverse, 5'GAGC-CTCTGGATGGTGCAAT-3'; Bcl-2 forward, 5'-ACGGTGGTGGAGGAGCTCTT-3'; Bcl-2 reverse, 5'-CGGTTGACGCT-CTCCACAC-3'; -actin forward, 5'-ATAGCACAGCCTGGATAGCAACGTAC-3'; -actin reverse, 5'-CACCTTCTACAATGAGCTGCGTGTG-3'.

Cell apoptosis detection was performed with Annexin
V/PI double staining. Forty-eight hours after transfection,
cells were harvested, washed in chilled PBS. The cells were
then re-suspended in 250 µL of binding buffer. Annexin
V/fluorescein isothiocyanate solution and PI solution were
added to the cell suspension. Following incubation for
30 minutes, the cells were analyzed using a BD FACS Calibur
flow cytometer (Becton Dickinson).
10. Statistical analysis
SPSS ver. 16.0 (SPSS Inc., Chicago, IL) was used for statistical analyses. Chi-square test was used for examination of
the clinicopathologic data, and t test was used for comparison of densitometry data. p < 0.05 was considered to indicate
statistical significance.

Results

6. Cell Counting Kit-8 cell proliferation test
Cell proliferation speed was analyzed using a Cell Counting Kit-8 (CCK-8) kit (Dojindo, Gaithersburg, MD) according
to the manufacturer’s protocol. Briefly, 48 hours after transient plasmid or siRNA transfection, cells were seeded at
approximately 6103 in 96-well plates. Each day the cells
were treated with 10 µL CCK-8 solution for 4 hours, followed
by measurement at 450 nm using a microplate reader.
7. Reporter assay
NF-B reporter plasmid was purchased form Beyotime
(0.2 µg, Beyotime Biotechnology) and Renilla luciferase
reporter plasmid was obtained from Promega (Madison, WI).
Both plasmids were transfected into bladder cancer cells
using Attractene reagent (Qiagen). Approximately 30 hours
after transfection, a dual luciferase reporter kit (Promega)
was added to cells and luciferase activity was examined.
8. Cell cycle analysis
Forty-eight hours after transfection, cells were harvested
and fixed using 1% paraformaldehyde. The cells were then
washed with PBS and stained in 5 mg/mL propidium iodide
(PI) for 30 minutes at room temperature. Flow cytometry was
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1. Expression of TRIM29 in normal and bladder cancer tissues
To examine the TRIM29 protein expression pattern in bladder cancer, a panel of 102 primary bladder cancer samples
was analyzed by immunohistochemistry. TRIM29 staining
was observed in the cytoplasmic and membrane compartment of bladder cancer cells and cytoplasmic TRIM29 staining was considered positive. Weak/negative TRIM29
staining was observed in normal bladder tissue (Fig. 1A).
Overexpression of TRIM29 was observed in 45 out of 102
bladder cancer tissues (44.1%) (Fig. 1B-D). We also examined
the relationship between TRIM29 expression and clinical factors. No statistical differences were observed between
TRIM29 overexpression and the characteristics of age, sex,
and tumor grade (Table 1). However, TRIM29 overexpression showed correlation with local invasion status (Ta-T1 vs.
T2-T4, p=0.009).
2. Expression of TRIM29 in human bladder cancer cell lines
and its role in cell proliferation
TRIM29 expression level was detected in three bladder
cancer cell lines and normal cell line SV-HUC-1 by western
blot. Relatively high TRIM29 protein expression was found

Shu-Tao Tan, TRIM29 Promotes Bladder Cancer through NF-B Signaling

A

B

C

D

Fig. 1. Expression pattern of TRIM29 protein in bladder cancer tissues. (A) Negative TRIM29 staining in the majority of normal bladder urothelia. (B) Negative TRIM29 staining in bladder cancer (T1, grade 1). (C) Membrane staining of TRIM29 in
urothelial bladder cancer (T2, grade 1). (D) Cytoplasmic staining of TRIM29 in bladder cancer (T2, grade 2).

Table 1. Distribution of TRIM29 in bladder cancer according to clinicopathological characteristics
Characteristic
Age (yr)
< 60
 60
Sex
Male
Female
Tumor status
Ta-T1
T2-T4
Tumor grade
G1
G2 and G3

No. of patients

TRIM29 negative

TRIM29 overexpression

p-value

43
59

21
36

22
23

0.221

73
29

42
15

31
14

0.594

60
42

40
17

20
25

0.009

47
55

29
28

18
27

0.274
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A
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Actin
SV-HUC-1

BIU-87

5637
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Negative
siRNA
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Empty
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TRIM29
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C
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40
20
0

Empty
vector

TRIM29
plasmid
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Fig. 2. Expression of TRIM29 protein in bladder cancer cell lines. (A) Protein expression of TRIM29 in bladder cancer cell
lines. The 5637 cell line shows relatively high expression and BIU-87 and SV-HUC-1 cell lines show relatively low expression.
(B, C) Western blot and real-time polymerase chain reaction analysis showed that siRNA treatment markedly decreases
TRIM29 levels in 5637 cells and TRIM29 transfection significantly increased its expression in BIU-87 cells.

in the 5637 cell line and relatively low TRIM29 level was
observed in BIU-87 and SV-HUC-1 cell lines (Fig. 2A). To
examine its biological function, we employed TRIM29 specific siRNAs in the 5637 cell line. TRIM29 plasmid transfection was performed in the BIU-87 cell line. We then
confirmed the TRIM29 siRNA knockdown and plasmid
transfection efficiency (Fig. 2B and C). The effect of TRIM29
on bladder cancer proliferation was examined using a CCK8 kit. The results showed that TRIM29 transfection promoted
cell growth (day 5; empty vector vs. TRIM29 plasmid,
0.931±0.037 vs. 1.381±0.057; p < 0.05) and its depletion inhib-
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ited cell proliferation (day 5; negative siRNA vs. TRIM29
siRNA, 1.928±0.085 vs. 1.301±0.081; p < 0.05) (Fig. 3A).
3. TRIM29 facilitates cell cycle transition in bladder cancer
cells
In cell cycle analysis, we found that G1 phase percentage
was downregulated after TRIM29 transfection in BIU-87 cells
(EV vs. TRIM29 plasmid, 60.6±0.8 vs. 54.3±1.2) and increased
in 5637 cells treated with siRNA (control vs. TRIM29 siRNA,
52.7±1.3 vs. 61.5±2.1) (Fig. 3B). The S phase percentage was

Shu-Tao Tan, TRIM29 Promotes Bladder Cancer through NF-B Signaling

5637
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1
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Cyclin D1
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Fig. 3. TRIM29 knockdown inhibited and TRIM29 overexpression promoted cell proliferation and cell cycle progression in
bladder cancer cell lines. (A) Cell Counting Kit-8 (CCK-8) assay showed that TRIM29 knockdown inhibited proliferation in
the 5637 cell line. Overexpression of TRIM29 promoted proliferation in the BIU-87 cell line. (B) TRIM29 knockdown increased
G1 phase percentage and decreased S phase percentage in 5637 cells. Overexpression of TRIM29 increased S phase percentage
and decreased G1 phase cells percentage in BIU-87 cells. (C) TRIM29 knockdown inhibited while its overexpression upregulated cyclin D1 and cyclin E expression at protein and mRNA levels.
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upregulated in BIU-87 cells with TRIM29 overexpression (EV
vs. TRIM29, 24.2±0.5 vs. 30.6±0.7) and decreased in TRIM29
depleted cells (control vs. TRIM29 siRNA, 33.6±1.2 vs.
28.1±0.9).
We also found that TRIM29 depletion led to downregulated cyclin D1 and cyclin E in the 5637 cell line at both
mRNA and protein levels. TRIM29 overexpression increased
cyclin D1 and cyclin E in the BIU-87 cell line (Fig. 3C). The
above results indicated that TRIM29 regulates cell cycle
related proteins and facilitates cell cycle progression.
4. TRIM29 inhibits apoptosis and upregulates Bcl-2 expression
To characterize the effect of TRIM29 on cisplatin-mediated
apoptosis, an Annexin V kit was used in 5637 and BIU-87
cells with cisplatin treatment (10 µg/mL, 24 hours). As
shown in Fig. 4A, a significantly higher percentage of early
and late apoptosis was observed in 5637 cells with TRIM29
depletion compared with negative controls. TRIM29 overexpression in BIU-87 cells inhibited apoptotic percentage,
demonstrating that TRIM29 overexpression confers cisplatin
resistance of bladder cancer cells. We then checked expression of Bcl-2 protein, which was closely related to apoptosis
regulation. As shown in Fig. 4B, TRIM29 siRNA decreased
Bcl-2 expression while TRIM29 overexpression upregulated
Bcl-2 level in the BIU-87 cell line.
5. TRIM29 regulates cell cycle and apoptosis through
NF-B signaling
Involvement of TRIM29 in NF-B signaling has been
reported. We wondered whether this is also the case in bladder cancer cells. Using a luciferase reporter assay, we showed
that TRIM29 transfection increased the level of NF-B
reporter activity and its depletion decreased NF-B reporter
activity. In addition, western blot analysis showed that p-IB
expression was upregulated after TRIM29 overexpression
and downregulated after TRIM29 depletion (Fig. 5A). The
above results suggested that the effect of TRIM29 on NF-B
may induce cell cycle progression and apoptosis inhibition.
To validate the involvement of NF-B in TRIM29-regulated
cell proliferation and apoptosis, we employed Bay 11-7082,
which inhibited IkB phosphorylation and NF-B activation
in TRIM29-overexpressed BIU-87 cells. Cells were treated at
5 µM concentration for 10 hours. As shown in Fig. 5B, NF-B
inhibitor blocked the expression of cyclin D1 and Bcl-2
induced by TRIM29. The inhibitor also blocked the effect of
TRIM29 on cell proliferation.
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6. TRIM29 regulates the NF-B pathway through PKC
activation
Further analysis was performed to examine the mechanism of TRIM29 on NF-B signaling. PKC was reported to
activate NF-B signaling in various cancers. Western blot
analysis showed that PKC phosphorylation was upregulated
after TRIM29 overexpression and downregulated after
TRIM29 depletion, suggesting involvement of PKC in NF-B
activation induced by TRIM29 (Fig. 6). We also employed
PKC inhibitor staurosporine (10 nM, 12 hours) in TRIM29
transfected BIU-87 cells. The results showed that staurosporine strongly blocked the role of TRIM29 on p-IB in
BIU-87 cells.

Discussion
As one member of the TRIM protein family, overexpression of TRIM29 has been reported in various human cancers
[2,5,8]. A previous study identified TRIM29 as a potential
oncoprotein in non-small cell lung cancer which regulates
cancer cell proliferation and invasion [5]. A recent study
reported that TRIM29 was upregulated in colorectal cancer
tissues and showed correlation with poor patient prognosis
[8]. These studies indicate TRIM29 as a potential oncoprotein
in human cancers. However, its expression pattern, biological function, and molecular mechanism in bladder cancer
were not clear. In this study, we found elevated TRIM29
expression in bladder cancer tissues and bladder cancer cell
lines. A correlation was observed between upregulation of
TRIM29 and primary tumor status (invading depth). Expression rate of TRIM29 was higher in T2-T4 tumors than in T1
tumors, suggesting that TRIM29 plays a role in bladder cancer progression.
In this study, we employed siRNAs to downregulate
endogenous TRIM29 in 5637 cells which show high endogenous TRIM29 expression and overexpressed TRIM29 in
BIU-87 cells. We found that depletion of TRIM29 led to significantly suppressed proliferation while overexpression of
TRIM29 promoted proliferation, which was in accordance
with previous studies. Cell cycle analysis showed that in the
5637 cell line, depletion of TRIM29 led to inhibited cell cycle
transition at G1/S point and transfection of TRIM29 in BIU87 cells facilitated the cell cycle. We also examined change of
cell cycle related proteins and found that TRIM29 regulated
cyclin D1 and cyclin E expression. Cyclin D1 and cyclin E
play a pivotal role during G1-S checkpoint and its overexpression correlates with bladder cancer aggressiveness [911]. Our results strongly suggested that TRIM29 promotes
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Fig. 4. TRIM29 inhibited cisplatin induced cancer cell apoptosis. (A) Annexin V/propidium iodide analysis showed that
TRIM29 knockdown increased apoptosis rate and its overexpression inhibited apoptosis. (B) Depletion of TRIM29 downregulated and its overexpression upregulated Bcl-2 expression in bladder cancer cell lines.

bladder cancer proliferation and cell cycle transition by
upregulation of cyclin family proteins.
In the current study, we also found that overexpression of
TRIM29 inhibited apoptosis and its depletion sensitized
bladder cancer cell to cisplatin treatment. We observed that
TRIM29 upregulated Bcl-2 expression. Bcl-2 functions as an
anti-apoptotic protein in a number of cancers and its up-regulation results in prevention of cell death [12,13]. Thus, our
results suggested that TRIM29 inhibited cancer cell apoptosis

through upregulation of Bcl-2.
NF-B is normally kept in an inactive state in the cytoplasm by binding to a group of inhibitory proteins. Upon
receipt of a signal, its inhibitor is phosphorylated and proteolytically degraded and NF-B is actively translocated to the
nucleus, where it facilitates target-gene transcription. NF-B
signaling activation has been reported to promote cancer cell
growth, angiogenesis, invasion, and eventually metastasis in
many human tumors including bladder cancer [14,15].
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Therefore, NF-B along with its upstream and downstream
network presents a rational target for therapeutic interventions. Our results showed an association between TRIM29
and NF-B in bladder cancer cells. Both cyclin D1 and Bcl-2
were reported as downstream transcriptional targets of
NF-B [9,16,17]. To confirm their relationship, BAY 11-7082,
NF-B inhibitor, was used in treatment of TRIM29 transfected BIU-87 cells. The results showed that NF-B inhibitor
partially blocked the effect of TRIM29 on cyclin D1, Bcl-2,
and cell proliferation, suggesting that TRIM29 regulates
bladder cancer proliferation and apoptosis through, at least
in part, NF-B activation. PKC signaling acts as an upstream
signaling molecule of NF-B [18]. PKC was reported to
increase phosphorylation of IB and downstream targets
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including matrix metallopeptidase 9 in cancer cells [19]. Our
results demonstrated that PKC inhibition blocked the role of
TRIM29 in NF-B activation, suggesting that the PKC–NFB axis plays a major role in TRIM29 induced proliferation
and chemoresistance.

Conclusion
In conclusion, our study found that TRIM29 promoted cancer growth by facilitating cell cycle progression and inhibited
cisplatin induced apoptosis in bladder cancer cells. TRIM29
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also regulated expression of cyclin proteins and Bcl-2
through the PKC and NF-B signaling pathways. The data
implicated TRIM29 as a potential diagnostic and therapeutic
target in bladder cancer.
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The Impact of High-Risk HPV Genotypes Other Than HPV 16/18 on
the Natural Course of Abnormal Cervical Cytology: A Korean HPV
Cohort Study
Purpose
The purpose of this study is to evaluate the impact of high-risk human papillomaviruses
(HPVs) other than HPV 16/18 on the natural course of atypical squamous cells of undetermined significance (ASC-US) or low-grade squamous intraepithelial lesion (LSIL).
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Materials and Methods
The study population was derived from the Korean HPV cohort (2010-2014). Women aged
20 to 60 who satisfied the criteria of having both HPV infection and abnormal cervical
cytology of either ASC-US or LSIL were recruited from five institutions nationwide. Enrolled
patients underwent cervical cytology and HPV DNA testing every 6 months.
Results
A total of 1,158 patients were enrolled. The 10 most common HPV types were HPV
16 (12.3%), 58 (10.0%), 56 (8.8%), 53 (8.4%), 52 (7.7%), 39 (6.2%), 18 (6.0%), 51 (5.7%),
68 (5.1%), and 66 (4.6%). Among these patients, 636 women were positive for high-risk
HPVs other than HPV 16 or 18, and 429 women were followed for more than 6 months.
Cytology evaluations showed progression in 15.3% of women, no change in 22.6%, and
regression in 62.1% of women at 12 months. In cases of HPV 58 single infection, a more
highly significant progression rate, compared to other high-risk types, was observed at
6 months (relative risk [RR], 3.3; 95% confidence interval [CI], 2.04 to 5.30; p < 0.001) and
12 months (RR, 5.03; 95% CI, 2.56 to 9.91; p < 0.001).
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Conclusion
HPV genotypes numbered in the 50s were frequent in Korean women with ASC-US and
LSIL. HPV 58 was the second most common type, with a high progression rate of cervical
cytology.
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Introduction
More than 100 human papillomaviruses (HPVs) have been
identified, among which approximately 20 types are known
as high-risk or oncogenic types [1]. High-risk HPVs are the
most important contributors to the development of cervical
precancerous lesions and invasive carcinomas. The prevalence of cervical cancer varies remarkably in different countries; this is mainly related to the availability of cervical
cancer screening programs [2]. In Korea, despite a decrease
in cervical cancer incidence from 1999 to 2012 because of an
organized screening program, it is still predicted to be the
seventh most common female cancer with 3,100 new cases
and the third most common cancer in women aged 15 to 34
in 2015 [3-5].
Persistent infection with high-risk HPVs is a primary risk
factor for cervical carcinogenesis. Among the high-risk
HPVs, HPV 16 and HPV 18 are the two most carcinogenic
genotypes and current prophylactic vaccines against HPV
16/18 may prevent up to 70% of cervical cancers [6]. Highrisk HPVs other than HPV 16/18 cause the remaining 25%35% of cervical cancers [7]. Globally, the most common
genotypes other than HPV 16/18, in descending order of frequency are: HPV 45, 31, 33, 52, 58, and 35 [8]. However, there
is considerable geographical variation in the prevalence of
these HPV types. The prevalence of other high-risk HPV
types is higher in Asia, Africa, and South/Central America
(30%-35%) than in Europe, Oceania, and North America
(23%-26%) [7]. Clarification of the contributions of individual
genotypes causing cervical carcinogenesis will be important
in order to provide an estimate of the potential impact of prophylactic vaccines and cancer screening programs.
This is a prospective study in a Korean HPV cohort [9]. The
aims of this study were first to evaluate the distributional
proportions along the full spectrum of high-risk HPVs in a
Korean HPV cohort, and second, to determine the natural
progression of atypical squamous cells of unknown significance (ASC-US) and low-grade squamous intraepithelial lesion (LSIL) with high-risk HPV infections other than HPV
16/18.

Materials and Methods
A Korean HPV cohort study was conducted between April
2010 and October 2014. The HPV cohort recruited women
aged 20 to 60 who satisfied both criteria of HPV positivity
and abnormal cervical cytology of either ASC-US or LSIL
from five institutions nationwide. Exclusion criteria included
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any of the following: previous hysterectomy, history of cervical intraepithelial neoplasia (CIN) treated within 6 months,
pregnancy, coexisting malignancies, and psychological diseases currently under treatment. The study was approved by
the institutional review board and informed consent was
obtained from each participant prior to the study.
Enrolled patients underwent cervical liquid-based cytology and HPV DNA testing every 6 months. Cytological progression was defined as the change to atypical squamous
cells-cannot exclude high-grade squamous intraepithelial
lesion (HSIL), HSIL, and LSIL from ASC-US, or as the change
to HSIL from LSIL. Regression was defined as the change to
normal cytology or ASC-US from LSIL, or to normal cytology
from ASC-US. The others were categorized as no change.
Colposcopy-directed biopsies were performed in patients
with cytologic results indicative of conditions worse than
HSIL. Patients diagnosed as having a lesion classified as
greater than CIN 2 by colposcopy-directed biopsy were terminated in this study. Cervical samples were collected using
a Cervex-Brush (Rovers Medical Devices, Oss, Netherlands)
from cervical os and SurePath liquid-based cytology (TriPath
Imaging, Inc., Burlington, NC) was used during the followup examinations. Cheil General Hospital served as a central
laboratory for cytological diagnoses according to the 2001
Bethesda reporting system [10], and HPV genotyping testing
during the follow-up examinations. HPV genotyping was
performed using a DNA microarray technique with a Cheil
HPV DNA Chip Kit (Cheil General Hospital, Seoul, Korea),
based on a polymerase chain reaction method. Briefly, postamplification SYBR Green reverse transcription quantitative
polymerase chain reaction products were analyzed by Ct
value and hybridized with probes for HPVs. Samples were
analyzed for the presence of 19 high-risk HPV types (16, 18,
31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68a, 68b, 69, and
82) and 17 low-risk HPV types (6, 11, 30, 32, 40, 42, 43, 44, 54,
55, 62, 70, 72, 81, 84, 90, and 91).
1. Statistical analysis
Data were analyzed using SPSS ver. 17.0 (SPSS Inc.,
Chicago, IL). Categorical variables were indicated as numbers and percentages. To assess the risk of cytological progression associated with HPV genotypes, relative risk (RR)
with 95% confidence intervals (CI) was estimated by chisquare test. All p-values of less than 0.05 were considered
statistically significant.
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HPV cohort (n=1,158)
ASC-US (n=654)
LSIL (n=504)

Other high-risk HPV except
16/18 HPV (n=636)
ASC-US (n=360)
LSIL (n=276)

Excluded (n=522)
HPV 16/18 (n=213)
Low-risk HPV (n=133)
Drop out and follow-up loss (n=176)

Excluded (n=207) for treatment,
drop out, and follow-up loss
6 Mo cohort follow-up (n=429)
Normal (n=195)
ASC-US (n=131)
ASC-H (n=22)
LSIL (n=48)
HSIL (n=33)
Excluded (n=128) for treatment,
drop out, and follow-up loss
12 Mo cohort follow-up (n=301)
Normal (n=154)
ASC-US (n=82)
ASC-H (n=22)
LSIL (n=20)
HSIL (n=23)

Fig. 1. Flow diagram of study selection. HPV, human papillomavirus; ASC-US, atypical squamous cells of undetermined
significance; LSIL, low-grade squamous intraepithelial lesion; ASC-H, atypical squamous cells-cannot exclude high-grade
squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion.

Results
Among a total of 1,158 patients in the Korean HPV cohort
study, 636 patients met the eligibility criteria of this study
(Fig. 1). ASC-US and LSIL were observed in 360 patients
(56.6%) and 276 patients (43.4%), respectively. With respect
to follow-up, 429 patients (67.5%) were followed up at 6
months and 301 (47.3%) at 12 months. The prevalence of
high-risk HPV infections at the time of enrollment is summarized in Table 1. The most common type of high-risk HPV
was type 16 (12.3%) as a single infection (n=85) and multiple
infection (n=58). In this cohort, HPV 58 was the second most
common type, with 74 patients having a single infection and
42 patients having multiple infections. Only ten patients with
HPV 58 were co-infected with HPV 16 or 18. Among the ten
most common high-risk HPVs, HPV 58, 56, 53, and 52 ranked
as the top five. Cytological changes in patients with high-risk
HPV infections other than HPV 16/18 during the follow-up
periods are shown in Table 2. The rates of regression, no

change, and progression of cervical cytology were 58.0%,
26.1%, and 15.9% at 6 months and 62.1%, 22.6%, and 15.3%
at 12 months; 113 of 360 cases of ASC-US (31.4%) had
regressed to normal cytology at 6 months; 136 of 276 cases of
LSIL (49.3%) had regressed to either ASC-US (n=54) or normal cytology (n=82).
However, 147 of 301 (48.8%) ASC-US/LSIL cases maintained abnormal cytology for 12 months. In the unchanged
and progression groups, the persistent rates of high-risk HPV
infections other than HPV 16/18 were markedly higher than
in the regression group (p < 0.001). Among patients in the
progression group, only three patients (4.4%) and one patient
(2.2%) were HPV negative by HPV DNA test at 6 and
12 months, respectively. However, in the regression group,
HPV infections had cleared in up to 62.6% of patients at the
12-month follow-up.
Analyses of high-risk HPV infections other than HPV
16/18 showed persistence in 41.9%, incidental infection in
24.6%, and clearance in 33.5% of patients at 12 months; 36.5%
of the persistent infections were identified as having been
VOLUME 48 NUMBER 4 OCTOBER 2016
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Table 1. Prevalence of HPVs among women with ASCUS or LSIL
Category

Rank

High risk

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Low risk

HPV genotype
HPV 16
HPV 58
HPV 56
HPV 53
HPV 52
HPV 39
HPV 18
HPV 51
HPV 68
HPV 66
HPV 35
HPV 33
HPV 31
HPV 59
HPV 45
HPV 67
HPV 82
HPV 69
HPV 70
HPV 40
HPV 54
HPV44
HPV 62
HPV 6
HPV 81
HPV 42
HPV 30
HPV 43
HPV 11, 84
HPV 90
HPV 91
HPV 55
HPV 32, 72

No. (%) (n=1,158)
143 (12.3)
116 (10.0)
102 (8.8)
97 (8.4)
89 (7.7)
72 (6.2)
70 (6.0)
66 (5.7)
59 (5.1)
53 (4.6)
41 (3.5)
37 (3.2)
28 (2.4)
24 (2.1)
16 (1.4)
6 (0.5)
5 (0.4)
4 (0.3)
41 (3.5)
33 (2.8)
28 (2.4)
27 (2.3)
23 (2.0)
22 (1.9)
20 (1.7)
17 (1.5)
16 (1.4)
15 (1.3)
14 (1.2)
11 (0.9)
10 (0.9)
4 (0.3)
1 (0.1)

Each type included single and multiple infection. HPV,
human papillomavirus; ASC-US, atypical squamous cell
uncertain significance; LSIL, low-grade squamous intraepithelial lesion.

caused by the same genotype on all HPV DNA tests. In
addition, persistent infection with each HPV genotype
showed a significant correlation with the prognosis of cervical cytology. The rates of persistent infection for other highrisk HPVs gradually increased from regression to progression in cytological prognosis (p < 0.001).
With the exception of HPV 16/18, the HPV type-specific
prognoses of cervical cytology are shown in Table 3. The
cytological progression rates of HPV 58, 56, 53, 52, 39, 51, 68,
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and 66 single infections were 30.3%, 2.9%, 7.7%, 13.1%,
11.8%, 7.2%, 15.4%, and 5.9%, respectively, at 12 months.
Except for HPV 58, low progression rates were observed for
the other common HPV types (1.5%-29.3%) in both single
and total infections. A relatively high progression rate
(26.0%-37.5%) was observed for HPV 58 infection during the
follow-up periods. The rate of cytological progression was
27.0% (27 out of 100) in the HPV 16 persistence group, and
9.8% (4 out of 41) in the HPV 18 persistence group at 6
months of follow-up.
According to the genotype and follow-up duration, the
RRs to progression of cytology are shown in Table 4. HPV
58 single infection with ASC-US/LSIL resulted in a significantly higher risk of progression, compared with other common high-risk HPVs at 6 and 12 months (RR, 3.30; 95%
CI, 2.04 to 5.30; p < 0.001 and RR, 5.03; 95% CI, 2.56 to 9.91;
p < 0.001). Type 56, 53, and 52 HPVs, which initially ranked
among the top five types, showed no significant RRs.

Discussion
In this study, HPV 16 (12.3%) was clearly the predominant
HPV type identified among the 1,158 women with ASC-US
or LSIL, consistent with the universal trend among prevalent
HPV types. However HPV 18 (6.0%) was not frequent in our
study. Instead of HPV 18, HPV 58 (10.0%) was the second
most common HPV type. This finding is consistent with
those of other previous studies conducted in East Asia. The
overall reported prevalence of HPV 58 was 11.4% in a study
from Hong Kong [11]. In a study conducted in China, HPV
58 was more frequent than HPV 18 in precancerous lesions
(19.1% vs. 5.4%, respectively) and the same infection rates for
HPV 58 and HPV 18 were reported in cervical cancers (9.4%
each) [12]. HPV 58 accounts for a considerable disease burden in East Asia. Its prevalence in cervical cancer is higher
in Asia (5.6%) than in other parts of the world (3.3%) [13]. In
a large scale Korean study (n=1,650), HPV 58 was the second
most common HPV in LSIL (8.1%) and HSIL (15.7%) [14].
HSIL has also shown a relatively high prevalence (17.2%) of
HPV 58 infection in East Asia [15].
The lifelong risk for HPV infection is greater than 70% in
sexually active women [16]. Most HPV infections are spontaneously cleared within 1 to 2 years because of immunological mechanisms [17,18]. In a previous study evaluating HPV
infections in adolescents, infections were spontaneously
cleared by 12 months in over 50% of infections caused by
high-risk HPV types and two-thirds of infections caused by
low-risk HPV types [19]. In this study, the overall clearance
rate of high-risk HPV types other than HPV 16/18 at
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Table 2. Prevalence of high-risk HPVs infection according to the prognosis of cervical cytology
Category

Regression

No change

6 Mo
High-risk HPV (+)
High-risk HPV (–)
12 Mo
High-risk HPV (+)
High-risk HPV (–)

249 (58.0)
111 (44.6)
138 (55.4)
187 (62.1)
70 (37.4)
117 (62.6)

112 (26.1)
93 (83.0)
19 (17.0)
68 (22.6)
49 (72.1)
19 (27.9)

Progression
68 (15.9)
65 (95.6)
3 (4.4)
46 (15.3)
45 (97.8)
1 (2.2)

Total

p-value

429 (100)
269 (62.7)
160 (37.3)
301 (100)
164 (54.5)
137 (45.5)

< 0.001

< 0.001

Values are presented as number (%). HPV, human papillomavirus.

Table 3. HPV type-specific prognosis for cervical cytology
HPV genotype
HPV 58

HPV 56

HPV 53

HPV 52

HPV 39

HPV 51

HPV 68

HPV 66

Prognosis of cytology
Progression
No change
Regression
Progression
No change
Regression
Progression
No change
Regression
Progression
No change
Regression
Progression
No change
Regression
Progression
No change
Regression
Progression
No change
Regression
Progression
No change
Regression

Single infection

Total infections

6 Mo

12 Mo

6 Mo

12 Mo

18 (37.5)
10 (20.8)
20 (41.7)
1 (1.8)
11 (20.0)
43 (78.2)
3 (8.6)
6 (17.1)
26 (74.3)
6 (17.6)
11 (32.4)
17 (50.0)
3 (11.5)
7 (26.9)
16 (61.6)
2 (9.1)
5 (22.7)
15 (68.2)
4 (23.5)
4 (23.5)
9 (53.0)
3 (13.6)
6 (27.3)
13 (59.1)

10 (30.3)
6 (18.2)
17 (51.5)
1 (2.9)
2 (5.9)
31 (91.2)
2 (7.7)
4 (15.4)
20 (76.9)
3 (13.1)
5 (21.7)
15 (65.2)
2 (11.8)
5 (29.4)
10 (58.8)
1 (7.2)
3 (21.4)
10 (71.4)
2 (15.4)
3 (23.1)
8 (61.5)
1 (5.9)
5 (29.4)
11 (64.7)

22 (29.7)
18 (24.3)
34 (46.0)
1 (1.5)
22 (33.3)
43 (65.2)
6 (9.2)
13 (20.0)
46 (70.8)
11 (19.3)
18 (31.6)
28 (49.1)
5 (11.4)
13 (29.5)
26 (59.1)
5 (11.9)
14 (33.3)
23 (54.8)
8 (25.0)
9 (28.1)
15 (46.9)
4 (11.4)
11 (31.4)
20 (57.2)

13 (26.0)
12 (24.0)
25 (50.0)
2 (4.2)
7 (14.6)
39 (81.2)
4 (8.5)
10 (21.3)
33 (70.2)
12 (29.3)
9 (21.9)
20 (48.8)
3 (10.7)
10 (35.7)
15 (53.6)
5 (20.8)
5 (20.8)
14 (58.4)
5 (22.7)
5 (22.7)
12 (54.6)
2 (8.0)
7 (28.0)
16 (64.0)

Values are presented as number (%). HPV, human papillomavirus.

12 months was 33.5%. HPV clearance was also higher in the
cytological regression group than in the unchanged and progression groups. Overall, approximately 60% of patients
showed regression on the subsequent follow-up Papanicolaou tests.
On the other hand, persistence of HPV infection was
closely related to the prognosis of cervical cytology. Approximately 15% of patients showed cytological progression on

every follow-up test. The progression group showed significantly higher rates of persistent infection with all other highrisk HPV types. Significant decreases in the rates of persistent
infection were observed in the cytological regression, the
unchanged, and progression groups, in order (p < 0.001). The
results of this study with respect to cervical pathogenesis
confirm that persistent high-risk HPV infection induces cervical carcinogenesis. In most cases, the persistence of highVOLUME 48 NUMBER 4 OCTOBER 2016
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Table 4. HPV type–specific relative risk to progression of cervical cytology
HPV type
HPV 58
Others
HPV 56
Others
HPV 53
Others
HPV 52
Others
HPV 39
Others
HPV 51
Others
HPV 68
Others
HPV 66
Others

6 Mo
No.

RR (95% CI)

18/48
22/211
1/55
39/204
3/35
37/224
6/33
34/226
3/26
37/233
2/22
38/237
4/17
36/242
3/22
37/237

3.3 (2.04-5.30)
1(
0.10 (0.14-0.72)
1(
0.51 (0.17-1.60)
1(
1.22 (0.54-2.76)
1(
0.71 (0.23-2.27)
1(
0.55 (0.13-2.25)
1(
1.69 (0.58-4.90)
1(
0.86 (0.27-2.80)
1(

12 Mo
p-value
< 0.001
< 0.001
0.170
0.401
0.404
0.306
0.257
0.549

No.

RR (95% CI)

10/24
12/153
1/14
22/163
2/15
20/162
2/18
20/159
2/10
20/167
1/12
21/165
2/10
20/167
1/28
21/149

5.03 (2.56-9.91)
1(
0.52 (0.07-4.18)
1(
1.08 (0.26-4.49)
1(
0.88 (0.22-3.57)
1(
1.76 (0.40-7.77)
1(
0.64 (0.09-4.72)
1(
1.76 (0.40-7.77)
1(
0.26 (0.04-1.83)
1(

p-value
< 0.001
0.458
0.583
0.607
0.360
0.545
0.360
0.100

HPV, human papillomavirus; RR, relative risk; CI, confidence interval.

risk HPV infection is related to an increased risk of developing precancerous lesion or invasive carcinomas [20]. The persistence of high-risk HPV infection for 1 or 2 years strongly
predicts a diagnosis of CIN 2+ in the subsequent years
[21,22]. Furthermore, high HPV viral load was significantly
associated with lymphovascular space invasion and deep
stromal invasion in cervical cancer [23].
In the analysis of type-specific prognoses, HPV 58 resulted
in high rates of cytological progression at 6 and 12 months,
compared with other high-risk types (RR, 3.30; 95% CI, 2.04
to 5.30; p < 0.001 and RR, 5.03; 95% CI, 2.56 to 9.91; p < 0.001).
The reason for the high prevalence of HPV 58 and cervical
carcinogenesis in East Asia is not fully understood, but may
result from differences in the oncogenic potentials among the
high-risk HPV types. Also, the oncogenicity of viral variants
and host genetic backgrounds may play roles in the distinct
geographical distribution of HPV 58. A multi-step process
involving various host factors is needed for development of
tumor cells from an HPV-infected epithelium [24]. The
prevalence of HPV 58 increases significantly according to the
severity of cervical neoplasia, and its variants are epidemiologically associated with a higher oncogenic risk [11]. Four
featured variant lineages of HPV 58 (sublineage A1) showing
a regional preponderance in Asia, and associated with a
higher risk for cervical neoplasia, were recently reported
[13,25]. Therefore, the detection of HPV 58 in addition to
HPVs 16 and 18 in cytologically abnormal women may provide an early indicator of cervical precancerous lesion and
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invasive cancers in East Asia. In addition, it may be helpful
in predicting the effects of the next generation vaccines for
other high-risk HPVs (non–HPV 16/18) [26].
This study was the first Korean HPV cohort study and provided a relatively large-scale assessment of the distribution
of HPV types in South Korea. The results showed the impact
of HPV genotypes on the natural course of cervical cytology
over the course of 1 year. The evaluation of this cohort is ongoing and we will report follow-up data from the longitudinal study.

Conclusion
Overall, HPV genotypes numbered in the 50s were frequent in Korean women with ASC-US and LSIL. In particular, HPV 58 was the most common high-risk HPV other than
HPV 16/18 and greatly contributed to cytological progression in women with ASC-US/LSIL. This result may help us
to understand the HPV genotype distribution and provide
additional information on the association of HPV types other
than HPV 16/18 with the prognosis of abnormal cytology.

Kyeong A So, Impact of High-Risk HPV Except HPV 16/18
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The purpose of this study is to compare quality of life (QoL) and sexual functioning between
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Materials and Methods
In this cross-sectional study, propensity-score-matched cervical cancer survivors (n=104)
and healthy women (n=104) were compared. All women had engaged in sexual activity
within the previous 3 months, and cervical cancer survivors showed no evidence of disease
after primary treatment. QoL and sexual functioning were assessed using three questionnaires; the European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire Core 30 (EORTC QLQ-C30), Cervical Cancer Module (EORTC QLQ-CX24), and
the Female Sexual Function Index (FSFI).
Results
Significantly higher scores for lymphedema were observed in the cervical cancer survivors
group compared with the healthy women group (mean, 20.2 vs. 12.2; p < 0.05). Sexuality,
both in terms of sexual activity, sexual enjoyment, and sexual worry (EORTC QLQ-CX24), and
in terms of desire, arousal, lubrication, orgasm, satisfaction, and pain (FSFI) were similar
between the groups. When the scale of sexual/vaginal functioning in EORTC QLQ-CX24 was
divided into individual questions, cervical cancer survivors reported shorter vaginal length
than the control group, but without statistical significance (mean, 80.6 vs. 85.4; p=0.077).
Conclusion
Compared with healthy women, sexuality was not impaired in cervical cancer survivors who
showed no evidence of disease after primary treatment and engaging in sexual activity. Further prospective cohort studies are warranted to confirm this finding.

Introduction
In 2015, cervical cancer was predicted to account for 2.2%
of all new cancers (n=3,100) and 2.6% of all cancer deaths
(n=761) among Korean women [1]. The incidence of cervical
cancer is much higher than that of other gynecologic malignancies such as endometrial cancer and ovarian cancer [2].
As the recent survival of cervical cancer patients has
improved, quality of life (QoL), including sexuality, has
│ http://www.e-crt.org │
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become an important issue for survivors [3].
Reports on sexuality in Korean women have been limited
[4-6]. For women with gynecologic cancer, survivors’ QoL
and sexual functioning worsened after treatment [3,7]. Treatment for cervical cancer is composed of radiotherapy,
chemotherapy, and radical surgery, and various combinations of these modalities are frequently administered. Considering these aspects, some studies have evaluated the
extent of deterioration according to the type of treatment [8].
However, small size of the study population, heterogeneity
Copyright ⓒ 2016 by the Korean Cancer Association
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in patient’s characteristics, and use of different questionnaires among the studies hinder inferences from the results.
In addition, it is necessary to measure cervical cancer survivors’ sexuality using authorized questionnaire sets and to
perform a comparison with that of a proper control group.
Sexual-wellbeing is an important part of cancer survivorship. Therefore, precise information on this issue, which
might be affected by treatment, should be provided to cancer
survivors as well as to their partners. Thus, the aim of this
study was to compare QoL and sexual functioning between
cervical cancer survivors and healthy women.

Materials and Methods
After obtaining approval from the Institutional Review
Board (NCCNCS-13-685), the current study was conducted
in the outpatient clinic of the National Cancer Center, Korea
during the period between February 2013 and January 2014.
To be eligible for inclusion, cervical cancer survivors had to
have no evidence of disease, be 18 years of age, be able to
understand Korean, and had to have engaged in sexual
activity within 3 months of the study. Women who had not
been diagnosed with any type of cancer in their medical
records and who had engaged in sexual activity within the
previous 3 months were assigned to the control group. Those
who refused to participate or failed to complete the questionnaires were excluded.
Enrolled women’s demographic data, including age, education, family income, marital status, and occupational status, were collected by interview and review of the medical
records. Women’s QoL was assessed using the European
Organization for Research and Treatment of Cancer Quality
of Life Questionnaire Core 30 (EORTC QLQ-C30) and Cervical Cancer module (EORTC QLQ-CX24).
The EORTC QLQ-C30 is a 30 item, cancer-specific questionnaire for assessment of five functioning scales (physical,
role, emotional, cognitive, and social functions), three symptom scales (fatigue, pain, and nausea and vomiting), a scale
for global health status and overall QoL, and six single-items
(dyspnea, insomnia, appetite loss, constipation, diarrhea, and
financial difficulties) [9]. The scales and single-item measures
are scored from 0 to 100. In the functional and global health
scales, higher scores indicate better functioning or status,
while higher scores on the symptom scales and for the single-items reflect more problematic symptoms.
The EORTC QLQ-CX24 is a 24 item, cervical cancer-specific questionnaire composed of three multi-item scales
(symptom experience, body image, and sexual/vaginal functioning) and six single-item scales (lymphedema, peripheral
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neuropathy, menopausal symptoms, sexual activity, sexual
worry, and sexual enjoyment) [10]. The scales and singleitem measures are also scored from 0 to 100. In sexual activity
and sexual enjoyment, higher scores indicate better functioning, however, in the other scales and single-items, higher
scores reflect more problematic functioning or status.
For assessment of women’s sexual functioning, the Korean
version of the Female Sexual Function Index (FSFI) was also
used [11]. This 19-item questionnaire includes six domains:
desire, arousal, lubrication, orgasm, satisfaction, and pain. A
higher score in each domain indicates better status.
Statistical analysis was performed using the R statistical
software ver. 2.12.1 (R Foundation for Statistical Computing,
Vienna, Austria; ISBN 3-900051-07-0; http://www.Rproject.
org). Because the demographic characteristics of the cervical
cancer survivors and control groups were different, the two
groups were matched in age, education, family income, marital status, occupational status, and exercise using propensity
score matching. Count percentage, and quartile were used
for analysis of the demographic and clinical characteristics
of the participants. t tests were performed for comparison of
continuous variables between cervical cancer survivors and
control groups.

Results
Among the women who agreed to participate in the study,
135 cervical cancer survivors and 220 women in the control
group provided informed consent and completed the questionnaires (Fig. 1). After the propensity score matching,
demographic data, including age, education, family income,
marital status, occupational status, and regular exercise were
not significantly different between the cervical cancer survivors and control group (Table 1).
The clinical characteristics of cervical cancer survivors are
shown in Table 2. The majority of cervical cancer survivors
(95.2%) were International Federation of Gynecology and
Obstetrics stage I and II diseases. Squamous cell carcinoma
was the most frequent histologic type (77.9%). The median
interval from the diagnosis of cervical cancer to the current
study was 45 months (range, 5 to 211 months). The proportions of the survivors according to the intervals between
diagnosis to survey were as follows: < 2 years, 29.8%;
2-5 years, 37.5%; and > 5 years, 32.7%.
In terms of the treatment, radical hysterectomy was performed in 63.5% of the cervical cancer patients. Twelve point
five percent of the survivors received all three treatment
modalities: radical hysterectomy, radiotherapy, and chemotherapy.

Yumi Lee, Sexuality in Cervical Cancer Survivors

Cervical cancer survivors
Participants assessed for eligibility (n=238)

Control subjects
Participants assessed for eligibility (n=265)

Excluded at screening (n=103)
Do not have sexual activity
within 3 months (n=91)
Patient’s refuse (n=11)
Do not understand Korean (n=1)

Excluded at screening (n=45)
Do not have sexual activity
within 3 months (n=28)
Patient’s refuse (n=15)
Do not understand Korean (n=2)

Completed questionnaire (n=135)

Completed questionnaire (n=220)

Propensity score matching

Study group (n=104)

Control group (n=104)

Fig. 1. Flow chart of enrollment.

Table 1. Demographic characteristics of cervical cancer survivors and control group
Characteristic
Age (yr)
Marital status
Single/Separated/Widowed
Married
Education (yr)
9
>9
Family income ($/mo)
 2,000
> 2,000 to  4,000
> 4,000
Occupational status
Yes
No
Menopause status
Yes
No
Regular exercise
Yes
No

Cervical cancer survivor (n=104)

Control group (n=104)

p-value

46.95±7.98

48.86±8.53

0.098

14 (13.5)
90 (86.5)

11 (10.6)
93 (89.4)

0.670

12 (11.5)
92 (88.5)

14 (13.5)
90 (86.5)

0.834

13 (12.5)
45 (43.3)
46 (44.2)

16 (15.4)
44 (42.3)
44 (42.3)

0.833

45 (43.3)
59 (56.7)

49 (47.1)
55 (52.9)

0.676

76 (73.1)
28 (26.9)

67 (64.4)
37 (35.6)

0.231

50 (48.1)
54 (51.9)

45 (43.3)
59 (56.7)

0.578

Values are presented as mean±standard deviation or number (%).

The comparison of the EORTC QLQ-C30 and CX24 scores
between cervical cancer survivors and control group is
shown in Table 3. Among the scales, only scores for lymphedema (mean, 20.2 vs. 12.2; p=0.022) and body image

(mean, 73.1 vs. 79.6; p=0.036) were significantly different
between the two groups. When the scale of sexual/vaginal
functioning in EORTC QLQ-CX24 was divided into individual questions, cervical cancer survivors reported shorter
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Table 2. Clinical characteristics of cervical cancer survivors
Characteristic
FIGO stage




Histology
Squamous cell carcinoma
Adenocarcinoma
Small cell carcinoma
Survival period (yr)
2
> 2 to  5
>5
Type of treatment
Conization only
Simple hysterectomy only
Radical hysterectomy only
Conization+R+C
Simple hysterectomy+C
Simple hysterectomy+R+C
Radical hysterectomy+C
Radical hysterectomy+R
Radical hysterectomy+R+C
Staging surgery only+R
R only
R+C
Type of surgery
Conization
Simple hysterectomy
Radical hysterectomy
Staging surgery
No surgery
Status of ovaries
Ovaries in situ
Ovarian transposition
Bilateral oophorectomy
Unilateral oophorectomy

Cervical cancer survivor
(n=104)
81 (77.9)
18 (17.3)
4 (3.8)
1 (1.0)
81 (77.9)
22 (21.2)
1 (1.0)
31 (29.8)
39 (37.5)
34 (32.7)
14 (13.5)
8 (7.7)
43 (41.3)
2 (1.9)
1 (1.0)
2 (1.9)
4 (3.8)
6 (5.8)
13 (12.5)
3 (2.9)
1 (1.0)
7 (6.7)
16 (15.4)
11 (10.6)
66 (63.5)
3 (2.9)
8 (7.7)
79 (76.0)
1 (1.0)
18 (17.3)
6 (5.8)

Values are presented as number (%). Staging surgery was
defined as performance of pelvic lymphadenectomy and
para-aortic lymphadenectomy without hysterectomy.
FIGO, International Federation of Gynecology and Obstetrics; R, radiotherapy; C, chemotherapy.
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vaginal length than the control group, but without statistical
significance (mean, 80.6 vs. 85.4; p=0.077). Other scale scores
of the EORTC QLQ-CX24 including sexual activity (32.1 vs.
30.1, p=0.583), sexual enjoyment (40.1 vs. 37.8, p=0.537), and
sexual worry (26.6 vs. 22.0, p=0.214) were similar between
cervical cancer survivors and control group.
The comparison of the FSFI scores between two groups is
also shown in Table 3. Scale scores for desire (3.0 vs. 2.9,
p=0.617), arousal (3.5 vs. 3.2, p=0.232), lubrication (4.1 vs. 4.0,
p=0.696), orgasm (3.9 vs. 3.7, p=0.356), satisfaction (4.0 vs.
3.9, p=0.363), and pain (4.5 vs. 4.1, p=0.214) were not significantly different between cervical cancer survivors and control group.

Discussion
In the current study, lymphedema was more problematic
in cervical cancer survivors compared to the control group.
Sexuality, both in terms of sexual activity, sexual enjoyment,
and sexual worry (EORTC QLQ-CX24), and in terms of
desire, arousal, lubrication, orgasm, satisfaction, and pain
(FSFI) were similar between the two groups.
Data from previously published studies on cervical cancer
survivors’ sexuality which used the FSFI are summarized in
Table 4 [12-17]. Sexual functioning deteriorated after radiotherapy, radical hysterectomy, and radical trachelectomy
[14-16]. Older age and lower level of education were associated with more deteriorated sexual functioning of the survivors [17]. Importantly, impact of the type of treatment on
sexuality was inconsistent among the previous studies [12,
14]. In the current study, with 45 months of median interval
from the diagnosis, cervical cancer survivors showed similar
total FSFI scores compared to the control group (23.0 vs. 21.9,
p=0.300).
It has been reported that survivors of gynecologic malignancies express a reluctance to engage in sexual activity due
to the fear of recurrence [18]. In the current study, the proportion of women excluded because of absence of sexual
activity within 3 months was 38.2% (91/238) in cervical cancer survivors, whereas it was only 10.6% (28/265) in the control group. In addition, as Asians are known to be more
sexually conservative, Korean women are considered to have
relatively lower levels of sexual interest and activity [19].
These features might result in similar sexual functioning
between cervical cancer survivors and control group.
In the current study, the target participants were limited
to women who had engaged in sexual activity within 3
months. Although the diagnosis of sexual dysfunction is usually evaluated sexual problems within the last 6 months at
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Table 3. Comparison of quality of life and sexual function between cervical cancer survivors and control group
Domain
EORTC QLQ-C30
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea and vomiting
Pain
Dyspnea
Insomnia
Appetite loss
Constipation
Diarrhea
Financial difficulties
Global health status
EORTC QLQ-CX24
Body image
Symptom experience
Lymphedema
Peripheral neuropathy
Menopausal symptoms
Sexual activity
Sexual enjoyment
Sexual/Vaginal functioning
Sexual worry
FSFI
Desire
Arousal
Lubrication
Orgasm
Satisfaction
Pain
Total

Cervical cancer survivor (n=104)

Control group (n=104)

p-value

79.3±15.5
85.7±19.8
77.9±20.9
77.9±17.6
83.2±24.3
35.1±22.7
5.8±13.3
15.2±19.6
12.2±20.8
23.4±27.8
11.2±19.5
25.0±28.2
14.7±21.2
11.2±20.6
64.5±20.2

80.6±14.5
87.3±17.1
76.8±21.9
78.4±16.9
88.1±21.1
39.9±23.9
8.7±16.9
19.4±21.7
12.8±19.9
25.3±26.9
10.3±18.0
21.8±28.5
11.9±22.2
10.3±21.3
59.9±20.5

0.539
0.533
0.706
0.841
0.117
0.147
0.173
0.147
0.820
0.613
0.712
0.416
0.339
0.741
0.108

73.1±25.2
12.1±10.1
20.2±28.0
22.4±28.4
20.5±27.2
32.1±24.5
40.1±24.3
80.6±20.6
26.6±28.0

79.6±18.8
10.5±8.9
12.2±21.8
17.0±23.2
17.3±23.2
30.1±26.6
37.8±25.9
85.4±16.8
22.0±24.9

0.036
0.244
0.022
0.132
0.362
0.583
0.537
0.077
0.214

3.0±1.0
3.5±1.3
4.1±1.7
3.9±1.5
4.0±0.7
4.5±1.7
23.0±6.6

2.9±1.1
3.2±1.6
4.0±1.9
3.7±1.8
3.9±1.2
4.1±2.0
21.9±8.2

0.617
0.232
0.696
0.356
0.363
0.214
0.300

Values are presented as mean±standard deviation. EORTC QLQ-C30, The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; EORTC QLQ-CX24, The European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire-Cervical Cancer Module; FSFI, Female Sexual Function Index.

DSM-5, the Japanese researchers who developed the Japanese version of the FSFI proposed sexual activity within 3
months [20]. Accordingly, women who had sexual activity
within 3 months, rather than 6 months, were enrolled in this
study.
The QoL of cervical cancer survivors has improved over
time [21]. A similar level of QoL between cervical cancer survivors and control groups may be explained by the relatively
long interval from the diagnosis to the survey (median,
45 months), as well as by the survivors’ disease-free state.

Body image is a part of the QoL. The majority of rectal, gastric, and head and neck cancer patients have shown a deteriorated body image [22,23]. The aggravated body image
during cancer treatment may recover gradually after treatment. However, body image is often not fully recovered,
even 5 years after treatment [23]. Body image is also known
to be affected by socioeconomic status.
Interestingly, the cervical cancer survivors in the current
study showed better body image than women in the control
group (73.1 vs. 79.6, p=0.036). Possible reasons for this findVOLUME 48 NUMBER 4 OCTOBER 2016
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Feb 2004Jan 2008

Jan 2003Dec 2007

Feb 2004Jan 2008

Carter et al.
(2008) [13], USA

Serati et al.
(2009) [15], Italy

Carter et al.
(2010) [12], USA

Tsai et al.
NA
(2011) [17], Taiwan

NA

Study
period

Frumovitz et al.
(2005) [14], USA

Study
(year)

CCRT

Age < 55 yr
at the treatment

-

NA

-

Severe physical
handicap
Pregnant

Non-sexually
active women
Severe mental
illness

NA

Treated for other
malignancies
-

CIS or above
NA
age  20 yr
Sexual activity 3 yr
before the diagnosis

Age 18-45 yr

Stage
IA1-IB2

Stage IB or
IIA
Received RH

Age 18-49 yr

Disease-free
state
Surgery or
radiotherapy
Stage I

Treatment at least Disease
5 yr previously
recurrence

Combination
of surgical and
radiation therapies

Exclusion
criteria

Stage I

Inclusion
criteria

-

CC (n=105)

RH (n=19)

Laparotomy
(n=18)
Control
(n=35)
RT (n=33)

Laparoscopy
(n=20)

RH (n=38)

-

54.3
(28-78)
-

37.6

44.5
(25-68)
45.0
(24-69)
32.6

47.0
(24-71)
45.0
(24-69)

-

18-49

-

RT (n=30)

-

42.8

46.9

43.6

Age
at study

-

Control
(n=40)

Radiotherapy
(n=37)

RH (n=37)

No. of
participants

-

Baseline vs.
after 2 yr
15.7 vs. 22.6
NA

-

NA

-

NA

-

30.7
Baseline vs.
after 2 yr
17.4 vs. 21.9

-

-

NA

-

NA

-

-

-

7.0

7.5

21.9

10.8

17.2

-

NA

-

-

26.4

17.1

25.1

FSFI
Years since
total score diagnosis

Table 4. Summary of studies using the Female Sexual Function Index (FSFI) to assess sexuality in cervical cancer

-

-

-

FSFI
-

FSFI,
FACT-CX,
CES-D,
IES
-

FSFI

FSFI,
FACT-CX,
CES-D
-

-

-

-

FSFI, SF-12,
BSI-18,
menopause
scale,
A-DAS,
CARES
-

Measurement

Level of education
( 9th grade) (CI, 1.51-10.37)

Older age (CI, 1.07-1.25)

-

Sexual functioning and
QoL did not differ significantly
by surgical type

-

At the 6-mo follow-up assessment,
70% of the women were
sexually active
Postoperative dyspareunia
decreased over time
Radical hysterectomy
deteriorated sexual functioning
Laparoscopic surgery did not
show any benefit on sexuality
over the abdominal surgery
-

-

63% of those sexually
active before having cancer
remained sexually active after
treatment
Sexual functioning and QoL
did not differ significantly between
surgery and control
-

Radiotherapy deteriorated sexual
functioning

Result

Cancer Res Treat. 2016;48(4):1321-1329

Feb 2013Jan 2014

Lee et al.,
Korea

-

Sexual activity
within 3 mo
Disease-free
state
-

-

Age  18 yr

Stage I-IV

-

Control
(n=104)
-

Laparotomic approach RT (n=18)
Oophorectomy with
RH (n=24)
radical surgery
Adjuvant radiation
and/or chemotherapy
Disease recurrence
Refuse to participate
CC
in the survey
(n=104)

Age < 40 yr
Sexual activity
preoperative
-

Conization
(n=39)

No. of
participants

Refuse to participate
in the survey

Exclusion
criteria

Stage IA-IB1

Inclusion
criteria

-

-

48.9 (24-66)

-

-

21.9

23.0

-

47.0 (24-70)

21.7
22.4

30.7

-

-

-

3.7

-

2.5
2.3

2.5

FSFI
Years since
total score diagnosis

34.7
36.8

34.7

Age
at study

-

-

-

-

FSFI,
EORTC
QLQ-C30,
EORTC QLQ
-CX24
-

FSFI

Measurement

-

-

Sexual functioning was not impaired

Body image and
lymphedema were more problematic
in cervical cancer survivors

-

Radical trachelectomy and
hysterectomy deteriorated
sexual function than conization
-

Result

NA, not available; RH, radical hysterectomy; SF-12, Short Form 12; BSI, Brief Symptom Index-18; A-DAS, Abbreviated Dyadic Adjustment Scale; CARES, Cancer
Rehabilitation Evaluation System; CCRT, concurrent chemoradiotherapy; QoL, quality of life; RT, radical trachelectomy; FACT, Functional Assessment of Cancer
Therapy; CES-D, Center for Epidemiology Studies Depression; IES, Impact of Event Scale; CIS, carcinoma in situ; CC, cervical cancer; CI, confidence interval; EORTC
QLQ-C30, The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; EORTC QLQ-CX24, EORTC QLQ-Cervical
Cancer Module.

Aug 2010Nov 2010

Study
period

Song et al.
(2012) [16],
Korea

Study
(year)

Table 4. Continued
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ing may be as follows. (1) Through the three concise questions for measurement of body image, quantitative or detailed measurement of body image was limited. (2) Korean
women tend to be sensitive regarding their appearance and
to have more body dissatisfaction. According to the previous
study comparing body satisfaction across groups of college
women from Korea, China, and the United States, the highest
dissatisfaction was observed in Korean women [24]. In the
Korea National Health and Nutrition Examination Survey,
2007-2010, a quarter of underweight adult Korean women
(25.4%) have tried to control weight, and this attempt was
influenced by distorted body image [25]. Therefore, even
Korean women who are healthy and without disease may
have poor body image. (3) Last, because of propensity score
matching, socioeconomic status, known to be associated with
altered body image, was not different between the two
groups.
The symptoms of lymphedema were aggravated in cervical cancer survivors compared to the control group, as treatment for cervical cancer includes pelvic lymph node
dissection as part of surgical treatment, chemotherapy, or
radiotherapy in the pelvic area. After surgery and radiotherapy, a damaged lymphatic system is not fully recovered. The
prolonged or persistent lymphedema-related symptoms
have been also known to cause deterioration of the patients’
QoL [21].
The current study had several limitations. Only women
who had engaged in sexual activity within 3 months were
included. Propensity score matching was used to make an
adjustment for demographic characteristics of the cervical
cancer survivors and control group. Inevitable issues, such
as selection bias, might exist in this case-control study.

Conclusion
Compared with healthy women, sexual functioning was
not impaired in cervical cancer survivors who showed no
evidence of disease after primary treatment and engaging in
sexual activity. However, in terms of QoL, lymphedema was
more problematic in cervical cancer survivors than in the
control group. Prospective cohort studies are warranted to
confirm these findings.
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Purpose
The purpose of this study is to identify risk factors for transient lymphedema (TLE) and persistent lymphedema (PLE) following treatment for breast cancer.
Materials and Methods
A total of 1,073 patients who underwent curative breast surgery were analyzed. TLE was
defined as one episode of arm swelling that had resolved spontaneously by the next followup; arm swelling that persisted over two consecutive examinations was considered PLE.
Results
At a median follow-up period of 5.1 years, 370 cases of lymphedema were reported, including 120 TLE (11.2%) and 250 PLE (23.3%). Initial grade 1 swelling was observed in 351
patients, of which 120 were limited to TLE (34%), while the other 231 progressed to PLE
(66%). All initial swelling observed in TLE patients was classified as grade 1. In multivariate
analysis, chemotherapy with taxane and supraclavicular radiation therapy (SCRT) were associated with development of TLE, whereas SCRT, stage III cancer and chemotherapy with
taxane were identified as risk factors for PLE (p < 0.05). The estimated incidence of TLE
among initial grade 1 patients was calculated using up to three treatment-related risk factors
(number of dissected axillary lymph nodes, SCRT, and taxane chemotherapy). The approximate ratios of TLE and PLE based on the number of risk factors were 7:1 (no factor), 1:1
(one factor), 1:2 (two factors), and 1:3 (three factors).
Conclusion
One-third of initial swelling events were transient, whereas the other two-thirds of patients
experienced PLE. Estimation of TLE and PLE based on known treatment factors could facilitate prediction of this life-long complication.

Introduction
Lymphedema (LE) is a common and debilitating condition
in breast cancer survivors characterized by regional swelling,
typically in one or both arms [1]. It is characterized by an
accumulation of protein-rich fluids caused by an interruption
in the axillary lymphatic drainage from the arm [2]. Due to
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the increased survival of breast cancer patients, LE has
emerged as an important long-term morbidity, resulting in
functional, cosmetic, and psychological problems, all of
which may significantly impact quality of life [3].
Despite the frequency of this condition, there are no uniform criteria for defining LE. Symptom duration is generally
not stated as part of the definition of LE, with a diagnosis of
LE made primarily on the presence of swelling alone [1,4,5].
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After the initial onset of symptoms, many patients experience
a spontaneous resolution of swelling without progressing to
a persistent condition. This transient swelling is typically of
less than six-month duration [6].
At the time of initial swelling, determining whether a
patient has either transient lymphedema (TLE) or persistent
lymphedema (PLE) is important, particularly among PLE
patients who must learn to cope with this life-long complication through the use of proactive education and management. In contrast, TLE patients, whose symptoms can be
expected to resolve naturally, may benefit by avoiding
unnecessary treatment. However, the incidence, time course
of TLE, and risk factors associated with progression to PLE
from initial swelling remain poorly understood. In this
study, we analyzed the incidence and risk factors for development of TLE and PLE after initial swelling and estimated
the ratio of TLE and PLE based on the presence of known
treatment-related factors.

Materials and Methods
1. Patients
The study population consisted of 1,255 consecutive breast
cancer patients who underwent curative breast surgery with
axillary lymph node dissection (ALND) at the National Cancer Center, Korea between May 2004 and April 2009. Those
with synchronous or metachronous contralateral breast cancer (n=7) and those with a follow-up period of < 3 years were
excluded (n=175). The remaining 1,073 patients were included in the current analysis, which was performed in accordance with the guidelines of the Institutional Review Board
at the National Cancer Center of Korea.
2. Treatment
Surgery consisted of either modified radical mastectomy
(MRM) or breast-conserving surgery (BCS), as necessary,
based on the surgeon’s recommendations and tumor characteristics. The general criteria for patient selection for BCS
included a lack of initial extensive skin or chest wall involvement, absence of extensive microcalcifications or multifocal
disease, the anticipated adequacy of residual breast tissue
following BCS, and an absolute contraindication against
breast irradiation. MRM was performed in all other patients.
Standard ALND was performed with or without sentinel
lymph node biopsy in all patients.
Adjuvant chemotherapy (ACT) consisted of six to eight
courses of a non-taxane containing (n=264) or taxane-con-

taining (n=414) regimen. Neoadjuvant chemotherapy (NCT)
consisted of four to six courses of anthracycline-based, taxane-based, or combined anthracycline-taxane therapy. Adjuvant hormonal suppression therapy using tamoxifen or an
aromatase inhibitor was offered to 951 patients (79%) with
estrogen receptor–positive or progesterone receptor–positive
tumors. Trastuzumab was administered for 1 year in patients
with c-erbB2–overexpressing tumors.
Radiation therapy (RT) was delivered to all BCS and MRM
patients with pT3, pN2-pN3, or pN1 with extracapsular
invasion of the involved nodes for patients treated with ACT.
All patients who received NCT were treated with RT, irrespective of the type of surgery. Planning computed tomography scans were obtained in all patients, and RT was
performed using conventional techniques. Typically, 50.4 Gy
were delivered in 28 fractions to the ipsilateral breast or chest
wall [7]. After BCS, all patients received an electron boost
(median, 10 Gy) to the lumpectomy cavity. Ipsilateral axillary
apex and supraclavicular RT (SCRT) was delivered to patients of pN2 to pN3 status who received ACT, and to all patients who received NCT (median, 45 Gy). Daily posterior
axillary boost was also delivered. Internal mammary nodal
RT was administered to only 17 patients (5%) with clinically
positive internal mammary nodes. The initial planned dose
of RT was completed in all cases.
3. Measurement and assessment of LE
Determination of LE was based on both objective (circumference measurement) and subjective (patient perception of
arm edema) assessments, as described previously [3]. Beginning in 2004, measurement and assessment of LE was performed in all patients by a single physician (K.H.S.) as part
of a prospective database. At each follow-up visit, patients
were asked whether they were currently experiencing
swelling, heaviness, thickness, tiredness, or pain in their
affected arms, regardless of reported differences in arm size.
Patients were also asked to recall preoperative arm condition, with no patient reporting preoperative arm swelling.
Circumference measurements of the ipsilateral and contralateral arms at 10 cm above the antecubital fold were performed
regularly every 6 months, beginning at least 6 months postoperatively until the last follow-up. Ipsilateral arm swelling
of more than 5% of the circumferential difference without
special conditions (such as a previous accident or injury to
the contralateral arm) was considered objective LE. Graded
scales combining subjective symptoms and the Common
Terminology Criteria for Adverse Events ver. 4.0 were used
for LE scoring. A difference of 5%-10% in arm measurement
or only self-perception of arm swelling with less than 5%
measurement difference was scored as grade 1; arm measurement differences of 10%-30% or > 30% were scored as
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grades 2 or 3, respectively. Assessments were made beginning at least 6 months postoperatively and regularly every 6
months until the last follow-up.
LE events were defined as any case of arm swelling,
including both objectively and subjectively defined incidents.
TLE was defined as a single episode of arm swelling that
resolved spontaneously at the next follow-up. PLE was defined as arm swelling that persisted over two consecutive follow-up examinations.
4. Statistical analysis
The rates of LE were calculated using the Kaplan-Meier
method, and the development of LE was measured from the
date of surgery. Univariate Cox proportional hazards models
were used for evaluation of risk factors associated with the
development of LE. The factors included age (< 50 years vs.
 50 years), body mass index (BMI; < 25 kg/m2 vs.  25
kg/m2), T classification (T1-T2 vs. T3-T4), N classification
(N0-N1 vs. N2-N3), stage (I-II vs. III), type of surgery (BCS
vs. MRM), number of dissected axillary lymph nodes
(N-ALN;  10 vs. > 10), and regimen of chemotherapy (not
performed or chemotherapy without taxane vs. chemotherapy with taxane). Variables shown to be significant (p < 0.05)
in univariate analysis were selected for multivariate analysis.
Differences between risk groups were estimated using the
log-rank test. All statistical tests were two-sided, and statistical significance was defined as a p-value < 0.05. Statistical
analyses were performed using SPSS ver. 17.0 (SPSS Inc.,
Chicago, IL).

Results
A summary of patient and treatment characteristics is
shown in Table 1. The median age at diagnosis was 47 years
(range, 26 to 81 years). In terms of disease stage, 213 patients
(19.8%) were diagnosed with stage I, 505 patients (47.1%)
with stage II, and 355 patients (33.1%) with stage III. BCS was
performed in 814 patients (75.9%) and MRM in 259 patients
(24.1%). Median N-ALN was 11 (range, 5 to 41). ACT was
administered to 678 patients (63.2%) and NCT to 299 patients
(27.9%). Taxane-based regimen was administered to 706
patients (65.8%) and non-taxane-based regimen to 271 patients (25.3%). RT was administered to 965 patients (89.9%);
410 patients (38.2%) received breast or chest wall irradiation
alone, and 555 patients (51.7%) received breast irradiation
with SCRT.
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Table 1. Patient and treatment characteristics (n=1,073)
Characteristic
Age (yr)
Median (range)
BMI (kg/m2)
Median (range)
Stagea)
I
II
III
Ta)
T1
T2
T3
T4
Na)
N0
N1
N2
N3
Type of surgery
BCS
Mastectomy
N-ALNs
 10
11-20
 21
Chemotherapy
Not done
ACT
NCT
NCT and ACT
Radiation therapy
Not done
Breast only
Breast with SCRT
Hormonal therapy
No
Yes

No. (%)
47 (26-83)
23.6 (17.1-42.5)
213 (19.8)
505 (47.1)
355 (33.1)
435 (40.5)
536 (50.0)
74 (6.9)
28 (2.6)
312 (29.1)
433 (40.3)
250 (23.3)
78 (7.3)
814 (75.9)
259 (24.1)
489 (45.6)
470 (43.8)
114 (10.6)
96 (8.9)
678 (63.2)
110 (10.3)
189 (17.6)
108 (10.1)
410 (38.2)
555 (51.7)
222 (20.7)
851 (79.3)

BMI, body mass index; BCS, breast-conserving surgery;
N-ALNs, number of dissected axillary lymph nodes; ACT,
adjuvant chemotherapy; NCT, neoadjuvant chemotherapy; SCRT, supraclavicular radiation therapy. a)Clinical
stage in NCT.

1. Incidence and time course of LE
The median follow-up duration from the date of surgery
was 5.1 years (range, 3.0 to 8.7 years). LE events were reported in 370 patients (34.5%), consisting of 120 patients
(11.2%) with TLE and 250 (23.3%) with PLE. The final LE
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Fig. 1. Kaplan-Meier curves of the cumulative incidence of breast cancer–related lymphedema (LE) for transient (A) and
persistent (B).

grade of 250 PLE patients was grade 1 in 188, grade 2 in 60,
and grade 3 in 2. Initial LE grade of all 370 patients was grade
1 in 351 (32.7%) and grade 2 in 19 (1.8%). A total of 120 of 351
patients who were initial grade 1 LE were limited to TLE
(34%) and the remaining 231 patients progressed to PLE
(66%). The initial swelling for TLE patients was all grade 1
edema. Among the 119 grade 1 patients who had both subjective symptoms and objective differences at initial swelling,
95 (80%) progressed to PLE. All 19 patients with grade 2 LE
at the time of initial diagnosis progressed to PLE. Among
PLE patients, 49 of 231 patients initially diagnosed as grade
1 eventually progressed to grade 2, with one patient progressing to grade 3.
The overall 5-year cumulative incidence of TLE and PLE
was 12.5% and 25.3%, respectively (Fig. 1). Among TLE patients, LE events occurred within 1 year after surgery in 73%
of cases, 2 years in 91% of cases, and 3 years in 98% of cases.
In PLE patients, LE events occurred within 1 year after surgery in 58% of cases, 2 years in 83% of cases, and 3 years in
93% of cases.
2. Risk factors correlated with LE
Results of univariate analysis of patient-, disease-, and
treatment-related factors associated with development of
TLE and PLE are shown in Table 2. In univariate analysis,
higher rates of TLE development showed significant correlation with advanced stage at diagnosis (III), N-ALN (> 10),

chemotherapy regimen (with taxane), and RT (breast with
SCRT); higher rates of PLE development showed correlation
with advanced stage at diagnosis (III), type of surgery
(MRM), N-ALN (> 10), chemotherapy regimen (with taxane),
and RT (breast with SCRT). Patients with more advanced
stages of disease showed higher rates of LE (12.4% in stage
III vs. 10.6% in stage I or II for TLE, 41.7% vs. 14.2% for PLE;
p < 0.001). The rates of PLE in patients who underwent BCS
and MRM were 21.6% and 28.2%, respectively (p=0.02). The
LE rates for N-ALNs  10 and > 10 for TLE were 9% and 13%,
respectively (p=0.001), compared with 13.7% and 31.3%, respectively, for PLE (p < 0.001). Regarding chemotherapy regimens, chemotherapy with taxane showed significant association with an increased risk of both TLE and PLE, compared with patients receiving no chemotherapy or chemotherapy without taxane (13.5% vs. 6.8% for TLE, 33.0% vs.
4.6% for PLE; p < 0.001). Incidences of TLE and PLE were significantly higher in patients who received breast RT with
SCRT than in patients who received no RT or breast RT only
(14.2% vs. 7.9% for TLE, 37.8% vs. 7.7% for PLE; p < 0.001).
Factors not significantly associated with LE outcomes
included age and BMI in both TLE and PLE, with TLE also
showing no association with type of surgery.
In multivariate analysis using a stepwise backward selection procedure, chemotherapy with taxane (hazard ratio
[HR], 1.86; p=0.03) and breast RT with SCRT (HR, 2.03;
p=0.003) were independent risk factors for TLE development
(Table 3). The advanced stage and N-ALN did not affect TLE.
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Table 2. Univariate analysis of risk factors associated with breast cancer–related lymphedema
Classification

Total (n=1,073)

Transient LE (%) (n=120)

p-value

690
383

80 (11.6)
40 (10.4)

0.86

149 (21.6)
101 (26.4)

0.06

713
351

77 (10.8)
43 (12.3)

0.40

161 (22.6)
84 (23.9)

0.47

718
355

76 (10.6)
44 (12.4)

0.001

102 (14.2)
148 (41.7)

< 0.001

971
102

107 (11.0)
13 (12.7)

0.10

209 (21.5)
41 (40.2)

< 0.001

745
328

79 (10.6)
41 (12.5)

0.001

112 (15.0)
138 (42.1)

< 0.001

814
259

94 (11.6)
26 (10.0)

0.88

177 (21.7)
73 (28.2)

0.02

489
584

44 (9.0)
76 (13.0)

0.001

67 (13.7)
183 (31.3)

< 0.001

367
706

25 (6.8)
95 (13.5)

< 0.001

17 (4.6)
233 (33.0)

< 0.001

518
555

41 (7.9)
79 (14.2)

< 0.001

40 (7.7)
210 (37.8)

< 0.001

Age (yr)
< 50
 50
BMI (kg/m2)a)
< 25
 25
Stage
I or II
III
T
T1-T2
T2-T4
N
N0-N1
N2-N3
Type of surgery
BCS
Mastectomy
N-ALNs
 10
> 10
Regimen of chemotherapy
Not done or without taxane
Chemotherapy with taxane
Radiation therapy
Not done or breast only
Breast with SCRT

Persistent LE (%) (n=250)

p-value

LE, lymphedema; BMI, body mass index; BCS, breast-conserving surgery; N-ALNs, number of dissected axillary lymph
nodes; SCRT, supraclavicular radiation therapy. a)Analysis except nine patients without BMI information.

Table 3. Multivariate analysis of risk factors associated with breast cancer–related lymphedema
Variable
Stage (III)
N-ALNs (> 10)
Regimen of chemotherapy with taxane
Radiation therapy (breast with SCRT)

Transient LE

Persistent LE

HR (95% CI)

p-value

HR (95% CI)

0.94 (0.61-1.44)
1.18 (0.78-1.77)
1.86 (1.07-3.24)
2.03 (1.26-3.26)

0.78
0.43
0.03
0.003

1.49 (1.12-1.97)
1.21 (0.91-1.63)
3.74 (2.11-6.63)
2.74 (1.80-4.17)

p-value
0.006
0.20
< 0.001
< 0.001

LE, lymphedema; HR, hazard ratio; CI, confidence interval; N-ALNs, number of dissected axillary lymph nodes; SCRT, supraclavicular radiation therapy.

For PLE development, advanced stage (HR, 1.49; p=0.006),
chemotherapy with taxane (HR, 3.74; p < 0.001), and breast
RT with SCRT (HR, 2.74; p < 0.001) were independent risk
factors.
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3. Estimation of TLE and PLE by treatment factors
The treatment-related factors N-ALN, SCRT, and taxane
chemotherapy have been shown to significantly affect the
development of LE [3,8,9]; therefore we examined whether
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Table 4. Incidence of transient and persistent lymphedema in patients with initial grade 1 swellings according to the number
of risk factors
No. of risk factorsa)
0
1
2
3

No. of patients (n=351)

Transient lymphedema

Persistent lymphedema

Approximate ratio

15
36
107
193

13 (87)
16 (44)
39 (36)
52 (27)

2 (13)
20 (56)
68 (64)
141 (73)

7:1
1:1
1:2
1:3

Values are presented as number (%). a)Number of dissected axillary nodes, supraclavicular radiation therapy, and taxane
chemotherapy.

the tendency of TLE and PLE could be estimated using those
factors. The incidences of TLE and PLE relative to the number of treatment factors in 351 patients with initial grade 1
swelling are shown in Table 4. Among 15 patients who had
no risk factors, 13 patients (87%) were limited to TLE and two
(13%) were defined as PLE. Sixteen of 36 patients (44%) with
one risk factor were TLE; the remaining 20 (56%) were PLE.
The approximate ratio in these scenarios was 1:1. The incidences of TLE and PLE in 107 patients with two risk factors
increased to 36% (n=39) and 64% (n=68), respectively, to an
approximate ratio of 1:2. Of the 193 patients with three risk
factors, the approximate ratio of TLE to PLE was 1:3.

Discussion
LE is an adverse and chronic condition affecting a considerable number of breast cancer survivors. The incidence of
LE among patients with breast cancer varies from less than
5% with lumpectomy alone to more than 60% when treatment includes mastectomy with ALND and RT [10]. Reports
of the incidence of each condition are also inconsistent due
to the variation in the criteria used to define LE and the
variety of assessment techniques [11]. Here, we used a grading scale combining both the objective method of circumference measurement and the subjective method of patient
perception of arm edema to complement the accuracy of each
method [12]. LE was then further subdivided in TLE and PLE
according to presence or absence of arm swelling during the
6-month follow-up examination. PLE (chronic) is of greater
than 6 months in duration, whereas TLE typically lasts less
than 6 months and is related to pitting edema without
brawny skin changes [6]; this distinction allowed for a clear
demarcation between the two types of LE.
Examination of TLE is important, as the natural history of
the condition, including incidence, time course, and risk factors, are not well documented in the literature. Werner et al.
[13] reported that transient and persistent edema occurred

in 7% and 12% of women, respectively, in a study of 282
patients with stage I or II breast cancer who received BCS
with ALND. Higher levels were reported in a study by Norman et al. [14] in which 23.1% of patients experienced mild
LE that generally resolved, or diminished to the point of only
mild flare-ups. In terms of timing, the majority of swelling
in the first year was shown to be largely transient, with factors including exercise and taxane chemotherapy associated
with swelling incidence [4]. In our current study, the overall
5-year cumulative incidence of TLE was 12.5%, while that of
PLE was 25.3%. The onset of first swelling in patients with
TLE was generally earlier compared to those with PLE, possibly due to acute swelling associated with three breast cancer treatment modalities. Of the TLE patients, 73% developed
swelling within 1 year after surgery, compared to only 58%
of PLE patients.
A recent meta-analysis identified chemotherapy as a risk
factor for LE development [1]. We have since expanded on
this finding, showing a clear association between chemotherapy and an increased risk of LE in the context of both ACT
and NCT [3,9], with taxane identified as an independent risk
factor for LE [8]. In the current study, chemotherapy with
taxane, compared with no chemotherapy or chemotherapy
without taxane, increased the risk of TLE and PLE. This
observation was unsurprising, as taxane is known to cause
generalized edema by increasing the amount of extracellular
fluid in the interstitial compartment [4,8,15]. The increased
incidence of LE in the ipsilateral arm following taxane-based
chemotherapy has been shown to persist for at least 6 months
after cessation chemotherapy; however, generalized swelling
in the legs and contralateral arm resolved within 6 months
after chemotherapy [15]. Similarly, Kilbreath et al. [4]
reported that taxane-based chemotherapy causes preferential
transient swelling in the first year following surgery.
ALND and SCRT are considered the most important risk
factors for LE [1]. The risk of LE has been shown to increase
in response to an increase in N-ALNs [16,17]. Here, N-ALN
> 10 was identified as a risk factor for both PLE and TLE by
univariate analysis. SCRT was also a strong contributing factor, associated with a 2- to 4.5-fold increase in the risk of LE
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[3]. Similarly, Coen et al. [18] reported a significant increase
in the risk of LE from 1.8% to 8.9% over a 10-year follow-up
period in patients with BCS following the addition of SCRT.
In this study, SCRT was identified as an independent risk
factor for development of not only PLE but also TLE in a
multivariate analysis.
Because LE is progressive, and early diagnosis could lead
to more effective treatment, diagnosis of LE at the earliest
possible stage is important. At first presentation of arm
swelling, understanding of risk factors associated with PLE
and predicting whether this condition is expected to be selflimiting or persistent may enable clinicians to mitigate PLE
incidence and severity by providing proactive education and
management. This study showed that the tendency of TLE
and PLE after initial grade 1 swelling could be estimated
using a combination of three treatment-related risk factors:
N-ALN, SCRT, and taxane chemotherapy. In patients with
no risk factor, ~90% of swelling events were limited in scope,
and had completely disappeared within 6 months. However,
in all other patients, the likelihood of edema persisting or
progressing to a more serious form increased according to
the number of risk factors. The approximate ratio of TLE vs.
PLE was 1:1 in patients with one risk factor, 1:2 in patients
with two factors, and 1:3 in those with three risk factors. As
mentioned above, 95 of 119 grade 1 patients (80%) who had
both subjective symptoms and an objective arm circumference difference progressed to PLE, implying that patients
who had at least one risk factor or both subjective and objective symptoms of LE may require more careful follow-up.
Patient-related factors—such as obesity, hand use, injury,
and infection—could be modified to reduce the risk for these
patients [1]. In a study of 109 patients with mild LE at LE
diagnosis by Bar Ad et al. [19], 52 (48%) progressed to more
severe stages at some point during the first 5 years of followup. In our study, 49 of 351 patients (14%) initially diagnosed
as grade 1 eventually progressed to grade 2, with one patient
progressing to grade 3.
Limitations of our study include the lack of preoperative
baseline information on arm circumference or the ability to
interview patients about arm swelling. In a meta-analysis by
DiSipio et al. [1], even in the absence of pretreatment LE status, prevalence was thought to be a reasonable estimate of
incidence because the proportion of female patients with LE
before surgery for breast cancer has been reported to be very
low. Another limitation is the accuracy of the subjective and
objective definitions for LE. The subjective patient’s perception of arm edema was dependent on patient recall or
swelling sense at the time of the outpatient clinic visit. For
objective measurements, only the upper arm circumference
was measured; hence, localized forearm or hand edema
would not have been detected, although subjective assessments may have been sufficient to overcome this limitation.
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In addition, we used a percentage difference rather than an
actual difference in arm circumference for consideration of
different BMI among patients and body weight changes
overtime in each patient [1,12]. The other limitation is that
our study did not include data regarding treatment of LE.
However, in our hospital, education on the modification of
patient-related factors such as reducing excessive arm use,
avoiding arm infection of injury, and weight control was
mandatorily provided to all breast cancer patients regardless
of swelling episodes. In addition, most patients with objective LE at the first swelling episodes were managed using a
compression stocking or bandage.

Conclusion
In conclusion, one-third of initial swelling events were
transient in nature, with the remaining two-thirds progressing to a more persistent form of LE. Among patients with
TLE, chemotherapy with taxane and RT covering the breast
and supraclavicular region were identified as independent
risk factors. The approximate incidence ratios of TLE and
PLE in patients with initial grade 1 edema were estimated
according to treatment-related factors, which could facilitate
prediction and treatment of this life-long, undesired complication.
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Purpose
TP53, the most frequently mutated gene in breast cancer, is more frequently altered in
HER2-enriched and basal-like breast cancer. However, no studies have clarified the role of
TP53 status as a prognostic and predictive marker of triple-negative breast cancer (TNBC).
Materials and Methods
We performed p53 immunohistochemistry (IHC), nCounter mRNA expression assay, and
DNA sequencing to determine the relationship between TP53 alteration and clinical outcomes of TNBC patients.
Results
Seventy-seven of 174 TNBC patients were found to harbor a TP53 mutation. Patients with
missense mutations showed high protein expression in contrast to patients with deletion
mutations (positivity of IHC: wild type vs. missense vs. deletion mutation, 53.6% vs. 89.8%
vs. 25.0%, respectively; p < 0.001). TP53 mRNA expression was influenced by mutation
status (mRNA expression [median]: wild type vs. missense vs. deletion mutation, 207.36±
132.73 vs. 339.61±143.21 vs. 99.53±99.57, respectively; p < 0.001). According to survival
analysis, neither class of mutation nor protein or mRNA expression status had any impact
on patient prognosis. In subgroup analysis, low mRNA expression was associated with poor
prognosis in patients with a TP53 missense mutation (5-year distant recurrence-free survival
[5Y DRFS]: low vs. high, 50.0% vs. 87.8%; p=0.009), while high mRNA expression with a
TP53 deletion mutation indicated poor prognosis (5Y DRFS: low vs. high, 91.7% vs. 75.0%;
p=0.316).
Conclusion
Association between TP53 mutation and expression indicates a potential prognostic marker
of TNBC; hence both DNA sequencing and mRNA expression analysis may be required to
predict the prognosis of TNBC patients.
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Tumor suppressor protein p53, Triple-negative breast neoplasms,
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Introduction
Tumor suppressor TP53 gene mutations are frequently
detected in most human cancers [1]. TP53 can induce DNA
repair, terminal differentiation, cell growth arrest, and apoptosis in response to potential oncogenic cellular stress such
as DNA damage [2-4]. Therefore, TP53 loss-of-function
mutations inhibit cell growth arrest and/or apoptosis, leading to initiation of carcinogenesis.
Many previous studies on breast cancer have reported that
TP53 loss-of-function results in mammary carcinoma [5,6].
Li-Fraumeni syndrome, a hereditary tumor syndrome generating familial breast cancer and other neoplasms, is caused
by germline TP53 mutations [7]. This report showed that
germ line TP53 mutation resulted in a loss of p53 expression
and most subsequent studies on TP53 have concerned the
use of TP53 functional loss as a prognostic or predictive
marker in breast cancer [8]. However, even though TP53 is a
tumor suppressor gene, three quarters of TP53 mutations are
missense substitutions rather than truncation/deletion
mutations, such as nonsense or frameshift mutations [9].
Indeed, recent studies showed that missense mutations have
functionally heterogeneous phenotypes and have different
transcriptional activities depending on the locus of single
nucleotide substitutions [10], and some mutant loci exhibit
gain-of-function properties [11,12]. The most frequent missense mutants observed in breast cancer encode R175H,
R248Q, R273H, and Y200C mutation. Among these four hot
spots, R175H and R273H are gain-of-function mutations [9].
The Cancer Genome Atlas (TCGA) project for breast cancer
recently showed that the most frequent genetic alterations
are observed in TP53 [13]. TP53 mutations are more frequently observed in HER2-enriched and basal-like subtypes
(72% and 80%, respectively) than in luminal A and B subtypes (12% and 29%, respectively). Using pathway analysis,
the TCGA project found that the p53 pathway was intact in
luminal A type cancer, in contrast with the loss of TP53
observed in basal-like tumors. However, not all basal-like
tumors with TP53 mutations have a disrupted p53 pathway.
Many researchers have tried to determine the impact of
TP53 mutation on breast cancer patient prognosis. Some previous studies reported that mutant TP53 indicated poor
prognosis in primary breast cancer [8,14] and other research
showed that an expression signature of TP53 status precisely
predicted prognosis of breast cancer patients, unlike TP53
mutant status [15]. In addition, another previous study
reported that only missense mutations in the DNA-binding
domain of TP53 affect clinical outcome [16].
However, no studies have clarified the value of TP53 status as a prognostic or predictive marker in triple-negative
breast cancer (TNBC), a subtype that most commonly has

TP53 mutations [13]. Accordingly, we analyzed the relationship between TP53 status and clinical outcome of TNBC
patients.

Materials and Methods
1. Patients
This study was a retrospective analysis of the clinical
records of patients with invasive breast cancer who received
adjuvant chemotherapy after curative surgery at Samsung
Medical Center between 2000 and 2004. Women diagnosed
with breast cancer stage I to IIIC by diagnostic examinations
(breast magnetic resonance imaging, abdominal computed
tomography [CT] scan, bone scan, and/or positron emission
tomography–CT scans if indicated) were included.
This study was reviewed and approved by the Institutional Review Board (IRB) of Samsung Medical Center,
Seoul, Korea (IRB No. 2012-08-065) with an informed consent
waiver, due to the use of archival tissues with retrospective
clinical data.
2. Immunohistochemical staining
Two experienced pathologists reviewed all pathology
specimens to determine the following tumor characteristics:
histological and nuclear grade, tumor size, lymphovascular
invasion, tumor embolism, and immunohistochemical (IHC)
staining for estrogen receptor (ER), progesterone receptor
(PgR), HER2, and p53.
Triple negativity was defined as a lack of ER, PgR, and
HER2 expression. Lack of ER and PgR expression was
defined using Allred scores ranging from 0 to 2 based on IHC
using antibodies to ER (Immunotech, Marseilles, France) and
PgR (Novocastra Laboratories Ltd., Newcastle upon Tyne,
UK). HER2 status was evaluated using a specific antibody
(DAKO, Glostrup, Denmark) and/or silver in situ hybridization. Grades 0 and 1 for HER2, as assessed by IHC, were
defined as a negative result. Amplification of HER2 was confirmed by fluorescence in situ hybridization if HER2 was
rated as 2+ by IHC. IHC for p53 was performed using an
anti-human monoclonal p53 antibody (Invitrogen, New
York, NY) at 1:4,000 dilution with an autoimmunostainer
(Leica Bond Polymer Refine detection kit/Leica Bond-Max
staining system, Leica Microsystems, Wetzlar, Germany). In
assessing the positivity of immunostaining for each section,
nuclear staining > 10% was regarded as positive.
Our pathologists also reviewed all core biopsies from
referring institutions, including IHC performed at the time
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of initial referral, and findings for all surgical specimens
without knowledge of NanoString results or treatment outcome.
3. DNA extraction
Tumors consisting of over 75% malignant cells were dissected under microscopy from 4-mm unstained sections by
comparison with a hematoxylin and eosin (H&E) stained
slide, and genomic DNA was extracted using a Qiagen DNA
FFPE Tissue kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. After extraction, concentration
as well as 260/280 and 260/230 nm ratios were measured by
spectrophotometry (ND1000, NanoDrop Technologies,
Thermo Fisher Scientific, Waltham, MA). Each sample was
then quantified using a Qubit fluorometer (Life Technologies, Carlsbad, CA). Genomic DNA with a total yield > 10 ng
was used for library preparation.
4. RNA extraction
Areas containing representative invasive breast carcinoma
were outlined on the slide. Total RNA was extracted from
two to four sections of 4-µm-thick formalin-fixed, paraffinembedded sections. Non-tumor elements were removed by
manual microdissection before transfer to the extraction tube,
guided by H&E stained slides. Total RNA was then extracted
using a High Pure RNA Paraffin kit (Roche Diagnostic,
Mannheim, Germany). RNA yield and purity were assessed
using a NanoDrop ND-1000 Spectrophotometer (NanoDrop
Technologies, Rockland, DE). One sample with less than
50 ng/µL of total RNA concentration even after concentration with a SpeedVac concentrator (Thermo Scientific,
Waltham, MA) was excluded from downstream analysis,
because 200 ng of input RNA in a 5 µL volume was required
for hybridization with 20 µL of the probe set mastermix.
5. nCounter expression assay (NanoString)
The level of gene expression was measured using the
NanoString nCounter Analysis System (NanoString Technologies, Seattle, WA). The system measures the relative
abundance of each mRNA transcript of interest using a multiplexed hybridization assay and digital readouts of fluorescent barcoded probes that are hybridized to each transcript
[17]. An nCounter CodeSet (NanoString Technologies) containing a biotinylated capture probe for the TP53 gene and
five housekeeping genes and reporter probes attached to
color-barcode tags, according to the nCounter code-set
design, was hybridized in solution to 200 ng of total RNA for
18 hours at 65°C according to the manufacturer’s instructions. Hybridized samples were loaded into the nCounter
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Prep Station for post-hybridization processing. On the deck
of the Prep Station, hybridized samples were purified and
immobilized in a sample cartridge for data collection followed by quantification of target mRNA in each sample
using the nCounter Digital Analyzer. Quantified expression
data were analyzed using NanoString nSolver analysis software. After performing image quality control using a predefined cutoff value, outlier samples were excluded using a
normalization factor based on the sum of positive control
counts greater than 3-fold. The counts of the probes were
then normalized using the geometric mean of the five housekeeping genes. Accordingly, expression level means normalized mRNA transcript counts per 200 ng of total RNA
extracted from tumor tissue. There is no unit of gene expression level measured by nCounter expression assay.
6. Next generation sequencing using Ion Torrent AmpliSeq
Cancer Panel v2
Using the Ion Torrent Personal Genome Machine (Ion
PGM, Life Technologies) Cancer Panel v2 (Supplemental
Table 1), 2,855 loci from 50 cancer-related genes were
sequenced for identification of genetic mutations. Libraries
were constructed using the Ion AmpliSeq Panels pool (Life
Technologies) with 10 ng of DNA sample per pool. The
amplicons were then ligated to Ion Xpress Barcode Adapters
and purified. Next, multiplexed barcoded libraries were
enriched by clonal amplification using emulsion polymerase
chain reaction on Ion Sphere particles (Ion PGM Template
OT2 200 Kit, Life Technologies) and loaded onto an Ion 316
chip. Massive parallel sequencing was performed on the Ion
PGM using the Ion PGM Sequencing 200 kit v2.
The primary filtering process was performed using Torrent
Suite v3.6.0 and Ion Torrent Variant Caller v3.6 software. The
pipeline included signaling processing, base calling, quality
score assignment, adapter trimming, read alignment to 19
human genome references, mapping quality control, coverage analysis, and variant calling. For variant detection, a minimum coverage of 100 reads was achieved, and at least 5%
of mutant reads were selected for variants. Variant calls were
further analyzed using the ANNOVAR software tool, which
includes variant filtering and annotation using the COSMIC
database, dbSNP build 137, and information on amino acid
change.
7. Bioinformatics and statistical analysis for AmpliSeq and
nCounter assay
Variant calls from Ion AmpliSeq were further evaluated to
reduce potential false-positives. Coverage (> 100) and quality score (> 30) were considered as filtering criteria. In addition, a minimum threshold of mutant allele fraction was
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Table 1. Impact of baseline characteristics on patient prognosis
Variable
Age (yr)
Median
Range
< 40
 40
Histology
IDC
Other
Stage
I
IIA
IIB
IIIA
IIIB
IIIC
Nuclear grade
1
2
3
Unknown
Histologic grade
1
2
3
Unknown
p53 IHC
Positive
Negative
Unknown
TP53 mutation
Wild type
Missense
Nonsense/Frameshift/Splicing
TP53 mRNA expression
Median
Range
Low
High
Adjuvant CTx
CMF
Anthracycline
Anthracycline+taxane
Adjuvant RTx
Yes
No

Total (n=174), n (%)

5Y DRFS (%)

p-value

46.0±10.1
23.5-73.1
46 (26.4)
128 (73.6)

80.1
86.6

154 (88.5)
20 (11.5)

85.6
80.0

0.288

44 (25.3)
87 (50.0)
25 (14.4)
12 (6.9)
0 (1.1)
6 (3.4)

88.4
91.9
75.8
64.8
NA
33.3

< 0.001

2 (1.1)
41 (23.6)
125 (71.8)
6 (3.4)

50.0
82.7
87.1
66.7

0.144

3 (1.7)
39 (22.4)
122 (70.1)
10 (5.7)

100.0
84.5
85.9
70.0

0.606

103 (59.0)
69 (40.0)
2 (1.1)

85.4
81.2
50.0

0.151

97 (55.7)
49 (28.2)
28 (16.1)

82.5
81.6
89.3

0.625

228.52±147.81
32.40-736.09
87 (50.0)
87 (50.0)

81.6
85.1

0.593

76 (43.7)
63 (36.2)
35 (20.1)

89.4
90.3
65.5

0.001

110 (63.2)
64 (36.8)

82.5
89.0

0.109

0.469

5Y DRFS, 5-year distant recurrence-free survival; IDC, invasive ductal carcinoma; IHC, immunohistochemistry; CTx,
chemotherapy; CMF, cyclophosphamide+methotrexate+5-fluorouracil; RTx, radiotherapy.
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TP53
Age
Stage
AKT1
APC
ATM
BRAF
CDKN2A
CSF1R
CTNNB1
EGFR
ERBB2
FGFR1
FLT3
GNAS
HRAS
IDH1
IDH2
KDR
KIT
KRAS
MET
NOTCH1
PDGFRA
PIK3CA
PTEN
PTPN11
RB1
RET
SMAD4
STK11
TP53
VHL
TP53IHC

Negative

Positive

Unknown

Age

< 40 ≥ 40

Stage

I

II

III

Non sense

Frame shift indel

Missense

Splicing

Non-frame shift indel

Fig. 1. Significant TP53 mutant genes and clinical features.

taken into account for confirming variants as real: > 1% for
mutations with low allele fraction and > 10% for polymorphism. For statistical analysis of final variants, read alignments were manually examined using the Integrative
Genomic Viewer (http://www.broadinstitute.org/igv/).
Korean-specific germline variants in 50 genes were discarded
via manual review using a Korean genome database [18].
Among variants satisfying the filtering criteria described
above, variants causing amino acid change and frameshift
were finally chosen for statistical analysis. The Fisher exact
test was used for mutations and polymorphic variants separately for discovery of variants enriched in patients with
favorable outcomes, and p-values less than 0.05 were considered significantly different.
8. Statistical analysis
Differences in clinicopathologic characteristics were analyzed using Student’s t tests. Distant recurrence-free survival
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(DRFS) was defined as the elapsed time from the date of curative surgery to the detection of distant recurrence. DRFS
was analyzed using the Kaplan-Meier method. Two-tailed
p-values < 0.05 were considered statistically significant, and
IBM SPSS Statistics ver. 21 (IBM Co., Armonk, NY) was used
for analysis of all data.

Results
1. Genetic mutation profile
In total, 203 TNBC patients who underwent curative surgery and received adjuvant chemotherapy were enrolled. Of
the 203 patients, nCounter expression assay and targeted
DNA sequencing were performed on 174 patients. Samples
from 29 patients did not undergo next generation sequencing
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Table 2. mRNA/protein expression according to TP53 mutational status
Variable
p53 IHC
Positive
Negative
Unknown
TP53 expression
Median
Range
Low
High

Wild type (n=97)

Missense (n=49)

Deleterious (n=28)

p-value

52 (53.6)
44 (45.4)
1 (1.0)

44 (89.8)
4 (8.2)
1 (2.0)

7 (25.0)
21 (75.0)
0 (75.0)

< 0.001

207.36±132.73
32.40-634.93
55 (56.7)
42 (43.3)

339.61±143.21
50.02-736.09
8 (16.3)
41 (83.7)

99.53±99.57
43.81-391.99
24 (85.7)
4 (14.3)

< 0.001

Values are presented as number (%) unless otherwise indicated. IHC, immunohistochemistry.

A

600

B
60

144
86
60

145

172 ** 173

400

Mutation status
Wild type

50
No. of cases

TP53 expression

800

200

Missense mutation
Nonsense, fremeshift
indel, splicing mutation

40
30
20
10

0

Wild type

Missense
mutation

0

Deleterious
mutation

TP53 mutation

No expression

Expressed

Unknown

p53 IHC

C

TP53 expression

800

142

600

400

41
39

200

0

No expression

Expression

Unknown

p53 IHC

Fig. 2. Correlation between TP53 mutation status and mRNA expression (A), correlation between TP53 mutation status and
protein expression (B), and correlation between TP53 mRNA and p53 protein expression (C). IHC, immunohistochemisty.
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Table 3. Impact of TP53 status on patient prognosis
Variable
TP53 wild type
Low expression
High expression
TP53 missense mutation
Low expression
High expression
TP53 nonsense/ Frameshift/Splicing
Low expression
High expression

No. (%) (n=174)

5Y DRFS (%)

55 (31.6)
42 (24.1)

81.8
83.3

8 (4.6)
41 (23.6)

50.0
87.8

24 (13.8)
4 (2.3)

91.7
75.0

p=0.057. 5Y DRFS, 5-year distant recurrence-free survival.

due to DNA extraction failure (Supplementary Fig. S1).
Of the 50 cancer-related genes examined (Supplementary
Table 1), TP53 gene mutations were the most frequently
found in TNBC patients (77 of 174 patients, 44.3%) (Table 1,
Fig. 1). The second most frequent mutant gene was STK11
(9.6%), and the third was PIK3CA (9.0%). PTEN mutation
was observed in four patients (2.6%), and mutations in the
other 46 genes were detected in less than 2% of patients
(Fig. 1).

tion/deletion mutation, 207.36±132.73 vs. 339.61±143.21 vs.
99.53±99.57, respectively; p < 0.001) (Table 2, Fig. 2B). In
terms of mRNA and protein expression, a positive correlation was observed between mRNA and protein expression
(p53 expression level [median]: no expression vs. expression
vs. unknown, 120.82±69.33 vs. 315.13±133.56 vs. 413.05±
199.41, respectively; p < 0.001) (Fig. 2C).
3. Impact of baseline characteristics, including TP53 status,
on patient clinical outcome

2. Baseline characteristics including TP53 status
The characteristics of the 174 patients are shown in Table 1.
p53 IHC showed that 103 patients (58.0%) showed p53
expression, while 69 patients (42.0%) had a loss of p53
expression. Two patients lacked any information on p53
expression. In mutation analysis, 77 patients (44.3%) had
TP53 mutations; missense mutations were detected in 49
patients (63.6%), nonsense mutations in 20 patients (26.0%),
and frameshift or splicing mutations of TP53 in eight patients
(10.4%). The expression profile of the TP53 gene is also
shown in Table 1. For further survival analysis, we set the
median expression score of TP53 as the cut-off value to
divide patients into two groups, lower versus higher expression.
We performed further analysis of the correlation between
TP53 mutation and p53 expression status. Compared to
patients with wild type TP53, patients with missense mutations in TP53 had higher protein expression, which contrasts
with expression in patients with nonsense/frameshift or
splicing mutations of TP53 (positivity of p53 IHC: wild type
vs. missense vs. nonsense/frameshift/splicing [truncation/
deletion] mutation, 53.6% vs. 89.8% vs. 25.0%, respectively;
p < 0.001) (Table 2, Fig. 2A). In addition, expression levels of
p53 were also influenced by TP53 mutation status (p53
expression level [median]: wild type vs. missense vs. trunca-
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The 5-year DRFS (5Y DRFS) rate in patients with stage I or
IIA disease was 88.4% and 91.9%, respectively, compared to
75.8%, 64.8%, and 33.0% in patients with stage IIB, IIIA, and
IIIC, respectively (p < 0.001) (Table 1).
Neither TP53 mutation, p53 protein, or TP53 RNA expression status affected patient prognosis (5Y DRFS: wild type
vs. missense vs. truncation/deletion mutation, 82.5% vs.
81.6% vs. 89.3%, respectively; p=0.625 in mutation profile;
positive vs. negative, 85.4% vs. 81.2%, respectively; p=0.151
in IHC; low vs. high, 81.6% vs. 85.1%, respectively; p=0.593
in RNA expression profile) (Table 1, Fig. 3A-C). Further survival analysis was also performed using the combination of
TP53 mutation and expression status. The 5Y DRFS rate in
patients with missense mutation and low expression of TP53
was 50.0%, and that in patients with truncation/deletion
mutations and high expression was 75.0%, lower than those
in patients with other TP53 status (p=0.057) (Table 3, Fig. 3D).
Multivariate analysis was performed using stage and the
combination of mutation and mRNA expression of TP53
(Supplementary Table 2). According to the results of this
analysis, stage was still remained a possible prognostic indicator (p < 0.001). In terms of TP53 status, marginal statistical
significance also remained in this analysis (p=0.057); in particular, patients with missense mutation and low TP53
expression showed a 6.7-fold increase in distant recurrence
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A

0.8
0.6
0.4

TP53 WT
TP53 Missense mutation
TP53 Nonsense,
frameshift, splicing

0.2

B

1.0
Distant recurrence-free survival

Distant recurrence-free survival

1.0

0.8
0.6
0.4
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TP53 Low expression
TP53 Unknown

0.2

p=0.625

0

p=0.151

50

0

100
Time (mo)

150

C

0.8
0.6
0.4
TP53 High expression
TP53 Low expression

0.2

0

0

50

100
Time (mo)

150

200

100
Time (mo)

150

200

D

0.8
0.6
0.4

TP53
TP53
TP53
TP53
TP53
TP53

0.2

p=0.593

0

50

1.0
Distant recurrence-free survival

1.0
Distant recurrence-free survival

0

200

0

0

50

WT Low expression
WT High expression
MM Low expression
MM High expression
SM Low expression
SM High expression

100
Time (mo)

p=0.057

150

200

Fig. 3. Kaplan-Meier curve for distant recurrence-free survival according to TP53 mutation status (wide type [WT]) (A), p53
protein expression by immunohistochemistry (IHC) (B), TP53 expression by nCounter expression assay (C), and mutation
and expression status by nCounter expression assay (D). MM, missense mutation; SM, mutation causing gene silencing.

rate compared to patients with low TP53 expression without
mutation (TP53 missense mutation and low mRNA expression: hazard ratio, 6.73; 95% confidence interval, 1.67 to 27.10;
p=0.057, compared with wild type TP53 and high mRNA
expression, respectively).
Subgroup analysis showed that expression level did not
affect prognosis in patients with wild type TP53 (5Y DRFS:
low vs. high, 81.8% vs. 83.3%, respectively; p=0.908) (Fig. 4A).
However, in patients with missense TP53 mutations, low
expression of TP53 was associated with poor prognosis
(5Y DRFS: low vs. high, 50.0% vs. 87.8%, respectively;

p=0.009) (Fig. 4B). In addition, high expression of truncation/deletion TP53 mutation indicated poor prognosis,
despite a lack of statistical significance (5Y DRFS: low vs.
high, 91.7% vs. 75.0%, respectively; p=0.316) (Fig. 4C).
In analysis of associations between baseline characteristics
and TP53 status, baseline characteristics, including stage, did
not affect TP53 mutation or expression (Tables 4 and 5).

VOLUME 48 NUMBER 4 OCTOBER 2016

1345

Cancer Res Treat. 2016;48(4):1338-1350

A

0.8
0.6
0.4
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0.2

B

1.0
Distant recurrence-free survival

Distant recurrence-free survival

1.0

0.8
0.6
0.4
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0.2
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0
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Time (mo)
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0
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100
Time (mo)

150
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C

1.0
Distant recurrence-free survival

0

200

0.8
0.6
0.4
TP53 SM Low expression
TP53 SM High expression

0.2

p=0.316

0

0

50

100
Time (mo)
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Fig. 4. Kaplan-Meier curve for distant recurrence-free survival according to expression status by nCounter expression assay
in TP53 wild type (WT) (A), missense TP53 mutation (MM) (B), and TP53 mutation causing gene silencing (SM) (C).

Discussion
Mutations in TP53 gene are the most frequent genetic
alterations in malignant epithelial tumors. Although many
investigators have attempted to determine the significance
of TP53 mutation and expression, there are no clear data
regarding the significance of TP53 mutation in breast cancer.
In our study, discrepancy between TP53 mutation and
expression suggested worse prognosis in TNBC.
TP53 has been studied extensively in germline mutation in
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families affected with Li-Fraumeni syndrome [19] and in
somatic mutation in sporadic breast cancer. Previous reports
found that TP53 mutation loci were heterogeneous and that
there were no actual hot spots [19,20]. Further studies have
shown that TP53 mutations occur in specific exons out of 11
TP53 exons [21]. Recent large-scale genetic analyses demonstrated that the TP53 DNA-binding domain was the most frequently mutated area in the entire TP53 gene in breast cancer
[13,22,23]. In these studies, the most common mutant loci
encoded R273C, R175H, Y220C, and R248Q amino acid
changes in breast cancer patients. A recent study demon-
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Table 4. Impact of baseline characteristics on TP53 mutation
Variable
Age (yr)
Median
Range
< 40
 40
Histology
IDC
Other
Stage
I
IIA
IIB
IIIA
IIIB
IIIC
Nuclear grade
1
2
3
Unknown
Histologic grade
1
2
3
Unknown
Adjuvant CTx
CMF
Anthracycline
Anthracycline+taxane
Adjuvant RTx
Yes
No

Wild type (n=97)

Missense (n=49)

Deleterious (n=28)

p-value

45.35±23.48
23.48-69.98
25 (26.3)
70 (73.7)

44.63±27.29
27.29-67.72
16 (31.4)
35 (68.6)

48.68±32.60
23.48-73.12
5 (17.9)
23 (82.1)

0.428

80 (84.2)
15 (15.8)

47 (92.2)
4 (7.8)

27 (96.4)
1 (3.6)

0.128

23 (24.2)
48 (50.5)
13 (13.7)
8 (8.4)
0 (8.4)
3 (3.1)

15 (29.4)
20 (39.2)
10 (19.6)
4 (7.8)
0 (8.4)
2 (3.9)

6 (21.4)
19 (67.9)
2 (7.1)
0 (8.4)
0 (8.4)
1 (3.6)

0.441

1 (1.1)
24 (25.3)
67 (70.5)
3 (3.2)

0 (8.4)
12 (23.5)
38 (74.5)
1 (2.0)

1 (3.6)
5 (17.9)
20 (71.4)
2 (7.1)

0.669

2 (2.1)
24 (25.3)
61 (64.2)
8 (8.4)

1 (2.0)
9 (17.6)
40 (78.4)
1 (2.0)

0 (8.4)
6 (21.4)
21 (75.0)
1 (3.6)

0.517

39 (41.1)
38 (40.0)
18 (18.9)

23 (45.1)
15 (29.4)
13 (25.5)

12 (42.9)
12 (42.9)
4 (14.3)

0.615

57 (60.0)
38 (40.0)

35 (68.6)
16 (31.4)

18 (64.3)
10 (35.7)

0.583

Values are presented as number (%) unless otherwise indicated. IDC, invasive ductal carcinoma; CTx, chemotherapy; CMF,
cyclophosphamide+methotrexate+5-fluorouracil; RTx, radiotherapy.

strated that only missense mutations in the DNA-binding
domain affected the outcome of breast cancer patients [16];
however, these studies were conducted using all breast cancer subtypes. Our study also found that most mutations
occurred in the TP53 DNA-binding domain (73 of 77 cases)
and that sequences encoding Y200C, R248Q, and R273C
amino acid loci were hot spots for TP53 mutations. However,
we found no relationship between mutations in the DNAbinding domain and prognosis of TNBC patients.
We also found a strong association between mRNA and
protein expression, and mutation status of TP53, in contrast
with previous studies reporting no relation between TP53
mutation and expression [16,24]. However, previous studies

were conducted without consideration of breast cancer subtype, and did not categorize TP53 mutations with respect to
expected functional status after base substitution. In this
study, p53 expression showed strong correlation with mutation status. In addition, TP53 mutations expected to result in
functional loss showed lower expression, and missense
mutations showed higher expression than wild type TP53.
We also analyzed p53 expression level in the group with missense mutations in regard to mutation loci. In this analysis,
mutation loci did not affect p53 expression status whether
mutation loci were the R175H or R273H amino acid changes,
or not [9]. Accordingly, our classification of TP53 mutation
might be reasonable, and could predict expression status.
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Table 5. Impact of baseline characteristics on p53 expression
Variable
Age (yr)
Median
Range
< 40
 40
Histology
IDC
Other
Stage
I
IIA
IIB
IIIA
IIIB
IIIC
Nuclear grade
1
2
3
Unknown
Histologic grade
1
2
3
Unknown
Adjuvant CTx
CMF
Anthracycline
Anthracycline+taxane
Adjuvant RTx
Yes
No

Low expression (n=87)

High expression (n=87)

p-value

48.14±10.26
23.48-69.98
20 (23.0)
67 (77.0)

45.65±9.94
27.29-67.72
26 (29.9)
61 (70.1)

0.105

78 (89.7)
9 (10.3)

76 (87.4)
11 (12.6)

0.635

23 (26.4)
45 (51.7)
15 (17.2)
2 (2.3)
0 (3.4)
2 (2.3)

21 (24.1)
42 (48.3)
10 (11.5)
10 (11.5)
0 (3.4)
4 (4.6)

0.126

1 (1.1)
18 (20.7)
65 (74.7)
3 (3.4)

1 (1.1)
12 (26.4)
38 (69.0)
1 (3.4)

0.847

1 (1.1)
20 (23.0)
63 (72.4)
3 (3.4)

2 (2.3)
19 (21.8)
40 (67.8)
1 (8.0)

0.554

33 (37.9)
35 (40.2)
19 (21.8)

41 (47.1)
30 (34.5)
16 (18.4)

0.417

54 (62.1)
33 (37.9)

56 (64.4)
31 (35.6)

0.753

Values are presented as number (%) unless otherwise indicated. IDC, invasive ductal carcinoma; CTx, chemotherapy; CMF,
cyclophosphamide+methotrexate+5-fluorouracil; RTx, radiotherapy.

We also found that some TNBC patients lacked p53 expression despite having wild type TP53, which could be
explained by a potential technical error of IHC. However,
post-translational modification is another reasonable factor
to result in a loss of p53 expression without mutation.
Although epigenetic methylation sequencing analysis was
not performed in our study, transcriptional and epigenetic
modifications of TP53 are known mechanisms that could
cause deregulation of TP53 [25,26]. These previous studies
showed that transcriptional regulation of TP53 suppressed
gene expression in both tumor samples and transformed cell
lines without TP53 mutation. Accordingly, this discrepancy
in our study also has a plausible explanation using post-
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translational modification of p53.
In this study, we examined the connection between TP53
status and patient prognosis. Even though TP53 status could
not predict individual patient prognosis, TNBC patients with
discrepancy between expression and mutation status of
TP53, particularly missense mutation with low expression
level, were found to have poor prognosis. We might suppose
that low expression in missense TP53 mutations was caused
not by mutation, but by epigenetic alteration of TP53, and
that epigenetic alteration could affect patient prognosis.
However, we were unable to explore the post-transcriptional
status of TP53, which is a limitation of our study.
We could not perform subcategorization according to bio-

Ji-Yeon Kim, TP53 Mutation and Expression in TNBC Patients

logical characteristics, which might be another limitation of
our study. Because TNBC is a heterogeneous group of diseases with distinct biological characteristics [27], subcategorization of TNBC could be helpful in prediction of TNBC
prognosis. Indeed, we tried to classify TNBC using gene
expression by heterogeneous biology [28].
This study is the first study to classify TP53 mutation status according to categories defined by predicted functional
activity, and the first report to show that discrepancy
between p53 expression and mutation status of TP53 may be
a potential prognostic marker in TNBC patients. Therefore,
both DNA sequencing and evaluation of mRNA expression
may be necessary to predict prognosis of TNBC patients. Further epigenetic study will be needed to clarify the mechanisms underlying discrepancy between expression and
mutation status.

Conclusion
Although TP53 mutation/expression status did not show
significant implications in terms of prognosis for patients
with TNBC, discrepancy between mutation and expression
of TP53 may indicate poor prognosis in TNBC patients. Conduct of further validation studies is warranted.
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Survival Outcome of Combined GnRH Agonist and Tamoxifen Is Comparable to That of
Sequential Adriamycin and Cyclophosphamide Chemotherapy Plus Tamoxifen in
Premenopausal Patients with Lymph-Node–Negative, Hormone-Responsive,
HER2-Negative, T1-T2 Breast Cancer
Purpose
The purpose of this study was to compare treatment outcomes between combined
gonadotropin-releasing hormone agonist and tamoxifen (GnRHa+T) and sequential adriamycin and cyclophosphamide chemotherapy and tamoxifen (AC->T) in premenopausal
patients with hormone-responsive, lymph-node–negative breast cancer.
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Materials and Methods
In total, 994 premenopausal women with T1-T2, lymph-node–negative, hormone-receptorpositive, HER2-negative breast cancer between January 2003 and December 2008 were
included in this retrospective cohort study. GnRHa+T and AC->T were administered to 608
patients (61.2%) and 386 patients (38.8%), respectively. Propensity score matching and
inverse probability weighting were applied to the original cohort, and 260 patients for each
treatment arm were included in the final analysis. Recurrence-free, cancer-specific, and
overall survival was compared between the two treatment groups.
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Results
A total of 994 patients were followed up for a median of 7.4 years (range, 0.5 to 11.4 years).
The 5-year follow-up rate was 98.7%, and 13 patients were lost to follow-up. In propensitymatched cohorts (n=520), there was no difference in recurrence-free, cancer-specific, and
overall survival rates between the two treatment groups (p=0.306, p=0.212, and p=0.102,
respectively), and this was maintained after applying inverse probability weighting.

+
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+
+
+
+
+
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Conclusion
GnRHa+T is a reasonable alternative to AC->T in patients with premenopausal, hormoneresponsive, HER2-negative, lymph-node–negative, T1-T2 breast cancer.

Introduction
Approximately 60% of breast cancers in premenopausal
women reportedly express the estrogen receptor (ER) and/or
the progesterone receptor (PR) [1]; the actual prevalence rates
in Korea are 69.9% and 58.3%, respectively [2]. The goal of
adjuvant hormonal therapy in hormone-responsive breast
cancer patients is to reduce the availability of estrogen to cancer cells, which can be achieved by blocking ERs with drugs
│ http://www.e-crt.org │

Key words
Breast neoplasms, Premenopause,
Chemotherapy, Drug therapy, Tamoxifen

such as tamoxifen, suppressing estrogen synthesis using a
gonadotropin-releasing hormone (GnRH) agonist, or surgical/radiological removal of ovaries. Among these treatments, the role and efficacy of ovarian suppression with a
GnRH agonist remains to be fully defined. Based on the
recently published results of the Suppression of Ovarian
Function Trial (SOFT), it was concluded that addition of
ovarian suppression to tamoxifen does not provide significant benefit in premenopausal patients with breast cancer.
However, the addition of ovarian suppression improves disCopyright ⓒ 2016 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.
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ease outcomes in women who remain premenopausal after
chemotherapy [3]. On the other hand, several trials have
shown that ovarian suppression or ablation can exert effects
similar to that of chemotherapy in the treatment of ER-positive breast cancer in premenopausal women [4-7]. In addition, because it is widely documented that patients treated
with a GnRH agonist alone showed a better quality of life
than patients treated with chemotherapy, a few studies have
evaluated GnRH agonists as substitutes for chemotherapy in
hormone-responsive breast cancer patients [8-12]. In their
7-year follow-up of the French Adjuvant Study Group 06
randomized trial, Roche et al. [13] reported that combining
GnRH agonist and tamoxifen (GnRHa+T) and epirubicinbased chemotherapy without hormonal therapy showed
similar 7-year disease-free survival and overall survival (OS)

rates in premenopausal patients with N1, early breast cancer.
Similarly, Kim et al. [14] concluded that GnRHa+T can be an
alternative treatment option to sequential adriamycin and
cyclophosphamide (AC) chemotherapy and tamoxifen
(AC->T) in premenopausal patients with hormone receptorpositive, hormone-responsive, lymph-node–negative (N0)
breast cancer.
The primary aim of this retrospective study was to compare survival outcomes in premenopausal patients with
T1-T2, hormone-responsive, HER2-negative breast cancer
between GnRHa+T for 2 years and AC->T.

Diagnosed as breast cancer from Jan 2003 to
Dec 2008 at Asan Medical Center

7,278

M1 (n=140)
Phyllodes tumor, sarcoma, lymphoma, etc.
(n=38)
Stage unknown (n=57)
Male breast cancer (n=18)

7,066

HR(+)/HER-2(+) (n=773)

HR(+)/HER-2(–) (n=3,844)

LN(–) (n=2,536)
Tis (n=426)
T3 (n=23)
T4 (n=2)

HR(–)/HER-2(+) (n=916)

HR(–)/HER-2(–) (n=1,355)

LN(+) (n=1,308)

T1 (n=1,592)
T2 (n=493)
GnRHa+T (n=608)
Postmeno
(n=617)

Unknown (n=178)

Premeno
(n=1,468)

CTx->T (n=413)
Only tamoxifen (n=416)
No Tx (n=31)

AC->T (n=386)
CMF->T (n=4)
Neoadjuvant (n=2)
Unknown regimen (n=21)

Fig. 1. Inclusion and exclusion diagram. HR, hormone receptor; LN, lymph node; GnRHa+T, combined gonadotropinreleasing hormone agonist and tamoxifen; AC->T, sequential adriamycin and cyclophosphamide chemotherapy and tamoxifen; CTx->T, chemotherapy followed by tamoxifen; CMF->T, sequential cyclophosphamide, methotrexate, 5-fluorouracil
chemotherapy, and tamoxifen; Tx, treatment; Premeno, premenopause; Postmeno, postmenopause.
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Table 1. Characteristics of the overall and the propensity-matched cohorts
Overall cohorts

Propensity-matched cohort

Variable

GnRHa+T
(n=608)

AC->T
(n=386)

p-value

GnRHa+T
(n=260)

AC->T
(n=260)

p-valuea)

Age (yr)
Operation method
BCS
Mastectomy
Nuclear grade
1
2
3
Histologic grade
1
2
3
Estrogen receptor
+
–
Progesterone receptor
+
–
Tumor stage
T1a+T1b
T1c
T2
HER2
–
+
p53
–
+

44.79±4.90.0

42.52±6.690

< 0.001

43.83±5.370

43.47±6.180

0.466

462 (76)0.0
146 (24)0.0

217 (56.2)
168 (43.5)

< 0.001

172 (66.2)
88 (33.9)

167 (64.2)0
93 (35.8)0

0.622

59 (10.1)
448 (76.5)
79 (13.5)

33 (9.1)
241 (66.2)
90 (24.7)

< 0.001

21 (8.6)
179 (73.4)
44 (18).

21 (8.5)
181 (73.6)
44 (17.9)

0.994

72 (12.4)
431 (74.2)
78 (13.4)

36 (9.8)
249 (67.5)
84 (22.8)

< 0.002

26 (10.6)
178 (72.7)
41 (16.7)

27 (11).
174 (70.7)
45 (18.3)

0.726

573 (94.2)
35 (5.8)

334 (86.5)
52 (13.5)

< 0.001

239 (91.9)
21 (8).0

241 (92.7)
19 (7.3)

0.723

561 (92.3)
47 (7.7)

333 (86.3)
53 (13.7)

< 0.002

233 (89.6)
27 (10.4)

231 (88.9)
29 (11.2)

0.781

97 (16).
396 (65.1)
115 (18.9)

18 (4.7)
163 (42.2)
205 (53.1)

< 0.001

29 (11.2)
135 (51.9)
96 (36.9)

18 (6.9)
140 (53.8)
102 (39.2)

0.241

312 (51.3)
296 (48.7)

202 (52.3)
184 (47.7)

< 0.896

128 (49.2)
132 (50.8)

137 (52.7)
123 (47.3)

0.448

430 (84.8)
77 (15.2)

253 (71.9)
99 (28.1)

< 0.001

195 (75).0
65 (25).

195 (75).0
65 (25).

> 0.9990.

Values are presented as mean±standard deviation or number (%). GnRHa+T, combined gonadotropin-releasing hormone
agonist and tamoxifen; AC->T, sequential adriamycin and cyclophosphamide chemotherapy and tamoxifen; BCS, breastconserving surgery. a)p-values are based on the paired t test for continuous variables and on McNemar’s test for categorical
variables.

Materials and Methods
1. Study design
Between January 2003 and December 2008, 7,278 patients
were diagnosed with and registered as having breast cancer
at Asan Medical Center, Seoul, Korea; 2,085 patients had T1T2, N0, hormone-responsive, HER2-negative breast cancer,
and 1,468 were premenopausal. GnRHa+T and AC->T were
administered to 608 and 386 patients, respectively, as a postoperative adjuvant breast cancer treatment; therefore, 994
patients were included in the final analysis (Fig. 1). Pre-

menopausal status was confirmed in those who had menstruated less than 1 year before surgery or had a premenopausal follicle-stimulating hormone level of less than 30
IU/mL. Premenopausal patients with T1-T2, N0, M0, hormone-responsive, HER2-negative breast cancer were provided with complete information about the efficacies and
benefits of GnRHa+T and AC->T, and each patient then
chose her preferred regimen. Patients in the AC->T group
received four cycles of AC chemotherapy (60 mg/m2 adriamycin intravenously plus 60 mg/m2 cyclophosphamide
intravenously every 21 days) followed by tamoxifen (20 mg/
day for 5 years or until relapse or intolerance). Patients in the
GnRHa+T group received GnRH agonist (3.6 mg/kg gosereVOLUME 48 NUMBER 4 OCTOBER 2016
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Table 2. HRs for clinical outcomes among overall, T1a+T1b group, T1c group, T2 group, and the propensity-matched
patients
Parameter
Overall cohort
RFS
CSS
OS
T1a+T1b group
RFS
OS
T1c group
RFS
CSS
OS
T2 group
RFS
CSS
OS
Propensity-matched cohort
RFS
CSS
OS

Treatment

DF

HR

95% CI

p-value

GnRHa+T
AC->T
GnRHa+T
AC->T
GnRHa+T
AC->T

1

0.791
1.000
0.249
1.000
0.377
1.000

0.488-1.282

0.342

0.079-0.788

0.018

0.166-0.857

0.020

GnRHa+T
AC->T
GnRHa+T
AC->T

1

0.299
1.000
0.180
1.000

0.071-1.256

0.099

0.011-2.884

0.226

0.479-2.478

0.838

0.082-2.006

0.268

0.143-1.164

0.094

0.519-2.290

0.820

0.034-2.294

0.235

0.034-2.294

0.235

0.707-3.021

0.306

0.028-2.223

0.212

0.089-1.243

0.102

GnRHa+T
AC->T
GnRHa+T
AC->T
GnRHa+T
AC->T
GnRHa+T
AC->T
GnRHa+T
AC->T
GnRHa+T
AC->T
GnRHa+T
AC->T
GnRHa+T
AC->T
GnRHa+T
AC->T

1
1

1

1
1
1

1
1
1

1
1
1

1.090
1.000
0.405
1.000
0.480
1.000
1.090
1.000
0.280
1.000
0.280
1.000
1.461
1.000
0.247
1.000
0.333
1.000

HR, hazard ratio; DF, degree of freedom; CI, confidence interval; RFS, recurrence-free survival; GnRHa+T, combined
gonadotropin-releasing hormone agonist and tamoxifen; AC->T, sequential adriamycin and cyclophosphamide chemotherapy and tamoxifen; CSS, cancer-specific survival; OS, overall survival.

lin or 3.75 mg/kg leuprorelin) for 2 years and tamoxifen
simultaneously for 5 years.
The concentrations of hormone receptors in formalin-fixed,
paraffin-embedded tissue sections of the primary tumors
were determined using primary antibodies against ER (1:50,
Dinona, Seoul, Korea) and PR (1:100, Dinona) in a Benchmark automatic immunostaining device (Ventana Medical
Systems, Tucson, AZ). Nuclear staining was scored as 0 (negative), 1-3 (weakly positive), 4 or 5 (intermediately positive),
or 6 or 7 (strong positive), while hormone receptor positivity
was defined as a score over 4. HER2 status was confirmed
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by immunohistochemistry, and HER2 receptor negativity
was defined as negative, 1+ or 2+.
2. Statistical analysis
The recurrence-free survival (RFS) period was defined as
the time from the operation to disease recurrence or death
(whichever occurred first), the cancer-specific survival (CSS)
period was defined as the time from the operation to cancercaused death, and the OS period was defined as the time
from the operation to death from any cause. Patient charac-
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teristics were compared between treatment groups using
Pearson’s chi-square test. RFS, CSS, and OS were assessed
using Kaplan-Meier curves and compared using a log-rank
test. The Cox proportional hazards (PH) model was used for
calculation of the adjusted hazard ratios of the treatment
effect while accounting for the effects of patient characteristics and other significant prognostic factors. Variables were
assessed on a univariate basis, and factors with a significance
probability of  0.25 were included in multivariate analysis
and selected using backward elimination.
To reduce the effect of selection bias when assigning
patients to either GnRHa+T or AC->T, a propensity score
(PS)–based analysis was also performed to produce a rigorous adjustment of the baseline characteristics of the patients.
PSs were estimated using multiple logistic regression analysis with all pre-specified covariates listed in Table 1. Model
discrimination was assessed using c-statistics (c=0.773), and
model calibration was performed using Hosmer-Lemeshow
statistics (p=0.152). Both treatment groups were matched
based on their estimated PSs, with caliper widths of 0.1. The
balance of baseline covariates was checked by calculating the
standardized difference of means. To account for the
matched nature of subject selection, a Cox PH model was
performed with a sandwich estimator of variance. A Cox PH
model was also performed with inverse probability of treatment weighting, called an inverse probability–weighted Cox
model, using the PS. The estimated hazards from several
methods described above are reported. A probability value
of p  0.05 indicated statistical significance. Results were
analyzed using SPSS ver. 21 for Windows (IBM Co.,
Armonk, NY) and R 3.0.2 (free software which can be downloaded from http://www.r-project.org) with package
‘MatchIt’ and ‘Survival.’

Results
1. Patients and tumor characteristics
Of the 994 patients, 674 (67.8%) had T1, N0 disease and 320
(32.2%) had T2, N0 disease. Among the patients with T1 disease, 493 (73.2%) received GnRHa+T and 181 (26.8%)
received AC->T. Among the patients with T2 disease, 115
(35.7%) received GnRHa+T and 205 (64.3%) received AC->T.
Because this is a retrospective study, there is heterogeneity
in the patients’ age, tumor stage, ER positivity, PR positivity,
and histologic and nuclear grade in the two treatment groups
of the original cohort. We therefore applied PS matching,
which produced 260 matched patients in each treatment arm
(Table 1). In these matched cohorts, there were no significant

group differences in age, operation method, nuclear and histologic grades, ER positivity, PR positivity, or tumor stage.
2. Survival analysis
The 994 patients were followed up for a median of 7.4
years (range, 0.5 to 11.4 years). The 5-year follow-up rate was
98.7%, with 13 patients lost to follow-up: two patients were
lost within 1 year after surgery and six patients within 3
years after surgery. The 5-year RFS rate was 95.9%; recurrence in 68 patients included 35 patients with loco-regional
recurrence and 33 patients with distant metastasis. Among
35 loco-regional recurrences, 18 patients had in-breast recurrences, seven patients had axillary lymph node metastasis,
four patients had supraclavicular lymph node metastasis,
and six had internal mammary lymph node metastasis. The
5-year CSS and OS rates were 98.9% and 98.3%, respectively
(14 cancer-specific and 25 overall deaths). RFS, CSS, and OS
in overall cohort, T1a+T1b group, T1c group, T2 group, and
propensity-matched cohorts are shown separately in Table 2.
Considering different clinical characteristics between the two
treatment groups showing smaller tumor size, low nuclear
and histologic grade in the GnRHa+T group, it resulted in
favorable CSS and OS for the GnRHa+T group in the overall
cohort. However, in subgroup analysis based on tumor size,
there was no difference in survival between the two treatment groups.
Of the 520 patients in the propensity-matched cohorts, 34
patients showed recurrence, with five cancer-specific deaths
and 12 overall deaths. The survival rate did not differ significantly between the two treatment groups among these
propensity-matched patients (Table 2). The Kaplan-Meier
survival curves for the two treatment arms in the overall
cohort, T1a+T1b group, T1c group, and T2 group are shown
in Fig. 2, and the Kaplan-Meier survival curves in propensity-matched cohorts are shown in Fig. 3.
Propensity matching, inverse probability weighting was
applied to the original cohort. Results of the Cox regression
analysis of RFS, CSS, and OS with application of inverse
probability of weighting are shown in Table 3. There were
no group differences in RFS and CSS, but OS was significantly better in the GnRHa+T group (p=0.021). Kaplan-Meier
estimates between the treatment arms in inverse-probability-weighted cohorts are shown in Fig. 4.

Discussion
The primary aim of this study was to compare treatment
outcomes between GnRHa+T and AC->T in premenopausal
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Fig. 2. Recurrence-free survival (RFS) (A), cancer-specific survival (CSS) (B), and overall survival (OS) (C) curves according
to treatment arm (combined gonadotropin-releasing hormone agonist and tamoxifen [GnRHa+T] vs. sequential adriamycin
and cyclophosphamide chemotherapy and tamoxifen [AC->T]) in overall cohorts (n=994). RFS (D) and OS (E) curves
according to treatment arm (GnRHa+T vs. AC->T) in the T1a+T1b group (n=115), RFS (F), CSS (G), and OS (H) curves
according to treatment arm (GnRHa+T vs. AC->T) in the T1c group (n=559). RFS (I), CSS (J), and OS (K) curves according to
treatment arm (GnRHa+T vs. AC->T) in T2 group (n=320). (Continued to the next page)
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Fig. 3. Recurrence-free survival (RFS) (A), cancer-specific survival (CSS) (B), and overall survival (OS) (C) curves according
to treatment arm (combined gonadotropin-releasing hormone agonist and tamoxifen [GnRHa+T] vs. sequential adriamycin
and cyclophosphamide chemotherapy and tamoxifen [AC->T]) in propensity-matched cohorts (n=520).

Table 3. HRs for clinical outcomes using inverse probability of weighting among the propensity-matched patients
Parameter

Treatment

DF

HR

95% CI

p-value

RFS

GnRHa+T
AC->T
GnRHa+T
AC->T
GnRHa+T
AC->T

1

1.196
1.000
0.377
1.000
0.333
1.000

0.692-2.066

0.522

0.099-1.442

0.154

0.131-0.846

0.021

CSS
OS

1
1

Trimming (by 0.1, > 10) does not affect the data. HR, hazard ratio; DF, degree of freedom; CI, confidence interval; RFS,
recurrence-free survival; GnRHa+T, combined gonadotropin-releasing hormone agonist and tamoxifen; AC->T, sequential
adriamycin and cyclophosphamide chemotherapy and tamoxifen; CSS, cancer-specific survival; OS, overall survival.
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Fig. 4. Recurrence-free survival (RFS) (A), cancer-specific survival (CSS) (B), and overall survival (OS) (C) curves according
to treatment arm (combined gonadotropin-releasing hormone agonist and tamoxifen [GnRHa+T] vs. sequential adriamycin
and cyclophosphamide chemotherapy and tamoxifen [AC->T]) in inverse-probability-weighted cohorts (n=520).

patients with T1-T2, hormone-responsive, HER2-negative
breast cancer. Similar to other studies comparing the efficacies of GnRH agonist and chemotherapy in premenopausal
breast cancer patients [13,14], our patients in the GnRHa+T
group showed comparable treatment outcomes to those in
the AC->T group.
The efficacy of ovarian suppression in premenopausal
breast cancer has been addressed in several clinical trials. The
Zoladex Early Bresat Cancer Research Association, ZEBRA)
trial [6,15] and International Breast Cancer Study Group
(IBCSG) VIII [16] trials found similar efficacy for GnRH
agonist and cyclophosphamide, methotrexate, 5-fluorouracil
chemotherapy chemotherapy in terms of RFS and OS in hormone-responsive early breast cancer. Kim et al. [14] compared the efficacies of GnRHa+T and AC->T with a median

follow-up period of 30 months. Although that was a small,
preliminary study with a relatively short follow-up period,
the authors concluded that GnRHa+T can be an alternative
treatment option in premenopausal patients with endocrineresponsive, N0 breast cancer. In their 7-year follow-up of the
French Adjuvant Study Group 06 randomized trial, Roche et
al. [13] reported similar 7-year RFS and OS rates in premenopausal patients with N1, early breast cancer for GnRHa+T
and epirubicin-based chemotherapy. On the other hand,
based on SOFT data [3], it was concluded that addition of
ovarian suppression to tamoxifen did not provide a significant benefit in the overall population of premenopausal
women. However, those authors also stated that in the cohort
of women whose risk of recurrence was sufficient to warrant
adjuvant chemotherapy and who had premenopausal estraVOLUME 48 NUMBER 4 OCTOBER 2016
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diol levels despite chemotherapy, ovarian suppression in
addition to tamoxifen reduced the risk of breast cancer
recurrence compared to tamoxifen alone.
The results of previous studies indicate that the addition
of ovarian suppression to tamoxifen is not an appropriate
routine treatment option for all premenopausal patients with
hormone-responsive breast cancer. Instead, only premenopausal patients with hormone-responsive breast cancer who
would benefit the most from ovarian suppression in addition
to tamoxifen should be selected. In this group of patients, the
efficacy of GnRH agonist is similar to that of chemotherapy
as reported in previous studies, and further replaces chemotherapy as an alternative. As in the current study, premenopausal patients with T1-T2, hormone-responsive, HER2negative breast cancer might be good candidates. We found
no statistically significant difference in RFS and CSS between
our GnRHa+T and AC->T groups in premenopausal patients
with hormone-responsive, early breast cancer. However, a
large-scale, randomized controlled study is still required for
prospective comparison of the efficacies of GnRHa+T and
AC->T.
As described above, only 68 of our 994 patients showed
recurrence, with a 5-year RFS of 95.9%; there were 15 cancerspecific deaths with a 5-year CSS of 98.9% and 25 overall
deaths with a 5-year OS of 98.3%. In designing a randomized
controlled study for separate statistical confirmation of the
presence of non-inferiority within 1%, 3%, and 5% margins,
total sample sizes of 4,561, 1,650, and 964, respectively,
would be required for RFS, with sizes of 2,423, 1,370, and
1,019 for CSS. Therefore, a long accrual time as well as multicenter collaboration would be required to prospectively
confirm the equivalence, non-inferiority, or superiority of
GnRHa+T versus AC->T. Until these prospective data are
obtained, large-scale retrospective data might provide valuable information on effective treatments in this specific group
of patients. To the best of our knowledge, the current study
included the largest series of retrospective data comparing
GnRHa+T to AC->T in premenopausal patients with hormone-responsive, T1-T2, N0 breast cancer.
The optimal treatment duration of GnRH agonist is also
controversial. In the current study, patients who chose
GnRHa+T treatment received GnRH agonist for 2 years.
Shiba et al. [17] reported that adjuvant leuprorelin treatment
for 3 or more years with tamoxifen showed a survival benefit
and safety profile similar to that for 2 years in premenopausal patients with endocrine-responsive breast cancer in a
randomized controlled study. Similar to our results, several
trials using GnRH agonists for 2 years reported no differences in treatment outcomes between GnRH agonists and
chemotherapy [6,13,16,18]. On the other hand, trials showing
a superiority of hormonal blockade over chemotherapy used
GnRH agonists for 2 or 3 years combined with tamoxifen for
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5 years or tamoxifen with ovarian ablation [19,20]. The
patients included in SOFT [3] had completed 5 years of ovarian suppression. The treatment duration is an important
issue since the duration of GnRH-agonist treatment determines the duration of amenorrhea. Swain et al. [21] proposed
that a longer duration of amenorrhea was associated with
improved survival regardless of the chemotherapy regimen
and estrogen receptor status. In accordance with these findings, one of the groups in SOFT [3] in which a survival benefit was found by addition of ovarian suppression to tamoxifen comprised patients with premenopausal estradiol levels despite chemotherapy, with ovarian suppression in addition to tamoxifen reducing the risk of breast cancer recurrence compared to tamoxifen alone. This finding implies
that the duration of amenorrhea is an important prognostic
factor regardless of the type of adjuvant therapy. In their
meta-analysis, the Early Breast Cancer Overview group
[22,23] concluded that GnRH agonists showed an additional
benefit when administered after chemotherapy, either alone
or with tamoxifen, in women aged 40 years or younger, in
whom chemotherapy is less likely to induce permanent
amenorrhea than in older women. Several studies have
reported significant improvements in relapse and survival
in premenopausal women with breast cancer who develop
amenorrhea after chemotherapy compared with those who
did not [24,25]. In the current study, in the subset of patients
younger than 39 years, the 5-year CSS and OS rates appeared
to be better in the GnRHa+T group than in the AC->T group.
Therefore, future research should confirm the optimal duration of GnRH-agonist treatment and whether maintaining
amenorrhea for a longer period can provide a survival benefit.
The limitation of this study is the retrospective nature. The
clinical and tumor characteristics of the two treatment
groups are not evenly distributed. Therefore, results of direct
comparison between two treatment groups might be uncertain. PS matching and inverse probability weighting was
applied to overcome this limitation to minimize the heterogeneity of the treatment group.

Conclusion
In conclusion, the findings of this study suggest that
GnRHa+T is a comparable alternative to AC->T in premenopausal patients with hormone-responsive, HER2-negative, N0, T1-T2 breast cancer.

Guiyun Sohn, Survival Outcome of GnRH Agonist and Tamoxifen
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Locoregional Recurrence by Tumor Biology in Breast Cancer Patients
after Preoperative Chemotherapy and Breast Conservation Treatment

Purpose
The purpose of this study is to determine whether breast cancer subtype can affect locoregional recurrence (LRR) and ipsilateral breast tumor recurrence (IBTR) after neoadjuvant
chemotherapy (NAC) and breast-conserving therapy (BCT).
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Materials and Methods
We evaluated 335 consecutive patients with clinical stage II-III breast cancer who received
NAC plus BCT from 2002 to 2009. Patients were classified according to six molecular
subtypes: luminal A (hormone receptor [HR]+/HER2–/Ki-67 < 15%, n=113), luminal
B1 (HR+/HER2–/Ki-67  15%, n=33), luminal B2 (HR+/HER2+, n=83), HER2 with
trastuzumab (HER2[T+]) (HR–/HER2+/use of trastuzumab, n=14), HER2 without
trastuzumab (HER2[T–]) (HR–/HER2+, n=31), and triple negative (TN) (HR–/HER2–, n=61).
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Results
After a median follow-up period of 7.2 years, 26 IBTRs and 37 LRRs occurred. The 5-year
LRR-free survival rates were luminal A, 96.4%; B1, 93.9%; B2, 90.3%; HER2(T+), 92.9%;
HER2(T–), 78.3%; and TN, 79.6%. The 5-year IBTR-free survival rates were luminal A, 97.2%;
B1, 93.9%; B2, 92.8%; HER2(T+), 92.9%; HER2(T–), 89.1%; and TN, 84.6%. In multivariate
analysis, HER2(T–) (IBTR: hazard ratio, 4.2; p=0.04 and LRR: hazard ratio, 7.6; p < 0.01)
and TN subtypes (IBTR: hazard ratio, 6.9; p=0.01 and LRR: hazard ratio, 8.1; p < 0.01) were
associated with higher IBTR and LRR rates. A pathologic complete response (pCR) was
found to show correlation with better LRR and a tendency toward improved IBTR controls
in TN patients (IBTR, p=0.07; LRR, p=0.03).
Conclusion
The TN and HER2(T–) subtypes predict higher rates of IBTR and LRR after NAC and BCT. A
pCR is predictive of improved IBTR or LRR in TN subtype.

Key words
Breast neoplasms, Molecular subtype, Neoadjuvant chemotherapy,
Ipsilateral breast tumor recurrence, Local neoplasm recurrence
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Introduction
Neoadjuvant chemotherapy (NAC) has generally been
used in treatment of locally advanced and inflammatory
breast cancer, but its use is increasing for earlier stages of the
disease [1-3]. The number of patients who are candidates for
breast conserving treatment (BCT) increases with the use of
NAC, which downsizes tumors, facilitating BCT in patients
who would otherwise require mastectomy [2,4]. Several clinical trials have reported equivalent impacts of neoadjuvant
versus adjuvant chemotherapy on survival [2,3]. The locoregional recurrence (LRR) rate was also acceptably low in
patients treated with NAC followed by breast conserving
surgery (BCS) and radiotherapy (RT) [2,4,5].
DNA microarray analysis of gene expression profiles has
divided breast cancer into distinct molecular subtypes with
different clinical outcomes and responses to treatment,
including estrogen receptor (ER)–positive/luminal, basallike, and HER2-positive subtypes [6,7]. However, DNA
microarray analysis has challenges for wide use in routine
clinical care, determination of molecular subtypes based on
clinically available immunohistochemical (IHC) markers
such as hormone receptor (HR) and HER2 status has been
considered and validated as a more practical approach to
identification of the corresponding subgroups based on gene
expression profiling [8,9]. It has been demonstrated that different molecular subtypes can predict LRR in addition to survival and distant metastasis (DM) in the adjuvant setting
[10-12]. However, the impact of molecular subtypes on ipsilateral breast tumor recurrence (IBTR) and LRR in patients
who undergo NAC warrants further investigation.
Therefore, the current study was conducted to evaluate
whether molecular subtypes can identify patients at high risk
for IBTR and LRR following NAC and BCT.

Materials and Methods
This was a single-institution retrospective review of an
Institutional Review Board–approved prospective breast
cancer database. A total of 335 consecutive patients with nonmetastatic breast cancer who underwent NAC followed by
BCS and RT from 2002 to 2009 were identified. Before initiation of NAC, all patients had been clinically staged according
to the sixth edition of the American Joint Committee on Cancer (AJCC) guidelines. Clinical stages were evaluated by
physical examination, ultrasonography, fluorodeoxyglucosepositron emission tomography (PET)/computed tomography (CT), and chest CT. Clinicopathological data were
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recorded, including age, menopause status, cT stage, cN
stage, pathological tumor size, number of lymph nodes (LNs)
identified pathologically, histological type, histological
grade, ER, progesterone receptor (PR), HER2, and Ki-67 status. NAC consisted of anthracycline-based (doxorubicin
60 mg/m2 and cyclophosphamide 600 mg/m2 every 3 weeks
for four cycles, n=150), taxane-based (docetaxel 75 mg/m2
and capecitabine 1,000 mg/m2 orally twice daily on days
1-14 every 3 weeks for four cycles, n=85; paclitaxel 80 mg/m2
followed by gemcitabine 1,200 mg/m2 on days 1 and 8 every
3 weeks for four cycles, n=27), or combined anthracyclinetaxane–based therapy (doxorubicin 60 mg/m2 and cyclophosphamide 600 mg/m2 every 3 weeks for four cycles followed by docetaxel 100 mg/m2 every 3 weeks for four cycles,
n=73). A total of 245 patients (73.1%) were treated in one of
the two prospective institutional clinical trials. Full details of
the regimens used have been previously reported [13,14].
NAC regimen for the remainder was chosen at physician’s
discretion. In the BCS procedure, residual primary tumors
were excised, and clear margins to healthy tissues were
determined from frozen biopsy specimens. However, five
patients with persistent positive resection margins in the
final pathology reports declined further surgical resection.
No further revision surgery was attempted in 30 patients
with close resection margins (< 2 mm). Standard level I and
II axillary LN dissections were performed in all except 14
patients who underwent sentinel LN biopsy without axillary
dissection. No residual tumor or only carcinoma in situ in
both primary breast tumor and LNs was considered pathologic complete response (pCR). Following BCS, RT was performed with tangential fields at a median dose to the breast
of 50.4 Gy in 28 fractions over 5.5 weeks in all patients. All
patients received an electron boost to the tumor bed with a
median dose of 10 Gy in five fractions. Supraclavicular nodal
RT was delivered in 318 patients (median dose, 45 Gy in 25
fractions). Internal mammary nodal RT was administered at
a median dose of 55 Gy to only seven patients with pre-NAC
initial PET-positive internal mammary LNs. Adjuvant hormone suppression therapy was offered to all patients with
ER-positive or PR-positive tumors. Some patients showed
changes in ER and PR expression before and after NAC, but
hormonal suppression therapy was administered to all
patients whose tumors were ER- or PR-positive in one or
more tests. Following RT, trastuzumab was administered for
1 year to 36 patients with HER2-positive tumors.
An IHC assay was used to evaluate the expression of the
ER, PR, HER2, and Ki-67 markers in pretreatment core biopsies. ER and PR positivity were defined using the Allred
score when strong nuclear staining was observed in at least
3/8 tumor cells examined [15]. ER and PR status were categorized as HR-positive when ER or PR staining was positive,
and as HR-negative when ER and PR staining were negative.
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Immunostaining for HER2 was considered positive in the
case of strong (3+) membranous staining in at least 10% of
tumor cells, or in the case of 2+ with unequivocal amplification by fluorescence in situ hybridization [16]. For evaluation
of Ki-67, areas with the highest Ki-67 staining were examined
[17]; 15% was used as the cut-off value for Ki-67 to dichotomize the patients [18,19]. According to the IHC features on
core biopsies before NAC, patients were classified according
to IHC-based molecular subgroups as follows: luminal A
(HR+/HER2–/Ki-67 < 15%), luminal B1 (HR+/HER2–/
Ki-67  15%), luminal B2 (HR+/HER2+), HER2 (HR–
/HER2+), and triple negative (TN) (HR–/HER2–). In this
study, the HER2 group, which is known as an unfavorable
feature, was divided into two subtypes based on the use of
trastuzumab. The final six groups were as follows: luminal
A, luminal B1, luminal B2, HER2 with trastuzumab
(HER2[T+]), HER2 without trastuzumab (HER2[T–]), and
TN.
The primary endpoints were IBTR and LRR. IBTR was
defined as recurrent disease in the ipsilateral breast. LRR was
defined as recurrent disease in the ipsilateral breast, chest
wall or axillary, supraclavicular, infraclavicular, or internal
mammary LNs. All IBTRs and LRRs were considered events,
regardless of whether they were the first site of failure versus
occurred with or after DM. Patients who did not experience
IBTR or LRR were censored at the last follow-up or at the
time of death. Distributions of the clinical factors among
groups were compared using the Kruskal-Wallis test for continuous variables and the chi-square test for categorical variables. Actuarial rates of IBTR and LRR were calculated using
the Kaplan-Meier method, and differences between groups
were compared using the two-sided log-rank test. Logistic
regression was used to evaluate the association between
covariates of interest and the probability of IBTR or LRR.
Multivariate analyses were performed using the Cox proportional hazards model. All calculations were performed using
SPSS ver. 18.0 (SPSS Inc., Chicago, IL). Two-tailed p-values
< 0.05 were considered statistically significant.

Results
Clinicopathological characteristics by subtype are summarized in Table 1. The median age was 48 years (range, 28 to
76 years). Significant differences in the distribution of histological type, histological grade, resection margin status, and
response to NAC were observed among subtypes. In evaluation of the response to NAC, we noted a difference (p < 0.01)
in pCR rates with a lower percentage of patients in the luminal A (10.6%) and B1 (6.1%) subgroups compared with

patients in the HER2(T–) (35.5%), and TN (23.0%) subgroups.
The median follow-up period was 7.2 years (range, 0.7 to
11.6 years). Twenty-six IBTRs, 15 regional recurrences,
67 DMs, and 56 deaths occurred during follow-up (Table 2).
The 5-year LRR-free survival rates in the subtypes were as
follows: luminal A, 96.4%; B1, 93.9%; B2, 90.3%; HER2(T+),
92.9%; HER2(T–), 78.3%; and TN, 79.6% (Fig. 1A). Compared
with the luminal A subtype, significantly higher LRR rates
were observed for the luminal B2, HER2(T–), and TN subtypes (p=0.02, p < 0.01, and p < 0.01, respectively). The 5-year
IBTR-free survival rates in the subtypes were as follows:
luminal A, 97.2%; B1, 93.9%; B2, 92.8%; HER2(T+), 92.9%;
HER2(T–), 89.1%; and TN, 84.6% (Fig. 1B). The HER2(T–) and
TN subtypes had significantly higher rates of IBTR compared
with the luminal A subtype (p=0.04 and p < 0.01, respectively). Despite the same unfavorable molecular markers
with HER2(T–), HER2(T+) subtype showed no difference in
IBTR and LRR rates compared with the luminal A subtype.
The 5-year DM-free and disease-free survival (DFS) rates
were as follows: luminal A, 90.2%; B1, 75.6%; B2, 83.0%;
HER2(T+), 85.7%; HER2(T–), 76.6%; and TN, 75.4% (Fig. 1C)
and luminal A, 88.4%; B1, 75.6%; B2, 81.9%; HER2(T+),
85.7%; HER2(T–), 70.0%; and TN, 72.1% (Fig. 1D), respectively.
The clinicopathological variables associated with IBTR and
LRR were analyzed by univariate and multivariate analyses
(Table 3). In univariate analysis, the factors affecting IBTR
development included the TN subtype (p < 0.01), poorly differentiated tumors (p=0.03), and clinical T3-4 stage (p < 0.01).
Luminal B2 subtype (p=0.03), HER2(T–) subtype (p < 0.01),
TN subtype (p < 0.01), poorly differentiated tumor (p=0.01),
and clinical T3-4 stage (p < 0.01) were also associated with
lower LRR-free survival rates. In the multivariate model, the
HER2(T–) subtype, TN subtype, and clinical T3-4 stage
affected the development of both IBTR and LRR. Compared
with the luminal A subtype, the HER2(T–) and TN subtypes
were potent factors affecting IBTR/LRR, with hazard ratios
of 4.2 (p=0.04)/7.6 (p < 0.01) and 6.9 (p=0.01)/8.1 (p < 0.01),
respectively (Table 3). Notably, a pCR after NAC was not
associated with the development of IBTR (p=0.39) or LRR
(p=0.65). Patients of the HER2(T+) subtype had significantly
lower hazard ratios for IBTR and LRR compared with
HER2(T–) patients.
In the analysis of IBTR and LRR according to pCR versus
non-pCR after NAC, patients of the TN subtype who failed
to achieve pCR showed a significantly higher LRR (p=0.03)
(Fig. 2A) rate and a trend toward higher IBTR (p=0.07)
(Fig. 2B) rate compared with those who achieved a pCR.
However, among patients of the non-TN subtypes, including
HER2(T–), no significant effect of a pCR on either LRR
(p=0.52) (Fig. 2A) or IBTR (p=0.41) (Fig. 2B) was observed.
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Table 1. Distribution of clinical and pathological characteristics by molecular subtype
Variable
Age (yr)
 40
> 40
Post-menopause
cT stage
cT1-2
cT3-4
cN stage
cN0
cN1
cN2-3
cStage
II
III
ypT
ypT0
ypT1
ypT2-3
ypN
ypN0
ypN1
ypN2-3
pCR
Histology
IDC
Others
Histological grade
Well, moderate
Poor
Resection margin
Negative
Close, positive

Luminal A
(n=113)

Luminal B1
(n=33)

Luminal B2
(n=83)

HER2(T+)
(n=14)

HER2(T–)
(n=31)

Triple
negative (n=61)

31 (27.4)
82 (72.6)
37 (32.7)

9 (27.3)
24 (72.7)
9 (27.3)

17 (20.5)
66 (79.5)
31 (37.3)

2 (14.3)
12 (85.7)
6 (42.9)

4 (12.9)
27 (87.1)
15 (48.4)

15 (24.6)
46 (75.4)
19 (31.1)

105 (92.9)
8 (7.1)

29 (87.9)
4 (12.1)

73 (88.0)
10 (12.0)

11 (78.6)
3 (21.4)

27 (87.1)
4 (13.0)

50 (82.0)
11 (18.0)

0.16

2 (1.8)
66 (58.4)
45 (39.8)

0(
14 (42.4)
19 (57.6)

1 (1.2)
41 (49.4)
41 (49.4)

0(
4 (28.6)
10 (71.4)

0(
20 (64.5)
11 (35.5)

0(
27 (44.3)
34 (55.8)

0.28

64 (56.6)
49 (43.4)

13 (39.4)
20 (60.6)

38 (45.8)
45 (54.2)

4 (28.6)
10 (71.4)

18 (58.1)
13 (41.9)

23 (37.7)
38 (62.3)

0.06

17 (15.0)
61 (54.0)
35 (31.0)

3 (9.1)
12 (36.4)
18 (54.5)

22 (26.5)
39 (47.0)
22 (26.5)

5 (35.7)
6 (42.9)
3 (21.4)

12 (38.7)
13 (41.9)
6 (19.4)

19 (31.1)
27 (44.3)
15 (24.6)

0.01

27 (23.9)
56 (49.6)
30 (26.5)
12 (10.6)

14 (42.4)
7 (21.2)
12 (36.4)
2 (6.1)

33 (39.8)
26 (31.3)
24 (28.9)
16 (19.3)

4 (28.6)
6 (42.8)
4 (28.6)
3 (21.4)

17 (54.8)
10 (32.3)
4 (12.9)
11 (35.5)

33 (54.1)
17 (27.9)
11 (18.0)
14 (23.0)

< 0.01

105 (92.9)
8 (7.1)

27 (81.8)
6 (18.2)

80 (96.4)
3 (3.6)

13 (92.9)
1 (7.1)

31 (100)
0(

61 (100)
0(

< 0.01

84 (74.3)
29 (25.7)

11 (33.3)
22 (66.7)

49 (59.0)
34 (41.0)

6 (42.9)
8 (57.1)

16 (51.6)
15 (48.4)

30 (49.2)
31 (50.8)

< 0.01

100 (88.5)
13 (11.5)

27 (81.8)
6 (18.2)

70 (84.3)
13 (15.7)

14 (100)
0(

29 (93.5)
2 (6.5)

60 (98.4)
1 (1.6)

< 0.01

p-value

0.51
0.47

< 0.01

Values are presented as number (%). HER2(T+), HER2 with trastuzumab; HER2(T–), HER2 without trastuzumab; pCR,
pathologic complete response; IDC, invasive ductal carcinoma.

Discussion
Breast cancer is now regarded as a biologically heterogeneous disease comprising different molecular subtypes, each
with a different prognosis and response to treatment [10-12].
These subtypes, including luminal, HER2, and basal-like, can
be defined by gene expression profiling [6,20,21] or approximations to this classification using IHC [8,9]. Clinicians
should consider these features for proper assessment of the
relevant evidence and decide on an appropriate therapeutic
course of action. In a series of women with clinical stage II-
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III breast cancer who underwent NAC and BCT, we found
that molecular subtypes showed correlation with different
rates of IBTR and LRR. The TN and HER2(T–) subtypes had
worse outcomes with significantly higher IBTR and LRR
rates than those of other subtypes despite excellent tumor
responses to NAC.
Several authors have examined the impact of molecular
subtype on LRR in different patient populations. Nguyen et
al. [10] evaluated 793 patients treated with BCT as a first-line
intervention. After a median follow-up period of 70 months,
the 5-year LRR rate was 0.8% for luminal A, 8.4% for HER2,
and 7.1% for basal subtypes. Arvold et al. [22] also evaluated
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Table 2. Patterns of failure
Variable
Any recurrence
LRR
IBTR
Regional recurrence
Axillary lymph node
SCLN
IMLN
Distant metastasis

Luminal A
(n=113)

Luminal B1
(n=33)

Luminal B2
(n=83)

HER2(T+)
(n=14)

HER2(T–)
(n=31)

Triple
negative (n=61)

Total
(n=335)

16 (14.2)
4 (3.5)
3 (2.7)
1 (0.9)
0(
0(
1(
14 (12.4)

9 (27.3)
3 (9.1)
3 (9.1)
2 (6.1)
2(
0(
1(
8 (24.2)

21 (25.3)
10 (12.0)
7 (8.4)
3 (3.6)
2(
0(
1(
18 (21.7)

2 (14.3)
1 (7.1)
1 (7.1)
0(
0(
0(
0(
2 (14.3)

9 (29.0)
6 (19.4)
3 (9.7)
3 (9.7)
0(
2(
2(
7 (22.6)

20 (32.8)
13 (21.3)
9 (14.8)
6 (9.8)
0(
3(
4(
18 (29.5)

77 (23.0)
37 (11.0)
26 (7.8)
15 (4.5)
4(
5(
9(
67 (20.0)

Values are presented as number (%). HER2(T+), HER2 with trastuzumab; HER2(T–), HER2 without trastuzumab; LRR,
locoregional recurrence; IBTR, ipsilateral breast tumor recurrence; SCLN, supraclavicular lymph node; IMLN, internal mammary lymph node.

differences in LRR according to subtype in patients undergoing BCT as initial treatment. These patients were classified
based on receptor status as well as nuclear grade, with subgroups defined as luminal A (HR+/HER2–/grade 1-2),
luminal B (HR+/HER2–/grade 3), luminal HER2 (HR+/
HER2+), HER2 (HR–/HER2+), and TN (HR–/HER2–). The
5-year LRR rates were 0.8% for luminal A, 10.8% for HER2,
and 6.7% for TN subtypes. In contrast to our study, both of
these studies were limited to patients undergoing initial surgery [10,22]. Vargo et al. [23] analyzed 331 patients receiving
NAC plus BCT or mastectomy. After a median follow-up
period of 43 months, 5-year LRR rates were 3.8%, 1.3%, and
4.2% for luminal A, HER2, and basal subtypes, respectively.
The molecular subtype and pCR predicted DM, DFS, and
overall survival (OS). Meyers et al. [24] used constructed
molecular subtypes for prediction of LRR in 149 patients.
Only patients who received NAC were included; however,
patients underwent BCT or mastectomy. After a median follow-up period of 55 months, a higher rate of LRR in patients
with basal (14%) versus luminal (4%) or HER2 (5%) tumors
was reported. By evaluating only the 49 patients who underwent BCT, no LRR events were observed in the luminal or
HER2 groups, while 8% of the basal group developed LRR.
Most recently, Caudle et al. [25] analyzed the clinicopathological data from 595 patients who received NAC and BCT.
After a median follow-up period of 64 months, the 5-year
LRR-free survival rates were found to vary by subtype:
HR+/HER2–, 97.0%; HR+/HER2+, 95.9%; HR–/HER2+,
86.5%; and HR–/HER2–, 89.5% (p=0.001). The pCR was
associated with lower LRR rate.
There appears to be several critical differences between our
analysis and previously published data. First, our data
encompassed a homogeneous group of patients with clinical
stage II-III breast cancer who underwent NAC followed by

BCT at a single institution, compared with the results from
patients treated with NAC followed by BCT or mastectomy.
To the best of our knowledge, the current study is unique in
its analysis of the impact of molecular subtypes on IBTR and
LRR in patients who underwent NAC followed by only BCT,
which could be associated with the concerns regarding a
higher LRR rate compared with mastectomy. Most previous
studies have focused on DFS, OS, or LRR alone [23,26-28].
Second, we analyzed patients who were treated recently,
between 2002 and 2010. Other series included patients
treated since 1991 or 1998 [10,24]. Inclusion of patients from
previous treatment eras may yield higher rates of LRR compared with those treated more recently due to several factors.
The evolution of systemic therapy has resulted in better local
control and better outcomes on systemic recurrence. The use
of modern radiation techniques and the evolution of breast
imaging may have an impact on the rates of IBTR and LRR.
Third, we included 36 patients treated with trastuzumab, of
whom 14 HER2(T+) patients had a better local outcome compared with HER2(T–) patients. Five-year IBTR- and LRR-free
survival rates were 92.9% versus 89.1% and 92.9% versus
78.3% in HER2(T+) versus HER2(T–), respectively. This
result suggests that the use of trastuzumab could alter the
impact of the molecular subtype on local outcome in HER2
subtype patients. This might be useful information in the
consideration of trastuzumab in HER2 subtype patients.
Last, we found that a pCR to NAC had no impact on
locoregional outcomes in any patients of non-TN groups. In
TN patients, however, a pCR was associated with excellent
IBTR and LRR control. The association between the extent of
response to NAC and prognosis has been examined
[3,5,23,25-27]. The best relative DFS [3,26,28], as well as
DM-free survival, and OS [23,27] was observed in those who
achieved a pCR. Min et al. [5] reported that a pCR to NAC
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Fig. 1. Kaplan-Meier plots of locoregional recurrence-free survival (A), ipsilateral breast tumor recurrence-free survival (B),
distant metastasis-free survival (C), and disease-free survival (D) according to molecular subtype.
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0.04
< 0.01

0.80

p-value

Multivariate

Ipsilateral breast tumor recurrence

Univariate
1.0 (
0.8 (0.4-1.6)
1.0 (
2.7 (0.6-12.2)
3.5 (1.1-11.3)
2.1 (0.2-19.2)
6.5 (1.8-23.2)
7.0 (2.3-21.6)
1.0 (
2.3 (1.2-4.4)
1.0 (
0.9 (0.3-2.2)
1.0 (
1.7 (0.6-4.3)
1.0 (
5.4 (2.8-10.6)
1.0 (
1.8 (0.9-3.4)
1.0 (
1.7 (0.9-3.3)
1.0 (
1.7 (0.9-3.4)

OR (95% CI)

Univariate

0.11

0.11

0.09

< 0.01

0.30

0.78

0.01

0.19
0.03
0.50
< 0.01
< 0.01

0.49

p-value

1.0 (
0.7 (0.3-1.6)
1.0 (
1.9 (0.4-9.3)
3.4 (1.0-11.1)
1.5 (0.2-14.0)
7.6 (2.0-28.9)
8.1 (2.5-26.6)
1.0 (
1.5 (0.7-3.3)
1.0 (
1.3 (0.4-4.1)
1.0 (
2.0 (0.7-5.5)
1.0 (
5.0 (2.5-10.1)
1.0 (
1.2 (0.6-2.4)
1.0 (
1.5 (0.7-3.2)
1.0 (
2.1 (0.9-4.6)

0.06

0.32

0.69

< 0.01

0.21

0.65

0.34

0.43
0.04
0.74
< 0.01
< 0.01

0.41

p-value

Multivariate
HR (95% CI)

Locoregional recurrence

OR, odds ratio; CI, confidence interval; HR, hazard ratio; HER2(T+) , HER2 with trastuzumab; HER2(T–), HER2 without trastuzumab; pCR, pathologic complete
response; RM(–), negative resection margin; RM(+), positive resection margin.

 40 yr
> 40 yr
Luminal A
Luminal B1
Luminal B2
HER2(T+)
HER2(T–)
Triple negative
Well-moderate
Poor
Non-pCR
pCR
RM(–)
Close or RM(+)
cT1-2
cT3-4
cN0-1
cN2-3
ypT0-1
ypT2-3
ypN0-1
ypN2-3

Variable

Table 3. Uni- and multivariate analysis
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Probability of locoregional recurrence-free survival

A
1.00

pCR in triple negative subtype

0.95

Non-pCR in non-triple negative subtype

0.90
0.85

pCR in non-triple negative subtype

0.80
Non-pCR in triple negative subtype

0.75
0.70
0.65
0.60

pCR vs. non-pCR in triple negative subtype, log-rank p=0.03
pCR vs. non-pCR in non-triple negative subtype, log-rank p=0.52

0

1

2

3

4 5 6 7 8
Years from surgery

9

10 11 12

Probability of ipsilateral breast tumor recurrence-free survival
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B
1.00

pCR in triple negative subtype
Non-pCR in non-triple negative subtype

0.95
0.90

pCR in non-triple negative subtype

0.85
0.80

Non-pCR in triple negative subtype

0.75
0.70
0.65
0.60

pCR vs. non-pCR in triple negative subtype, log-rank p=0.07
pCR vs. non-pCR in non-triple negative subtype, log-rank p=0.41

0

1

2

3

4 5 6 7 8
Years from surgery

9

10 11 12

Fig. 2. Kaplan-Meier plots of locoregional recurrence-free survival (A) and ipsilateral breast tumor recurrence-free survival
(B) by pathological complete response (pCR) versus a non-pCR in non-triple negative and triple negative subgroup patients.

did not affect LRR or IBTR regardless of subtype, while
Caudle et al. [25] reported that patients achieving a pCR had
similar LRR rates among subtypes.
However, our study had several limitations. First, the
analysis was performed retrospectively. A second limitation
was the modest number of patients evaluated; categorization
according to the six subtypes resulted in a small number of
patients in some subtypes, including HER2(T+), luminal B1,
and HER2(T–) patients. Therefore, these findings should be
confirmed in a larger prospective study in the future.

tion. Improvements in systemic therapy, investigation of
radiosensitizing agents, radiation dose escalation, and other
new techniques may prove to be important.

Conclusion
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Prognostic Value of Axillary Nodal Ratio after Neoadjuvant
Chemotherapy of Doxorubicin/Cyclophosphamide Followed by
Docetaxel in Breast Cancer: A Multicenter Retrospective Cohort Study
Purpose
The purpose of this study is to investigate the prognostic value of lymph node (LN) ratio
(LNR) in patients with breast cancer after neoadjuvant chemotherapy.

Se Hyun Kim, MD1
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Materials and Methods
This retrospective analysis is based on the data of 814 patients with stage II/III breast cancer
treated with four cycles of doxorubicin/cyclophosphamide followed by four cycles of
docetaxel before surgery. We evaluated the clinical significance of LNR (3 categories: low
0-0.20 vs. intermediate 0.21-0.65 vs. high 0.66-1.00) using a Cox proportional regression
model.
Results
A total of 799 patients underwent breast surgery. Pathologic complete response (pCR,
ypT0/isN0) was achieved in 129 patients (16.1%) (hormone receptor [HR] +/human epidermal growth factor receptor 2 [HER2] –, 34/373 [9.1%]; HER2+, 45/210 [21.4%]; triple
negative breast cancer, 50/216 [23.1%]). The mean numbers of involved LN and retrieved
LN were 2.70 (range, 0 to 42) and 13.98 (range, 1 to 64), respectively. The mean LNR was
0.17 (low, 574 [71.8%]; intermediate, 170 [21.3%]; high, 55 [6.9%]). In univariate analysis,
LNR showed significant association with a worse relapse-free survival (3-year relapse-free
survival rate 84.8% in low vs. 66.2% in intermediate vs. 54.3% in high; p < 0.001, log-rank
test). In multivariate analysis, LNR did not show significant association with recurrence after
adjusting for other clinical factors (age, histologic grade, subtype, ypT stage, ypN stage, lymphatic or vascular invasion, and pCR). In subgroup analysis, the LNR system had good prognostic value in HR+/HER2– subtype.

*A list author’s aliations appears at the end
of the paper.
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Conclusion
LNR is not superior to ypN stage in predicting clinical outcome of breast cancer after neoadjuvant chemotherapy. However, the prognostic value of the LNR system in HR+/HER2–
patients is notable and worthy of further investigation.
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Breast neoplasms, Prognosis
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Introduction

Materials and Methods

Neoadjuvant chemotherapy (NCT) is a treatment option
for patients with operable breast cancer, who are candidates
for adjuvant chemotherapy. The equivalency of NCT and
adjuvant chemotherapy with regard to disease-free survival
and overall survival (OS) was demonstrated in large
randomized trials [1-3]. NCT has a number of advantages
compared to adjuvant chemotherapy, including downsizing
the tumor to increase the likelihood of breast conservation,
providing in vivo chemosensitivity to oncologists, and
enabling rapid assessment of the efficacy of new therapeutic
agents. Importantly, the pathologic complete response (pCR)
after NCT has a strong association with improved survival
in patients with aggressive breast cancer subtypes [4].
The best established predictor of survival is the absolute
number of involved lymph nodes (LNs) in the axilla following NCT, which is in accordance with the ypN stage of the
American Joint Committee on Cancer (AJCC) staging system
[2,5-8]. However, based on previous observations, NCT may
change the histological environment of the axillary area and
reduce the number of retrieved axillary LNs [9,10]. As a
result, the ypN stage can be underestimated, thereby resulting in inadequate treatment. Many studies with adjuvant
chemotherapy suggested that the lymph node ratio (LNR),
the ratio of the number of involved LNs to the total number
of resected LNs, may be a superior prognostic factor than the
pN stage [11-15]. Ahn et al. [14] concluded that LNR may be
superior to the pN stage as a prognostic factor and can be
used in identification of patient subgroups that may benefit
from adjuvant radiotherapy. Dings et al. [15] reported that
LNR can differentiate populations with poor prognosis
within the same pN stage. In a recent meta-analysis, Liu et
al. [16] reported that LNR was a prognostic predictor for
breast cancer. After analysis of the studies that used 0.2 and
0.65 as the cut-off, the authors confirmed that there was a
dose-response relationship between LNR and OS, diseasefree survival, breast cancer specific survival, and mortality.
However, there are limited data and conflicting results with
regard to the prognostic significance of LNR after NCT
[17,18].
In this study, we investigated the prognostic value of LNR
in patients treated with NCT and compared LNR with the
traditional ypN stage of the AJCC in predicting disease
recurrence.

1. Study population
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This study included 814 consecutive patients from 13
academic hospitals of the Korean Cancer Study Group. They
were pathologically diagnosed with stage II/III breast cancer
and received treatment with four cycles of doxorubicin/
cyclophosphamide (AC), followed by four cycles of
docetaxel (DOC) as NCT within a study period from June
2009 to December 2012. Among the 814 patients, 799 had
undergone surgery and were analyzed. Clinical data were
obtained from the electronic medical records of each hospital.
The data included demographics, past medical history,
pathologic information, radiologic findings, NCT, adjuvant
treatment, recurrence, and survival. Male breast cancer,
inflammatory breast cancer, recurrent or metastatic breast
cancer, any treatment before NCT, and other coexisting
malignancies were excluded. This study was approved by
the Institutional Review Board at Seoul National University
Bundang Hospital (Seongnam, Korea) and participating
institutions.
2. Treatment and tumor assessment
All patients were treated with four cycles of AC (doxorubicin 60 mg/m2 on day 1 and cyclophosphamide 600 mg/m2
on day 1 every 21 days) followed by four cycles of DOC
(75 mg/m2 on day 1 every 21 days). In patients with overexpression or amplification of human epidermal growth factor
receptor 2 (HER2), trastuzumab was incorporated into the
adjuvant treatment and administered for 1 year after surgery.
The clinical response to NCT was evaluated every four
cycles, using ultrasound or magnetic resonance imaging in
accordance with the Response Evaluation Criteria in Solid
Tumors (RECIST) ver. 1.1.
Pathological assessment was performed with core biopsy
samples or surgical specimens of primary tumors by a
pathologist at each institution. Immunohistochemistry (IHC)
was performed for the estrogen receptor, progesterone
receptor, and HER2. In patients with HER2 IHC score of 2+,
HER2 amplification status was confirmed by fluorescent in
situ hybridization or silver in situ hybridization. pCR was
defined as ypT0N0 (absence of invasive cancer and in situ
cancer in the breast and axillary nodes) or ypT0/isN0
(absence of invasive cancer in the breast and axillary nodes).
From the pathological report of the surgical specimen, LNR
was calculated as the ratio of the number of involved LNs to
the number of total retrieved LNs. LNR was categorized
according to three groups based on previous findings: low
(LNR, 0 to 0.20), intermediate (0.21 to 0.65), and high (0.66 to
1.00) [12-14].

Se Hyun Kim, Axillary Lymph Node after Neoadjuvant Therapy

3. Statistical analysis
Data were described as frequencies (%), or means and
medians (range). An independent two-sample t test was used
for analysis of continuous variables, and chi-square test for
categorical variables. The primary end point was relapse-free
survival (RFS), calculated from the start of NCT to recurrence
of breast cancer. Patients who were relapse free at the last
contact were censored at the last follow-up date. The secondary end points were the rate of distant recurrence and OS.
OS was determined from the initial NCT to death from any
cause. The Kaplan-Meier method was used for estimation of
survival outcomes and the log-rank test was used for determination of differences between the groups. Cox proportional hazard regression analysis was used for estimation of
hazard ratios and 95% confidence intervals (CIs). Variables
with statistical significance (p < 0.05) in univariate analysis
were included as covariates in multivariate analysis. A value
of p < 0.05 was considered to indicate statistical significance,
and all resulting p-values were two sided. All statistical
procedures were performed using SPSS ver. 18.0 (SPSS Inc.,
Chicago, IL).

Results
1. Patient characteristics
A total of 799 patients were included in our study
(Table 1). The median age was 45 years (range, 16 to 74
years), and the majority (88.1%) underwent axillary LN
dissection. Before surgery, 687 patients (85.9%) had undergone fine needle aspiration biopsy or sentinel LN biopsy
(n=19, 2.4%) for axillary staging. Almost all patients
(741/799, 92.8%) received eight cycles of NCT. The pCR rate
and LN status according to subtype of breast is shown in
Table 2. The overall pCR (T0/isN0) rate was 16.1% (129/799);
9.1% (34/373) in HR+/HER2– patients, 21.4% (45/210) in
HER2+ patients, and 23.1% (50/216) in triple negative breast
cancer (TNBC) patients. Among the pathologically confirmed LN+ patients (n=622), pathologic axillary LN clearance (ypN0) was achieved in 243 patients (39.1%). The
median numbers of involved LNs and retrieved LNs were
one (range, 0 to 42) and 13 (range, 1 to 64), respectively. Most
patients (759/799, 95%) had more than four retrieved LNs
after surgery (Supplementary Table 1). The median and
mean numbers of LNR were 0.07 and 0.17, respectively.
When using the LNR classification, 574 patients (71.8%)
were categorized as low (LNR, 0 to 0.20), 170 (21.3%) as
intermediate (0.21 to 0.65), and 55 (6.9%) as high (0.66 to

Table 1. Baseline characteristics of patients
Characteristic

No. (%)

Age (yr)
Median (range)
ECOG PS
0
1
2
Histology
Ductal
Lobular
Others
Histologic grade
1
2
3
Unknown
Tumor size at diagnosis (cm)
Mean±SD
Median (range)
cT stage
0
1
2
3
4
cN stage
0
1
2
3
ER receptor
Positive
Negative
PR receptor
Positive
Negative
Subtype
HR+/HER2–
HER2+
TNBC

45 (16-74)
470 (58.8)
327 (40.9)
2 (0.3)
762 (95.4)
15 (1.9)
22 (2.7)
32 (4).0
379 (47.4)
304 (38).0
84 (10.5)
4.3±2.36
3.8 (0.8-20)
6 (0.8)
54 (6.8)
440 (55.1)
238 (29.8)
61 (7.6)
42 (5.3)
379 (47.4)
238 (29.8)
140 (17.5)
454 (56.8)
345 (43.2)
384 (48.1).0
415 (51.9).0
373 (46.7).0
210 (26.3).0
216 (27).0

ECOG, Eastern Cooperative Oncology Group; PS,
performance status; SD, standard deviation; ER, estrogen
receptor; PR, progesterone receptor; HR, hormone receptor; HER2, human epidermal growth factor receptor 2;
TNBC, triple negative breast cancer.
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Table 2. Pathological response and lymph node status after NCT
Variable
No. of lymph nodes
Involved
Retrieved
ypN stage by AJCC
0
1
2
3
Lymph node ratio
Low
Intermediate
High
pCR (ypT0/isN0)
Yes
No

Total

HR+/HER2–

HER2+

TNBC

p-value

2.70 (0-42).
13.98 (1-64).0

3.12 (0-41)
14.20 (1-47)0

2.25 (0-30)
13.62 (1-38)0

2.42 (0-42)
13.96 (1-64)0

0.083
0.737

335 (41.9)
286 (35.8)
116 (14.5)
62 (7.8)

106 (28.4)
166 (44.5)
71 (19)
30 (8)0

100 (47.6)
71 (33.8)
27 (12.9)
12 (5.7)

129 (59.7)
49 (22.7)
18 (8.3)
20 (9.3)

< 0.001

574 (71.8)
170 (21.3)
55 (6.9)

236 (63.4)
108 (29)0
28 (7.5)

163 (77.6)
34 (16.2)
13 (6.2)

174 (80.6)
28 (16.5)
14 (6.5)

< 0.001

129 (16.1)
670 (83.9)

34 (9.1)
339 (90.9)

45 (21.4)
165 (78.6)

50 (23.1)
166 (76.9)

< 0.001

Values are presented as mean (range) or number (%). NCT, neoadjuvant chemotherapy; HR, hormone receptor; HER2, human
epidermal growth factor receptor 2; TNBC, triple negative breast cancer; AJCC, American Joint Committee on Cancer; pCR,
pathologic complete response.
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Fig. 1. Survival of patients according to lymph node ratio (LNR) status: relapse-free survival (A) and overall survival (B).

1.00). Patients with HR+/HER2– subtype had a significantly
lower rate of ypN0 stage compared with other subtypes
(28.4% vs. 47.6% in HER2 and 59.7% in TNBC, p < 0.001).
Approximately two-thirds of patients with HR+/ HER2–
subtype were categorized as the low LNR group (63.4% in
HR+/HER2– vs. 77.6% in HER2 and 80.6% in TNBC,
p < 0.001).
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2. Survival and relapse according to axillary LN status
RFS and OS were evaluated with a median follow-up
period of 31.0 months. With the LNR classification, the 3-year
RFS rates were 84.8%, 66.2%, and 54.3% in low, intermediate,
and high groups, respectively (p < 0.001) (Fig. 1A). The estimated 3-year OS rates were 92.7%, 87.1%, and 79.3% in the
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low, intermediate, and high groups, respectively (p=0.011)
(Fig. 1B). Using the ypN-stage classification, the 3-year RFS
rates were 88.1%, 80.8%, 61.8%, and 48.1% in ypN0, ypN1,
ypN2, and ypN3 stages, respectively (p < 0.001). Probabilities
of 3-year OS were 94.6%, 91.5%, 87.3%, and 69.6% in ypN0,
ypN1, ypN2, and ypN3 stage, respectively (p < 0.001).
To examine the pattern of relapse in accordance with LNR
status, disease recurrence was classified as locoregional,
distant only, and locoregional with distant relapse (Supplementary Table 2). The increase of LNR showed significant
association with the distant failure rate (9.5% in low group
vs. 18.2% in intermediate group vs. 27.3% in high group,
chi-square p < 0.001).
3. Survival analysis
Among the variables analyzed in the univariate Cox
model, pCR status, histologic grade, subtype by IHC, ypT
stage, ypN stage, lymphovascular invasion (LVI), and LNR
classification showed significant association with RFS in all
patients. The LNR classification was not an independent
predictor for RFS in the multivariate model adjusted for age,
pCR status, histologic grade, subtype by IHC, ypT stage,

ypN stage, and LVI (p=0.954) (Table 3). To exclude the
possibility of any confounding effect, we constructed two
multivariate models with either ypN stage or LNR classification. Both ypN stage and LNR classification were independent predictors for RFS in each model. By calculating the
log likelihood chi-squares of each model, we were able to
compare the fit of each model (higher value indicates a more
predictive model). However, the values of log likelihood
chi-squares of both models were similar (Supplementary
Table 3).
4. Prognostic value of LNR according to subtype by IHC
In HR+/HER2– patients, a statistically significant difference in RFS was observed in accordance with LNR status
during the follow-up period (LNR-low vs. LNR-intermediate, p=0.045; LNR-low vs. LNR-high, p=0.001; LNR-intermediate vs. LNR-high, p=0.027) (Fig. 2). In HER2+ and TNBC
patients, LNR-low showed association with better RFS than
LNR-intermediate or LNR-high (LNR-low vs. LNR-intermediate, p < 0.001 in HER2+ and p < 0.001 in TNBC; LNR-low
vs. LNR-high, p=0.001 in HER2+ and p < 0.001 in TNBC; logrank test) (Fig. 2). However, no significant difference in RFS

Table 3. Multivariate analysis for relapse-free survival of patients
Variable
Age (< 50 yr vs. > 50 yr)
Histologic grade 1
Histologic grade 2
Histologic grade 3
Histologic grade NA
Subtype: HR+/HER2–
Subtype: HER2+
Subtype: TNBC
pCR (ypT0/isN0) vs. non-pCR
ypT stage 0
ypT stage 1
ypT stage 2
ypT stage 3
ypT stage 4
ypN stage 0
ypN stage 1
ypN stage 2
ypN stage 3
Lymphovascular invasion (yes vs. no)
LNR low (0-0.20)
LNR intermediate (0.21-0.65)
LNR high (0.66-1.00)

Hazard ratio

95% CI

p-value

0.77
1.0
1.2
2.59
1.27
1.0
1.69
4.97
0.26
1.0
0.85
1.96
1.95
5.93
1.0
1.72
2.69
3.39
1.5
1.0
1.01
1.12

0.53-1.11

0.157
0.001

0.37-3.92
0.78-8.57
0.33-4.94
< 0.001
1.02-2.79
3.24-7.61
0.08-0.86

0.027
< 0.001

0.39-1.83
0.90-4.24
0.69-3.95
1.63-21.58
0.035
1.04-2.84
1.27-5.71
1.43-8.01
1.02-2.22

0.040
0.954

0.55-1.86
0.48-2.59

CI, confidence interval; NA, not available; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; TNBC,
triple negative breast cancer; pCR, pathologic complete response; LNR, lymph node ratio.
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Fig. 2. Relapse-free survival of patients according to lymph node ratio (LNR) status and subtype: hormone receptor
+/human epidermal growth factor receptor 2 (HER2) – (A), HER2+ (B), and triple negative breast cancer (C).

was observed between LNR-intermediate and LNR-high
(LNR-intermediate vs. LNR-high, p=0.990 in HER2+ and
p=0.413 in TNBC) (Fig. 2). The LNR classification was not an
independent predictor for RFS in the multivariate model in
each subtype (Supplementary Table 4).
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Discussion
In this study, we demonstrated that the axillary LN status,
either ypN stage or LNR, is of prognostic value in breast
cancer patients treated with NCT. Patients with higher LNR
had poorer RFS and OS. In comparison of the value of log
likelihood chi-squares between two models, the prognostic
power of LNR after NCT, using the cut-off points of 0.20 and
0.65, appears to be similar to that of the current ypN stage in
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our patient cohort. To the best of our knowledge, this study
is the largest study to date addressing the prognostic value
of LNR in patients uniformly treated with eight courses of
sequential anthracycline-taxane–based NCT.
It should be noted that the number of retrieved and examined LNs is influenced by NCT [9,10]. In our study, most
patients (92.8%) completed the preplanned eight cycles of
NCT, while only three cycles of NCT were utilized in previous studies [17,18]. In the most recent study, Chen et al. [19]
reported a better prognostic value of LNR than ypN stage in
patients treated with median three cycles of NCT. The pCR
rate of 16.1% in our study is higher than that of other studies
(range, 6.8% to 10.7%) reporting that the LNR system is
superior to ypN stage [17,19]. The longer duration with more
effective NCT in the current study may result in a lower
number of involved LNs than that of the two previous studies (Supplementary Table 5). The reason for the consistent
results with regard to the prognostic significance of LNR in
an adjuvant setting compared to the conflicting results in a
neoadjuvant setting may be derived in part from less
involvement of LNs in studies with NCT. We suppose that
there might be an inverse correlation between the efficacy of
NCT and prognostic impact of LNR.
We observed a low pCR rate (9.1%) and good separation
of RFS curves with the LNR system in HR+/HER2– patients.
Conversely, a high pCR rate (21.4% in HER2+ and 23.1% in
TNBC) and overlapping RFS curves were observed in HER2
and TNBC patients. These findings are in line with those of
recent studies reporting a strong dependence on the intrinsic
subtype for a relationship between pCR rate and survival
[4,20,21]. In addition, the prognostic value of the LNR system
in HR+/HER2– patients is notable because it could have a
role in selection of high-risk patients for adjuvant radiotherapy or prolonged duration of adjuvant endocrine therapy.
Tausch et al. [22], who reported that LNR was an additional
prognostic factor in patients with one to three involved LNs
after mastectomy, suggested LNR as an indicator for postmastectomy radiotherapy, which is still controversial in
patients with one to three LNs [23]. Currently, identification
of patients who might benefit from extended adjuvant
endocrine therapy is not possible. The findings by Sestak et
al. [24] suggest that clinical factors, including nodal status
(positive vs. negative) and tumor size (> 2 cm vs. < 2 cm), are
important prognostic factors even beyond the initial 5 years
of adjuvant endocrine therapy. Therefore, further evaluation
to determine whether the LNR system can add prognostic
value and complement the current nodal staging system in
HR+/HER2– patients treated with NCT is worthwhile.
Many studies have documented the usefulness of LNR;
however, the thresholds used for defining low- and high-risk
groups varied [11]. Vinh-Hung et al. [12], who investigated
the “optimal” cut-off values for categorizing a continuous

variable of LNR with minimal loss of information, analyzed
the data for 1,829 women with node-positive breast cancer
and identified two LNR cut-off points, 0.20 and 0.65, which
predicted breast cancer survival more adequately than pN
categories. Compared with the pN classification, the LNR
classification was more robust without overlapping CIs and
without crossing of survival curves between the intermediate
(LNR, 0.21 to 0.65) and high (LNR, > 0.65) risk groups. However, the cut-off points of 0.20 and 0.65 were not validated in
patients treated with NCT, while the values were able to
identify poor prognostic patients after primary surgery
[13-15]. In our study population, LNR classification did not
show an independent prognostic significance when the ypN
stage was included in the multivariate model. The superiority of LNR classification over the current ypN stage was not
supported by this study.
We note that our study had several limitations. First, its
retrospective nature may have resulted in selection bias. To
minimize this bias, however, we included consecutive
patients from the database of participating institutions.
Second, HER2 targeted therapy was not included in neoadjuvant treatment, but administered as adjuvant treatment
because neoadjuvant trastuzumab was not reimbursed at the
time of the study in Korea. Therefore, compared to other
studies, the pCR rate may have been relatively lower in our
patients, without impact of survival. Last, the inclusion of
cN0 patients in the current study raised the possibility that
these patients underwent inadequate axillary surgery. However, two thirds of patients (28/42, 66.7%) had undergone
axillary LN dissection for their axillary staging.

Conclusion
In conclusion, our findings suggest that LNR is not superior to ypN stage in predicting clinical outcome of breast
cancer patients after NCT. Both LNR and ypN stage had similar prognostic values after NCT. Findings from the
subgroup analysis suggest that LNR might provide some
additional prognostic information in HR+/HER2– patients
after NCT, compared to HER2+ or TNBC patients. Further
studies are needed to evaluate the optimal cut-off points and
prognostic value of LNR in breast cancer patients treated
with NCT.
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Purpose
The purpose of this study was to assess the tumor characteristics and long-term clinical
outcomes of adjuvant treatments after surgery with a curative aim for patients with breast
cancer who are 65 years and older.
Materials and Methods
Patients with breast cancer who underwent curative surgery from 2000 to 2009 were
analyzed (n=4,388). Tumor characteristics and survival outcome were compared by dividing
the patients into two age groups (< 65 and  65 years old). The Kaplan-Meier method was
used for comparison of survival rates by log-rank test, and a Cox regression model was used
to examine the effect of variables.
Results
Among 4,388 patients with invasive breast cancer, 317 patients (7.2%) were 65 years or
older and the median age of all patients was 47 years (range, 18 to 91 years). Tumor characteristics were similar between the two age groups, but the older patients were treated
less often with adjuvant treatments. During a median follow-up period of 122 months,
recurrence-free survival (RFS) was equivalent for patients 65 years and older compared to
younger patients, but significantly worse in overall survival (OS) and breast cancer–specific
survival (BCSS) (5-year OS, 94.3% vs. 90.5%; p < 0.001 and 5-year BCSS, 94.7% vs. 91.8%;
p=0.031). In the multivariate model, age  65 years old was identified as an independent
risk factor for OS and RFS.
Conclusion
Elderly breast cancer appeared to have worse outcomes with very low prevalence in Korea,
despite similar tumor characteristics. More active adjuvant therapies would have a role for
aggressive subtypes for fit, elderly patients.

Key words
Breast neoplasms, Aged, Population characteristics,
Treatment outcome
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Introduction
The elderly population is increasing worldwide. The population of 65 years or older among all cancer patients is
anticipated to be 20.1% (70.2 million) of the total by 2030 in
the United States [1], and 24.3% (12.6 million) in Korea [2].
Breast cancer is the most common cancer among women [3],
and the number of older women with breast cancer is
increasing. However, demographic features of patients with
breast cancer differ between Asian and Western countries.
Asian women, including Korean women, have a lower incidence rate and younger peak age of breast cancer compared
with the Caucasian population [4,5]. The incidence of breast
cancer in women peaks in their forties in Asia, but the peak
age in the United States is in their sixties [6]. Fig. 1 shows that
the incidence rates increase with age for most cancers, but
that the peak incidence age of breast cancer was between
45 and 59 years in the Korean population [7].
As a consequence of the high incidence of young age breast
cancer in Asia, a number of studies investigated young breast
cancer including early stage breast cancer. However, older
patients with breast cancer presented less with active treatments such as clinical trials [8]. Although most elderly
patients with breast cancer present at an early stage [9], few
studies on the clinical outcome and tumor biology of elderly
patients with early stage breast cancer have been reported.
Comorbidity and functional status of elderly patients
could result in poorer survival, but there are considerable
factors that render positive outcomes in older patients. First,

breast cancer in postmenopausal women shows a slowgrowing and indolent nature [10]. Recently, the improvement of general health has increased the life expectancy to
around 80 years in many countries, so that survival outcome
could be comparable to that of younger patients in early
stage breast cancer. However, the significance of early breast
cancer on the survival of elderly patients is still unknown.
Elderly breast cancer patients are defined as breast cancer
patients aged 65 and over. We have chosen 65 years or older,
however there is no consensus to define elderly breast cancer, because of the extremely low incidence for women
70 years or older in our patients’ cohort (3.6%, 159/4,388) and
some geriatric recommendations [11,12].
Optimal treatment for older breast cancer patients is also
not well established [13]. The treatment approach for elderly
patients requires many considerations, including not only
chronological age but also comorbidities, social and economic circumstances, and life expectancy. However, the
majority of recommendations are based on retrospective
analyses and the extrapolation of study results from younger
patients. This may result in under treatment and poor survival outcomes in the older populations [14].
In this study, we have explored the biologic tumor characteristics and clinical outcomes of elderly women (65 years
and older than 65 years of age) with early stage breast cancer.
In addition, we compared the results with those of patients
younger than 65 years old, with analysis of long-term outcome and survival rate. Then, our results were compared
with those of Western countries.
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Fig. 1. Age-specific cancer incidence of women in Korea.
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Materials and Methods
1. Patients
In this retrospective cohort study, we collected data from
the electronic medical records of patients diagnosed with
invasive breast cancer who underwent curative surgery at
Samsung Medical Center between 2000 and 2009. Data
including TNM staging, the results of estrogen/progesterone/HER2 expression, nuclear grade, histologic grade,
Ki-67 expression, lymphatic and vascular invasion, date of
surgery, and all adjuvant therapies (including systemic
chemotherapy, endocrine therapy, and radiotherapy) were
collected for this study. The patients were divided into two
age groups, < 65 years old and  65 years old. Intrinsic subtypes were classified according to four groups based on
immunohistochemistry as follows: hormone receptor
(HR)+/HER2–, HR+/HER2+, HR–/HER2+, and triple negative breast cancer. For detection of local or distant recurrence, clinical follow-up was performed every 3-6 months for
the first 5 years after primary therapy and annually thereafter. Clinical follow-up included history-taking; physical
examinations; laboratory tests, including carcinoembryonic
antigen, cancer antigen 15-3, complete blood counts, and
liver function tests; chest radiography; mammography;
breast and abdominopelvic ultrasonography; and bone
scans. In addition, a computed tomography (CT) scan, magnetic resonance imaging, or a fluorine-18 fluorodeoxyglucose
positron emission tomography/CT scan was performed if
necessary. This study was approved by the Institutional
Review Board of Samsung Medical Center, Seoul, Korea.
2. Statistical analysis
Differences in characteristics including distribution of
intrinsic subtypes between two age groups (< 65 years vs.
 65 years) were examined using Fisher exact test. Overall
survival (OS) was measured from the date of curative surgery to the date of death or date the patient was last seen.
Recurrence-free survival (RFS) was measured from the date
of curative surgery to the date of breast cancer recurrence,
regardless of whether recurrence was locoregional, contralateral breast and/or distant metastasis. Distant RFS (DRFS)
was defined as the time from the date of curative surgery to
the date of documented distant metastasis. Breast cancer-specific survival (BCSS) was determined from only breast cancer-specific death. The Kaplan-Meier method was used for
estimation of OS, RFS, DRFS, and BCSS. Differences in survival were analyzed using the log-rank test and a p-value
less than 0.05 was considered significant. A multivariable
Cox proportional hazard regression model was used to
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assess the impact of the prognostic variable on OS and RFS.
Data were analyzed using the IBM SPSS ver. 22.0 software
(IBM Co., Armonk, NY).

Results
A total of 4,409 female patients who underwent curative
surgery were diagnosed with invasive breast cancer between
2000 and 2009. Among them, 21 patients with metastatic
breast cancer (stage IV) were identified and excluded from
analysis. Only 317 patients (7.2%) were 65 years or older,
while the rest of the patients were younger than 65 years old.
The median ages of the younger and older groups were
46 years (range, 18 to 65 years) and 70 years (range, 65 to
91 years), respectively. There was no significant difference
between the two groups according to TNM staging, nuclear
grade, histologic grade, or Ki-67 expression. Lymphovascular invasion was more frequent in the younger age group
(33.7% vs 24.9%, p=0.015). Older patients received adjuvant
treatments, including local and systemic therapies for breast
cancer, less often (Table 1). The majority of the younger age
group were treated with adjuvant chemotherapy and radiotherapy (80.4% and 68.8%, respectively), whereas older
patients were treated less often (46.7% and 48.3%, respectively). In the case of the adjuvant endocrine therapy, more
than half of the older patients (51.7%) were prescribed adjuvant endocrine therapy. Patients with HER2+ had received
adjuvant trastuzumab since 2008, because insurance did not
reimburse the cost until that time. The majority of younger
patients with HER2+ (73.2%) were treated with adjuvant
trastuzumab, while only 27.3% of older patients received
adjuvant trastuzumab treatment.
The 5-year RFS rate and OS rate in all patients (n=4,388)
were 87.4% and 94.1%, respectively, with a median followup period of 122 months. Fig. 2 shows the Kaplan-Meier
curves by RFS and DRFS, OS, and BCSS, according to age
group. There were no significant differences in RFS and
DRFS according to age group; however, the OS and BCSS differed between age groups. The results of univariate analysis
for RFS and OS with a 5-year survival rate according to each
variable are shown in Supplementary Tables 1 and 2.
In multivariate Cox-regression analysis, old age ( 65 years),
TNM staging, and lymphovascular invasion were identified
as independent risk factors for RFS, DRFS, and OS. However,
in terms of BCSS, old age was not an independent prognostic
factor (hazard ratio, 0.079; 95% confidence interval, 0.94
to 3.21; p=0.079). Among the adjuvant therapies, adjuvant
endocrine therapy was a positive prognostic factor in all survival analyses (Table 2).

Hee Kyung Kim, Clinical Outcomes of Elderly Breast Cancer

Table 1. Patients’ characteristics
Variable
Age (yr)
Stage at diagnosis
I
II
III
Proportion of IDC
Nuclear grade (n=4,216)
I
II
III
Histologic grade (n=3,982)
Low
Intermediate
High
Ki-67 (%) (n=2,406)
< 50
 50
Lymphovascular invasion (n=1,797)
Adjuvant chemotherapy
Yes
No
Adjuvant radiotherapy
Yes
No
Adjuvant endocrine therapy
Yes
No
Adjuvant trastuzumab (n=224)
Yes
No

Age < 65 yr (n=4,071)
46 (18-65)

Age  65 yr (n=317)

p-value

70 (65-91)

1,630 (40.0)
1,765 (43.4)
676 (16.6)
3,402 (83.6)

120 (37.9)
147 (46.4)
50 (15.8)
268 (84.5)

0.580

519 (13.3)
1,703 (43.6)
1,687 (43.2)

50 (16.3)
131 (42.7)
126 (41.0)

0.323

695 (18.8)
1,586 (42.9)
1,414 (38.3)

59 (20.6)
120 (41.8)
108 (37.6)

0.765

1,566 (70.8)
647 (29.2)
541 (33.7)

131 (67.9)
62 (32.1)
48 (24.9)

0.399

3,273 (80.4)
797 (19.6)

148 (46.7)
169 (53.3)

< 0.001

2,800 (68.8)
1,270 (31.2)

153 (48.3)
164 (51.7)

< 0.001

2,661 (65.4)
1,409 (34.6)

182 (57.4)
135 (42.6)

0.004

90 (73.2)
33 (26.8)

3 (27.3)
8 (72.7)

0.003

0.651

0.015

Values are presented as median (range) or number (%). IDC, invasive ductal carcinoma.

The distribution of intrinsic subtypes was almost identical
between the two age groups (p=0.541), and the most common subtype was HR(+)/HER2(–), 59.4% and 57.6%, respectively (Fig. 3). In univariate analysis, intrinsic subtypes
among younger patients (age < 65 years) were identified as
risk factors in terms of RFS and OS (Supplementary Tables 1
and 2). Intrinsic subtypes were excluded as a variable in the
multivariate Cox-regression analysis because it could be confounded with affected adjuvant endocrine therapy.

Discussion
Almost 50% of female patients with breast cancer are age

65 years or older in the United States with a median age of
diagnosis at 61 years [15,16]. In the current study, this was
in stark contrast with western countries where only 7.2% of
patients in our cohort were 65 years or over, with the median
age of all patients of 47 years (range, 18 to 91 years). Some
differences between Asian and Western women, including
breast density and HR, were identified [17], and further
investigation of the clinical data regarding these differences
is required.
Even though breast cancer in older women was known for
its indolent nature [10,16], most tumor characteristics were
similar between women in the two age groups in our study,
except for lymphovascular invasion. The incidence of lymphovascular invasion was lower in older patients (24.9% vs.
33.7%, p=0.015); however, the evidence was too weak to support that breast cancer in older patients is less aggressive
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Fig. 2. Recurrence-free survival (RFS), distant recurrence-free survival (DRFS), overall survival (OS), and breast cancer-specific survival (BCSS) according to age groups.

than in younger patients; this is because the other tumor
characteristics, including nuclear grade, histologic grade, and
expression of Ki-67, were not significantly different between
the two age groups in this study.
This study showed that older patients were less likely to
receive adjuvant treatments after curative surgery. The discrepancy between the two age groups was largest for adjuvant chemotherapy (48.3% vs. 80.4%, p < 0.001), because the
comorbidity or disability in elderly patients with breast cancer poses a challenge for aggressive treatment. This finding
is similar to those of studies in western countries [9,14,18].
However, endocrine therapy tended to be administered
more often to older patients than other adjuvant therapies
(57.4% vs. 65.4%, p=0.004), and adjuvant endocrine therapy
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was an independent, favorable prognostic factor in all survival analyses. Because the percentages of HRs were not significantly different between the two age groups, our findings
suggest that all patients with breast cancer who have undergone curative surgery benefit from adjuvant endocrine therapy, regardless of age.
Several randomized trials confirmed the effectiveness of
adjuvant chemotherapy and radiotherapy in improving survival for older women with early-stage breast cancer [19-21].
Under treatment of elderly breast cancer was demonstrated
in several studies and typically resulted in worse clinical outcome [14,18]. Older patients in our cohort had less adjuvant
therapies, and breast cancer–specific survival was lower than
for younger patients (94.7% vs. 91.8% BCSS at 5 years, 89.5%

Hee Kyung Kim, Clinical Outcomes of Elderly Breast Cancer

Table 2. Multivariate Cox-regression model
RFS

Variable

DRFS

HR (95% CI) p-value

Age  65 yr
TNM staging
Lymphovascular invasion
Adjuvant chemotherapy
Adjuvant radiotherapy
Adjuvant endocrine therapy

1.68
(1.11-2.55)
4.31
(1.66-2.72)
1.98
(1.41-2.77)
0.62
(0.39-0.92)
0.79
(0.58-1.16)
0.47
(0.34-0.65)

0.015
< 0.001
< 0.001
0.018
0.260
< 0.001

OS

BCSS

HR (95% CI) p-value

HR (95% CI) p-value

HR (95% CI) p-value

2.48
0.022
(1.09-2.86)
6.59
< 0.001
(1.95-3.54)
2.48
< 0.001
(1.66-3.68)
0.75
0.299
(0.43-1.25)
0.69
0.098
(0.47-1.08)
0.42
< 0.001
(0.29-0.60)

1.91
0.024
(1.09-3.36)
3.17
< 0.001
(2.19-4.56)
1.86
0.013
(1.14-3.03)
0.52
0.035
(0.28-0.96)
0.85
0.555
(0.49-1.45)
0.19
< 0.001
(0.12-0.31)

1.73
0.077
(0.94-3.21)
3.83
< 0.001
(2.54-5.77)
2.15
0.005
(1.27-3.63)
0.55
0.082
(0.28-1.07)
0.73
0.296
(0.41-1.31)
0.19
< 0.001
(0.12-0.31)

RFS, recurrence-free survival; DRFS, distant recurrence-free survival; OS, overall survival; BCSS, breast cancer–specific survival; HR, hazard ratio; CI, confidence interval.
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100
80
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40

18.6

21.0

12.4
9.6

13.4
8.0

59.4

57.6

Age < 65 yr

Age ≥ 65 yr
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HR(–)/HER2(+)
HR(+)/HER2(+)
HR(–)/HER2(–)

20
0

Fig. 3. Subtype distribution according to age groups.
TNBC, triple negative breast cancer; HR, hormone receptor.

vs. 85.7% BCSS at 10 years); this implies that age-adjusted
BCSS was worse for older patients. In addition, age 65 years
or older was an independent risk factor for OS, but not for
BCSS in multivariate analysis. These findings support that
older patients should receive the standard treatment as is
typically given to younger patients when possible. However,
the lack of clinical information on comorbidity and performance status for comprehensive geriatric assessment has
weakened our results.
In the current study, it would appear that worse long-term
OS in patients aged 65 years or older is related to increasing
comorbidity and disability according to age. Differences
between OS and BCSS in older patients also suggest that
patients aged 65 or older die of causes other than their breast

cancer. Functional status is a crucial factor for adjuvant treatments in the elderly and several scales of geriatric assessment
have been developed [12,22,23]. The clinician should use
these tools in identification of vulnerable patients from
healthy patients and to avoid suboptimal treatments for fit,
elderly patients. According to increased longevity, a large
number of older women are in good health, thus they may
benefit just as much from aggressive treatment as younger
patients. In addition, this study confirms that the median age
is still younger than those of Western countries, even in the
older group in our patients’ cohort.

Conclusion
Only 7.5% of patients in our patients’ cohort were elderly
breast cancer patients aged 65 years or older, and the tumor
characteristics were similar between the two age groups
(< 65 and  65 years old). However, most of the older patients
were treated less often, even though they were in early stage
of breast cancer. Further studies are needed to establish
optimal treatment for elderly patients with breast cancer and
to establish geriatric assessment for identification of high risk
patients of treatment-related side effects. In addition,
exploratory analysis for differentiation of biologic features
between the two groups is warranted.
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Clinical Features of Male Breast Cancer:
Experiences from Seven Institutions Over 20 Years

Purpose
Breast cancer treatment has progressed significantly over the past 20 years. However,
knowledge regarding male breast cancer (MBC) is sparse because of its rarity. This study is
an investigation of the clinicopathologic features, treatments, and clinical outcomes of MBC.
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Materials and Methods
Clinical records of 59 MBC patients diagnosed during 1995-2014 from seven institutions
in Korea were reviewed retrospectively.
Results
Over a 20-year period, MBC patients accounted for 0.98% among total breast cancer
patients, and increased every 5 years. The median age of MBC patients was 66 years (range,
24 to 87 years). Forty-three patients (73%) complained of a palpable breast mass initially.
The median symptom duration was 5 months (range, 1 to 36 months). Mastectomy was
performed in 96% of the patients. The most frequent histology was infiltrating ductal carcinoma (75%). Ninety-one percent of tumors (38/43) were estrogen receptor–positive, and
28% (11/40) showed epidermal growth factor receptor 2 (HER-2) overexpression. After curative surgery, 42% of patients (19/45) received adjuvant chemotherapy; 77% (27/35)
received hormone therapy. Five out of ten patients with HER-2 overexpressing tumors did
not receive adjuvant anti–HER-2 therapy, while two out of four patients with HER-2 overexpressing tumors received palliative trastuzumab for recurrent and metastatic disease. Letrozole was used for one patient in the palliative setting. The median overall survival durations
were 7.2 years (range, 0.6 to 17.0 years) in patients with localized disease and 2.9 years
(range, 0.6 to 4.3 years) in those with recurrent or metastatic disease.
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Conclusion
Anti–HER-2 and hormonal therapy, except tamoxifen, have been underutilized in Korean
MBC patients compared to female breast cancer patients. With the development of precision medicine, active treatment with targeted agents should be applied. Further investigation of the unique pathobiology of MBC is clinically warranted.
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Introduction
Since the early 2000s, the incidence of female breast cancer
(FBC) in the United States has been decreasing, a phenomenon attributed to a decline in the use of hormone replacement therapy among postmenopausal women [1]. In contrast, according to the Surveillance, Epidemiology and End
Result and the United Kingdom Association of Cancer Registries databases, between the 1970s and 2000s, the incidence
of male breast cancer (MBC) increased from 0.1% to 1% [2,3].

In Korea, according to the annual report of cancer statistics,
the incidence of MBC increased from 0.041% in 1999 to
0.068% in 2012 [4]. Furthermore, studies indicate that the
incidence of MBC in Korea was as high as 0.27%-0.58%
[5-7].
Because MBC is rare, the general treatment approaches for
MBC are based upon those for FBC [8]. Since the development of human epidermal growth factor receptor 2 (HER-2)–
targeted agents such as trastuzumab, pertuzumab, trastuzumab-DM1, and lapatinib, and hormone agents such as aromatase inhibitors, the treatment outcomes for FBC have

All patients
(n=6,000)
FBC patients
(n=5,941, 99.02%)
MBC patients
(n=59, 0.98%)

Stage Ia-IIIc, localized
(n=54, 91.5%)

Stage IV, metastatic
(n=5, 8.5%)

Curative surgery
(n=50, 92.6%)
Adjuvant
treatment
(n=41, 82.0%)

No recurrence
(n=43, 86.0%)

Recurrence
(n=11, 22.0%)
Disseminated patients
(n=16, 27.1%)

Bone
(n=11, 68.8%)

Lung/Pleura
(n=5, 31.3%)

LNs
(n=4, 25.0%)

Brain
(n=2, 12.5%)

HER-2 positive
(n=4, 25%)
HR positive
(n=8, 50%)
Liver
(n=1, 6.3%)

Pericardium
(n=1, 6.3%)

Palliative treatment
(n=13, 81.3%)
HER-2 targeted treatment
(n=2, 50.0%)

Fig. 1. Patients diagram. FBC, female breast cancer; MBC, male breast cancer; HER-2, human epidermal growth factor
receptor 2; HR, hormone receptor; LN, lymph node.
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improved remarkably. However, these treatments have not
been fully implemented in MBC patients because of the lack
of clinical trials investigating MBC, as well as concerns that
the tumor biology may be different between the sexes. Moreover, studies have reported contradictory treatment outcomes between MBC and FBC patients [9-11].
In the present study, we analyzed data from seven Korean
institutions, spanning a 20-year period, to evaluate the clinicopathologic characteristics, treatment strategies, and clinical outcomes of MBC patients in the modern treatment era.
The treatment outcomes and prognostic factors affecting survival were also evaluated.

Materials and Methods
1. Patients
Among 6,000 patients with breast cancer treated between
1995 and 2014 at Seoul St. Mary’s Hospital (Seoul, Korea),
Yeouido St. Mary’s Hospital (Seoul, Korea), Incheon St.
Mary’s Hospital (Incheon, Korea), Uijeongbu St. Mary’s Hospital (Uijeongbu, Korea), Bucheon St. Mary’s Hospital
(Bucheon, Korea), St. Vincent’s Hospital (Suwon, Korea), and
Daejeon St. Mary’s Hospital (Daejeon, Korea), data for 59
MBC patients were collected for analysis (Fig. 1).
The patients’ medical records were reviewed in July 2015
to obtain the age at diagnosis, complaints at the time of
diagnosis, symptom duration, family history of cancer, marital status, smoking habits, alcohol intake, pathologic features, treatments, and clinical course of the disease. Approval
for this study was obtained from the Institutional Review
Board of The Catholic Medical Center (No. XC15RIMI0046O).
The informed consent was waived because of its retrospective design of the study.
2. Statistical analyses
All statistical analyses were performed using SPSS ver. 19.0
(IBM Co., Armonk, NY). Descriptive statistics are presented
for the baseline characteristics. To compare two groups, we
used the chi-square test for categorical variables, the t test for
continuous variables, and the non-parametric Mann-Whitney U test when the assumption of normality was questionable. Overall survival (OS) was defined as the time interval
from the date of diagnosis to that of death from any cause or
the last follow-up date. Disease-free survival (DFS) was
defined as the time interval between the date of diagnosis
and that of the first recurrence or death from any cause. Survival data were estimated using the Kaplan-Meier method.

Cox regression analysis was used to identify factors associated with the risk of death. All p-values presented are twosided, and p-values of < 0.05 were considered statistically
significant.

Results
1. Patient characteristics
The baseline patient characteristics are summarized in
Table 1. The median symptom duration was 5 months
(range, 1 to 36 months). Left-sided tumors accounted for 53%
of cases. The most common complaint at diagnosis was a palpable breast mass. The majority of patients had stage II, clinical (c) T1, and cN0 disease at the time of diagnosis. In the
six patients who had a family history of breast cancer, the
age at onset of the disease tended to be earlier than in those
who did not have a family history of the disease (52.3 years
vs. 65.4 years, p=0.051). There were no differences in the
tumor grade, hormone receptor (HR) positivity, or HER-2
overexpression status between patients with or without a
family history of breast cancer. Among patients with initial
stage IV disease, four demonstrated bone metastases and one
demonstrated apparent liver metastasis.
2. Histopathology
The histopathological characteristics are in Table 2. The
most common MBC histological subtype was infiltrating
ductal carcinoma (74.5%). Most tumors showed poor or moderate differentiation (35.6%/37.3%). The pathologic (p) T
classification data was available for 51 tumors, and most of
them were pT1 or pT2. The median tumor diameter was 2.0
cm (range, 0.4 to 9.0 cm). The median number of lymph
nodes removed during surgery was 10 (range, 0 to 35). Nineteen patients had pathologically positive lymph nodes, and
the mean number of involved lymph nodes was 1.3 (standard deviation, 2.6; range, 0 to 11). Eighteen of 59 patients
had histologic evidence of lymphatic invasion.
Among the 42 patients with available data, 90.5% were
positive for estrogen receptor (ER) and 64.3% for progesterone receptor (PR) expression. All PR-positive patients
were ER-positive. Of the 40 patients with HER-2 expression
data obtained using immunohistochemical or fluorescent in
situ hybridization analyses, 27.5% showed HER-2 overexpression. There were no differences in the age distribution,
family history of breast cancer, alcohol intake, smoking, and
disease stage according to the HR positivity and HER-2 overexpression statuses.
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Table 1. Patient characteristics
Characteristic
Age at diagnosis, median (range, yr)
Diagnosis period
1995-1999
2000-2004
2005-2010
2010-2014
Laterality (n=57)
Right
Left
Both
Marital status
Never married
Married
NA
Alcohol
Current alcohol user
No alcohol
NA
Tobacco
Current smoker
Ex-smoker
Never smoker
NA
Chief complaint at the time of diagnosis
Palpable mass
Nipple discharge
Nipple tenderness
Back pain
Dyspnea
NA
Duration of symptoms, median (range, mo)
Less than 1 mo
1-6 mo
6 mo-1 yr
1-2 yr
2-3 yr
Over 3 yr
NA
Family history of cancer
No family history
Family history of cancer
NA
Clinical stage
I
II
III
IV
NA
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Table 1. Continued
No. (%) (n=59)
66 (24-87)
8 (13.6)
13 (22.0)
17 (28.8)
21 (35.6)
25 (43.9)
31 (54.4)
1 (1.7)
2 (3.4)
33 (55.9)
24 (40.7)
16 (27.1)
18 (30.5)
25 (42.4)
10 (16.9)
10 (16.9)
29 (49.2)
10 (16.9)
43 (72.9)
3 (5.1)
1 (1.7)
1 (1.7)
1 (1.7)
10 (16.9)
5 (1-36)
13 (22.0)
13 (22.0)
8 (13.6)
2 (3.4)
4 (6.8)
3 (5.1)
16 (27.1)
33 (55.9)
6 (10.2)
20 (33.9)
17 (28.8)
26 (44.1)
6 (10.2)
5 (8.5)
5 (8.5)

Characteristic
Clinical T stage
T1
T2
T3
NA
Clinical N stage
N0
N1
N2
N3
NA

No. (%) (n=59)
28 (47.5)
20 (33.9)
4 (6.8)
7 (11.9)
27 (45.8)
19 (32.2)
2 (3.4)
4 (6.8)
7 (11.9)

NA, not available.

3. Surgery and adjuvant treatment
Details of the treatments administered are in Table 3. Fifty
patients underwent curative surgery, including modified
radical mastectomy or total mastectomy. Adjuvant chemotherapy was indicated for node-positive tumors or tumors
> 1 cm in size, and 19 of 45 (42.2%) such patients received
adjuvant chemotherapy. Of these 19 patients, 15 received
anthracycline-based regimens, as follows: seven received
adriamycin and cyclophosphamide followed by docetaxel;
five received fluorouracil, adriamycin, and cyclophosphamide; one received epirubicin and docetaxel; one received
epirubicin and carboplatin; and one underwent adriamycin
monotherapy. Two patients were administered a combination of cyclophosphamide, methotrexate, and fluorouracil.
One patient received paclitaxel monotherapy and another
received oral fluorouracil monotherapy. There were no differences in the age distribution, family history of breast cancer, alcohol intake, smoking, and stage between patients
treated with and without adjuvant chemotherapy. Node-positive disease was observed more frequently in patients treated with adjuvant chemotherapy (p=0.007).
Among 35 patients with HR-positive tumors after curative
surgery, 27 (77.1%) received adjuvant hormone therapy. One
patient did not undergo any adjuvant treatment because of
poor compliance. Eleven patients recieved both adjuvant
chemotherapy and hormone treatment. In seven patients, the
reason for not administering adjuvant hormone treatment
was not identified owing to insufficient medical records.
There were no differences in the age distribution, family history of breast cancer, alcohol intake, and stage between
patients treated with and without adjuvant hormone treatment. However, alcohol consumption was observed more
frequently in patients treated with adjuvant hormone therapy (p=0.019). Among 10 patients with HER-2 overexpress-
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Table 3. Treatment and survival status

Table 2. Histopathologic characteristics
Characteristic
Histology
Infiltrating ductal carcinoma
Papillary carcinoma
Ductal carcinoma in situ
Mucinous carcinoma
Cribriform carcinoma
Sarcoma
Carcinoma, NOS
Grade
Well
Moderately
Poorly
NA
TNM stage
I
II
III
IV
NA
Pathologic T stage (n=50)
T1
T2
T3
NA
Pathologic N stage (n=50)
N0
N1
N2
N3
NA
Lymphatic invasion (n=33)
Positive
Negative
Estrogen receptor (n=42)
Negative
Positive
Progesterone receptor (n=42)
Negative
Positive
HER-2 overexpression (n=40)
Negative
Positive

No. (%) (n=59)
44 (74.5)
4 (6.8)
4 (6.8)
2 (3.4)
2 (3.4)
1 (1.7)
2 (3.4)
5 (8.5)
22 (37.3)
21 (35.6)
11 (18.7)
17 (28.8)
26 (44.1)
6 (10.2)
5 (8.5)
5 (8.5)
27 (54.0)
18 (36.0)
4 (8.0)
1 (2.0)
25 (50.0)
19 (38.0)
2 (4.0)
3 (6.0)
1 (2.0)
18 (54.5)
15 (45.5)
4 (9.5)
38 (90.5)
15 (35.7)
27 (64.3)
29 (72.5)
11 (27.5)

NOS, not otherwise specified; NA, not available; HER-2, human
epidermal growth factor receptor 2.

Characteristic

No. (%) (n=59)

Surgery (n=50)
Sentinel lymph node biopsy
Modified radical mastectomy
Total mastectomy
Lumpectomy
Adjuvant treatment (n=41)
Chemotherapy
Hormone therapy
Radiotherapy
Both chemotherapy and hormone therapy
Status at last follow-up
No evidence of disease
Alive with disease
Dead of disease
Dead of other causes

5 (10.0)
43 (86.0)
5 (10.0)
2 (4.0)
8 (19.5)
21 (51.2)
1 (2.4)
11 (26.8)
43 (72.9)
5 (8.5)
8 (13.6)
3 (5.1)

ing tumors, five were indicated for adjuvant trastuzumab;
however, they did not receive trastuzumab.
4. Recurrence and palliative treatment
Eleven patients (22.0%) with localized disease who underwent curative surgery had recurrence at the time of analysis.
The most frequent recurrence site was the bone (7 patients,
63.6%), followed by the lungs/pleura (5, 45.5%) and brain (2,
18.2%). Local relapse involving the lymph nodes occurred in
three patients (27.3%). HR-positive tumors occurred in 54.5%
(6/11) and 18.2% (2/11) of patients with recurrence had
HER-2 overexpressing tumors. Between patients who experienced recurrence and those who did not, there were no differences in the HR positivity and HER-2 overexpression
status.
In patients with initial stage IV disease, the most frequent
metastatic site was the bone (4 patients), followed by the
lymph node, liver, and pericardium (1 patient each). In the
16 patients with recurrent or metastatic disease, 13 (81.3%)
received palliative treatment. Two patients did not receive
anti-cancer treatment because of underlying pneumonia and
poor performance status. One patient refused treatment and
received best supportive care. In the four patients diagnosed
with HER-2 overexpressing disseminated tumors, two
received HER-2 targeted palliative treatment. Among eight
patients with HR-positive tumors, one patient, who experienced multiple bone metastases under adjuvant chemotherapy and tamoxifen, received palliative letrozole alone
without gonadotropin-releasing hormone (GnRH) agonists
or orchiectomy, surviving 21 months progression-free. Five
patients received palliative chemotherapy after progression
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Fig. 2. (A) Overall survival (OS) of total male patients with breast cancer. (B) OS of male patients with localized breast cancer.
(C) Disease-free survival (DFS) of male patients with localized breast cancer.

under hormone therapy. One patient did not receive any
treatment.
5. Survival outcomes
Eleven patients (18.7%) had died at the time of analysis.
The median OS of the 59 patients was 6.3 years (range, 0.6 to
17.0 years). The 5- and 10-year OS rates were 62% and 44%
(Fig. 2A). The median OS and DFS in patients with localized
disease were 7.2 years (range, 0.6 to 17.0 years) and 2.9 years
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(range, 0.6 to 4.3 years). The 5- and 10-year OS rates for
patients with localized disease were 66% and 47% (Fig. 2B).
The 5- and 10-year DFS rates for patients with localized disease were 57% and 43% (Fig. 2C). The median OS in patients
with metastatic disease was 2.9 years (range, 0.6 to 4.3 years),
with 50% of the 3-year OS rates.
A family history of breast cancer, alcohol intake, smoking,
age, and axillary lymph node involvement did not affect the
OS or DFS. There was no difference in OS between patients
treated with and without adjuvant chemotherapy among the
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Table 4. Cox regression analysis of the factors associated with overall survival in male breast cancer (n=59)
Characteristic
Stage (I vs. II, III, IV)
Age (< 65 yr vs.  65 yr)
Smoking state (never vs. ever)
LN involvement (absent vs. present)
Lymphatic invasion (absent vs. present)
ER status (positive vs. negative)
HER2 status (negative vs. positive)
Axillary lymph node dissection (done vs. not done)
Adjuvant treatment (done vs. not done)

Crude HR
6.11
0.649
1.66
1.33
4.42
27.040
0.390
1.34
1.81

95% CI
1.151-32.428
0.216-1.951
0.522-5.308
0.633-1.338
0.514-37.966
0.001-959,175.267
0.741-2.1520
0.405-4.418
0.555-5.878

p-value
0.034*
0.442
0.389
0.633
0.176
0.537
0.280
0.633
0.327

HR, hazard ratio; CI, confidence interval; LN, lymph node; ER, estrogen receptor; HER-2, human epidermal growth factor
receptor 2. *p < 0.05.

indicated patients (p=0.081 and p=0.218, respectively).
In patients with positive HR status, there was no significant difference in DFS between patients who received adjuvant hormone therapy and those who did not (p=0.636).
However, in terms of OS, adjuvant hormone therapy
improved survival in patients with positive HR status (8.5
years; 95% confidence interval [CI], 4.49 to 12.58 vs. 4.2 years;
95% CI, 3.09 to 5.29; p=0.047).
6. Factors associated with OS
The Cox regression analysis of the factors associated with
OS is shown in Table 4. Stage was the only factor significantly associated with survival (p=0.034) in the univariate
analysis. Patients with early stage and locally advanced
breast cancer showed better OS than those with metastatic
disease (9.9 years; 95% CI, 7.97 to 11.97 vs. 2.8 years; 95% CI,
1.27 to 4.51; p=0.019). The HR and HER-2 overexpression status had no effect on the OS (p=0.087 and p=0.280, respectively).

Discussion
In the present study, over a 20-year period, MBC patients
were detected in 0.98% of total breast cancer patients across
seven institutions in Korea. The global incidence rates of
MBC vary widely by location and ethnicity. In Japan, the rate
is reported at 0.49%; in the United States and Europe, it is
1%; and across African nations, it is reported at 5%-15%
[2,3,9,12]. As the global population ages and diagnostic techniques improve, the global incidence rate of MBC continues
to rise.
The distinct histologic characteristics and related biology

of MBC compared with FBC have not been fully described,
and, therefore, knowledge is still lacking regarding MBC.
The median age of MBC onset in our study, 66 years, was
consistent with the literature (62-69 years), and is much later
than that reported for FBC (< 50 years) [10,12]. This late onset
might be due to a lack of awareness of the early signs of
MBC, which may lead to delayed screening and diagnosis
[10]. The median symptom duration was reported as 18.6
months by Baek et al. [5] and 13 months by Cho et al. [6],
longer than the median duration of 5 months in the present
study. This prolonged period of symptom duration likely
contributes to the differences in stage distribution between
MBC and FBC patients and may be the reason why metastatic disease is more frequently detected at the time of diagnosis in MBC patients. The rate of disseminated disease in the
present study (8.5%) was similar to that reported by Nahleh
et al. [13] (8.9%) and Miao et al. [10] (10.9%), whereas the rate
for FBC patients was lower (5%-6%).
The rate of familial breast cancer in MBC is reported as
15%-20%, higher than for FBC (7%) [8,14]. In the present
study, MBC patients with a family history of breast cancer
(8.5%) had earlier disease onset compared to MBC patients
without a family history, although the difference was not significant. Other clinicopathologic features, as well as survival,
were not different by family history. These findings were
consistent with those of Hill et al. [14], who did not find any
significant effect of family history on stage at diagnosis or
survival outcome in MBC patients. Meanwhile, according to
Ottini et al. [15], MBC patients with BRCA2 mutations were
more likely to have a family history of breast or ovarian cancers, higher tumor grades, and HER-2 overexpression when
compared to those with BRCA1 mutations [15]. Further studies evaluating the BRCA1/2 mutation status in MBC are clinically warranted to understand the genotype-phenotype
correlations in MBC patients.
HER-2 overexpression occurs in approximately 25% of
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FBC cases, and there are contradictory reports about the rate
of HER-2 overexpression in MBC. Some researchers suggest
that the HER-2 overexpression rates in MBC patients may be
higher (30%-56%) than thoses in FBC patients [16], while others report lower HER-2 overexpression rates in MBC patients
(2%-18%) [8,17]. According to Park et al. [18], among 10
Korean MBC patients, five (50%) demonstrated HER-2 overexpression. Furthermore, Cho et al. [6] showed that four of
14 MBC patients (28.5%) had HER-2 overexpression. In the
present study, 11 of 40 MBC patients (27.5%) overexpressed
HER-2. Discrepancies in the HER-2 overexpression rates
between these studies are likely explained by the small study
populations of each study as well as heterogeneity in the
included stages and ethnicities and epidemiological differences.
Since a regression of metastasis after orchiectomy was
firstly reported in 1942, orchiectomy has become the standard treatment for advanced disease in MBC and results in
a 55% response rate [19]. Following reports of substantial
response with anti-estrogen, hormonal therapy is an appealing alternative to surgery, avoiding psychological, morbidity, and mortality risks associated with surgery [20].
Tamoxifen is the standard treatment for adjuvant hormonal
therapy over aromatase inhibitor in MBC as well as for
metastatic disease. The efficacy of aromatase inhibitors in
MBC is ambivalent because of differences in estrogen repression between the sexes. Administration of anastrozole in
healthy young men reduced estradiol concentrations by only
50%, limiting the anti-tumor effect of anastrozole, whereas
in women, it completely suppressed estrogen levels [21]. In
a study of Zagouri et al. [22] with 23 metastatic MBC patients,
no significant effects of combination of GnRH analogue and
aromatase inhibitor were noted on OS and progression-free
survival (PFS). In contrary, in a larger study of 60 metastatic
MBC patients, patients treated with aromatase inhibitor in
combination with GnRH analogues showed better PFS and
OS compared with aromatase inhibitor alone [23]. Currently,
the National Comprehensive Cancer Network guidelines
suggest that in men with advanced breast cancer, the use of
aromatase inhibitors is ineffective without concomitant suppression of testicular steroidogenesis [24]. Interestingly, in
our study, one patient with recurrence of multiple bone
metastases was on letrozole for 21 months and survived for
90 months after recurrence.
Some studies suggest that MBC has a worse outcome than
FBC [11]. The presumption is that the small volume of breast
tissue in men, which would permit cancer cells easy access
to the lymphatic system and direct extension to the muscles
and chest wall, leads to high recurrence rates of cancer [11].
Another explanation could be that MBC is initially diagnosed
at a much later age, and that these patients are more likely
to have a higher risk of cardiovascular and pulmonary
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comorbidities [8,9]. Similarly, because of the advanced age,
the use of radiotherapy is more limited in MBC patients compared with in FBC patients [8,9]. Delayed diagnosis and
treatment, and a lack of knowledge of the unique characteristics of MBC could result in a less favorable prognosis for
MBC patients compared with FBC patients. Estimates for
5-year survival for MBC patients are reported at 40%-65%,
which was similar to 62% of our present study [9]. However,
some studies evaluating age- and stage-matched patients did
not find any significant survival differences between MBC
and FBC patients [9,10].
The strengths of the present study are the large sample size
and the long-term survival data for MBC patients compared
to previous reports in Korea. The Korean male population is
well represented because the data were collected from seven
institutions, including two tertiary referral and five community hospitals, which provide medical services to mixed
urban and rural populations.
However, the study has limitations, including the lack of
information regarding molecular characteristics such as
BRCA1/BRCA2 mutations and the p53 status. In addition, the
pathologic data were collected in a retrospective manner and
could not be reviewed for each patient.
At present, the systemic treatment guideline recommended for MBC is almost the same as that for postmenopausal FBC. However, according to this study, other
hormonal agents, except tamoxifen and anti–HER-2 therapy,
have been underutilized in MBC patients compared with
FBC. The reason may be that many of the therapeutic agents
used for breast cancer have been specified for FBC, as there
is little clinical trial evidence for MBC and therefore limitation of national insurance guidelines. It is logistically difficult
to perform prospective randomized clinical trials for the
development of the therapeutic regimens for MBC because
of paucity of cases. Therefore, the physician and patient
should be aware of these limitations and follow a more active
approach for treating this disease.

Conclusion
In conclusion, in this study, the HR-positive rate was
higher in patients with MBC compared to that reported in
patients with FBC, whereas the HER-2 overexpression rate
was similar. The survival outcomes in MBC patients were
similar to those reported in FBC patients. Personalized treatment should be performed for MBC in concordance with the
advances in the treatment of FBC.
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Clinical Significance of Tyrosine Hydroxylase mRNA Transcripts
in Peripheral Blood at Diagnosis in Patients with Neuroblastoma

Purpose
The purpose of this study is to investigate the clinical significance of tyrosine hydroxylase
(TH) expression in peripheral blood (PB) at diagnosis in patients with neuroblastoma.
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Materials and Methods
TH mRNA expression in PB was measured by reverse transcription quantitative real-time
polymerase chain reaction in 210 patients who were newly diagnosed with neuroblastoma
from July 2005 to June 2015 and the clinical significance of TH expression in PB at diagnosis
was evaluated.

1
Department of Pediatrics, CHA Bundang
Medical Center, CHA University,
Seongnam, Korea, 2Princess Margaret
Cancer Centre, University Health Network,
Toronto, ON, Canada, 3Department of
Pediatrics, Samsung Medical Center,
Sungkyunkwan University School of
Medicine, Seoul, Korea

+ Correspondence:
+ + + + + + +Ki+Woong
+ + +Sung,
+ + MD,
+ + PhD
+++
+ Department
+ + + + +of+Pediatrics,
++++++++++++
+ Samsung
+ + + + + + + Center,
+++++++++++
+ University
+ + + +Medical
+ + + + + + Sungkyunkwan
++++++++
School of Medicine, 81 Irwon-ro,
+++++++++++++++++++
+ Gangnam-gu,
+ + + + + +Seoul
+ +06351,
+ + +Korea
+++++++
+ Tel:
+ +82-2-3410-3529
++++++++++++++++
+ Fax:
+ +82-2-3410-0049
++++++++++++++++
+ E-mail:
+ + + kwsped@skku.edu
+++++++++++++++
+++++++++++++++++++
+ Received
+ + + +December
+ + + + 10,
+ 2015
+++++++++
+ Accepted
+ + + + March
+ + +14,+ 2016
++++++++++
+ Published
+ + + + Online
+ + + March
+ + +24,+ 2016
+++++++
+++++++++++++++++++
+ *Na
+ +Hee
+ + + and
+ +Meong
+ + +Hi+Son
+ +contributed
+++++
+ equally
+ + + to+Lee
+
+
+
+
+
+
+
+
+
+++++
+ + + + + this
+ +work.
++++++++++++

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

Results
TH expression was positive in 60 patients (28.6%). Fifty of 60 TH-positive patients had
metastatic tumors and the remaining 10 had localized tumors. TH expression was associated with high-risk features (i.e., advanced stage, older age, unfavorable pathology, and
MYCN amplification) at diagnosis. Among TH-positive patients, higher TH expression level
was observed in high-risk patients than in low- or intermediate-risk patients (p=0.035).
The probability of 5-year progression-free survival (PFS) was lower in TH-positive patients
than in TH-negative patients (63.8±6.9% vs. 94.7±2.1%, p < 0.001). In analysis confined
to high-risk patients, the 5-year probability of PFS remained lower in TH-positive patients
(55.7±8.2% vs. 89.6±5.8%, p < 0.001). Among TH-positive patients, a higher expression
level of TH was associated with a worse outcome. In multivariate analyses, positive
TH expression in PB at diagnosis was an independent poor prognostic factor for PFS.
Conclusion
The treatment intensity should be tailored according to TH expression in PB at diagnosis.

Introduction
Neuroblastoma (NB) is a common childhood solid tumor
that presents with clinical heterogeneity. The presentation of
NB can range from localized tumors to disseminated forms,
which have different prognoses and require different treatment [1,2]. Therefore, determining the disease extent and
stage at the time of diagnosis is important. A number of
│ http://www.e-crt.org │

Key words
Neuroblastoma, Tyrosine 3-monooxygenase,
Polymerase chain reaction

genetic and biological markers have been investigated for
detection of minimal levels of NB cells [3]. Tyrosine hydroxylase (TH), which is mainly expressed in sympathetic nervous tissues [4], has been suggested as a candidate marker for
detecting minimal levels of neuroblastoma cells in bone
marrow (BM) and peripheral blood (PB) [5]. Molecular
detection of TH mRNA using reverse transcription quantitative real-time polymerase chain reaction (RT-qPCR) has been
proposed as a specific and sensitive method for detection of
Copyright ⓒ 2016 by the Korean Cancer Association
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minimal disease in NB [5-8].
According to our preliminary reports, positive TH expression in PB at diagnosis is a poor prognostic factor [9].
However, the number of patients was small and the followup duration was short. In the current study, we evaluated
the significance of TH expression in a larger cohort of
patients with a longer follow-up period as well as the clinical
implications of the level of TH expression among TH-positive
patients.

Materials and Methods
Written informed consent for TH analysis was obtained at
diagnosis from all patients or guardians. This retrospective
study was approved by the Institutional Review Board (IRB)
of Samsung Medical Center and the requirement for
informed consent was waived (IRB 2014-12-090).

1. Patients
Medical records of all patients who were newly diagnosed
with NB over a 10-year period from July 2005 to June 2015
were reviewed retrospectively. Patients were staged according to the International Neuroblastoma Staging System [10]
and disease extent was evaluated using computerized
tomography (CT), magnetic resonance imaging (MRI),
technetium-99 bone scans, bilateral BM aspirates and biopsy
specimens, and 131I- or 123I-metaiodobenzylguanidine (MIBG)
scanning. Measurement of TH expression in PB was included
in routine evaluation at diagnosis. MYCN amplification was
determined using competitive polymerase chain reaction
(PCR), RT-qPCR, or fluorescence in situ hybridization.
Tumors were classified as histologically favorable or unfavorable according to the International Neuroblastoma
Pathology Classification [11]. Measurement of serum lactic
dehydrogenase (LDH), ferritin, neuron-specific enolase
(NSE), and urine vanillylmandelic acid (VMA) was also
included in routine evaluation at diagnosis. Patients were
stratified into low-risk, intermediate-risk, and high-risk
groups based on age, stage, and MYCN status. Stage 1, 2, and
4S tumors without MYCN amplification were stratified as

Table 1. Conventional and HDCT regimens
Regimen/Drug
Conventional chemotherapy regimen
CEDC
Cisplatin (mg/m2/dose)
Etoposide (mg/m2/dose)
Doxorubicin (mg/m2/dose)
Cyclophosphamide (mg/kg/dose)
ICE (mg/m2/dose)
Ifosfamide
Carboplatin
Etoposide
First HDCT regimen (mg/m2/dose)
Carboplatin
Etoposide
Cyclophosphamide
Second HDCT regimen
2004-2008
Thiotepa (mg/m2/dose)
Melphalan (mg/m2/dose)
TBI (Gy/dose)
2009-2015
Thiotepa (mg/m2/dose)
Melphalan (mg/m2/dose)
131
I-MIBG (mCi/kg)

Dose

Treatment days

60
100
30
30

0
2, 5
2
3, 4

1,200
400
100

0-4
0-1
0-4

650
650
1,800

–7, –6, –5
–7, –6, –5
–4, –3, –2

200
60
3.33

–8, –7, –6
–5, –4
–3, –2, –1

200
60
12 or 18

–6, –5, –4
–3, –2
–21

HDCT, high-dose chemotherapy; TBI, total body irradiation; 131I-MIBG, 131I-metaiodobenzylguanidine.
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low-risk tumors whereas stage 4 tumors in patients older
than 12 months or any tumors with amplified MYCN were
stratified as high-risk tumors. All other tumors were stratified as intermediate-risk.
2. Treatment
Excisional biopsy of the primary tumor was performed at
diagnosis for resectable tumors. Otherwise, incisional or
percutaneous needle biopsy was performed with definitive
surgery after six chemotherapy cycles. Alternating CEDC
(cisplatin+etoposide+doxorubicin+cyclophosphamide) and
ICE (ifosfamide+carboplatin+etoposide) regimens were used
for chemotherapy (Table 1). Patients with low-risk localized
tumors underwent surgery with (stage 2) or without (stage
1) six cycles of preoperative or postoperative chemotherapy.
Patients with low-risk stage 4S tumors were treated only
when there were life-threatening symptoms or the tumor
progressed during observation. Patients with intermediaterisk tumors received six cycles of preoperative chemotherapy, surgery, three cycles of postoperative chemotherapy,
and 12 cycles of 13-cis-retinoic acid (125 mg/m2/day for 14
days every 4 weeks). Local radiotherapy to the primary site
was administered if gross residual tumor remained after
surgery. Patients with high-risk tumors received tandem
high-dose chemotherapy and autologous stem cell transplantation (HDCT/auto-SCT) after induction treatment (six
cycles of preoperative chemotherapy, surgery, and three
cycles of postoperative chemotherapy). The CEC (carboplatin+etoposide+cyclophosphamide) regimen was used for
the first HDCT. The second HDCT regimen was TM-TBI
(thiotepa+melphalan+total body irradiation) for patients
diagnosed up to December 2008. For patients diagnosed
from January 2009 onwards, TBI was replaced with highdose 131I-MIBG (12 or 18 mCi/kg) to reduce late adverse
effects. Local radiotherapy was applied to the primary site
in all high-risk patients approximately 6 weeks after the second HDCT/auto-SCT. Differentiation therapy involving
13-cis-retinoic acid with immunotherapy using interleukin 2
(2106 U/m2/day for 5 days every 4 weeks) was administered until 1 year after HDCT/auto-SCT to reduce relapse
from minimal residual tumor cells [12].
3. RT-qPCR for TH expression analysis
PB samples were collected at diagnosis in ethylenediaminetetraacetic acid tubes and mononuclear cells were
separated and lysed in TRIzol reagent (Invitrogen Corporation, Carlsbad, CA). RNA was extracted according to the
manufacturer’s instructions and 1 g of RNA was used to
generate 20 L of complementary DNA using an RNA PCR
kit (Applied Biosystems, Foster City, CA). RT-qPCR was

performed using Real-Q TH Quantification Kits (BioSewoom, Seoul, Korea) on a LightCycler (Roche Diagnostics,
Mannheim, Germany). RT-qPCR was performed under the
following cycling conditions: denaturation at 95°C for 10
minutes, 45 cycles at 95°C for 10 seconds, 60°C for 10
seconds, and 72°C for 30 seconds, followed by a cooling step
at 40°C for 30 seconds. Reactions were performed in a 20-L
volume containing PCR reaction mixture, TaqMan probe (5'FAM AGCGCAGGAAGCTGATTGCTGAGTAMRA-3'), primer mixture (forward, 5'-TCATCACCTGGTCACCAAGTT
-3'; reverse, 5'-GGTCGCCGTGCCTGTACT-3'), 2 L cDNA,
and sterile water. The ABL gene was used as a control gene
in RT-qPCR. If the expression value of ABL in the RT-qPCR
amplification was less than a copy number of 104, the sample
was considered inadequate for RT-qPCR analysis and the
RNA extraction was repeated. The quantity of TH transcripts
was normalized to the ABL transcript level, and the result
was expressed as the ratio of the TH to ABL transcript copy
number.
4. Statistics
Pearson’s chi-squared test was used for comparison of
frequencies between groups. The Mann-Whitney U test was
used for comparison of continuous variables between
groups. Progression-free survival (PFS) and overall survival
(OS) rates with standard errors were estimated using the
Kaplan-Meier method. Relapse was regarded as progression
in the statistical analysis. Differences in PFS rates between
groups were compared using the log-rank test. Multivariate
analyses of prognostic factors for PFS and OS were
performed using Cox regression analysis. p-values less than
0.05 were considered significant.

Results
1. Patient characteristics
A total of 210 patients (118 boys and 92 girls) were evaluated for the presence of TH mRNA in PB at diagnosis.
The clinical and biological characteristics of patients are
shown in Table 2. The median age at diagnosis was 22
months (range, 0 to 232 months) and median follow-up
duration was 51 months (range, 1 to 122 months). At diagnosis, 134 patients were older than 12 months, 103 patients
had metastatic tumors including four stage 4S tumors, 90 had
histologically unfavorable tumors, and 34 had MYCN amplified tumors. Among 89 patients with high-risk tumors, 30
patients used TM-TBI regimen in the second HDCT/
VOLUME 48 NUMBER 4 OCTOBER 2016
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Table 2. Clinical and biological characteristics with respect to TH expression
Variable
Sex
Female (n=92)
Male (n=118)
Age
< 12 mo (n=76)
 12 mo (n=134)
INSS stage
Stage 1 (n=35)
Stage 2 (n=29)
Stage 3 (n=43)
Stage 4 (n=99)
Stage 4S (n=4)
Pathology
Favorable (n=115)
Unfavorable (n=90)
Unknown (n=5)
MYCN
Non-amplified (n=172)
Amplified (n=34)
Unknown (n=4)
Risk group
Low (n=65)
Intermediate (n=57)
High (n=88)
LDH (IU/L)
Ferritin (ng/mL)
NSE (ng/mL)
Urine VMA (mg/day)

TH-negative (n=150)

TH-positive (n=60)

p-value

66 (71.7)
84 (71.2)

26 (28.3)
34 (28.8)

< 0.930

65 (85.5)
85 (63.4)

11 (14.5)
49 (36.6)

< 0.001

32 (91.4)
27 (93.1)
38 (88.4)
49 (49.5)
4 (100)

3 (8.6)
2 (6.9)
5 (11.6)
50 (50.5)
0 (6.9)

< 0.001

91 (79.1)
56 (62.2)
3 (60.0)

24 (20.9)
34 (37.8)
2 (40.0)

< 0.008

128 (74.4)0
18 (52.9)
4 (100)

44 (25.6)
16 (47.1)
0 (6.9)

< 0.012

59 (90.8)
50 (87.7)
41 (46.6)
702 (273-10,000)
80 (8-893)
23 (3-1,443)
4.0 (0.2-205.0)

6 (9.2)
7 (12.3)
47 (53.4)
1,480 (305-15,720)
267 (3-1,639)
99 (7-1,815)
14.7 (0.1-100.0)

< 0.001

< 0.001
< 0.001
< 0.001
< 0.001

Values are presented as number (%) or median (range). TH, tyrosine hydroxylase; INSS, International Neuroblastoma Staging
System; LDH, lactate dehydrogenase; NSE, neuron-specific enolase; VMA, vanillylmandelic acid.

auto-SCT and the remaining 59 patients used 131I-MIBG-TM
regimen.

stage and high-risk tumor, but not with older age ( 12
months) or MYCN amplification (Fig. 1A-D).

2. RT-qPCR analysis of TH expression in PB

3. Survival according to TH expression at diagnosis

TH expression was positive in PB at diagnosis in 60 of 210
patients (28.6%). The median expression level (TH/ABL
ratio) of TH mRNA transcript detected in PB was 1,58010-6
(range, 210-6 to 3,711,86410-6). Positive TH expression was
associated with high-risk features (i.e., advanced stage, older
age, unfavorable pathology, and MYCN amplification). The
levels of serum LDH, ferritin, NSE, and urine VMA were also
higher in TH-positive patients (Table 2). Among 60 TH-positive patients, 50 had metastatic tumors and the remaining
10 had localized tumors (stage 1 in three, stage 2 in two, and
stage 3 in five patients). Among the TH-positive patients, a
higher TH expression level was associated with advanced

Relapse or progression occurred in 19 of 60 TH-positive
patients (31.7%), compared with only six of 150 TH-negative
patients (4.0%). Lower 5-year probabilities of PFS and OS
were observed in TH-positive patients than in TH-negative
patients (PFS: 63.8±6.9% vs. 94.7±2.1%, p < 0.001; OS: 70.2±
6.7% vs. 92.4±2.5%, p < 0.001) (Fig. 2A). In analysis confined
to only high-risk patients, the 5-year probabilities of PFS and
OS remained lower in TH-positive patients (PFS: 55.7±8.2%
vs. 89.6±5.8%, p=0.001; OS: 61.4±8.1% vs. 87.2±6.1%, p=0.064)
(Fig. 2B). However, in low- and intermediate-risk patients,
no difference in the 5-year probabilities of PFS and OS was
observed between TH-positive patients and TH-negative
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Fig. 1. Association between tyrosine hydroxylase (TH) expression level and clinicopathologic features. (A-C) Among 60
TH-positive patients, a higher level (TH/ABL ratio) of TH mRNA transcript was associated with advanced stage (A), but
not older age ( 12 months) (B) or MYCN amplification (C). (D) TH expression level was higher in high-risk patients than in
low- or intermediate-risk patients (p=0.035).

patients (PFS: 96.8±1.9% vs. 90.0±8.7%, p=0.447; OS: 100% vs.
94.5±2.5%, p=0.725). Among high-risk patients, there was no
difference in the 5-year probabilities of PFS and OS according
to the HDCT regimen (TM-TBI vs. 131I-MIBG-TM) (PFS:
63.3±8.8% vs. 78.7±6.6%, p=0.184; OS: 70.0±8.4% vs. 76.7±
6.4%, p=0.745). In analysis confined to only TH-positive highrisk patients, there was also no difference in survival rates
according to the HDCT regimen (PFS: 50.0±12.5% vs. 61.2±
10.5%, p=0.523; OS: 56.3±12.4% vs. 67.0±9.3%, p=0.923). One
of 10 TH-positive patients with localized tumors experienced
relapse. The results of multivariate analysis for PFS and OS
are shown in Table 3. Positive TH expression in PB at diagnosis was an independent factor for PFS (hazard ratio, 6.35;

95% confidence interval, 2.10 to 19.25; p=0.001). The results
were similar when the analysis was confined to high-risk
patients (hazard ratio, 9.02; 95% confidence interval, 2.06 to
39.50; p=0.004) (Table 4). Among TH-positive patients,
a higher expression level of TH was associated with a worse
outcome (above median level vs. below median level: 52.9±
10.0% vs. 75.7±8.8%, p=0.075 for 5-year PFS; 55.9±9.6% vs.
89.2±5.9%, p=0.047 for 5-year OS) (Fig. 2C).
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0
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0
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0
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Months from diagnosis

0
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C
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PFS (%)
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60
40
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p=0.075

0

0
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36
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Months from diagnosis

Fig. 2. Survival rates according to tyrosine hydroxylase (TH) expression in peripheral blood at diagnosis. (A) The 5-year
progression-free survival (PFS) was lower in TH-positive than in TH-negative patients (63.8±6.9% vs. 94.7±2.1%, p < 0.001).
(B) In analysis confined to high-risk patients, the probability of 5-year PFS was lower in TH-positive than in TH-negative
patients (55.7±8.2% vs. 89.6±5.8%, p=0.001). (C) Among TH-positive patients, a higher expression level of TH was associated
with a worse outcome (above median level vs. below median level: 5-year PFS, 52.9±10.0% vs. 75.7±8.8%, p=0.075).

Discussion
A number of genetic markers have been investigated for
detection of minimal levels of NB cells [13-17]. Viprey et al.
[18] reported that the TH, DCX, and PHOX2B genes are the
best candidates for detection of circulating NB cells. Corrias
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et al. [19], who investigated the advantages of measuring
multiple molecular targets over a single molecular target,
reported that combinations of multiple targets did not add
to the predictive power of TH analysis alone. Gilbert et al.
[20] also reported that TH might be the one of the most useful
molecular targets. In this context, in the current study we
measured TH mRNA alone for molecular detection of mini-
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Table 3. Multivariate analysis of factors affecting PFS and OS in all patients
Risk factor
Age  12 mo
Stage 4
Unfavorable pathology
MYCN amplification
PB TH-positive at diagnosis

PFS

OS

HR

95% CI

p-value

HR

95% CI

p-value

0.94
2.51
1.40
1.12
6.66

0.28-3.18
0.70-9.07
0.53-3.75
0.44-2.84
2.25-19.72

0.921
0.160
0.499
0.820
0.001

0.62
4.28
1.32
2.55
2.14

0.20-1.88
1.25-14.63
0.47-3.69
1.10-5.92
0.89-5.16

0.395
0.021
0.595
0.029
0.089

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; PB, peripheral blood; TH,
tyrosine hydroxylase.

Table 4. Multivariate analysis of factors affecting PFS and OS in high-risk patients
Risk factor
Age  12 mo
Unfavorable pathology
MYCN amplification
PB TH-positive at diagnosis

PFS

OS

HR

95% CI

p-value

HR

95% CI

p-value

0.56
1.35
0.97
9.02

0.12-2.62
0.47-3.89
0.37-2.55
2.06-39.50

0.458
0.582
0.949
0.004

0.27
2.98
1.84
3.54

0.07-1.11
0.75-11.88
0.75-4.50
1.26-9.93

0.069
0.122
0.181
0.016

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; PB, peripheral blood; TH,
tyrosine hydroxylase.

mal disease in all patients who were newly diagnosed with
NB.
Positive TH expression in PB at diagnosis was associated
with high-risk features and worse outcome. More importantly, positive TH expression in PB at diagnosis was an
independent poor prognostic factor for PFS. The results were
similar when the analysis was confined to high-risk patients.
Current staging systems use conventional diagnostic modalities such as CT, MRI, BM biopsy, and various radioisotope
scans. Patients are stratified into risk groups based on these
staging systems and patients within each risk group are
treated uniformly. However, our study showed that
outcomes within the high-risk group differ according to TH
expression in PB at diagnosis. Previous studies also reported
that positive TH expression was a poor prognostic indicator
in metastatic NB [13,21,22]. These findings suggest that TH
expression at diagnosis might be a significant factor in future
methods of risk stratification for NB. Some studies examined
the clinical implication of positive TH expression in
non-metastatic NB [19,23]. Yanez et al. [23] reported an
association of positive TH expression in PB at diagnosis with
a higher probability of relapse in patients with non-metastatic NB. These findings suggest that some patients with localized tumors (by conventional diagnostic modalities) might
have disseminated micrometastatic disease and therefore

might benefit from upstaging and more aggressive treatment
[24]. However, in the current study, because only one of 10
TH-positive patients with localized tumor experienced
relapse, the significance of TH expression in patients with
localized tumors was unclear. Further studies including
more patients are needed to evaluate the prognostic importance of TH expression in the PB of patients with localized
tumors.
Among TH-positive patients, higher TH expression was
associated with advanced stage and high-risk tumor, but not
with older age or MYCN amplification, and a higher TH
expression level at diagnosis was associated with a worse
outcome. Yanez et al. [25] reported that a high level of TH
mRNA in PB was a significant independent predictor of
event-free survival and OS when detected at diagnosis, postinduction therapy, and at the end of treatment. They proposed inclusion of TH mRNA monitoring throughout the
disease course by RT-qPCR as a standard method of disease
evaluation that would be helpful in predicting differences in
outcome and identify children for whom current treatment
is failing or insufficient [25]. The European HR-NBL1/
SIOPEN study defined patients with very high TH expression as ultrahigh-risk. These ultrahigh-risk patients showed
very poor outcome among the group of high-risk NB patients
(PFS, 0%), most of whom underwent single HDCT/auto-SCT
VOLUME 48 NUMBER 4 OCTOBER 2016
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following short induction treatment. The authors suggested
that patients with very high TH expression are candidates
for alternative treatment strategies [22]. In the current study,
the prognosis of patients with high TH expression was also
poorer than for those with low TH expression, but was not
dismal. The relatively better outcome in our patients with
high TH expression compared to those in the European
HR-NBL1/SIOPEN study might be attributable to the longer
induction treatment and more intensive consolidation treatment using tandem HDCT/auto-SCT.

Conclusion
In conclusion, positive TH expression in PB at diagnosis of
neuroblastoma is associated with high-risk features and is an
independent prognostic factor for poor PFS. Results of the

current study suggest that treatment intensity should be
tailored according to TH expression in PB at diagnosis.

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

Acknowledgments
This study was supported by a grant from the Korean
Health Technology R&D Project, Ministry of Health &
Welfare, Republic of Korea (No. HI13C1521).

References
1. Shimada H, Ambros IM, Dehner LP, Hata J, Joshi VV, Roald
B. Terminology and morphologic criteria of neuroblastic
tumors: recommendations by the International Neuroblastoma Pathology Committee. Cancer. 1999;86:349-63.
2. Brossard J, Bernstein ML, Lemieux B. Neuroblastoma: an enigmatic disease. Br Med Bull. 1996;52:787-801.
3. Fukuda M, Miyajima Y, Miyashita Y, Horibe K. Disease
outcome may be predicted by molecular detection of minimal
residual disease in bone marrow in advanced neuroblastoma:
a pilot study. J Pediatr Hematol Oncol. 2001;23:10-3.
4. Grima B, Lamouroux A, Boni C, Julien JF, Javoy-Agid F, Mallet
J. A single human gene encoding multiple tyrosine hydroxylases with different predicted functional characteristics.
Nature. 1987;326:707-11.
5. Naito H, Kuzumaki N, Uchino J, Kobayashi R, Shikano T,
Ishikawa Y, et al. Detection of tyrosine hydroxylase mRNA
and minimal neuroblastoma cells by the reverse transcriptionpolymerase chain reaction. Eur J Cancer. 1991;27:762-5.
6. Miyajima Y, Kato K, Numata S, Kudo K, Horibe K. Detection
of neuroblastoma cells in bone marrow and peripheral blood
at diagnosis by the reverse transcriptase-polymerase chain
reaction for tyrosine hydroxylase mRNA. Cancer. 1995;75:
2757-61.
7. Kuroda T, Saeki M, Nakano M, Mizutani S. Clinical application of minimal residual neuroblastoma cell detection by
reverse transcriptase-polymerase chain reaction. J Pediatr
Surg. 1997;32:69-72.
8. Burchill SA, Bradbury FM, Selby P, Lewis IJ. Early clinical
evaluation of neuroblastoma cell detection by reverse transcriptase-polymerase chain reaction (RT-PCR) for tyrosine

1406

CANCER RESEARCH AND TREATMENT

hydroxylase mRNA. Eur J Cancer. 1995;31A:553-6.
9. Lee ST, Ki CS, Sung KW, Kim HJ, Kim JW, Kim SH, et al.
Molecular detection of tyrosine hydroxylase in the peripheral
blood of patients with neuroblastoma: useful at diagnosis but
not predictive of subsequent relapse during off-therapy
follow-up. Pediatr Hematol Oncol. 2011;28:16-23.
10. Brodeur GM, Pritchard J, Berthold F, Carlsen NL, Castel V,
Castelberry RP, et al. Revisions of the international criteria for
neuroblastoma diagnosis, staging, and response to treatment.
J Clin Oncol. 1993;11:1466-77.
11. Peuchmaur M, d'Amore ES, Joshi VV, Hata J, Roald B, Dehner
LP, et al. Revision of the International Neuroblastoma Pathology Classification: confirmation of favorable and unfavorable
prognostic subsets in ganglioneuroblastoma, nodular. Cancer.
2003;98:2274-81.
12. Sung KW, Lee SH, Yoo KH, Jung HL, Cho EJ, Koo HH, et al.
Tandem high-dose chemotherapy and autologous stem cell
rescue in patients over 1 year of age with stage 4 neuroblastoma. Bone Marrow Transplant. 2007;40:37-45.
13. Burchill SA, Lewis IJ, Abrams KR, Riley R, Imeson J, Pearson
AD, et al. Circulating neuroblastoma cells detected by reverse
transcriptase polymerase chain reaction for tyrosine hydroxylase mRNA are an independent poor prognostic indicator in
stage 4 neuroblastoma in children over 1 year. J Clin Oncol.
2001;19:1795-801.
14. Oltra S, Martinez F, Orellana C, Grau E, Fernandez JM, Canete
A, et al. The doublecortin gene, a new molecular marker to
detect minimal residual disease in neuroblastoma. Diagn Mol
Pathol. 2005;14:53-7.
15. Stutterheim J, Gerritsen A, Zappeij-Kannegieter L, Kleijn I,

Na Hee Lee, TH Expression in PB in Neuroblastoma

Dee R, Hooft L, et al. PHOX2B is a novel and specific marker
for minimal residual disease testing in neuroblastoma. J Clin
Oncol. 2008;26:5443-9.
16. Bozzi F, Luksch R, Collini P, Gambirasio F, Barzano E, Polastri
D, et al. Molecular detection of dopamine decarboxylase
expression by means of reverse transcriptase and polymerase
chain reaction in bone marrow and peripheral blood: utility
as a tumor marker for neuroblastoma. Diagn Mol Pathol.
2004;13:135-43.
17. Cheung IY, Vickers A, Cheung NK. Sialyltransferase STX
(ST8SiaII): a novel molecular marker of metastatic neuroblastoma. Int J Cancer. 2006;119:152-6.
18. Viprey VF, Lastowska MA, Corrias MV, Swerts K, Jackson MS,
Burchill SA. Minimal disease monitoring by QRT-PCR: guidelines for identification and systematic validation of molecular
markers prior to evaluation in prospective clinical trials. J
Pathol. 2008;216:245-52.
19. Corrias MV, Haupt R, Carlini B, Cappelli E, Giardino S,
Tripodi G, et al. Multiple target molecular monitoring of bone
marrow and peripheral blood samples from patients with
localized neuroblastoma and healthy donors. Pediatr Blood
Cancer. 2012;58:43-9.
20. Gilbert J, Norris MD, Marshall GM, Haber M. Low specificity

of PGP9.5 expression for detection of micrometastatic neuroblastoma. Br J Cancer. 1997;75:1779-81.
21. Trager C, Vernby A, Kullman A, Ora I, Kogner P, Kagedal B.
mRNAs of tyrosine hydroxylase and dopa decarboxylase but
not of GD2 synthase are specific for neuroblastoma minimal
disease and predicts outcome for children with high-risk
disease when measured at diagnosis. Int J Cancer. 2008;123:
2849-55.
22. Viprey VF, Gregory WM, Corrias MV, Tchirkov A, Swerts K,
Vicha A, et al. Neuroblastoma mRNAs predict outcome in
children with stage 4 neuroblastoma: a European HR-NBL1/
SIOPEN study. J Clin Oncol. 2014;32:1074-83.
23. Yanez Y, Grau E, Oltra S, Canete A, Martinez F, Orellana C, et
al. Minimal disease detection in peripheral blood and bone
marrow from patients with non-metastatic neuroblastoma. J
Cancer Res Clin Oncol. 2011;137:1263-72.
24. Burchill SA. Micrometastases in neuroblastoma: are they
clinically important? J Clin Pathol. 2004;57:14-20.
25. Yanez Y, Hervas D, Grau E, Oltra S, Perez G, Palanca S, et al.
TH and DCX mRNAs in peripheral blood and bone marrow
predict outcome in metastatic neuroblastoma patients.
J Cancer Res Clin Oncol. 2016;142:573-80.

VOLUME 48 NUMBER 4 OCTOBER 2016

1407

pISSN 1598-2998, eISSN 2005-9256
http://dx.doi.org/10.4143/crt.2015.347

Cancer Res Treat. 2016;48(4):1408-1419

Open Access

Original Article

Tandem High-Dose Chemotherapy and Autologous Stem Cell
Transplantation for Atypical Teratoid/Rhabdoid Tumor

Ki Woong Sung, MD, PhD1
Do Hoon Lim, MD, PhD2
Eun Sang Yi, MD1
Young Bae Choi, MD1
Ji Won Lee, MD, PhD1
Keon Hee Yoo, MD, PhD1
Hong Hoe Koo, MD, PhD1
Ji Hye Kim, MD, PhD3
Yeon-Lim Suh, MD, PhD4
Yoo Sook Joung, MD, PhD5
Hyung Jin Shin, MD, PhD6

Departments of 1Pediatrics, 2Radiation
Oncology, 3Radiology, 4Pathology,
5
Psychiatry, and 6Neurosurgery,
Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, Korea

+ Correspondence:
+ + + + + + +Hyung
+ + +Jin+Shin,
+ + MD,
+ + PhD
++++
+ Department
+ + + + +of+Neurosurgery,
+++++++++++++
+ Samsung
+ + + + + + + Center,
++++++++++++
+ University
+ + + +Medical
+ + + + + + Sungkyunkwan
+++++++++
School of Medicine, 81 Irwon-ro,
++++++++++++++++++++
+ Gangnam-gu,
+ + + + + +Seoul
+ +06351,
+ + +Korea
++++++++
+ Tel:
+ +82-2-3410-3492
+++++++++++++++++
+ Fax:
+ +82-2-3410-0043
+++++++++++++++++
+ E-mail:
+ + + shinhj@skku.edu
++++++++++++++++
++++++++++++++++++++
+ Received
+ + + +September
+ + + + 10,
+ +2015
+++++++++
+ Accepted
+ + + + March
+ + +23,+ 2016
+++++++++++
+ Published
+ + + + Online
+ + + April
+ + +1, 2016
+++++++++
++++++++++++++++++++
+ *Ki
+ +Woong
+ + +Sung
+ +and
+ + + + + Lim
+++++++
+ equally
+ + + to+ this
+ +work.
+ + +Do+Hoon
+ + + +contributed
+++++
++++++++++++++++++++

Purpose
We prospectively evaluated the effectiveness of tandem high-dose chemotherapy and
autologous stem cell transplantation (HDCT/auto-SCT) in improving the survival of patients
with atypical teratoid/rhabdoid tumors while reducing the risks of late adverse effects from
radiotherapy (RT).
Materials and Methods
For young children (< 3 years old), tandem HDCT/auto-SCT was administered after six cycles
of induction chemotherapy. RT was deferred until after 3 years of age unless the tumor
showed relapse or progression. For older patients (> 3 years old), RT including reduceddose craniospinal RT (23.4 or 30.6 Gy) was administered either after two cycles of induction
chemotherapy or after surgery, and tandem HDCT/auto-SCT was administered after six
cycles of induction chemotherapy.
Results
A total of 13 patients (five young and eight older) were enrolled from November 2004 to
June 2012. Eight patients, including all five young patients, had metastatic disease at diagnosis. Six patients (four young and two older) experienced progression before initiation of
RT, and seven were able to proceed to HDCT/auto-SCT without progression during induction
treatment. Three of six patients who experienced progression during induction treatment
underwent HDCT/auto-SCT as salvage treatment. All five young patients died from disease
progression. However, four of the eight older patients remain progression-free with a median
follow-up period of 64 months (range, 39 to 108 months). Treatment-related late toxicities
were acceptable.
Conclusion
The required dose of craniospinal RT might be reduced in older patients if the intensity of
chemotherapy is increased. However, early administration of RT should be considered to
prevent early progression in young patients.

Introduction
Central nervous system (CNS) atypical teratoid/rhabdoid
tumors (ATRTs) are highly malignant. ATRT accounts for
1%-2% of CNS tumors in children of all ages, but 10%-20%
in patients younger than 3 years [1,2]. ATRTs are distinguished from other embryonal brain tumors not only by the
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presence of rhabdoid cells and specific immunohistochemistry but also by biological markers [3]. CNS ATRTs are
associated with significantly worse overall survival (OS) than
other embryonal tumors [4-6]. The very poor prognosis of
ATRT in young children may be related to the limited use of
radiotherapy (RT) because of the risks of functional impairment of the developing brain and late adverse effects [7].
Multiple chemotherapeutic approaches have been attempted
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to defer radiation; however, OS remains dismal. For older
children, a few studies have suggested that outcome might
be improved with standard-dose craniospinal RT (CSRT) and
high-dose alkylator-based chemotherapy [2]. However, various late adverse effects primarily attributable to RT, particularly CSRT, were unavoidable.
A treatment strategy using high-dose chemotherapy and
autologous stem cell transplantation (HDCT/auto-SCT) has
shown clinical benefit in children with high-risk or recurrent
solid tumors including brain tumors [8-12], and recent studies have suggested that further dose intensification using
tandem HDCT/auto-SCT might improve outcomes and/or
reduce RT dose without jeopardizing survival rates [13-15].
Gajjar et al. [13] reported the results of a prospective study
(SJMB 96 study) employing tandem HDCT/auto-SCT in
patients with high-risk medulloblastoma. In their study,
patients received 36.0-39.6 Gy of CSRT followed by four

Age < 3 years

Surgery

cycles of HDCT/auto-SCT, and the 5-year event-free survival
(EFS) rate was 70% [13]. Previous reports from our institution
also suggested that tandem HDCT/auto-SCT with deferred
and/or reduced RT was feasible and might further improve
outcomes in young children with brain tumors and patients
(> 3 years of age) with high-risk medulloblastoma [13,14]. In
the current study, we prospectively evaluated the effectiveness of tandem HDCT/auto-SCT in children with ATRT. The
aim of our new treatment strategy was to improve patient
survival while reducing the risks of late adverse effects from
RT.

< CR

Induction
chemotherapy
(A-B-A-B-A-B)

Tandem
HDCT/auto-SCT
(CTE-CM)
CR

CSRT 23.4 Gy+boost L-RT 30.6 Gy
Immediately
R+ at Dx: L-RT 30.6 Gy after 3 years of age
M+ at Dx: CSRT 23.4 Gy after 3 years of age
R0 M0 at Dx: No RT

Age > 3 years, until 2011

Surgery

Pre-RT
chemotherapy
(A-B)

RT (54 Gy to primary site)
CSRT 23.4 Gy if M0, 30.6 Gy if M+
Boost L-RT 30.6 Gy if M0, 23.4 Gy if M+

Post-RT
chemotherapy
(A-B-A-B)

Tandem
HDCT/auto-SCT
(CTE-CM)

Post-RT
chemotherapy
(A-B-A-B-A-B)

Tandem
HDCT/auto-SCT
(CTE-CM)

Age > 3 years, from 2012
Surgery

RT (54 Gy to primary site)
CSRT 23.4 Gy if M0, 30.6 Gy if M+
Boost L-RT 30.6 Gy if M0, 23.4 Gy if M+

Fig. 1. Treatment scheme. For young children, six cycles of induction chemotherapy were administered prior to HDCT/autoSCT, consisting of alternating CECV and CEIV regimens. RT was either not administered or was deferred until after 3 years
of age if the patient achieved complete response after tandem HDCT/auto-SCT. Use of RT was determined according to the
tumor status at the time of diagnosis. For older children, two cycles of pre-RT and four cycles of post-RT chemotherapy were
administered during the early study period. During the late study period when RT was administered after surgery, six cycles
of post-RT chemotherapy were administered. The regimens for the first and second HDCT/auto-SCT were CTE and CM,
respectively. HDCT/auto-SCT, high-dose chemotherapy and autologous stem cell transplantation; CECV, carboplatin+etoposide+cyclophosphamide+vincristine; CEIV, carboplatin+etoposide+ifosfamide+vincristine; RT, radiotherapy; CSRT, craniospinal RT; L-RT, local RT; Dx, diagnosis; CTE, carboplatin+thiotepa+etoposide; CM, cyclophosphamide+melphalan.
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Table 1. Chemotherapy regimens
Regimen
Induction regimen
CECVa)

CEIVa)

HDCT regimen
First: CTE

Second: CM

Drug

Dose (mg/m2/day)

Schedule

Total dose (mg/m2)

Cisplatin
Etoposide
Cyclophosphamide
Vincristine

90
75
1,500
1.5

Day 0
Days 0-2
Days 1 and 2
Days 0 and 7

90
225
3,000
3.0

Carboplatin
Etoposide
Ifosfamide
Vincristine

300
75
1,500
1.5

Days 0 and 1
Days 0-4
Days 0-4
Days 0 and 7

600
375
7,500
3.0

Carboplatin
Thiotepa
Etoposide
Cyclophosphamide
Melphalan

5000
3000
2500
1,500
60

Days –8, –7, –6
Days –5, –4, –3
Days –5, –4, –3
Days –8, –7, –6, –5
Days –4, –3, –2

1,500
900
750
6,000
180

CECV, carboplatin+etoposide+cyclophosphamide+vincristine; CEIV, carboplatin+etoposide+ifosfamide+vincristine; HDCT,
high-dose chemotherapy; CTE, carboplatin+thiotepa+etoposide; CM, cyclophosphamide+melphalan. a)Dose was determined
based on body weight in children under 3 years of age.

Materials and Methods
This study is a pilot study including a small cohort of
patients with ATRT in a single institution. The study was
approved by the Institutional Review Board of Samsung
Medical Center (2004-12-009 and 2011-06-081), Seoul, Korea,
and conducted in accordance with the Declaration of
Helsinki and the Good Clinical Practice guidelines. All parents and guardians gave their written informed consent
before enrollment.
1. Patients
Children diagnosed with ATRT from November 2004 to
June 2012 were enrolled in the study. All cases and loss of
nuclear expression of INI1 was confirmed by immunohistochemical staining by a pediatric neuropathologist. Disease
extent at diagnosis was assessed using brain and spinal magnetic resonance imaging (MRI) and cerebrospinal fluid (CSF)
cytology.
2. Induction chemotherapy
The treatment scheme is shown in Fig. 1. Induction treatment was initiated within 4 weeks, and preferably within 3
weeks, after surgery. For young children, six cycles of induc-
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tion chemotherapy were administered prior to HDCT/autoSCT, and consisted of alternating CECV (cisplatin+etoposide
+cyclophosphamide+vincristine) and CEIV (carboplatin+
etoposide+ifosfamide+vincristine) regimens (Table 1). RT
was deferred until after 3 years of age unless the tumor
showed relapse or progression. For older children, a total of
six cycles of induction chemotherapy were administered
prior to tandem HDCT/auto-SCT. During the early study
period (diagnosis between November 2004 and December
2011), two cycles of pre-RT and four cycles of post-RT
chemotherapy (75% of calculated dose) were administered.
During the late study period (diagnosis from January 2012),
when RT was administered after surgery without preceding
chemotherapy, six cycles of post-RT chemotherapy were
administered. Post-RT chemotherapy was initiated within 4
weeks after completion of RT, and the doses were reduced
by 25% of the calculated dose because of the long-lasting
myelosuppressive effect of CSRT. Induction chemotherapy
cycles were scheduled 28 days apart. If needed, delays were
permitted to allow recovery of the absolute neutrophil count
(ANC) and platelet count to 1,000 and 100,000/mm3, respectively. Peripheral blood stem cells (PBSCs) were collected
during the recovery phase of the first chemotherapy cycle in
the early study period, or after surgery (steady state mobilization with granulocyte-colony stimulating factor for 4-5
days) in the late study period.

Ki Woong Sung, Tandem HDCT/Auto-SCT for ATRT

3. Radiotherapy
For young children, RT was either not given or was
deferred until after 3 years of age if the patient achieved
complete response (CR) after tandem HDCT/auto-SCT. Use
of RT was determined according to the tumor status at the
time of diagnosis. Local RT (L-RT) by 3-dimensional conformal RT (30.6 Gy, 1.8 Gy/fraction) was administered after 3
years of age only if gross residual tumor (> 1.5 cm2) remained
after initial or second-look surgery. For L-RT to the primary
site, the radiation target volume was defined as the postoperative surgical cavity and residual tumor (if present) with
1-2 cm margins. CSRT (23.4 Gy, 1.8 Gy/fraction) was administered after 3 years of age only if leptomeningeal seeding
was present at the time of diagnosis. However, both CSRT
and boost L-RT were administered immediately if the patient
had not achieved CR after tandem HDCT/auto-SCT (Fig. 1).
For older children with primary tumor at cerebrum,
during the early study period, RT consisted of 23.4 Gy (30.6
Gy if M+) of CSRT, 30.6 Gy (23.4 Gy if M+) of boost L-RT to
the primary site, and 14.4 Gy of boost RT to the gross seeding
nodule (if present). During the early study period, two
patients experienced progression before initiation of RT.
Therefore, in the late study period, RT was administered
after surgery without preceding chemotherapy.
4. Tandem HDCT/auto-SCT
The regimens for the first and second HDCT/auto-SCT
were CTE (carboplatin+thiotepa+etoposide) and CM
(cyclophosphamide+melphalan), respectively (Table 1).
An approximately 12-week interval without treatment was
allowed between the first and second HDCT/auto-SCT.
Approximately half of the PBSCs collected during a single
round of leukapheresis were infused for marrow rescue
during each HDCT/auto-SCT session.
5. Response and toxicity criteria
Disease response was evaluated by brain and spinal MRI
and CSF cytology every two cycles of chemotherapy, after
RT, between the first and second HDCT/auto-SCT, every 3
months for the first year after completion of HDCT/autoSCT, every 4 months for the second year, and every 6 months
thereafter. Tumor size was estimated by MRI as the product
of the greatest diameter and the longest perpendicular diameter. Disease responses were categorized as follows: progressive disease, greater than a 25% increase in tumor size or the
appearance of a new area of tumor; stable disease, less than
a 25% change in tumor size; minor response, 25% to 50%
decrease in tumor size; partial response, greater than a 50%
decrease in tumor size; CR, complete disappearance of all

previously measurable tumor; or continuous CR, continuous
CR. Toxicities were graded using the Common Terminology
Criteria ver. 4.0 of the National Cancer Institute.
6. Evaluation of late adverse effects
Late adverse effects were evaluated annually after completion of HDCT/auto-SCT. The diagnosis of growth hormone
deficiency was based on a declining growth rate and was
confirmed by biochemical testing. Hypothyroidism was
diagnosed by elevation of thyrotropin. Adrenal insufficiency
was diagnosed based on the failure to increase cortisol levels
after administration of corticotropin releasing hormone. Cognitive function was evaluated using the Korean-Wechsler
Intelligence Scale for Children-IV or Korean-Wechsler Adult
Intelligence Scale-IV. Cardiac, renal, hepatic, auditory, and
ophthalmologic functions were also evaluated.
7. Statistics
This study is a pilot study including a small cohort of
patients with ATRT. The primary aim of the study is to
improve patient survival while reducing the risks of late
adverse effects from RT. EFS was calculated from the date of
diagnosis until the date of relapse, progression, or death,
whichever occurred first. OS was calculated from the date of
diagnosis until death from any cause. Survival rates and
standard errors were estimated using the Kaplan-Meier
method, and differences in survival rates between the two
groups were compared using the log-rank test. Differences
in the frequencies of clinical characteristics between the two
age groups were analyzed using a chi-square test or Fisher
exact test. p-values less than 0.05 were considered significant.

Results
1. Patient characteristics
Thirteen consecutive patients (three boys and 10 girls) with
ATRT were enrolled during the study period. Patient characteristics are listed in Table 2. The median age at diagnosis
was 79 months (range, 2 to 181 months), and five patients
were younger than 3 years at diagnosis. Gross total resection
or near total resection (> 90% resection) was possible in five
patients and subtotal resection (50%-90% resection) or less
was performed in the eight remaining patients. Eight
patients had metastatic disease (M1 in one, M2 in one, and
M3 in six according to the Chang staging system [16]). Four
patients had tumors at the posterior fossa, eight at the supra-
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Table 2. Grade 3/4 toxicity profile of induction chemotherapy
Parameter
Hematologic toxicity
Chemotherapy dose (%)a)
Dose reduction > 5%
Interval to next cycle (day)
Interval > 35 days
Delayed hematologic recovery
Other causes
Duration of neutropenia (day)
No. of platelet transfusions
Neutropenic fever
Positive blood culture
Non-hematologic toxicity
Elevation of liver enzymes
Hyperbilirubinemia
Renal insufficiency
Hypokalemia
Hyponatremia

Pre-RT chemotherapy

Post-RT chemotherapy

CECV (18 cycles) CEIV (17 cycles)

CECV (14 cycles) CEIV (13 cycles)

Total
(62 cycles)

99.6 (79.5-104.5)
1 (5.6)00029 (24-58)002 (11.1)00)
0 (0.0)0002 (11.1)b)08 (4-11)004 (1-10)0012 (66.7)0001 (5.6)000-

100 (79.1-102.8)
1 (5.9)0000
32 (25-37)000
1 (5.9)0000
1 (5.9)0000
00.0)00000
8 (4-20)000
3 (0-14)000
8 (47.1)000
2 (11.8)00-

74.5 (70.4-76.7)
00.0)0000
28 (26-39)0.
1 (7.1)00.
1 (7.1)00.
00.0)0000
8 (5-15)0.
2 (1-8)00.
9 (64.3)0.
00.0)0000

73.6 (69.5-76.5)
1 (7.7)00.
32 (27-38)0.
4 (30.8)0.
2 (15.4)0.
2 (15.4)c))
6 (1-12)0.
3 (1-8)00.
7 (53.8)0.
1 (7.7)00.

3 (4.8)0
29 (24-58)
8 (12.9)
4 (6.5)0
4 (6.5)0
7.5 (1-20)0.
3 (0-14)
36 (58.1)0
4 (6.5)0

1 (5.6)0000(0.0)0000(0.0)0002 (11.1)001 (5.6)000-

1 (5.9)00000.0)00000
00.0)00000
2 (11.8)000
00.0)00000

00.0)0000
00.0)0000
00.0)0000
00.0)0000
00.0)0000

00.0)0000
00.0)0000
00.0)0000
1 (7.7)00.
00.0)0000

2 (3.2)0
0 00000
0 00000
5 (8.1)0
1 (1.6)0

Values are presented as median (range) or number (%). CECV, cisplatin+etoposide+cyclophosphamide+vincristine; CEIV,
carboplatin+etoposide+ifosfamide+vincristine. a)Percent of calculated dose, b)Delay due to shunt problems, c)Delay due to
high-dose chemotherapy scheduling.

tentorial area, and one at the spinal cord. Although four of
five young patients had tumors at the posterior fossa, all of
the older patients had tumors at sites other than the posterior
fossa (p=0.010). All of the young patients had leptomeningeal
seeding at diagnosis, compared with only three of eight older
patients (p=0.024).
2. Induction chemotherapy
The grade 3/4 toxicity profile during a total of 62 cycles of
induction chemotherapy is shown in Table 2. Hematologic
toxicity was generally acceptable. The median duration of
neutropenia (ANC < 500/mm3) was 7.5 days (range, 1 to 20
days) and the median interval between chemotherapy cycles
was 29 days (range, 24 to 58 days). Delay in scheduled
chemotherapy of more than 7 days occurred in only eight
cycles (12.9%) (four from delayed hematologic recovery, two
from shunt problems, and two from HDCT scheduling), and
chemotherapy dose reduction of more than 5% occurred in
only three cycles (4.8%). Neutropenic fever which was experienced by all patients occurred in 36 cycles (58.1%) and four
episodes (6.5%) of blood stream infection were documented.
Non-hematologic toxicity was not common during induction
chemotherapy (Table 2). The response to induction treatment
is shown in Table 3. Tumor relapse or progression during
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induction chemotherapy occurred in three of five young
patients, two of whom died of tumor progression. Three of
eight older patients experienced progression (two before RT
and one after RT). Among these six cases of progression or
relapse during induction treatment, four patients (one young
and three older) received salvage treatment including RT and
chemotherapy, and three (one young and two older)
proceeded to HDCT/auto-SCT. During the three leukapheresis procedures performed per patient, the median
number of CD34+ cells collected was 41.7106/kg (range,
3.1106/kg to 119.5106/kg).
3. Radiotherapy
The RT doses administered to 10 patients are shown in
Table 3. Two of five young patients received 23.4 Gy of CSRT
and 30.6 Gy of boost L-RT at 41 and 22 months of age, respectively, because they did not achieve CR after tandem
HDCT/auto-SCT. The three remaining young patients did
not receive RT due to death after progression or failure to
obtain parental consent. Five older patients without
leptomeningeal seeding also received 23.4 Gy of CSRT and
30.6 Gy of boost L-RT. One older M+ patient received 30.6
Gy of CSRT and 23.4 Gy of boost L-RT, and one patient (No.
11) received rescue RT (36.0 Gy of CSRT and 18.0 Gy of boost

Female

Female
Female

Female
Male
Female
Male
Female

Female
Male

9

10
2

3
4
6
7
11

12
13

93
171

180
181
154
79
43

2
177

9

20
3
29

SC
TV

F
P-O
F
T
LV

PF
T

PF

PF
PF
T

STR
Bxd)

GTR
STR
GTR
STR
STR

STR
NTR

STR

GTR
NTR
STR

Age
Results
Primary
at
of
site
Dx (mo)
surgery

3
0

0
0
0
3
3

2
0

3

1
3
3

M
stagea)
AB–PD
ABABAB–HDCT1–HDCT2–PD
ABABAB–HDCT1–HDCT2–RT
(23.4-30.6-0)b)–Relapse
ABABAB–PD–Surgery
(STR)–HDCT1–HDCT2–RT (23.4-30.6-0)–PD
ABA–PD
AB–RT (23.4-30.6-0)–PD–Surgery
(GTR)–A–PD–RT (0-30.0-0)–HDCT1–PD
AB–RT (23.4-30.6-0)–ABAB–HDCT1–HDCT2
AB–PD–RT (23.4-30.6-0)–Surgery (NTR)–PD
AB–RT (23.4-30.6-0)–ABAB–HDCT1–HDCT2
AB–RT (30.6-23.4-0)–ABAB–HDCT1–HDCT2
PD after surgery–AB–RT
(36.0-18.0-0)–PD–A–HDCT1–PD–HDCT2–PD
RT (36.0-18.0-14.4)–ABABAB–HDCT1–HDCT2
RT (23.4-30.6-0)–ABABAB–HDCT1–Surgery
(GTR)e)

Treatment after surgery and response

PR
PR

CCR
CCR
PR
PD
PR
PR

CCR
CCR
CR
PD

PD

PR

PR2c)
PD

PR
CR

PR
PR

CR
-

CCR
CCR
CCR
PD

-

PR

PR
CCR

Tumor status Tumor status Tumor status
before
after
after
HDCT1
HDCT1
HDCT2

43+ mo alive, Ds free
39+ mo alive, Ds free

108+ mo alive, Ds free
9 mo dead, PD at 2 mo
85+ mo alive, Ds free
73 mo dead, relapse at 73 mo
14 mo dead, PD at 1 mo

6 mo dead, PD at 5 mo
12 mo dead, PD at 6 mo

3 mo dead, PD at 2 mo
15 mo dead, PD at 14 mo
23 mo dead,
relapse at 22 mo
37 mo dead, PD at 7 mo

Outcome

-

P
P
M

P+M
P

P+M

P+M
M
P+M

Site
of
failure

Dx, diagnosis; HDCT1, first high-dose chemotherapy; HDCT2, second high-dose chemotherapy; PF, posterior fossa; GTR, gross total resection; A, CECV (carboplatin+etoposide+cyclophosphamide+vincristine) regimen; B, CEIV (carboplatin+etoposide+ifosfamide+vincristine) regimen; PD, progression; P, primary site; M,
metastatic site; NTR, near total resection; PR, partial response; T, temporal lobe; STR, subtotal resection; RT, radiotherapy; CR, complete response; CCR, continuous
CR; PR2, second PR; F, frontal lobe; Ds, disease; P-O, parieto-occipital lobe; LV, lateral ventricle; SC, spinal cord; TV, third ventricle; Bx, biopsy; CSF, cerebrospinal
fluid. a)M stage; 0, no leptomeningeal seeding; 1, positive CSF cytology; 2, seeding at cerebrum; 3, seeding at spinal cord, b)RT dose (Gy) to craniospinal-primary
(boost)- gross seeding nodule (boost), c)PR2 was achieved by second-look surgery, not by chemotherapy or RT, d)Only biopsy was possible due to severe tumor
bleeding during surgery and cognitive function worsened after surgery, e)No viable tumor cells were found.

Female
Female
Female

1
5
8

No. Sex

Table 3. Patient characteristics, treatment, and outcome
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L-RT) after progression. The remaining patient (No. 12) with
spinal ATRT received 36.0 Gy of CSRT, 18 Gy of boost L-RT
to the primary site, and 14.4 Gy of boost RT to the seeding
nodule. In summary, eight patients received RT as scheduled
without deviation.
4. Tandem HDCT/auto-SCT
Seven patients could proceed to HDCT/auto-SCT without
progression during induction treatment. Another three
patients underwent HDCT/auto-SCT as salvage treatment
after relapse/progression during induction treatment. Eight
of 10 patients who underwent the first HDCT/auto-SCT
proceeded to the second HDCT/auto-SCT. The two remaining patients could not proceed to the second HDCT/autoSCT because of tumor progression (patient No. 2) and refusal
by parent (patients No. 13), respectively. The median doses
of HDCTs were 99.2% and 99.1% of the calculated dose based
on body surface area in the first and second HDCT/autoSCTs, respectively. In one patient (patient No. 5) who was
younger than 1 year at the time of HDCT/auto-SCT, the dose
was calculated based on body weight. The median interval

from day 0 of the first HDCT/auto-SCT to initiation of the
second HDCT/auto-SCT was 84 days (range, 75 to 93 days).
The grade 3/4 toxicity profile of patients receiving tandem
HDCT/auto-SCT is shown in Table 4. Both the neutrophil
and platelet counts recovered rapidly during the first and
second HDCT/auto-SCT. During the first HDCT/auto-SCT,
frequent grade 3/4 toxicities included fever, stomatitis,
elevation of liver enzymes, and hypokalemia. Toxicities were
milder during the second HDCT/auto-SCT compared with
the first. No treatment-related mortality (TRM) occurred
during the tandem HDCT/auto-SCT.
5. Survival
Tumor relapse or progression during induction treatment
occurred in six (three young and three older) patients, all of
whom died from tumor progression. All three patients who
underwent HDCT/auto-SCT as salvage treatment after
relapse/progression experienced progression again and died
at 2, 2, and 25 months post-transplant. Among seven (two
young and five older) patients who could proceed to
HDCT/auto-SCT without relapse or progression, three (two

Table 4. Grade 3/4 toxicity profile of tandem HDCT/auto-SCT
Parameter
Hematologic toxicity
CD34+ cells (106/kg)
Daysa) to reach ANC 500/mm3
Daysb) to reach PLT count 20,000/mm3
Days of BT  38.0°C
Positive blood culture (No. of patients)
Non-hematologic toxicity (No. of patients)
Stomatitis
Vomiting
Diarrhea
Elevation of liver enzymes
Hyperbilirubinemia
Renal insufficiency
Hypokalemia
Hyperkalemia
Hyponatremia
Hypernatremia
Hepatic VOD
Myocarditis
Seizure
Treatment-related mortality

First HDCT/auto-SCT (n=10)
10.3 (1.7-47.5)
. 9 (8-11)
. 18 (16-52)
4.5 (1-6)
4 (0)
7 (0)
1 (0)
3 (0)
7 (0)
1 (0)
0 (0)
5 (0)
0 (0)
2 (0)
0 (0)
1 (0)
0 (0)
2 (0)
0 (0)

Second HDCT/auto-SCT (n=8)
.14.0 (1.3-40.2)
9.5 (8-11)
20 (16-64)
.3 (0-5)
1 (00)
1 (00)
0 (00)
0 (00)
0 (00)
0 (00)
0 (00)
1 (00)
0 (00)
1 (00)
0 (00)
1 (00)
0 (00)
0 (00)
0 (00)

p-value
0.633
0.360
0.963
0.360
0.314
0.025
0.556
0.216
0.004
0.556
> 0.9990)
0.036
> 0.9990)
0.588
> 0.9990)
0.706
> 0.9990)
0.477
> 0.9990)

Values are presented as median (range) or number. HDCT/auto-SCT, high-dose chemotherapy and autologous stem cell
transplantation; ANC, absolute neutrophil count; PLT, platelet; BT, body temperature; VOD, veno-occlusive disease. a)The
first of 3 consecutive days that ANC exceeded 500/mm3, b)The first of 7 consecutive days that PLT count exceeded 20,000/mm3
without transfusion.
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Fig. 2. Although all five young patients experienced relapse/progression and died from disease progression, four of the
eight older patients remained event free at a median follow-up period of 64 months (range, 39 to 108 months) from diagnosis.
For all patients, the 5-year event-free survival (EFS) and overall survival (OS) rates were 38.5±13.5% and 34.6±14.4%, respectively.

young and one older) patients experienced relapse or
progression after tandem HDCT/auto-SCT. The remaining
four older patients remain progression free. Among eight
patients who were in less than CR before tandem
HDCT/auto-SCT, three patients achieved CR after tandem
HDCT/ auto-SCT and two patients remain event free. Two
of five M0 older patients who received 23.4 Gy of CSRT
experienced progression; however, the sites of progression
were the primary sites. Although all five young patients
experienced relapse/progression and died from disease progression, four of eight older patients remain progression free.
Overall, nine patients experienced relapse/progression at a

median follow-up period of 5 months (range, 1 to 73 months)
from diagnosis and four patients remain event free at a
median follow-up period of 64 months (range, 39 to 108
months) from diagnosis. For all patients, the 5-year EFS and
OS rates were 38.5±13.5% and 34.6±14.4%, respectively
(Fig. 2). For young patients, the 5-year EFS and OS rates were
both zero. However, for older patients, the 5-year EFS and
OS rates were 62.5±17.1% and 62.5±17.1%, respectively.
6. Late adverse effects
Five patients who remained event free for more than 1 year
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12 (4-28)

9 (6)
19 (5)0

Head Start-III

13 (7-27)

17 (1-188)

50 (18)

Retrospective
review
KSPNO S-082

35 (11-43)

28 (5-52)

8 (6)

7 (5)

Head Start-II

35.5 (4-45)

All > 36

24 (1-118)

Age, median
(range, mo)a)

Retrospective
review

6 (2)

Head Start-I

42a) (13)b)
9 (7)

)

No of
patients

Retrospective
review
SJMB96

Type of
study

Multiple
regimens
6 cycles (5),
4 cycles (1)
5 cycles

3 cycles (5),
IRS-III (1)

5 cycles

0, 3 cycles

Multiple
regimens
-

Pre-HDCT
chemotherapyb)

None (3), CSI+L-RT after HDCT (1),
L-RT after relapse (1)
None (4), L-RT before HDCT (1),
L-RT after HDCT (1)

None (2)

None (8), L-RT (3), CSI (1),
CSI+L-RT (1)
CSI+L-RT before HDCT (7)

RTb)

CTE (4),
NA
CT3 (14)
First: CTE,
None (1), L-RT before HDCT (1),
Second: CM CSI+L-RT after HDCT (4)
CTE
None (4), CSI+L-RT after relapse (1)

CT3

CTE (5)

CTE (2)

CT3 (5),
others (8)
CpCyV4

HDCT
regimenb)

Alive (9), median survival
40.8 mob); 2-yr OS 48±12%b)
NED (4), AWD (1), DOD (1)b);
3-yr EFS 0%, 3-yr OS 53±17%b)
NED (3), AWD (1), DOD (1)b);
3-yr EFS 21±9%, 3-yr OS 26±10%b)

NED (3), DOD (1), TD (1)b),
3-yr EFS 43±19%b)
NED (4), DOD (2)b)

DOD (2)b), 3-yr EFS 0%b)

NED (5), AWD (1), DOD (1)b)

NED (6), DOD (6), TD (1)b)

Final survival outcome

HDCT/autoSCT, high-dose chemotherapy and autologous stem cell transplantation; ATRT, atypical teratoid/rhabdoid tumor; RT, radiotherapy; CT,
carboplatin+thiotepa; L-RT, local RT; CSI, craniospinal irradiation; NED, no evidence of disease; DOD, died of disease; TD, toxic death; CpCyV, cisplatin+
cyclophosphamide vincristine; AWD, alive with disease; IRS-III, Intergroup Rhabdomyosarcoma III; CTE, carboplatin+thiotepa+etoposide; EFS, event-free survival;
NA, not available; OS, overall survival; CM, cyclophosphamide+melphalan. a)Data of all patients, b)Data of patients who underwent HDCT.

Finkelstein
-Shechter
et al. (2010) [17]
Lafay-Cousin
et al. (2012) [6]
Park et al.
(2012) [18]
Zaky et al.
(2014) [19]

Hilden et al.
(2004) [1]
Tekautz et al.
(2005) [2]
Gardner et al.
(2008) [11]

Source

Table 5. Summary of previous clinical series using HDCT/auto-SCT for children with ATRT
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after HDCT/auto-SCT were evaluated for various late
adverse effects. Late effects observed at a median of 35
months (range, 12 to 59 months) after the second HDCT/
auto-SCT were hypothyroidism (n=1), growth hormone
deficiency (n=1), sex hormone deficiency (n=2), and sensory
neural hearing loss (n=2). However, all late effects were
grade 1/2 toxicities. In two patients who received treatment
during the prepubertal period, a deceleration in vertical
growth was prominent and growth hormone replacement
was initiated in one patient. The median value for full-scale
IQ evaluated at a median of 21 months (range, 20 to 66
months) after RT was 80 (range, 55 to 103).

Discussion
The efficacy of many different treatments has been
explored with the aim of improving the survival of ATRT
patients; however, there is no consensus regarding standard
chemotherapy. In the current study, CECV and CEIV regimens were used for induction treatment. Although toxicities
were not significant with the exception of neutropenic fever,
many patients experienced progression during induction
chemotherapy. Gardner et al. [11] reported a possible benefit
in patients who received methotrexate. In the study by Chi
et al. [20] using the Intergroup Rhabdomyosarcoma III (IRSIII)-based regimen, the combination of intrathecal chemotherapy with focal radiation was an effective strategy for
disease control in young patients. These findings suggest that
incorporation of methotrexate, use of an IRS-III–based regimen, and inthrathecal chemotherapy might improve the
outcome.
A few retrospective analyses and prospective studies have
suggested that patients who received HDCT/auto-SCT have
a higher survival rate than those who did not (Table 5). However, because of the small patient numbers, various chemotherapy regimens, and additional salvage treatment that
often included RT, no real conclusions can be made from
published data regarding the role of HDCT/auto-SCT in
ATRT. In the current study we used tandem HDCT/autoSCT to further increase the intensity of chemotherapy. However, the number of patients enrolled was too small and
patients were treated with several different modalities, therefore, it is still difficult to determine the role of tandem
HDCT/auto-SCT. Our study has the same limitations of
previous studies, as described above.
The optimal combination of regimens for tandem HDCT
has not yet been determined. Variable intensity of tandem
HDCT regimens and the length of the interval between the
first and second HDCT/auto-SCT cycles may affect outcome

and toxicity profile. The intensities of our HDCT regimens
are stronger or similar to those reported in previous studies
for ATRT (Table 5). In our previous study, we showed that
adequate rest is required between the first and second
HDCT/auto-SCT cycles when using very intensive HDCT
regimens [21]. In the current study, very intensive HDCT
regimens were used in both the first and second HDCT/
auto-SCT cycles; therefore, a 12-week interval was implemented to reduce toxicities during the second HDCT/autoSCT. As a result, toxicities were manageable and there was
no TRM during HDCT/auto-SCT in both young and older
children. However, further dose-escalation during tandem
HDCT/auto-SCT might be associated with more significant
late adverse effects than single HDCT/auto-SCT. Therefore,
longer follow-up and randomized trials including a larger
cohort of patients are needed to determine whether the
possible survival benefits of tandem HDCT/auto-SCT over
single HDCT/auto-SCT ultimately outweigh the adverse
effects associated with dose-intense tandem HDCT/autoSCT.
Unacceptable adverse effects of RT for young children
with brain tumors led a number of institutions and national
groups to adopt chemotherapy-based strategies designed to
avoid or delay RT [22,23]. In the current study, we evaluated
the effectiveness of tandem HDCT/auto-SCT in young children with ATRT with the aim of both improving survival
and avoiding or deferring RT until after the most radiosensitive neurodevelopmental mileposts. However, the outcome
was very disappointing, mainly as a result of early progression. In our experience, intensive systemic chemotherapy
alone was not an effective method to avoid or defer RT in
young patients with ATRT, suggesting that RT should be
considered much earlier in therapy. Some clinical trials now
incorporate focal radiation at a much younger age than
previously considered appropriate [17,24,25]. Intrathecal
chemotherapy may also have potential benefit as an additional means to avoid RT or to intensify therapy in patients
who are not candidates for CSRT [5,20]. Taken together, these
data suggest that early administration of RT to the primary
site together with intrathecal chemotherapy might prevent
early progression and eventually improve the outcome, as
reported in the study by Chi et al. [20].
In our recent study of patients older than 3 years with
high-risk medulloblastoma, we were able to reduce the CSRT
dose by employing tandem HDCT/auto-SCT without jeopardizing survival rates [15]. The dose of CSRT was reduced
to 23.4 Gy (M0) or 30.6 Gy (M+) with the goal of reducing
late adverse effects from CSRT. In that study, the probability
of 5-year EFS was 70.0±10.3% for all patients and 70.6±11.1%
for patients with metastasis. The same strategy was applied
in the current study for ATRT patients older than 3 years.
Three of five M0 patients who received 23.4 Gy of CSRT
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remained progression free and the site of progression in the
two remaining patients was the primary tumor site, not
metastatic sites. Findings of the current study suggest that
23.4 Gy of CSRT might be sufficient to prevent metastatic
relapse in M0 patients older than 3 years if the intensity of
chemotherapy is increased. However, further study is
necessary.
While four of seven patients who could proceed to
HDCT/auto-SCT without relapse or progression remain
progression free after HDCT/auto-SCT, all three patients
who underwent HDCT/auto-SCT as salvage treatment after
relapse/progression experienced progression again. These
findings suggest that pre-HDCT tumor status is important
for prediction of outcome and careful consideration is
required for selection of candidate patients for HDCT/autoSCT.

substitute for CSRT should be considered for young children.
For older children without leptomeningeal seeding, our
results suggest that dose-intense chemotherapy may
decrease the required dose of CSRT without jeopardizing
survival. However, further cooperative studies with a larger
cohort of patients are needed to evaluate the effectiveness of
our strategy.

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

Acknowledgments
Conclusion
Intensive systemic chemotherapy including HDCT/autoSCT alone as a method to avoid RT is not effective in young
children with disseminated ATRT. Therefore, early RT
combined with or without intrathecal chemotherapy as a

This study was supported by a grant from the National
R&D Program for Cancer Control, Ministry of Health and
Welfare, Republic of Korea (No. 0520300).

References
1. Hilden JM, Meerbaum S, Burger P, Finlay J, Janss A, Scheithauer BW, et al. Central nervous system atypical teratoid/rhabdoid tumor: results of therapy in children
enrolled in a registry. J Clin Oncol. 2004;22:2877-84.
2. Tekautz TM, Fuller CE, Blaney S, Fouladi M, Broniscer A,
Merchant TE, et al. Atypical teratoid/rhabdoid tumors
(ATRT): improved survival in children 3 years of age and
older with radiation therapy and high-dose alkylator-based
chemotherapy. J Clin Oncol. 2005;23:1491-9.
3. Bikowska B, Grajkowska W, Jozwiak J. Atypical teratoid/
rhabdoid tumor: short clinical description and insight into
possible mechanism of the disease. Eur J Neurol. 2011;18:
813-8.
4. von Hoff K, Hinkes B, Dannenmann-Stern E, von Bueren
AO, Warmuth-Metz M, Soerensen N, et al. Frequency, riskfactors and survival of children with atypical teratoid rhabdoid tumors (AT/RT) of the CNS diagnosed between 1988
and 2004, and registered to the German HIT database.
Pediatr Blood Cancer. 2011;57:978-85.
5. Athale UH, Duckworth J, Odame I, Barr R. Childhood
atypical teratoid rhabdoid tumor of the central nervous
system: a meta-analysis of observational studies. J Pediatr

1418

CANCER RESEARCH AND TREATMENT

Hematol Oncol. 2009;31:651-63.
6. Lafay-Cousin L, Hawkins C, Carret AS, Johnston D, Zelcer
S, Wilson B, et al. Central nervous system atypical teratoid
rhabdoid tumours: the Canadian Paediatric Brain Tumour
Consortium experience. Eur J Cancer. 2012;48:353-9.
7. Mulhern RK, Merchant TE, Gajjar A, Reddick WE, Kun LE.
Late neurocognitive sequelae in survivors of brain tumours
in childhood. Lancet Oncol. 2004;5:399-408.
8. Matthay KK, Reynolds CP, Seeger RC, Shimada H, Adkins
ES, Haas-Kogan D, et al. Long-term results for children
with high-risk neuroblastoma treated on a randomized
trial of myeloablative therapy followed by 13-cis-retinoic
acid: a children's oncology group study. J Clin Oncol.
2009;27:1007-13.
9. Fangusaro J, Finlay J, Sposto R, Ji L, Saly M, Zacharoulis S,
et al. Intensive chemotherapy followed by consolidative
myeloablative chemotherapy with autologous hematopoietic cell rescue (AuHCR) in young children with newly
diagnosed supratentorial primitive neuroectodermal
tumors (sPNETs): report of the Head Start I and II experience. Pediatr Blood Cancer. 2008;50:312-8.
10. Mason WP, Grovas A, Halpern S, Dunkel IJ, Garvin J, Heller

Ki Woong Sung, Tandem HDCT/Auto-SCT for ATRT

G, et al. Intensive chemotherapy and bone marrow rescue for
young children with newly diagnosed malignant brain
tumors. J Clin Oncol. 1998;16:210-21.
11. Gardner SL, Asgharzadeh S, Green A, Horn B, McCowage G,
Finlay J. Intensive induction chemotherapy followed by high
dose chemotherapy with autologous hematopoietic progenitor
cell rescue in young children newly diagnosed with central
nervous system atypical teratoid rhabdoid tumors. Pediatr
Blood Cancer. 2008;51:235-40.
12. Sung KW, Yoo KH, Cho EJ, Koo HH, Lim DH, Shin HJ, et al.
High-dose chemotherapy and autologous stem cell rescue in
children with newly diagnosed high-risk or relapsed medulloblastoma or supratentorial primitive neuroectodermal
tumor. Pediatr Blood Cancer. 2007;48:408-15.
13. Gajjar A, Chintagumpala M, Ashley D, Kellie S, Kun LE, Merchant TE, et al. Risk-adapted craniospinal radiotherapy followed by high-dose chemotherapy and stem-cell rescue in
children with newly diagnosed medulloblastoma (St Jude
Medulloblastoma-96): long-term results from a prospective,
multicentre trial. Lancet Oncol. 2006;7:813-20.
14. Sung KW, Lim DH, Lee SH, Yoo KH, Koo HH, Kim JH, et al.
Tandem high-dose chemotherapy and auto-SCT for malignant
brain tumors in children under 3 years of age. Bone Marrow
Transplant. 2013;48:932-8.
15. Sung KW, Lim DH, Son MH, Lee SH, Yoo KH, Koo HH, et al.
Reduced-dose craniospinal radiotherapy followed by tandem
high-dose chemotherapy and autologous stem cell transplantation in patients with high-risk medulloblastoma. Neuro
Oncol. 2013;15:352-9.
16. Laurent JP, Chang CH, Cohen ME. A classification system for
primitive neuroectodermal tumors (medulloblastoma) of the
posterior fossa. Cancer. 1985;56:1807-9.
17. Finkelstein-Shechter T, Gassas A, Mabbott D, Huang A, Bartels U, Tabori U, et al. Atypical teratoid or rhabdoid tumors:
improved outcome with high-dose chemotherapy. J Pediatr
Hematol Oncol. 2010;32:e182-6.
18. Park ES, Sung KW, Baek HJ, Park KD, Park HJ, Won SC, et al.

Tandem high-dose chemotherapy and autologous stem cell
transplantation in young children with atypical teratoid/rhabdoid tumor of the central nervous system. J Korean Med Sci.
2012;27:135-40.
19. Zaky W, Dhall G, Ji L, Haley K, Allen J, Atlas M, et al. Intensive induction chemotherapy followed by myeloablative
chemotherapy with autologous hematopoietic progenitor cell
rescue for young children newly-diagnosed with central nervous system atypical teratoid/rhabdoid tumors: the Head Start
III experience. Pediatr Blood Cancer. 2014;61:95-101.
20. Chi SN, Zimmerman MA, Yao X, Cohen KJ, Burger P, Biegel
JA, et al. Intensive multimodality treatment for children with
newly diagnosed CNS atypical teratoid rhabdoid tumor. J Clin
Oncol. 2009;27:385-9.
21. Lee SH, Son MH, Sung KW, Choi YB, Lee NH, Yoo KH, et al.
Toxicity of tandem high-dose chemotherapy and autologous
stem cell transplantation using carboplatin-thiotepa-etoposide
and cyclophosphamide-melphalan regimens for malignant
brain tumors in children and young adults. J Neurooncol.
2014;120:507-13.
22. Duffner PK, Horowitz ME, Krischer JP, Friedman HS, Burger
PC, Cohen ME, et al. Postoperative chemotherapy and
delayed radiation in children less than three years of age with
malignant brain tumors. N Engl J Med. 1993;328:1725-31.
23. Grill J, Sainte-Rose C, Jouvet A, Gentet JC, Lejars O, Frappaz
D, et al. Treatment of medulloblastoma with postoperative
chemotherapy alone: an SFOP prospective trial in young children. Lancet Oncol. 2005;6:573-80.
24. Pai Panandiker AS, Merchant TE, Beltran C, Wu S, Sharma S,
Boop FA, et al. Sequencing of local therapy affects the pattern
of treatment failure and survival in children with atypical
teratoid rhabdoid tumors of the central nervous system. Int J
Radiat Oncol Biol Phys. 2012;82:1756-63.
25. Chen YW, Wong TT, Ho DM, Huang PI, Chang KP, Shiau CY,
et al. Impact of radiotherapy for pediatric CNS atypical teratoid/rhabdoid tumor (single institute experience). Int J Radiat
Oncol Biol Phys. 2006;64:1038-43.

VOLUME 48 NUMBER 4 OCTOBER 2016

1419

pISSN 1598-2998, eISSN 2005-9256
http://dx.doi.org/10.4143/crt.2015.309

Cancer Res Treat. 2016;48(4):1420-1428

Open Access

Original Article

Clinical Practices and Outcomes on Chemotherapy-Induced Nausea and
Vomiting Management in South Korea: Comparison with Asia-Pacific Data of
the Pan Australasian Chemotherapy Induced Emesis Burden of Illness Study

Purpose
This study reported patient outcomes of chemotherapy-induced nausea and vomiting (CINV)
prophylaxis for highly emetogenic chemotherapy (HEC) and moderately emetogenic
chemotherapy (MEC) regimens and evaluated its adherence to acute-phase CINV prophylaxis in the Korean population subset of the Pan Australasian Chemotherapy Induced Emesis burden of illness (PrACTICE) study.
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Materials and Methods
This subgroup analysis evaluated 158 Korean patients receiving HEC or MEC and compared
the data (wherever possible) with that of 648 patients from the Asia-Pacific (AP) region.
Study endpoints included evaluation of primary CINV prophylaxis and adherence to acutephase CINV prophylaxis in cycle 1 (American Society of Clinical Oncology [ASCO] Quality
Oncology Practice Initiative [QOPI]).
Results
In South Korea and the AP, a 5-hydroxytryptamine-3 receptor antagonist (5HT3-RA) prophylaxis for the acute phase was administered to 79/80 patients (98.8%) for HEC and 70/71
patients (98.6%) for MEC regimens (QOPI-1). Triple regimen (corticosteroid–5HT3-RA–neurokinin 1-RA) was initiated in 46/80 patients (57.5%) for prophylaxis of acute CINV in cycle
1 of HEC (QOPI-3). Double regimen (corticosteroid–5HT3-RA, with or within NK1-RA) was initiated in 61/71 patients (83.1%) for control of acute CINV in cycle 1 of MEC a(QOPI-2).
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Conclusion
Active management of CINV is necessary in cycle 1 of HEC in South Korea, despite higher
rates than the AP region. Adherence to the international guidelines for CINV prophylaxis
requires attention in the acute phase in cycle 1 of the HEC regimen.
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Introduction
Chemotherapy-induced nausea and vomiting (CINV) significantly impairs quality of life and adherence to planned
chemotherapy regimens in cancer patients. Despite the availability of newer antiemetic agents, reducing the incidence of
CINV remains a challenge, particularly in the case of nausea
and delayed CINV (occurring > 24 hours postchemotherapy)
[1,2]. Although the incidence varies with the chemotherapy
regimen, choice of antiemetic, adherence to antiemetic guidelines, and patient characteristics, ethnic differences, and
genetic polymorphisms are also involved as they influence
the metabolism of antiemetic agents [1,3-5].
Several guidelines recommend prophylactic antiemetic
regimens for anticipatory nausea and vomiting and for the
acute and delayed phases of treatment, based on choice of
chemotherapeutic agents. As anticipatory nausea and vomiting shows a poor response to treatment, antiemetic guidelines recommend prevention with optimal first-line antiemetic prophylaxis for acute and delayed CINV [6-9]. However, research shows that adherence to guidelines is low, and
antiemetics are typically under prescribed in patients receiving highly emetogenic chemotherapy (HEC) or moderately
emetogenic chemotherapy (MEC) regimens, with wide variations in dosage leading to suboptimal control of CINV [1,1013].
The Pan Australasian Chemotherapy Induced Emesis burden of illness (PrACTICE) study evaluated the burden of
CINV among patients receiving HEC or MEC in six countries
across the Asia-Pacific (AP) region [14-18]. Data pertaining
to the incidence of CINV in various chemotherapy cycles
[14,16], the pattern of CINV prophylaxis in practice [15], predictors of anticipatory CINV [17], and the influence of CINV
on modifications made to earlier cycles of chemotherapy regimens [16] have been previously published. The results of
these studies demonstrated that CINV in prior cycles was a
strong and consistent predictor of CINV in subsequent
cycles, and the incidence of chemotherapy regimen modification because of CINV was low in individual cycles [16],
thus highlighting the importance of preventing CINV in
cycle 1 to reduce anticipatory nausea and vomiting in subsequent cycles [17]. Differences in the prevalence of qualityof-care indicators, adherence to guidelines, and prescribing
patterns of CINV prophylaxis for HEC and MEC within and
across countries [15] were also noted. The 5-hydroxytryptamine-3 receptor antagonists (5HT3-RAs) were the most consistently prescribed antiemetics in the AP region; prescriptions for other antiemetic therapies were variable [15]. The
highest prescribing behavior and use of rescue medications
were noted in Australia and Singapore, whereas the lowest
use was noted in India, South Korea, and Taiwan. In addi-

tion, country-specific differences can provide important
information for designing studies and implementing country-specific guidelines [14]. As CINV remains a substantial
problem, country-specific information could also improve
outcomes for patients undergoing chemotherapy [14]. These
differences suggest that clinical guidelines must be adapted
based on country- and area-specific healthcare systems in
addition to drug availability, reimbursement policies, and
clinical practices. Although studies on CINV have been conducted in the AP region [19-22], differences in study design
and location prevent broad generalizations. PrACTICE is the
only study with a common study design evaluating the burden of CINV in six countries of the AP region [18].
The current study reports on the subgroup analysis of
patient outcomes, including CINV prophylaxis in cycle 1 of
HEC and MEC and evaluated the adherence of this acutephase CINV prophylaxis in cycle 1 according to the criteria
of measures in the American Society of Clinical Oncology
(ASCO) Quality Oncology Practice Initiative (QOPI) in the
Korean population subset of the PrACTICE study.

Materials and Methods
1. Study design
PrACTICE, a multicountry, multisite, prospective, observational study evaluated the burden of emesis in adult
patients initiating HEC or MEC for cancer treatment at 31
sites in six countries (Australia, China, India, Singapore,
South Korea, and Taiwan) across the AP region. The detailed
study design has been previously published [18]. The study
was conducted in accordance with the Declaration of
Helsinki and local regulations. Patients provided written
informed consent before enrollment, and the study was
approved by the institutional review board of each institute.
In the subgroup analysis, we evaluated patient outcomes
pertaining to CINV among the 158 Korean patients enrolled.
Patients were categorized according to HEC and MEC
groups. Wherever possible, the Korean data were compared
to the data of 648 patients enrolled across the AP region. The
primary endpoint was the prescription pattern for cycle 1 of
CINV prophylaxis in South Korea. Secondary endpoints
included adherence to acute-phase CINV prophylaxis in
cycle 1 to the criteria of measures in the ASCO QOPI and the
primary source of consulting guidelines for CINV prophylaxis.
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Enrolled patients across
6 countries (n=689)

South Korea
(n=158)
n=41

Cycle 1. Evaluable
patients (n=648)

Not continuing to cycle 2
(n=44)
n=50

Cycle 2. Evaluable
patients (n=598)

Other non-evaluable patients
at cycle 2 (n=6)
Not continuing to cycle 3
(n=63)

n=65
Cycle 3. Evaluable
patients (n=533)

Non-evaluable patients
at cycle 1 (n=41)

Other non-evaluable patients
at cycle 3 (n=2)

Fig. 1. Distribution of enrolled patients in PrACTICE (CONSORT flow diagram). PrACTICE, Pan Australasian Chemotherapy Induced Emesis burden of illness.

2. Study population
Male and female patients aged  18 years and naïve to
HEC and MEC [18] were considered eligible. They were to
receive at least two cycles of cancer chemotherapy with
intravenous administration of at least one of the following
commonly used single-day HEC or MEC agents: cisplatin,
cyclophosphamide, dacarbazine, oxaliplatin, carboplatin,
doxorubicin, epirubicin, or irinotecan. Chemotherapy regimens were categorized as HEC or MEC based on the emetogenic potential of the single agent with the highest emetic
risk in a regimen [22]. Chemotherapy agents with low emetogenic potential were permitted if the patient had received
at least one of the HEC or MEC agents. Patients not capable
of taking oral medications, scheduled multiday chemotherapy, concurrent radiotherapy, current brain metastases, or
vomiting in the 24 hours before cycle 1 were excluded from
the study. Additional details have been described in a previous publication [18].
3. Assessments and outcomes
The primary investigator at each site completed a one-time
survey regarding adherence to antiemetic guidelines before
enrolling patients. Enrolled patients answered a questionnaire-based survey (in the form of a diary) before receiving
chemotherapy (on day 1) and on days 2 and 6 of each
chemotherapy cycle. These included questions regarding
vomiting, nausea, and anticipation of nausea, and anxiety
during the 24 hours before initiating chemotherapy for each
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cycle. Similarly, patients completed the Multinational Association of Supportive Care in Cancer (MASCC) antiemesis
tool (MAT) (a validated tool for measuring the incidence and
severity of nausea and vomiting after chemotherapy [23]) on
days 2 and 6 of each cycle. Questions included in the diary
for cycles 1 through 3 are outlined in a previous publication
[18]. Patients who completed the questionnaire in the diary
for cycle 1 continued to receive study therapy, maximum of
three cycles, for approximately 3-4 weeks (Fig. 1). Patients
also completed an antiemetic medication questionnaire
regarding use of medications for CINV prophylaxis or as rescue therapy for treatment of established nausea or vomiting
in the 24 hours after chemotherapy (acute phase) or from 24
hours to 5 days after chemotherapy (delayed phase) on days
2 and 6 of each cycle. Details of chemotherapy, including
date, time, setting (inpatient or outpatient), route of administration, type of chemotherapy, and acute-phase CINV prophylaxis were recorded on day 1 of each cycle. Similarly,
delayed-phase CINV prophylaxis prescribed for days 2-5
was recorded. Thereafter, anonymized electronic case report
forms containing patients’ responses to the study questionnaires and their complete medical record data were generated. The study did not influence treatment decisions or any
site-specific investigations.
The primary antiemetics were classified according to three
categories based on the World Health Organization Drug
Dictionary, September 1, 2010, ver. 3 [24]. These included corticosteroids, neurokinin-1 receptor antagonists (NK1-RAs;
aprepitant, and fosaprepitant), and 5HT3-RAs or setrons
(granisetron, ondansetron, palonosetron, ramosetron, and
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tropisetron). Categories of secondary antiemetics included
antihistamines, benzodiazepines, histamine-2 receptor antagonists, propulsives (e.g., domperidone and metoclopramide),
proton-pump inhibitors (e.g., lansoprazole, omeprazole, and
pantoprazole), and others (e.g., haloperidol, prochlorperazine, and pyridoxine). Due to differences in reimbursement
and/or regulatory status across countries in the AP region,
use of NK1-RA (aprepitant) differed by country. Aprepitant
prescribed for HEC and for secondary prevention in MEC is
eligible for reimbursement in Australia and Korea. Aprepitant had regulatory approval in Taiwan, Singapore, and
India; however, it was not eligible for reimbursement during
the study period. Aprepitant did not have regulatory
approval in China during the study.
Quality-of-care indicators were based on the ASCO QOPI
[6] and categorized as follows according to adherence to the
criteria of measures in the ASCO QOPI Symptom/Toxicity
Management–Chemotherapy-Related Module for acutephase CINV prophylaxis.
1) QOPI-1: 5HT3-RA prophylaxis prescribed or administered with HEC and MEC (corresponds to QOPI Symptom Module #26)
2) QOPI-2: corticosteroid and 5HT3-RA prophylaxis prescribed or administered with HEC and MEC (corresponds to QOPI Symptom Module #27)
3) QOPI-3: aprepitant prescribed with HEC (corresponds
to QOPI Symptom Module #28)
4) QOPI-4: antiemetic therapies appropriately prescribed
for HEC and MEC; thus, for HEC, yes to QOPI-2 and
QOPI-3 and for MEC, yes to QOPI-2 (corresponds to
QOPI Symptom Module #29)
Patients were categorized based on adherence of their
acute-phase CINV prophylaxis in cycle 1 according to the criteria of measures in the ASCO QOPI.
4. Statistical considerations
Study outcomes, including CINV incidence and treatment
patterns (chemotherapy or CINV prophylaxis), were descriptively analyzed by phase (overall, acute, or delayed), by cycle
(as appropriate), within and across countries, and by level of
chemotherapy emetogenicity (HEC vs. MEC). For analysis,
patients were assigned to the following mutually exclusive
chemotherapy regimens: HEC, wherein the treatment parameters were cisplatin-based, intravenous cyclophosphamide-based ( 1,500 mg/m2), dacarbazine-based, and women
treated with anthracycline plus cyclophosphamide; and
MEC, wherein the treatment parameters were carboplatin,
cyclophosphamide < 1,500 mg/m2, doxorubicin (nonpegylated and nonliposomal), epirubicin, irinotecan, and oxaliplatin. Differences in achievement of complete response
between countries were assessed using Pearson’s chi-square

test. Statistical significance was assessed at a two-sided 0.05
level. Unless otherwise stated, all confidence intervals (CIs)
were at the 95% level and two-sided. For the summary of
percentages with limited sample size, including countrylevel summaries, the Clopper-Pearson exact CI for binomial
distribution was used. Further details are available in a previous publication [18]. Statistical analyses were used for the
summary of percentages with limited sample size, including
country-level summaries” and performed using SAS ver.
9.2 (SAS Institute Inc., Cary, NC). The primary goal of the
study was to provide South Korea–specific data on CINV
outcomes that could potentially be used to improve the quality of antiemetic prescribing in the region. The sample size
calculation was previously described [18].
The ASCO QOPI measures are reported as counts and percentages for patients meeting each of the four criteria for the
acute phase, summarized by cycle and country. Analysis of
the ASCO QOPI adherence is described in detail in a previous publication [15].

Results
The PrACTICE study enrolled 689 patients across six countries in the AP region with 158 patients in South Korea, with
648 patients evaluable in cycle 1. Enrolled patient distribution is shown in Fig. 1. The subgroup analysis included 151
Korean patients who received cycle 1 of chemotherapy.
Evaluable patients in South Korea initiated on HEC included
80 patients in cycle 1, 74 in cycle 2, and 68 in cycle 3. Similarly, evaluable patients initiated on MEC included 71
patients in cycle 1, 63 in cycle 2, and 56 in cycle 3. The distribution of evaluable patients receiving cycles 1, 2, and 3 of
HEC and MEC across countries is shown in Table 1.
Baseline patient characteristics are described in detail for
each cohort, overall and by country, in a previous publication
[14]. The Korean patient distribution across the HEC and
MEC regimens based on type of cancer is shown along with
corresponding AP data in Table 2.
In the HEC group, cisplatin was the most commonly used
agent in 75%, and doxorubin was the next most commonly
used in 26.3%. In the MEC group, most patients were treated
with oxaliplatin (93%). 5-Fluorouracil or capecitabine was
also commonly used in 28.2% and 29.6%, respectively, and
adriamycin was the next most commonly used drug in 25%
and 26.3%, respectively. In the MEC group, most patients
(93.1%) were treated with oxaliplatin, and 28.2%-29.6% of
patients were treated with 5-fluorouracil or capecitabine.
These drugs were administered in combination.
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Table 1. Distribution of evaluable patients receiving cycles 1 to 3 of highly emetic or moderately emetic chemotherapy across
countries
Country

No. of sites

Australia
China
India
South Korea
Singapore
Taiwan

5
6
6
6
2
6

Evaluable patients (HEC/MEC)
Cycle 1

Cycle 2

Cycle 3

74
153
88
80/71
57
125

64
137
84
74/63
53
123

59
104
76
68/56
49
121

HEC, highly emetogenic chemotherapy; MEC, moderately emetogenic chemotherapy.

Table 2. Baseline characteristics of chemotherapy regimen used
Regimen
HEC regimen
Breast
Lung
Other
Stomach
Metastatic disease (yes)
MEC regimen
Colon
Lung
Other
Breast
Ovarian
Stomach
Lymphoma
Endometrial
Metastatic disease (yes)

South Korea (n=151)

AP total (n=648)

19 (23.8)
24 (30.0)
15 (18.8)
12 (15.0)
37 (46.3)

145 (45.6)
90 (28.3)
30 (9.4)
16 (5.0)
93 (29.2)

43 (60.6)
2 (2.8)
15 (21.1)
0(
2 (2.8)
7 (9.9)
0(
0(
54 (76.1)

127 (38.5)
54 (16.4)
44 (13.3)
30 (9.1)
22 (6.7)
16 (4.8)
12 (3.6)
11 (3.3)
157 (47.6)

Values are presented as number (%). AP, Asia-Pacific; HEC, highly emetogenic chemotherapy; MEC, moderately emetogenic
chemotherapy.

1. Pattern of prescription in South Korea for CINV prophylaxis in cycle 1
1) Antiemetic prophylaxis for HEC cycle 1
The majority of patients (46/80, 57.5%) were initiated on a
triple regimen, a combination of a corticosteroid, a 5HT3-RA,
and an NK1-RA, in the acute phase of the HEC regimen in
South Korea compared with 123/318 patients (38.7%) in the
AP region. A greater majority of patients (59/80, 73.8%) were
initiated on a double regimen (combination of a corticosteroid and an NK1-RA) in the delayed phase of the HEC regimen in South Korea compared with 99/318 (31.1%) in the
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AP region. All patients in South Korea were prescribed a primary antiemetic in the acute phase, but one patient in the AP
region was not prescribed any antiemetic. However, in the
delayed phase, 5/80 patients (6.3%) were not prescribed a
primary antiemetic versus 75/318 (23.6%) in the AP region.
Table 3 summarizes the antiemetics prescribed for CINV prophylaxis during the acute and delayed phases of HEC cycle
1 according to antiemetic category for South Korea and the
AP region.
2) Antiemetic prophylaxis for MEC cycle 1
The proportion of patients who were initiated on a double

Myung Ah Lee, CINV Management in South Korea

Table 3. Primary chemotherapy-induced nausea and vomiting prophylaxis for cycle 1 in the HEC and MEC
Regimen
HEC regimen
Acute phase
Corticosteroid alone
5HT3-RA alone
NK1-RA alone
Corticosteroid–5HT3-RA
Corticosteroid–NK1-RA
5HT3-RA–NK1-RA
Corticosteroid–5HT3-RA–NK1-RA
No primary antiemetic
Delayed phase
Corticosteroid alone
5HT3-RA alone
NK1-RA alone
Corticosteroid–5HT3-RA
Corticosteroid–NK1-RA
5HT3-RA–NK1-RA
Corticosteroid–5HT3-RA–NK1-RA
No primary antiemetic
MEC regimen
Acute phase
Corticosteroid alone
5HT3-RA alone
NK1-RA alone
Corticosteroid–5HT3-RA
Corticosteroid–5HT3-RA–NK1-RA
No primary antiemetic
Delayed phase
Corticosteroid alone
5HT3-RA alone
NK1-RA alone
Corticosteroid–5HT3-RA
Corticosteroid–NK1-RA
Corticosteroid–5HT3-RA–NK1-RA
No primary antiemetic

South Korea

AP total

80 (

318 (

1 (1.3)
2 (2.5)
0(
24 (30.0)
0(
7 (8.8)
46 (57.5)
0(

5 (1.6)
28 (8.8)
2 (0.6)
146 (45.9)
4 (1.3)
9 (2.8)
123 (38.7)
1 (0.3)

1 (1.3)
6 (7.5)
7 (8.8)
1 (1.3)
59 (73.8)
1 (1.3)
0(
5 (6.3)
71

32 (10.1)
35 (11.0)
43 (13.5)
30 (9.4)
99 (31.1)
1 (0.3)
3 (0.9)
75 (23.6)
330 (

1 (1.4)
9 (12.7)
0(
59 (83.1)
2 (2.8)
0(

5 (1.5)
43 (13.0)
1 (0.3)
260 (78.8)
17 (5.2)
4 (1.2)

9 (12.7)
23 (32.4)
0(
23 (32.4)
3 (4.2)
0(
13 (18.3)

54 (16.4)
74 (22.4)
4 (1.2)
61 (18.5)
7 (2.1)
1 (0.3)
129 (39.1)

Values are presented as number (%). HEC, highly emetogenic chemotherapy; MEC, moderately emetogenic chemotherapy;
AP, Asia-Pacific; 5HT3-RA, 5-hydroxytryptamine-3 receptor antagonist; NK1-RA, neurokinin-1 receptor antagonist.

regimen (combination of a corticosteroid and a 5HT3-RA) in
the acute phase of the MEC regimen was greater in South
Korea than in the AP region (59/71 [83.1%] vs. 260/330
[78.8%]). For the delayed phase, a similar number of patients
were initiated on 5HT3-RA (23/71 [32.4%]) or the double regimen (23/71 [32.4%]) in South Korea, which was slightly
higher compared with patients in the AP region (74/330
[22.4%] and 61/330 [18.5%], respectively). A primary
antiemetic was prescribed to all patients in South Korea in
the acute phase, but 4/330 patients (1.2%) were not pre-

scribed antiemetics in the AP region. However, in the
delayed phase, 13/71 patients (18.3%) were not prescribed a
primary antiemetic versus 129/330 patients (39.1%) in the
AP region.
2. ASCO QOPI results in cycle 1 and adherence to CINV
prophylaxis guidelines
In South Korea and the AP region, use of a 5HT3-RA was
frequent in the acute phase for both HEC and MEC regimens;
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Table 4. Summary of the American Society of Clinical Oncology QOPI measures in cycle 1
Patient
HEC evaluable patients
QOPI-1
QOPI-2
QOPI-3
QOPI-4
MEC evaluable patients
QOPI-1
QOPI-2

South Korea
80 (
79 (98.8)
70 (87.5)
53 (66.3)
46 (57.5)
71 (
70 (98.6)
61 (85.9)

AP total
318 (
306 (96.2)
269 (84.6)
138 (43.4)
123 (38.7)
330 (
320 (97.0)
277 (83.9)

Values are presented as number (%). QOPI, Quality Oncology Practice Initiative; AP, Asia-Pacific; HEC, highly emetogenic
chemotherapy; QOPI-1, 5-hydroxytryptamine-3 receptor antagonist (5HT3-RA) prophylaxis prescribed or administered with
HEC and moderately emetogenic chemotherapy (MEC) (corresponds to QOPI Symptom Module #26); QOPI-2, corticosteroid
and 5HT3-RA prophylaxis prescribed or administered with HEC and MEC (corresponds to QOPI Symptom Module #27);
QOPI-3, aprepitant prescribed with HEC (corresponds to QOPI Symptom Module #28); QOPI-4, antiemetic therapies
appropriately prescribed for HEC and MEC; thus, for HEC, yes to QOPI-2 and QOPI-3, and for MEC, yes to QOPI-2 (corresponds to QOPI Symptom Module #29).

therefore, patients meeting QOPI-1 exceeded 95%. In South
Korea, the triple regimen (corticosteroid–5HT3-RA–NK1-RA)
was initiated in 46/80 patients (57.5%) for acute management
of CINV in cycle 1 of the HEC regimen, and the proportion
of patients meeting QOPI-3 was 66.3%. In the MEC regimen,
the double regimen (corticosteroid–5HT3-RA) was initiated
in 59/71 (83.1%) for control of acute CINV in cycle 1 and
61/71 (85.9%) patients in Korea met QOPI-2. In the HEC regimen, 46/80 patients (57.5%) in South Korea met QOPI-4.
These measurements were higher than those in the AP
regional data, in which a greater mismatch in guideline
adherence was reported (HEC group [corticosteroid–5HT3RA–NK1-RA], 38.7% vs QOPI-3, 43.4%; MEC group [corticosteroid–5HT3-RA], 78.8% vs. QOPI-2, 83.9%) in acute phase of
cycle 1 in the HEC regimen, respectively (Table 4).
The survey showed that the National Comprehensive Cancer Network (NCCN) guidelines were the antiemesis guidelines most commonly cited by physicians in Korea and across
the AP region (except in Australia, where the MASCC/
European Society for Medical Oncology guidelines [8] were
most commonly cited).

Discussion
We analyzed the pattern of antiemetic therapy in countries
of the AP region in a previous report [15]. In that data, we
compared the different patterns among countries associated
with different policy, standard of care, or preference. In the
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current study, we tried to focus on the characteristics of the
antiemetic therapy pattern in Korea, because knowledge
regarding the different treatment patterns in real practice is
important when establishing the principle for cancer treatment. The results showed that in accordance with guideline
recommendations [6,7], the majority of patients (57.5%)
received prophylaxis with a triple regimen (corticosteroid
5HT3-RANK1-RA) in the acute phase of cycle 1 in the HEC
regimen in South Korea. A greater majority (73.8%) of
patients received prophylaxis with corticosteroid–NK1-RA
in the delayed phase of cycle 1 in the HEC regimen. In the
case of MEC in South Korea, a double regimen (corticosteroid–5HT3-RA [83.1%]) was initiated in a majority of
patients in the acute phase of cycle 1. Interestingly, an equal
proportion of patients were initiated on either a 5HT3-RA or
a corticosteroid–5HT3-RA (32.4%) regimen in the delayed
phase. NK1-RA prescriptions were noted in 66.3% and 83.8%
of patients in the acute and delayed phases of HEC cycle 1,
respectively, although NK1-RA (aprepitant) prescriptions as
part of the HEC regimen for CINV prophylaxis are eligible
for reimbursement in Korea. This is because of the reimbursement policy. Because this study was an observational
study and no intervention was added to the treatment, it can
reflect the treatment pattern in real practice. Many clinicians
tend to choose treatment according to reimbursement guidelines in practice, but it can be interpreted narrowly according
to type of drug, duration, frequency of symptoms, timing of
initiation, and so on. This could lead to the limited prescription of anti-emetics in the acute phase of cycle 1 chemotherapy, which has limited application in real practice. Considering that many clinicians tend to choose the drug based
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on the reimbursement policy, it has to be changed flexible for
better and more comfortable treatment of patients.
Therefore, considering international guideline recommendations [6,7], there is room for improvement in NK1-RAbased triple regimen prophylaxis in the HEC groups. This
gap was even more evident for CINV prophylaxis in the
acute phase and delayed phase of cycle 1 in both HEC and
MEC groups. For better control of CINV prophylaxis in the
acute phase of cycle 1 chemotherapy, we suggested that
reimbursement policy should be applied flexibly, not
restricted to reimbursement guidelines. However, CINV prophylaxis in Korea could not be directly compared with that
of the AP region due to large variations in prescribing patterns for CINV prophylaxis among countries.
The differences between South Korea and the AP region
could be attributed to country-specific differences in factors
such as adherence to guidelines, dosage and prescribing patterns of CINV prophylaxis therapy [1,10-13,15], prevalence
of quality-of-care indicators [15], use of rescue medication,
drug availability, reimbursement policies, location, and
study design [19-21].
In this study, the NCCN guidelines [7] were the most commonly cited guidelines in the AP region, including South
Korea. In the MEC regimen, the double regimen (corticosteroid–5HT3-RA) was initiated in 59/71 patients (83.1%) for
control of acute CINV in cycle 1 and 61/71 patients (85.9%)
met the QOPI-2 rate in South Korea. The triple regimen (corticosteroid–5HT3-RA–NK1-RA) was initiated in 46/80
patients (57.5%) for management of acute CINV in cycle 1 of
the HEC regimen, and 66.3% of patients met QOPI-3. These
rates were higher than those reported for the AP region,
where a higher mismatch in guideline adherence was
reported. Considering the discrepancy between antiemetic
prophylaxis and the actual requirement based on qualityof-care indicators (ASCO QOPI), adherence to international
guidelines for CINV prophylaxis must improve, particularly
in the acute phase of cycle 1 in HEC in South Korea and more

so in the AP region.
As mentioned in previous publications [14-18], the PrACTICE study had several limitations: (1) the sample size in 3
countries (Australia, India, and Singapore) did not reach the
planned enrollment of 45 patients in each of the HEC and
MEC cohorts for comparison with the South Korean population; (2) CINV findings were patient reported and based on
patient diary completion of the MAT on postchemotherapy
days 2 and 6. However, sites that reviewed diary entries confirmed that the recorded information included the patient’s
verbal description of their experiences; (3) QOPI criteria do
not take into account the prescription schedule on the appropriate day [25]; for example, QOPI-2 criterion includes any
corticosteroid (and 5HT3-RA) prophylaxis initiated with
HEC, and not a specific corticosteroid, on days 1-4 in HEC;
and (4) the availability of antiemetic medications and reimbursement differ in each country, which may likely influence
the antiemetic prescription patterns.

Conclusion
Despite relatively higher rates than the AP region, management of CINV in cycle 1 of HEC in Korea should be more
active.
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A Pilot Study Evaluating Steroid-Induced Diabetes after Antiemetic
Dexamethasone Therapy in Chemotherapy-Treated Cancer Patients

Purpose
Dexamethasone is a mainstay antiemetic regimen for the prevention of chemotherapyinduced nausea and vomiting. The aim of this pilot study was to assess the incidence of
and factors associated with steroid-induced diabetes in cancer patients receiving
chemotherapy with dexamethasone as an antiemetic.
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Materials and Methods
Non-diabetic patients with newly diagnosed gastrointestinal cancer who received at least
three cycles of highly or moderately emetogenic chemotherapy with dexamethasone as an
antiemetic were enrolled. Fasting plasma glucose levels, 2-hour postprandial glucose levels,
and hemoglobin A1C tests for the diagnosis of diabetes were performed before chemotherapy and at 3 and 6 months after the start of chemotherapy. The homeostasis model
assessment of insulin resistance (HOMA-IR) was used as an index for measurement of
insulin resistance, defined as a HOMA-IR  2.5.
Results
Between January 2012 and November 2013, 101 patients with no history of diabetes
underwent laboratory tests for assessment of eligibility; 77 of these patients were included
in the analysis. Forty-five patients (58.4%) were insulin resistant and 17 (22.1%) developed
steroid-induced diabetes at 3 or 6 months after the first chemotherapy, which included dexamethasone as an antiemetic. Multivariate analysis showed significant association of the
incidence of steroid-induced diabetes with the cumulative dose of dexamethasone
(p=0.049).
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Conclusion
We suggest that development of steroid-induced diabetes after antiemetic dexamethasone
therapy occurs in approximately 20% of non-diabetic cancer patients; this is particularly significant for patients receiving high doses of dexamethasone.

Introduction
Corticosteroids are often administered to cancer patients
as a component of a chemotherapy regimen, to prevent
chemotherapy-induced nausea and vomiting (CINV), to prevent allergic reactions caused by anti-cancer treatments, or
as an adjuvant therapy with anti-edema effects [1-3]. Dexam│ http://www.e-crt.org │

Key words
Antiemetics, Drug therapy, Dexamethasone, Diabetes mellitus

ethasone has a high therapeutic index when used for prevention of CINV, and a longer half-life and greater anti-inflammatory potency than other glucocorticoids [4]. According to
several antiemetic guidelines, antineoplastic agents are
grouped according to the risk of emesis they pose and should
be matched to specific antiemetic regimens to reduce the
degree of CINV; dexamethasone is generally used in combination with serotonin (5-hydroxytryptamine 3 [5-HT3]) or
Copyright ⓒ 2016 by the Korean Cancer Association
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neurokinin-1 (NK-1) receptor antagonists for highly or moderately emetogenic chemotherapy, or as monotherapy for
low-emetogenic chemotherapy in both the acute and delayed
phases [5]. Antiemetic dexamethasone is often administered
repeatedly over long periods of time in cancer patients
receiving chemotherapy, which substantially increases the
risk of adverse systemic effects [6]. The endocrine adverse
effects of dexamethasone include adrenal suppression,
hyperlipidemia, growth suppression, gynecomastia, and
amenorrhea, with hyperglycemia as a frequently overlooked
adverse effect of dexamethasone [2,3,7,8].
Glucocorticoids induce a state of relative insulin resistance.
The effects of glucocorticoids on glucose metabolism include
downregulation of glucose transporter 4 in muscle, which
increases the amount of insulin needed for the uptake of glucose into cells, increased glucose production in the liver,
inhibition of insulin binding to the insulin receptor on cells,
and a decrease in insulin secretion from islet cells [9]. Therefore, glucocorticoid administration may exacerbate pre-diabetes or undiagnosed diabetes and can transform mild
diabetes into a clinically severe illness, possibly leading to a
hyperglycemic non-ketotic hyperosmolar coma. However,
some of the symptoms of hyperglycemia, such as thirst, dry
mouth, weakness, weight loss, and often polyuria and lethargy, are also common in patients with advanced malignancies for unrelated reasons such as the tumor itself, certain
medicines, metabolic imbalance, and psychological problems. Therefore, the diagnosis of diabetes in cancer patients
receiving chemotherapy is frequently delayed unless there
is a high degree of clinical suspicion. However, the incidence
of steroid-induced diabetes associated with the repeated use
of the antiemetic dexamethasone for the prevention of CINV
has not been reported to date.
Therefore, we designed this pilot study to assess the incidence of and factors associated with steroid-induced diabetes
related to antiemetic dexamethasone therapy in cancer patients receiving chemotherapy for a prospective, multicenter
clinical trial.

Materials and Methods
1. Patient selection
All consecutive eligible patients treated at the Department
of Gastrointestinal Medical Oncology at Chungbuk National
University Hospital were considered for this study. Chemotherapy-naïve patients with histologically confirmed cancer
treated with highly or moderately emetogenic chemotherapy
with antiemetic dexamethasone for at least 3 days per cycle

1430

CANCER RESEARCH AND TREATMENT

were enrolled. Patients were required to have a life expectancy of  3 months and adequate hematologic, hepatic, and
renal function. Patients with a history of diabetes or diabetic
levels in laboratory tests before chemotherapy, a history of
pancreatic cancer, had received corticosteroids except
antiemetic dexamethasone within 6 months of study commencement, or had a serious concurrent infection or nonmalignant illness were excluded from the analysis.
All patients provided written informed consent to participate in the study. This study was reviewed and approved by
the Institutional Review Board of Chungbuk National University Hospital.
2. Antiemetic treatments
According to the National Comprehensive Cancer Network guidelines, all patients treated with highly emetogenic
chemotherapy received 125 mg of an oral aprepitant plus a
5-HT3 receptor antagonist and 10-12 mg of dexamethasone
on day 1, 80 mg of an oral aprepitant and 7-8 mg of daily oral
dexamethasone on days 2 and 3, and 7-8 mg of dexamethasone on day 4. Patients treated with moderately emetogenic
chemotherapy received a 5-HT3 receptor antagonist and
10-12 mg of dexamethasone on day 1, followed by 7-8 mg of
daily dexamethasone on days 2-3 [5]. These antiemetics were
administered every 2-4 weeks according to the chemotherapy schedule.
3. Laboratory tests for the diagnosis of diabetes and insulin
resistance
Laboratory tests for diagnosis of diabetes and insulin
resistance were performed before chemotherapy and at 3 and
6 months after the start of chemotherapy. All patients fasted
for more than 8 hours before blood collection for measurement of fasting plasma glucose (FPG), hemoglobin A1C
(HbA1C), insulin, and serum C-peptide levels. Blood samples
were drawn again to determine 2-hour postprandial
glucose (PP2) levels exactly 2 hours after eating a meal. To
minimize the direct effect of chemotherapeutic agents and
transient hyperglycemia induced by dexamethasone, all
blood tests were performed before the chemotherapy session.
A diagnosis of diabetes was based on the following: FPG
 7 mmol/L (126 mg/dL), PP2  11.1 mmol/L (200 mg/dL),
or HbA1C  6.5% [10]. Patients showing diabetic levels in laboratory tests performed before the start of chemotherapy
were excluded. The homeostasis model assessment for
insulin resistance (HOMA-IR) was calculated using the following formula: FPG (mmol/L)fasting insulin (µIU/L)/
22.5 [11]. Insulin resistance was defined as a HOMA-IR  2.5
[12,13].
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Assessed for eligibility (n=101)
Excluded (n=24)
Did not receive at least three cycles of highly or moderately emetogenic chemotherapy (n=8)
Diabetic level in the baseline laboratory tests (n=8)
Follow-up loss (n=6)
Died before the laboratory assessment for the diagnosis of diabetes at 3 months (n=2)
Eligible with laboratory assessment at 3 months
included for analysis (n=77)
Completed laboratory assessment at 6 months
(n=48)

Fig. 1. Flow diagram showing patient selection.

4. Statistical analysis
Mean values were compared using the t test (two categories) and one-way analysis of variance (more than two categories). Proportions were compared using two-way tables
and 2 tests. Univariate and multivariate regression analyses
were performed to examine the association between the
incidence of diabetes and clinical variables. Potential explanatory variables were age (< 60 years or  60 years), sex (male
or female), Eastern Cooperative Oncology Group (ECOG)
performance status (0, 1, or 2), body mass index (< 20 kg/m2,
20-25 kg/m2, or  25 kg/m2), primary tumor site (esophagus/hepatobiliary, stomach, or colorectal), stage (III or IV),
intent of first chemotherapy (adjuvant or palliative), emetic
risk of first chemotherapy (high or moderate), use of megestrol acetate (yes or no), HOMA-IR (< 2.50 or  2.50), and
cumulative dose of dexamethasone (< 156 mg or  156 mg).
For logistic regression analysis, high dexamethasone usage
was defined as a cumulative dose of dexamethasone  156
mg, which was equivalent to six cycles of moderately emetogenic chemotherapy that included dexamethasone as an
antiemetic. p < 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS ver. 17.0
(SPSS Inc., Chicago, IL).

Results
1. Patient characteristics
Between January 2012 and November 2013, 101 patients
with no history of diabetes underwent laboratory assessment
to determine their eligibility for inclusion in the study; of
these, 24 were excluded for the following reasons: less than
three cycles of highly or moderately emetogenic chemotherapy (eight patients), a diabetic level in baseline FPG, PP2, and
HbA1C tests (eight patients), lost to follow-up (six patients),
or died before laboratory assessment at 3 months after the
first chemotherapy (two patients). Consequently, 77 patients
who met the above criteria were included in the analysis
(Fig. 1).
The baseline characteristics of these 77 patients are listed
in Table 1. The median age was 59 years (range, 36 to 81
years). Fifty-five patients (71.4%) were male, and 69 (89.6%)
had good performance status (ECOG 0-1). Seventy-seven
patients (93.5%) had gastric or colorectal cancer. Fifty patients (64.9%) received palliative chemotherapy and 44 (57.1%)
received highly emetogenic chemotherapy. Thirteen patients
(16.9%) received megestrol acetate to relieve symptoms of
anorexia during the study period.
2. Results of the laboratory assessments
The incidence of insulin resistance and diabetes is shown
in Table 2. Insulin resistance was detected in 22 non-diabetic
patients (28.6%) before the first chemotherapy and in 45 of
the 77 patients (58.4%) at 3 or 6 months after the first chemotherapy. Steroid-induced diabetes was detected at 3 or
VOLUME 48 NUMBER 4 OCTOBER 2016
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Table 1. Patient characteristics
Variable
Age (yr)
Median
< 60
 60
Sex
Male
Female
ECOG PS
0
1
2
BMI (kg/m2)
< 20
20-25
 25
Primary site of tumor
Esophagus
Stomach
Colorectal
Hepatobiliary
Stage
III
IV
Intent of first chemotherapy
Adjuvant
Palliative
Emetic risk of first chemotherapy
High
Moderate
Use of megestrol acetate
No
Yes

No. (%) (n=77)
59.0 (36-81)
39 (50.6)
38 (49.4)
55 (71.4)
22 (28.6)
28 (36.4)
41 (53.2)
8 (10.4)
25 (32.5)
44 (57.1)
8 (10.4)
3 (3.9)
50 (64.9)
22 (28.6)
2 (2.6)
20 (26.0)
57 (74.0)
27 (35.1)
50 (64.9)
44 (57.1)
33 (42.9)
64 (83.1)
13 (16.9)

ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body mass index.

6 months after the first chemotherapy, which included dexamethasone as an antiemetic in 17 patients (22.1%). In the
laboratory tests for the diagnosis of diabetes, diabetic levels
were detected in 11 of the 77 patients (14.3%) tested at 3
months after the start of the first chemotherapy and in eight
of the 48 patients (16.7%) tested at 6 months.
A comparison of the laboratory results for diabetic and
non-diabetic patients at 3 or 6 months after the start of
chemotherapy is shown in Table 3. No significant differences
in terms of baseline FPG, PP2, HbA1C, and C-peptide levels
were observed between the groups. However, a significant
difference in the baseline HOMA-IR was observed between
non-diabetic and diabetic patients (2.16±1.42 vs. 3.44±5.52,

1432

CANCER RESEARCH AND TREATMENT

respectively; p=0.023). Significant differences with respect
to PP2 (6.41±1.63 mmol/L vs. 9.19±2.68 mmol/L, respectively; p=0.003) and HOMA-IR (3.07 ± 2.06 mmol/L vs. 5.03 ±
5.13 mmol/L, respectively; p=0.001) were also observed
between non-diabetic and diabetic patients at 3 months.
At 6 months after the start of the first chemotherapy, there
were significant differences between all laboratory test
results for the two groups: FPG (5.28±0.60 mmol/L vs. 5.93±
1.11 mmol/L, p=0.004), PP2 (6.22±1.46 mmol/L vs. 9.09±3.43
mmol/L, p < 0.001), HbA1C (5.39±0.46% vs. 6.30±1.05%,
p=0.016), C-peptide (2.32±0.03 ng/mL vs. 4.91±3.88 ng/mL,
p=0.003), and HOMA-IR (2.37±1.81 mmol/L vs. 6.04±6.37
mmol/L, p=0.001).
3. Univariate and multivariate analysis of diabetes
The incidence of diabetes according to clinical variables is
shown in Table 4. In the univariate analysis, the incidence of
diabetes was significantly affected by age, sex, and the
cumulative dose of dexamethasone. The incidence of diabetes was 12.8% in patients < 60 years of age and 31.6% in
those  60 years of age (p=0.032), and 29.1% in men and 4.5%
in women (p=0.013). The cumulative dose of dexamethasone
was a significant factor affecting the incidence of diabetes;
patients who developed diabetes had received a larger
cumulative dose of dexamethasone than those who had not
(mean±standard deviation, 136.9±26.2 vs. 113.0±37.0 mg;
p=0.015) (Fig. 2), and the incidence of steroid-induced diabetes in patients receiving cumulative doses of dexamethasone < 156 mg and  156 mg was 9.1% and 31.8%, respectively (p=0.025).
In multivariate analysis the cumulative dose of dexamethasone was the only significant factor for the incidence of
steroid-induced diabetes associated with antiemetic dexamethasone therapy (p=0.049) (Table 4).

Discussion
Many chemotherapeutic regimens include corticosteroids
which may induce diabetes or exacerbate pre-existing diabetes [1-3,14,15]. Yoo et al. [14], who examined 632 patients
who received docetaxel chemotherapy and underwent
screening for hyperglycemia, reported that the incidence of
hyperglycemia was 13.8% and the risk factors for hyperglycemia were being overweight or obese, and a history of
diabetes mellitus. Brunello et al. [15] reviewed 349 nonHodgkin lymphoma and prostate cancer patients treated
with a chemotherapy regimen inclusive of a steroid. Abnormal glucose levels at baseline were detected in 44% and 68%
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Table 2. Incidence of insulin resistance and diabetes, as determined by the laboratory tests
Variable
Baseline (n=77)
At 3 or 6 months (n=77)
3 Months (n=77)
6 Months (n=48)

Insulin resistance (as determined by HOMA-IR)
22 (28.6)
45 (58.4)
39 (50.6)
22 (45.8)

Diabetes (as determined by FPG, PP2, and HbA1C)
0 (16.7)
17 (22.1)
11 (14.3)
8 (16.7)

Values are presented as number (%). HOMA-IR, homeostasis model assessment of insulin resistance; FPG, fasting plasma
glucose; PP2, 2-hour postprandial glucose; HbA1c., hemoglobin A1c.

of patients with non-Hodgkin lymphoma and prostate cancer, and dysglycemia was detected in 70% of patients with
non-Hodgkin lymphoma and 92% of patients with prostate
cancer over the course of treatment. However, despite the
fact that dexamethasone is the most frequently used antiemetic for the prevention of CINV in cancer patients receiving chemotherapy, hyperglycemia after antiemetic dexamethasone therapy itself has not been reported to date. The
aim of this pilot study was to assess the incidence of steroidinduced diabetes after antiemetic dexamethasone therapy in
cancer patients for a prospective, multicenter clinical trial.
We suggest that the incidence of steroid-induced diabetes in
non-diabetic cancer patients receiving chemotherapy with
antiemetic dexamethasone therapy was approximately 20%;
this result was significantly affected by the cumulative dose
of dexamethasone.
Corticosteroids induce a state of relative insulin resistance
and primarily cause postprandial hyperglycemia [2,9].
Insulin resistance is a condition characterized by reduced tissue responses to the action of insulin, which results in hyperglycemia and hyperinsulinemia. HOMA-IR, which is based
on FPG and insulin levels, has been widely validated and
used as a measure of insulin resistance in large epidemiologic studies and in clinical practice [11]. Here, insulin resistance (as determined by HOMA-IR) was detected in 45 of 77
patients (58.4%) at 3 or 6 months after the first chemotherapy
with antiemetic dexamethasone. In addition, a significant difference in the HOMA-IR was observed between the nondiabetic and diabetic patients after 3 or 6 months of repetitive
use of antiemetic dexamethasone. There was also a significant difference in the baseline HOMA-IR before the first
chemotherapy. Therefore, although HOMA-IR did not show
significant association with steroid-induced diabetes in multivariate analysis, the probability of developing diabetes after
antiemetic dexamethasone therapy is higher in patients who
are already insulin resistant prior to the first chemotherapy
with antiemetic dexamethasone. C-peptide is co-secreted
on an equimolar basis from beta cells, it is not extracted or
metabolized by the liver, and therefore is a more accurate
indicator of pancreatic insulin secretion than insulin itself

[16]. No significant difference in C-peptide levels was
observed between non-diabetic and diabetic patients at baseline or at 3 months; however, C-peptide levels at 6 months
after the start of chemotherapy were significantly higher in
diabetic patients than in non-diabetic patients. Therefore, it
could be suggested that the longer a patient receives antiemetic dexamethasone, the more insulin is secreted by the
pancreas.
A typical patient with hyperglycemia after corticosteroid
therapy will have elevated glucose values 1-2 hours after a
meal, which drop to normal overnight. Postprandial hyperglycemia after corticosteroid therapy is particularly evident
after morning doses of corticosteroid, and could in part be
related to the effects of steroid wearing off overnight; however, an overnight improvement in glucose levels is also seen
with longer-acting dexamethasone [2]. The current study
only found a difference in PP2 levels between non-diabetic
and diabetic patients at 3 months, but significant differences
in FPG, PP2, and HbA1C levels were observed at 6 months
after the start of chemotherapy with antiemetic dexamethasone. In addition, in the current study blood tests were performed before the administration of chemotherapy including
antiemetic dexamethasone in order to minimize the transient
hyperglycemia induced by dexamethasone. Therefore, in our
study the incidence of steroid-induced diabetes after
antiemetic dexamethasone therapy was not transient hyperglycemia but true diabetes, and the incidence of hyperglycemia itself would have been higher if transient hyperglycemia within a few days after dexamethasone administration had been included.
The clinician may not detect steroid-induced hyperglycemia in cancer patients, because hyperglycemia itself is
asymptomatic unless pronounced, leading to thirst, dry
mouth, and often polyuria and lethargy. Even if hyperglycemia is symptomatic, some of the symptoms are also
common in patients with advanced malignancies; therefore,
the diagnosis of diabetes is frequently delayed unless there
is a high degree of clinical suspicion. However, hyperglycemia may lead to acute complications or adverse events,
such as dehydration, ketoacidosis, and acute hyperglycemic
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200
136.9±26.2a)

Dexamethasone (mean±SD, mg)

Values are presented as mean±standard deviation. FPG, fasting plasma glucose; PP2, 2-hour postprandial glucose; HbA1C, hemoglobin A1C; HOMA-IR, homeostasis
model assessment of insulin resistance.

0.004
< 0.001
0.016
0.021
< 0.001
5.93±1.11
9.09±3.43
6.30±1.05
4.91±3.88
6.04±6.37
0.065
0.003
0.189
0.177
0.001
FPG (mmol/L)
PP2 (mmol/L)
HbA1C (%)
C-peptide (ng/mL)
HOMA-IR

5.06±0.60
6.46±1.43
5.52±0.40
1.90±1.46
2.16±1.42

5.32±0.75
7.36±1.56
5.74±0.34
1.86±1.38
3.44±5.52

0.429
0.722
0.449
0.580
0.023

5.43±0.61
6.41±1.63
5.46±0.50
2.69±1.87
3.07±2.06

5.85±0.95
9.19±2.68
6.34±0.64
3.72±2.85
5.03±5.13

5.28±0.60
6.22±1.46
5.39±0.46
2.32±0.03
2.37±1.81

With diabetes
(n=14)
p-value
With diabetes
(n=17)
Without diabetes
(n=60)
p-value

Baseline

With diabetes
(n=17)
Without diabetes
(n=60)
Variable

Table 3. Results of the laboratory assessment according to the diagnosis of diabetes

3 Months

Without diabetes
(n=34)

6 Months

p-value
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150

113.0±37.0

100

50

0

Diabetes (–)

Diabetes (+)

Fig. 2. Cumulative dose of dexamethasone. SD, standard
deviation. a)p=0.015.

syndrome [17], and it has a negative impact on survival in
cancer patients. Recent large cohort studies suggest an association of pre-existing diabetes at the time of cancer diagnosis
with increased all-cause mortality and cancer recurrence,
particularly in patients with colon and breast cancers [18-21].
Hyperglycemia had a significant effect on survival in
patients with lung cancer [22,23] and acute leukemia [17].
There are several explanations for the association between
diabetes and increased all-cause mortality in cancer patients.
First, cancer patients with diabetes may show increased
tumor cell proliferation and metastases associated with the
hyperinsulinemic environment. High insulin levels or an
increase in free insulin-like growth factor levels may promote
cancer cell proliferation and tumor growth [24]. Second, the
association between hyperglycemia and poor survival may
be mediated by adverse effects of hyperglycemia unrelated
to tumor growth, such as increased rates of infection, which
may delay and decrease the efficacy of treatment and thus
directly affect survival [25]. Therefore, cancer patients with
no history of diabetes who are treated with corticosteroids
should be monitored intermittently for hyperglycemia.
In the current study, high doses of antiemetic dexamethasone were significantly associated with the development of
steroid-induced diabetes. Patients who developed diabetes
during the 6 months of treatment received a larger cumulative dose of dexamethasone than those who had not. Diabetes occurred in approximately 32% of the patients who
received more than 156 mg dexamethasone, which was
delivered in six cycles of moderately emetogenic chemotherapy. Systemic chemotherapy in cancer has improved remarkably over recent years, resulting in increased survival rates
and a larger number of cancer patients receiving longer
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Table 4. Univariate and multivariate analyses of clinical characteristics associated with diabetes
Univariate analysis
Variable

Age (yr)
< 60 (n=39)
 60 (n=38)
Sex
Male (n=55)
Female (n=22)
ECOG PS
0 (n=28)
1 (n=41)
2 (n=8)
BMI (kg/m2)
< 20 (n=25)
20-25 (n=44)
 25 (n=8)
Primary site of tumor
Esophagus/Hepatobiliary (n=5)
Stomach (n=50)
Colorectal (n=22)
Stage
III (n=20)
IV (n=57)
Intent of first chemotherapy
Adjuvant (n=27)
Palliative (n=50)
Emetic risk of first chemotherapy
High (n=44)
Moderate (n=33)
Use of megestrol acetate
No (n=64)
Yes (n=13)
HOMA-IR
< 2.50 (n=55)
 2.50 (n=22)
Cumulative dose of dexamethasone
< 156 mg (n=33)
 156 mg (n=44)

Multivariate analysis

No. of patients (%)

p-value

OR (95% CI)

p-value

Without diabetes
(n=60)

With diabetes
(n=17)

34 (87.2)
26 (68.4)

5 (12.8)
12 (31.6)

0.032

39 (70.9)
21 (95.5)

16 (29.1)
1 (4.5)

0.013

24 (85.7)
31 (75.6)

4 (14.3)
10 (24.4)
3 (37.5)

0.059

21 (84.0)
33 (75.0)
6 (75.0)

4 (16.0)
11 (25.0)
2 (25.0)

0.130

5 (100)
39 (78.0)
16 (72.4)

0 (22.0)
11 (22.0)
6 (27.6)

0.131

15 (75.0)
45 (78.9)

5 (25.0)
12 (21.1)

0.224

1.40 (0.15-13.22)

0.770

21 (70.4)
41 (82.0)

8 (29.6)
9 (18.0)

0.113

5.01 (0.49-51.51)

0.175

36 (81.8)
24 (72.7)

8 (18.2)
9 (27.3)

0.139

48 (75.0)
12 (92.3)

16 (25.0)
1 (7.7)

0.276

-

43 (78.2)
17 (77.3)

12 (21.8)
5 (22.7)

0.931

-

30 (90.9)
30 (68.2)

3 (9.1)
14 (31.8)

0.025

0.613
1.53 (0.29-8.05)
7.25 (0.79-66.74)

0.080

0.715
1.97 (0.36-10.92)
2.59 (0.17-40.21)
0.580
2.42 (0.45-12.90)
2.19 (0.17-27.71)
0.769
1.90 (0.34-10.69)

0.695
1.34 (0.31-5.83)

0.049
4.77 (1.00-22.71)

OR, odds ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body
mass index; HOMA-IR, homeostasis model assessment of insulin resistance.

courses of chemotherapy. To prevent or reduce CINV, dexamethasone is administered repeatedly over long periods of
time to cancer patients receiving chemotherapy, which substantially increases the risk of steroid-induced diabetes. Further prospective studies are needed to determine the optimal
dose and duration of antiemetic dexamethasone therapy to

achieve a reduction in the incidence of dexamethasonerelated adverse effects such as steroid diabetes while controlling CINV in patients treated with long-term chemotherapy,
particularly those receiving chemotherapy for palliative
intent.
The current study has several limitations. First, it was
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intended to assess the incidence of and risk factors for
steroid-induced diabetes, and was not powered to determine
the effect of steroid-induced diabetes or insulin resistance.
Second, our population was limited to patients with gastrointestinal cancer; therefore, our findings may not apply to
patients receiving dexamethasone as an antiemetic for other
types of cancer. Third, we do not know the exact rate of compliance with dexamethasone therapy subsequent to the third
cycle of chemotherapy because compliance with oral dexamethasone therapy on days 2, 3, or 4 may have been low after
the first cycle if the patient did not develop CINV. Last, the
number of patients recruited to the study was relatively
small because it was designed as a pilot study prior to a
prospective, multicenter clinical trial. The relatively small
sample size resulted in insufficient statistical power for
detailed subgroup analyses.

repetitive chemotherapy with high cumulative doses of dexamethasone. To optimize patient care and outcomes, patients
receiving chemotherapy with antiemetic dexamethasone
should receive adequate support and monitoring to prevent
the development of dexamethasone-induced diabetes and its
associated complications. We suggest conduct of a larger,
prospective, multicenter clinical trial to confirm these findings and to assess the effect of steroid-induced diabetes on
the efficacy of chemotherapy, infection-related adverse
events, and patient survival.
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Conclusion
In conclusion, the current study suggests that approximately 20% of nondiabetic cancer patients receiving
chemotherapy combined with the antiemetic dexamethasone
for the prevention of CINV develop steroid-induced diabetes; this was particularly significant for patients receiving
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von Hippel-Lindau (VHL) disease is an inherited syndrome manifesting with benign
and malignant tumors. Deficiency of carnitine palmitoyltransferase type II (CPT2) is a
disorder of lipid metabolism that, in the muscle form, manifests with recurrent attacks
of myalgias often associated with myoglobinuria. Rhabdomyolytic episodes may be
complicated by life-threatening events, including acute renal failure (ARF). We report
on a male patient who was tested, at 10 years of age, for VHL disease because of
family history of VHL. He was diagnosed with VHL but without VHL-related manifestation at the time of diagnosis. During childhood, the patient was hospitalized several
times for diffuse muscular pain, muscle weakness, and dark urine. These recurrent
attacks of rhabdomyolysis were never accompanied by ARF. The patient was found
to be homozygous for the mutation p.S113L of the CPT2 gene. To the best of our
knowledge, this is the first report of the coexistence of VHL disease and CPT2 deficiency in the same individual. Based on findings from animal models, the case illustrates that mutations in the VHL gene might protect against renal damage caused by
CPT2 gene mutations.
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+
+
+
+
+
+
+
+
+
+
+
+

Introduction
von Hippel-Lindau disease (VHL) is a hereditary, autosomal-dominant, neoplastic disease associated with various
tumor types, including central nervous system (CNS) and
retinal hemangioblastomas, clear cell renal carcinomas,
pheochromocytomas, and pancreatic neuroendocrine
tumors, in addition to pancreatic and renal cysts. The disease
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is caused by mutations in the VHL tumor-suppressor gene.
As described by the two-hit hypothesis of Knudson, affected
patients inherit one mutated copy of the VHL gene from an
affected parent through the germline. Later in life, the other
normal copy of the VHL gene undergoes somatic mutation
in susceptible tissues (i.e., the second hit), initiating local
tumorigenesis. The VHL protein is expressed ubiquitously,
and its function is primarily associated with the formation of
a ubiquitin ligase complex with other participating proteins
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which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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(i.e., elongin B and elongin C) that subsequently binds and
directs the degradation of the transcription factor hypoxiainducible factor (HIF). Loss of VHL function in mutated cells
is mainly caused by dysregulated accumulation of HIF,
which then directs the excessive transcription of downstream
genes, including angiogenic growth factors such as vascular
endothelial growth factor and platelet-derived growth factor
[1].
Carnitine palmitoyltransferase type II (CPT2) deficiency is
an autosomal recessive disorder representing the most
common inherited disorder of long-chain fatty acid oxidation
affecting skeletal muscle. During prolonged exercise, fasting,
exposure to cold, fever, emotional stress, and drugs, production of extra energy demand is met by oxidation of fatty
acids. Under these conditions, long-chain fatty acids are the
main source of energy substrate of muscle. However, longchain fatty acids do not readily diffuse across the mitochondrial membrane and hence require trans-esterification to
acylcarnitine. Formation of acylcarnitine from carnitine and
long-chain fatty acyl-CoA is catalyzed by CPT1 at the outer
mitochondrial membrane and then crosses the inner mitochondrial membrane. At the inner side of the inner mitochondrial membrane, CPT2 catalyzes formation of acyl-CoA,
which is then available for -oxidation. There are three phenotypes of CPT2 deficiency: lethal neonatal form, severe
infantile hepatocardiomuscular form, and mild myopathic
form [2]. In the most frequent muscle form, recurrent attacks
of myalgias and cramps, often associated with myoglobinuria are the clinical hallmark. Rhabdomyolytic episodes,
usually induced by the above-mentioned triggering factors,
may be complicated by life-threatening events, including
acute renal failure (ARF; not specific of CPT2 deficiency, but
consequent to myoglobinuria of any cause), respiratory fail-

ure, and, more rarely, cardiac arrhythmias, and hypoglycemia [3].
Herein, we describe, for the first time, the coexistence of
VHL disease and CPT2 deficiency and its consequences on
the clinical manifestation.

Case Report
A 25-year-old male patient (V-5) (Fig. 1A), former,
non-professional, soccer player was born to consanguineous
parents. At the age of 10 years, familial history of VHL
disease prompted mutational analysis of the VHL gene. He
was found to be a VHL carrier (chromosome 3p25.3; c. 256
C>G; p.P86A mutation) without VHL-related manifestations
at the time of diagnosis but later developing bilateral retinal
capillary hemangioblastomas and multiple pancreatic simple
cysts. The patient was hospitalized in 2003, 2006, and 2008 at
ages of 12, 15, and 17 years, respectively, for diffuse muscular
pain, muscle weakness, and brown-colored urine. Symptoms
in all three episodes were triggered by prolonged exercise in
addition to acute febrile illness caused by pneumonia (in
2003 and 2006) and gastroenteritis (in 2008) and resolved
within a few days with antibiotics therapy. At each hospitalization, neurological examination was normal whereas
serum creatine kinase, aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase, and serum and
urine myoglobin levels were abnormal (Table 1). On the
contrary, serum creatinine and potassium were completely
normal during (Table 1) and between the attacks. The recurrent attacks suggested an inherited cause of rhabdomyolysis.

Table 1. Biochemical findings in the proband during rhabdomyolytic attacks
Laboratory result
CK (24-170 U/L)
Creatinine (0.3-0.6 mg/dL)
Potassium (3.6-5.0 mmol/L)
LDH (230-460 U/L)
AST (1-33 U/L)
ALT (1-31 U/L)
Serum mioglobin
Urine mioglobin (0-6 g/L)
Urine Hb (< 0.03 mg/dL)
C16, hexadecanoyl carnitine (< 0.22 mol/L)c)
C18, octadecanoyl carnitine (< 0.2 mol/L)c)

Year of hospitalization
2003

2006

2008

49,800
0.50
4.6
5,051
2,541
8,371
ND
ND
1.5
ND
ND

15,451
0.85
3.6
774
325
78
2,107a)
2
1.5
ND
ND

16,939
1.13
4.6
808
742
211
472b)
3
0.75
0.59
0.30

CK, creatine kinase; LDH, lactate dehydrogenase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ND, not
determined; Hb, hemoglobin. a)Normal values, < 90 g/L, b)Normal values, 1.2-75 g/L, c)Long-chain acylcarnitines.
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A
Deceased subjects
Healty subjects
Asymptomatic carriers
VHL disease
CPT2 deficiency
Proband
DNA available

1

1

1

2

2

2

3

7

3

4

4

5

6

8

7

VHL: wt/mt
Hb; RC; pNET; TPGL

1

2

3

4

5

6

7

8
9
VHL: wt/mt
Hb; RC;
pNET; RCH

VHL: wt/wt

1

2

3

4

5

6

10
11
12
VHL: wt/mt
VHL: wt/mt
Hb; RCH; pNET Hb; RC; PC; pNET; RCH; ELST

7

8

9

VHL: wt/mt VHL: wt/mt VHL: wt/wt VHL: wt/wtVHL: wt/mt
RCH; PC Pheo; EC
AC
CPT2: mt/mt
W; MA; M

B

C

D

Fig. 1. (A) Family pedigree. Genotypes and clinical manifestations are aligned with each subject. VHL, von Hippel-Lindau;
CPT, carnitine palmitoyltransferase; wt, wild-type allele; mt, mutant allele; Hb, SNC hemangioblastomas; RC, renal cysts;
pNET, pancreatic neuroendocrine tumor; TPGL, tympanic paraganglioma; RCH, retinal capillary hemangioblastomas; PC,
pancreatic cysts; ELST, endolymphatic sac tumor; Pheo, pheochromocytoma; EC, epydidimal cyst; AC, asymptomatic carrier;
W, weakness; MA, muscular algias; M, myoglobinuria. (B-D) Quadriceps muscle biopsy of the proband, performed in 2008,
showing scattered ghost fibers (arrows) (B, Gomori trichrome, 20; C, H&E staining, 40; D, NADH, 20).

Electromyography showed no abnormality whereas quadriceps muscle biopsy showed necrosis of muscle fibers (“ghost
fibers”) (Fig. 1B-D). With suspicion of a CPT2 deficiency,
biochemical CPT2 assay showed a marked CPT deficiency
(isotope, 43.8 pmol/min/mg [normal value, 452±160 pmol/
min/mg]; forward, 137 pmol/min/mg [normal value, 367±
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110 pmol/min/mg]) along with elevation of serum longchain acylcarnitines levels (Table 1). CPT2 gene sequencing
showed the homozygous substitution c.338C>T (p.S113L).
Frequent meals with carbohydrate-rich intake before exercise
and restriction of long-chain fatty acid intake along with
medium chain fatty acid supplementation were recom-

Alfonso Massimiliano Ferrara, Coexistence of Mutations of VHL and CPT2 Gene

mended to prevent further attacks.
Family history was negative regarding manifestations of
CPT2 deficiency, whereas mother, brother, maternal aunts,
and maternal grandmother of the proband presented VHL
manifestations (Fig. 1A).

Discussion
This study describes the first patient with coexistence of
VHL disease and CPT2 deficiency due to mutations in the
VHL and CPT2 genes, respectively.
The mutation p.P86A in the VHL gene, found in the
proband, his brother, mother, maternal grandmother, maternal aunts, and cousin was previously reported [4-6] and is
associated with pheochromocytoma, peripherally located
retinal capillary hemangioblastomas, and, in our experience,
CNS hemangioblastomas and pancreatic neuroendocrine
tumors. The mutation involves a hydrophobic aminoacid of
the VHL protein that is essential for the structural integrity
of the  domain, which binds HIF [7].
p.S113L mutation in the CPT2 gene, found in a homozygous state in the proband (V-5) (Fig. 1A), is present in
approximately 70% of patients with the myopathic form of
CPT2 deficiency. Most patients with this genotype present a
relatively severe phenotype, often associated with life-threatening events and, occasionally, with a fatal outcome. Among
patients who are compound heterozygotes for the p.S113L
and one deleterious other mutation, some patients had the
typical phenotype, but others experienced serious complications, further supporting that p.S113L is a potentially
dangerous mutation [3].
Rhabdomyolysis is a leading cause of acute kidney injury
(AKI), which is responsible for ARF [8]. Tubular ischemia is
believed to be centrally involved in the initiation and establishment of AKI because intrarenal oxygen tensions are low
and further reduced by perfusion [9]. Interestingly, despite
a severe reduction of CPT activity (10% of control), the
proband presented only severe weakness and myalgias but
never manifested ARF during the rhabdomyolysis attacks.
Several explanations can be offered. First, the degree of rhabdomyolysis might not be sufficient to cause AKI, even
though patients with creatine kinase levels > 5,000 IU/L are
at risk of developing AKI [10]. Second, the homozygous
p.S113L mutation manifests with various degrees of clinical

severity and large intra-familiar heterogeneity of the phenotype (ranging from asymptomatic to fatal) depending on
different degree of exposure to triggering factors, in combination with other genetic factors and on the influence of
intragenic polymorphisms [3]. This explains why 70% of
cases carrying the homozygous p.S113L mutation have not
experienced any episodes of ARF [2]. Third, and more
intriguingly, the absence of AKI might be due to the protective effect of the VHL mutation against acute tubular injury.
Indeed, a recent study reported that selective activation of
HIF in renal tubules, through an inducible knockout of VHL
protein (VHLKO), protects from rhabdomyolysis-induced
AKI. In this model, HIF activation showed inverse correlation with tubular injury and was associated with activated
glycolysis, cellular glucose uptake and utilization, autophagy, vasodilation, and proton removal showing that a
metabolic shift toward anaerobic ATP generation is the
central protective mechanism against AKI [11]. Conscious of
extending findings from a VHLKO animal model to a VHLheterozygous human condition, it is possible that in our
patient the haploinsufficiency of VHL protein in renal tissue
increased HIF levels to an extent similar to that in mouse thus
protecting kidney from acute injury.
In conclusion, we have reported on the first case of coexistence of VHL disease and CPT2 deficiency. This case could
be the first example of how a VHL mutation, in addition to
other genetic and environmental factors, protects the patient
from rhabdomyolysis-induced AKI.
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Case Report

Severe Hepatic Sinusoidal Obstruction Syndrome in a Child Receiving
Vincristine, Actinomycin-D, and Cyclophosphamide for
Rhabdomyosarcoma: Successful Treatment with Defibrotide
Hepatic sinusoidal obstruction syndrome (SOS) is a life-threatening syndrome that
generally occurs as a complication after hematopoietic stem cell transplantation or,
less commonly, after conventional chemotherapy. Regarding SOS in rhabdomyosarcoma patients who received conventional chemotherapy, the doses of chemotherapeutic agents are associated with the development of SOS. Several cases of SOS in
rhabdomyosarcoma patients after receiving chemotherapy with escalated doses of
cyclophosphamide have been reported. Here, we report on a 9-year-old female with
rhabdomyosarcoma who developed severe SOS after receiving chemotherapy consisting of vincristine, actinomycin-D, and a moderate dose of cyclophosphamide. She
was treated successfully with defibrotide without sequelae to the liver.
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Introduction
Hepatic sinusoidal obstruction syndrome (SOS), formerly
known as veno-occlusive disease, is a life-threatening
syndrome [1-3]. SOS generally occurs as a complication after
high-dose chemotherapy associated with hematopoietic stem
cell transplantation (HSCT) [2]. Development of fatal SOS
related to conventional chemotherapy is rare. While SOS in
patients undergoing HSCT is life-threatening, cases in
│ http://www.e-crt.org │

patients receiving conventional chemotherapy are mild and
recover spontaneously. We report on a case of a severe
hepatic SOS in a patient on chemotherapy consisting of vincristine, actinomycin-D, and a moderate dose of cyclophosphamide for rhabdomyosarcoma.
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BT, body temperature; WBC, white blood cell; Hb, hemoglobin; PLT, platelet; AST, aspartate transaminase; ALT, alanine transaminase; PT, prothrombin time;
aPTT, activated partial thromboplastin time; INR, international normalized ratio; BUN, blood urea nitrogen; Cr, creatinine; AC, abdominal circumference.
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Table 1. Changes of laboratory findings, body weight, and abdominal circumference during the hospital course
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Case Report
A 9-year-old female developed fever, jaundice, and right
upper quadrant abdominal pain. Two months earlier, she
was diagnosed with rhabdomyosarcoma of the right deltoid
and triceps muscles and received two courses of VAC
chemotherapy (vincristine, 1.5 mg/m2/day; actinomycin-D,
1.35 mg/m2/day; cyclophosphamide, 1.2 g/m2/day for 3
days) every 3 weeks. She underwent wide excision of the
tumor and proceeded with postoperative VAC chemotherapy. On the eighth day of the fourth VAC chemotherapy, she
complained of mild abdominal pain and developed a neutropenic fever (white blood cell [WBC], 0.78103/L; hemoglobin [Hb], 6.9 g/dL; platelets, 4103/L) and was immediately started on intravenous broad-spectrum antibiotics
(piperacillin and tazobactam), transfusion (red blood cells,
platelets), and granulocyte colony stimulating factor. Her
blood tests showed mild elevation of liver enzymes (aspartate transaminase [AST], 103 U/L; alanine transaminase
[ALT], 77 U/L) and total bilirubin (1.5 mg/dL). The following day, her abdominal pain was aggravated with persistent
fever, along with laboratory findings of pancytopenia (WBC,
0.42103/L; Hb, 8.1 g/dL; platelet, 6103/L), a marked
increase in liver enzymes (AST, 519 U/L; ALT, 370 U/L),
hyperbilirubinemia (total bilirubin, 4.8 mg/dL), and prolonged prothrombin time (1.17 international normalized
ratio) and active partial thromboplastin time (55.2 seconds).
At this stage, her physical examination showed hepatomegaly, 3.5 cm distal from the right costal margin. Under
the impression of sepsis, antibiotics were changed to vancomycin and meropenem with addition of intravenous
immunoglobulin. However, her fever peaked to 38.9°C on
hospital day (HD) 3, and she developed severe abdominal
pain.
Physical examination detected icteric sclerae and aggravated hepatomegaly with abdominal distension, and her
body weight was increased by 6.1% (2.5 kg). Laboratory
results were abnormal: AST/ALT 1,172/810 U/L, total/
direct bilirubin 6.1/3.1 mg/dL (Table 1). Abdominal Doppler
ultrasonography (US) showed reversed blood flow of the
right portal vein (Fig. 1A). Based on the SOS diagnosis, treatment was initiated with defibrotide (32 mg/kg/day in four
divided doses). She was transferred to the intensive care unit,
and her condition became unstable with chest radiography
showing diffuse pleural effusion. She became irritable and
did not recognize her mother and medical personnel. Her
liver enzyme levels peaked to an AST of 2,110 U/L and ALT
of 1,908 U/L, and her total bilirubin and direct bilirubin were
elevated up to 15.1 mg/dL and 8.6 mg/dL, respectively. Her
ammonia level was also increased (135 g/dL). She was
diagnosed with hepatic encephalopathy with addition of
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Fig. 1. Abdominal Doppler ultrasonography performed on hospital day (HD) 3 (A) and HD 22 (B). Blood flow of the right
portal vein was reversed (A) upon sinusoidal obstruction syndrome diagnosis. Direction of blood flow was normalized (B)
after treatment with defibrotide.
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Fig. 2. Treatment and progress. AC, abdominal circumference; WBC, white blood cell; AST, aspartate transaminase; ALT,
alanine transaminase; PLT, platelet; T.bil, total bilirubin; HD, hospital day; UDCA, ursodeoxycholic acid.
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vasopressor infusion, paracentesis of the ascites, glycerin
enema, rifaximin, and lactulose (through an L-tube) and
mechanical ventilation was started 4 days after the diagnosis
of SOS. From the fourth day of defibrotide treatment, her
condition gradually improved along with her recovery from
myelosuppression. Defibrotide treatment was continued for
10 days. Her body weight began to decrease on HD 8 and her
fever gradually subsided and laboratory results showed
improvement (Table 1, Fig. 2). She was weaned from a
mechanical ventilator on HD 17. Abdominal US performed
on HD 22 showed normalized blood flow of the right portal
vein (Fig. 1B). She was discharged on HD 31, and her bilirubin level was normalized 2 months later. Her parents refused
further chemotherapy, which was initially scheduled for 37
weeks. Subsequent surveillance imaging studies showed no
evidence of recurrence of cancer or any sequelae to the liver
for the following 11 months.

Discussion
Few cases of SOS that were not in the HSCT setting, in
patients with Wilms tumor, acute lymphoblastic leukemia
and medulloblastoma have been reported [4,5]. Some
conventional chemotherapeutic agents are associated with
the development of SOS, including actinomycin-D and
cyclophosphamide. The doses of chemotoxic agents, their
schedules, and the age of the patient are directly related to
the risk of SOS. Actinomycin-D is used in the treatment of
Wilms tumor and rhabdomyosarcoma, usually in combination with vincristine, anthracyclines, or alkylating agents [4].
Wilms tumor located at the right kidney, use of halothane as
an anesthetic, and pre-existing liver diseases such as viral
hepatitis have been suggested as risk factors for development
of SOS [4,6]. The use of 6-tioguanine is an important risk factor for SOS in acute lymphoblastic leukemia [7]. A fatal case
of SOS was reported in a medulloblastoma patient after
receiving a single course of chemotherapy comprised of vincristine, carboplatin, and lomustine [4].
The reported incidence of SOS in rhabdomyosarcoma
patients is 1.2%-5.3% [8,9]. The identified risk factors in this
population include VAC chemotherapy and younger age
(< 36 months) [9]. Strong association of an escalated dose of
cyclophosphamide with the development of SOS was suggested [10]. While there has been no report of SOS in patients
treated with IRS-I, -II, and -III chemotherapy protocols, SOS
in patients treated with the IRS-IV protocol consisting of an
escalated dose of cyclophosphamide has been reported
[2,8,10]. SOS in patients treated with the above mentioned
protocols after VAC with a cyclophosphamide dose of
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2.2 g/m2 for a single dose administered within 30 minutes
has been reported [10]. Although the total dose of cyclophosphamide administered to our patient was higher (3.6
g/m2/course) than the reported dose (2.2 g/m2/course) that
allegedly caused SOS, prolonging the infusion time of
cyclophosphamide might reduce the frequency of SOS [8].
Our patient received a daily dose of cyclophosphamide (1.2
g/m2) for over 60 minutes, and there were no specific predisposing factors related to the development of SOS. While
the exact cause of SOS in this setting remains unknown, we
presume that both actinomycin-D and cyclophosphamide
might be associated with the development of severe SOS in
this case.
Severe SOS requires aggressive treatment and defibrotide
is becoming one of the most promising agents. Defibrotide
is a polydisperse oligonucleotide derived from porcine and
bovine mucosa [11]. The following actions of defibrotide can
help resolve the symptoms of SOS: (1) increasing the release
of nitric oxide, prostacyclin, and prostaglandin E2; (2)
decreasing the release of plasminogen activator inhibitor 1;
and (3) decreasing the thrombin generation, tissue factor
expression, and endothelin activity [12]. The therapeutic
potential of defibrotide has largely been studied in patients
who developed severe SOS after HSCT [4]. Regarding
patients treated with conventional chemotherapy, successful
treatment with defibrotide for SOS in childhood medulloblastoma, and adult patients with acute leukemia has been
reported [4,13]. Cases of alveolar and gastrointestinal hemorrhage during defibrotide treatment, related to its fibrinolytic and anti-thrombotic property have been reported
[14]. However, Cesaro et al. [5] suggested that defibrotide
can be used safely in pediatric patients with close monitoring
of hepatic flow with Doppler US, only in patients with portal
hypertension in order to avoid hemorrhagic risk.
Albeit with a low incidence, patients receiving chemotherapy including actinomycin-D or cyclophosphamide (even in
moderate doses) are at risk of developing SOS. SOS should
be on the list of differential diagnoses for patients presenting
with tender hepatomegaly, hyperbilirubinemia, and weight
gain. For severe SOS, as in our case, meticulous care including defibrotide is required to save the patient’s life and prevent sequelae to the liver.
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abbreviation in parentheses.
•Drug and chemical names should be stated in standard
chemical or generic nomenclature. Units of measure should
be presented according to theInternational System (SI) of
units.
•Title page (see the Original Article section below)

Reporting Guidelines for Specific Study Designs
For the specific study design, such as randomized control studies, studies of diagnostic accuracy, meta-analyses, observational
studies and non-randomized studies, it is recommended that
the authors follow the reporting guidelines listed in the following table.
Initiative

Type of study

CONSORT

Randomized controlled trials
http://www.consort-statement.org

(Source)
STARD
(Source)

5. MANUSCRIPT PREPARATION

PRISMA

General Guidelines

(Source)

Manuscripts must be written succinctly in clear, grammatical
English. All manuscripts originating from non-English speaking
countries must be revised by a professional linguistic reviewer,
and it must be evident from the cover letter that this has been
done. All manuscripts are subject to editorial peer review. The
editors reserve the right to improve the style and, if necessary,
return the manuscript to the author for revision. When a man-

STROBE
(Source)
MOOSE
(Source)

Studies of diagnostic accuracy
http://www.stard-statement.org/
Preferred reporting items of systematic reviews and
meta-analyses
http://www.prisma-statement.org
Observational studies in epidemiology
http://www.strobe-statement.org
Meta-analyses of observational studies in epidemiology
http://www.consort-statement.org/resources/down
loads/other-instruments/moose-statement-2000pdf
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ORIGINAL ARTICLES
Original articles are reports of basic or clinical investigations.
Although there is no limitation on the length of these manuscripts, the Editorial Board may abridge excessive illustrations
and large tables. The manuscript for an original article should
be organized on a separate page in the following sequence:
title page, abstract and keywords, text, conflicts of interest,
acknowledgments (if necessary), references, tables, and figure
legends.

1) Title page
The Title Page should carry the following information.
·Manuscript title, which should be concise but informative.
·Each author’s name (given name, middle name, and surname) followed by the highest academic degree.
·The name of the department(s) and institution(s) where
the work was conducted.
·A running title of fewer than 50 characters.
·The complete mailing address, telephone, facsimile, and
e-mail address for correspondence.

2) Abstract and Keywords
The abstract should be no more than 250 words, and
describe concisely, in a paragraph, the Purpose(s), Materials
and Methods, Results, and Conclusion(s). Below the
abstract, authors should provide 3 to 10 keywords or terms
to be used as index terms. Terms from the Medical Subject
Headings (MeSH) list (http://www.nlm.nih.gov/mesh/
MBrowser.html) should be used; if suitable MeSH terms are
not yet available for recently introduced terms, current
terms may be used.

3) Text
The text should be structured around fix sections and
arranged in this order: Introduction, Materials & Methods,
Results, Discussion, and Conclusion(s). Footnotes are to be
used only for tables and figures. Identify precisely all drugs
and chemicals used, including generic name(s), dose(s),
route(s) of administration, and city and country of manufacturer. Use only standard abbreviations. A subject that is

to be abbreviated must be spelled in full for its first use in
the text, followed by the abbreviation in parentheses.

4) Conflicts of Interest
All potential conflicts of interest must be stated within the
text of the manuscript, under this heading. This pertains to
relationships with pharmaceutical companies, biomedical
device manufacturers, or other corporations whose products or services are related to the subject matter of the article.
Such relationships include, but are not limited to, employment by an industrial concern, ownership of stock, membership on a standing advisory council or committee, being
on the board of directors, or being publicly associated with
the company or its products. Other areas of real or perceived conflict ofinterest could include receiving honoraria
or consulting fees or receiving grants or funds from such
corporations or individuals representing suchcorporations.
Please state "None" if no conflicts exist.

5) Acknowledgments
If necessary, persons who have made substantial contributions, but who have not met the criteria for authorship, are
acknowledged here. All sources of funding applicable to the
study should be stated here explicitly.

6) References
In the text, references should be cited with Arabic numerals
in brackets and numbered in the order cited. In the references section, the references should be numbered in order
of appearance in the text and listed in English. The total
number of references should be less than 30. Any article
longer than these limits should be discussed with the editor.
List all authors if there are less than or equal to six authors.
List the first six authors followed by “et al.” if there are more
than six authors. If an article has been published online, but
has not yet been given an issue or pages, the digital object
identifier (DOI) should be supplied. Journal titles should be
abbreviated in the style used in Medline. Other types of references not described below should follow Citing Medi-

cine: The NLM Style Guide for Authors, Editors, and
Publishers.
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Journal articles
1. Baek KK, Lee J, Park SH, Park JO, Park YS, Lim HY, et al.
Oxaliplatin-induced chronic peripheral neurotoxicity: A
prospective analysis in patients with colorectal cancer. Cancer
Res Treat. 2010;42:185-90.
2. Falcone A, Masi G, Loupakis F, Vasile E, Ciarlo A, Cavaciocchi
D, et al. FOLFOXIRI (irinotecan, oxaliplatin and infusional 5
FU/LV) in combination with bevacizumab in the first-line
treatment of metastatic colorectal cancer. J Clin Oncol.
2008;26(15S):4031.
3. Zhang L, Jiang M, Zhou Y, Du XB, Yao WX, Yan X, et al. Survey on breast cancer patients in China toward breast-conserving surgery. Psycho-Oncology. 2011 Feb 14 [Epub]. Doi:
10.1002/pon.1922.

7) Tables

Book
4. Abeloff MD, Armitage JO, Niederhuber JE, Kastan MB,
McKenna WG. Abeloff's clinical oncology. 4th ed. Philadelphia, PA: Churchill Livingstone; 2008.
5. Wang JC, Dick JE. Cancer stem cells. In: DeVita VT, Lawrence
TS, Rosenberg SA, editors. DeVita, Hellman, and Rosenberg's
cancer: principles & practice of oncology. 8th ed. Philadelphia,
PA: Lippincott Willians & Wilkins; 2008. p. 135-46.

8) Figures

Conference paper
6. Cigler T, Singer O, Moore A, Chuang E, Vahdat LT, Reichman
VS, et al. Evaluation of vitamin D levels and aromatase
inhibitor-associated musculoskeletal symptoms. In: 2010
Breast Cancer Symposium; 2010 Oct 1-3; Washington, DC.
Columbia, MD: American Society of Breast Surgeons; Abstr
166.
Online sources
7. American Cancer Society. Cancer facts & figures [Internet].
Atlanta, GA: American Cancer Society; c2011 [cited 2011 Feb
20]. Available from: http://www.cancer.org/Research/CancerFactsFigures/index.
8. National Cancer Information Center. Cancer incidence [Internet]. Goyang (KR): National Cancer Information Center; c2011
[cited 2010 Oct 20]. Available from: http://www.cancer.go.
kr/cms/statics.

Tables should have a title, begin a new page, and be numbered with Arabic numerals in the order in which they are
cited in the text. The title and contents of a table should be
concise and clear, so that a reader can understand the table
without referring to the text. The total number of tables should
not exceed ten. Within a table, if a non-standard abbreviation
is used or description may be necessary, then list them under
annotation below. Use lowercase letters in superscripts
a), b), c)
… on the right side of the part that needs explanation;
the annotation should be recorded according to the lowercase
letters listed below the table. Statistical measures such as SD
or SE should be identified. Vertical or horizontal lines between
entries should be omitted.

Upload each figure as a separate image file. The figure images
should be provided in high resolution (preferably 300 dpi for
figures and 600 dpi for line art and graphs). They should be
submitted in EPS or TIF format, although JPEG format is
allowed for color figures. The figures should be sized to column width (8.5 cm or 17.5 cm). If the figures are not original,
the author must contact each publisher to request permission
and this should be remarked on in the footnote to the figure.
Figures should be numbered, using Arabic numerals, in the
order in which they are cited. All figures should be cited in
the text (e.g., Fig. 1, Fig. 1A-C, Figs. 1 and 2). In the case of
multiple prints bearing the same number, use capital letters
after the numerals to indicate the correct order (e.g., Fig. 1A,
Fig. 1B). The total number of figures must not exceed ten. Figure legends should be in English and consist of a one-sentence
description rather than a phrase or a paragraph. A legend for
each light microscopic photograph should include the name
of the stain and magnification. Electron microscopic photographs should have an internal scale marker.

META-ANALYSES
In general, these should follow the PRISMA guidelines.
Manuscripts should be structured around fix sections: Introduction, Materials and Methods, Results, Discussion, and Conclusion. The total number of references should be less than 75.
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REVIEWS/ SPECIAL ARTICLES
Reviews are invited by the editor and should be comprehensive analyses of specific topics. They are organized as follows:
title page, abstract and keywords, introduction, body text, conclusion, conflicts of interest, acknowledgments, references,
tables, and figure legends. Upload each figure as a separate
image file. There should be an unstructured abstract equal to
or less than 250 words. References for reviews and special
articles should be less than 75 and 30, respectively. There is no
specific requirement for subsections of the body text of the
paper.

EDITORIAL
Editorials are invited by the editors and should be commentaries on articles published recently in the journal. Editorial
topics could include active areas of research, fresh insights,
and debates. Editorials should be no more than four to five
pages in length including references, tables, and figures.

CASE REPORTS
Case reports will be published only in exceptional circumstances, when they illustrate a rare occurrence of clinical
importance. The manuscript for a case report should be
organized in the following sequence: title page, abstract and
keywords, introduction, case report(s), discussion, conflicts of
interest, acknowledgments (if necessary), references, tables,
and figure legends. Upload each figure as a separate image
file. The abstract should be unstructured and its length should
not exceed 150 words. There should be no more than five figures, including tables, and no more than 15 references.

6. COMMUNICATIONS TO THE PUBLISHER
We invite inquiries to the editorial office at any time during
the editorial process. For all matters concerning presubmission, editorial policies, procedures, business inquiries, subscription information, orders, or changes of address, please
contact the editorial office.

Editorial Office
Korean Cancer Association
Room 1824, Gwanghwamun Officia
92 Saemunan-ro, Jongno-gu, Seoul 03186, Korea
Tel: +82-2-3276-2410, Fax: +82-2-792-1410,
E-mail: journal@cancer.or.kr

7. ADDITIONAL INFORMATION
Copyright
All published papers become the permanent property of the
Korean Cancer Association. Upon acceptance of the manuscript, the authors will be required to sign a statement confirming that the manuscript contains no material the
publication of which violates any copyright or other personal
or proprietary right of any person or entity.

Article Processing Charge
Article charges are required for publication in the journal of
Cancer Research and Treatment. These cover some of the costs
of publication as well as open access online editions in the
journal website (http://www.e-crt.org) or in the PubMed Central (http://www.ncbi.nlm.nih.gov/pmc/journals/915/).
Article charge forms will be sent to the corresponding author
when the submitted article is finally accepted. We thank you
for your prompt payment of article charges for the earliest
publication of the papers. Invited review articles are exempt
from article charges.
Original Article KRW 400,000 or USD 400 Case Report KRW 200,000 or USD 200
! In Case of Erratum KRW 200,000 / USD 200

Page Proofs
Corresponding authors are provided with page proofs and
are asked to carefully review them for data and typesetting
errors. When proofs are available, the corresponding author
will receive a notification. Corrections to proofs must be
returned via mail or fax within 48 hours. Publication may be
delayed if proofs are not returned by the publisher’s deadline.
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Checklists for Authors

This checklist must be completed, signed by the corresponding author, and submitted with the manuscript.
Please see Instructions for Authors for details related to this checklist.

* Please be sure to check over items from No.1 to No. 13

1. Text in MS word (.doc) or HWP (.hwp) file.
2. Type is 12-pitch, ragged-right margin, double-spaced throughout.
3. Begin each component on a separate page.
4. Title page: (1) complete title, (2) category, (3) name and academic degree of each
author, (4) affiliation, (5) mailing address, telephone, facsimile and E-mail address of
corresponding author, (6) running title of fewer than 50 characters.
5. Abstract with four specified subtitles with less than 250 words.
6. Key words/terms (3 to 10) from the MeSH list of Index Medicus.
7. Reference in proper format, numbered in order as cited in the text.
8. Total number of references less than 30 in Original Articles, 75 in Meta-Analyses and
15 in Case Reports.
9. Tables with their titles.
10. Figures as a separate files, in TIFF or JPG format, minimum 300 DPI.
11. Each necessary permission statement signed by the appropriate source.
12. Approval of IRB (When reporting experiments on human subjects).
13. Elucidation of research or project support/funding (If Applicable).

By signing below, I hereby transfer to the Korean Cancer Association during the full term of
copyright the exclusive rights comprised in the copyright of this work.

Corresponding Author

Printed Name

Signature

Date
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